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Abstract 

Objective: The purpose of this study was to 1 ) evaluate the effects of equivalent 

diet- or exercise-induced weight loss on insulin sensitivity in upper body obese 

men and 2) determine whether exercise in the absence of weight loss is 

associated with improvernents in insulin sensitivity. 

Research Design and Methods: Forty-one obese men were assigned randomly 

to one of four groups: wntrol (Cl n=8), diet weight loss (DWL, n=10), exercise 

weight loss (EWL, n=l 1 ), and exercise weight stable (EWS, n=12). lnsulin 

sensitivity was assessed with the hyperinsulinemic euglycemic clamp technique 

(40umol/minlm2). Visceral (VAT), subcutaneous (SAT), and skeletal muscle 

(SM) tissue were measured by magnetic resonance imaging (MRI). The 

treatment period for al1 groups was 12 weeks. 

Results: Weight loss (-7.5kg) in the DWL and EWL groups was not different 

(pO.10). Reductions in VAT (-26%) and SAT (-17%) were not different 

(pr0.10) between the DWL and EWL groups. lrnprovements in peak VO, were 

observed in the EWL and EWS groups only (p<0.01). During the 4-h 

euglycemic clamp, improvements (pc0.05) in rates (mglmin-kg) of total (5.9 2 3.5 

vs. 5.7 2 4.0) and nonoxidative (5.1 2 5.4 vs. 5.9 2 4.7) glucose disposal were 

not different (p>O.l O) in the DWL and EWL groups respectively. lmprovements 

in total (2.8 2 3.7) and nonoxidative (2.6 2 3.7) glucose disposal were also 

obsewed within the EWS group (p~O.05). No change in any variable was 



observed in the C group (p>0.05). 

Conclusions: Equivalent diet- or exercise-induced weight loss has similar 

beneficial effects on insulin sensitivity. Exercise without weight loss significantly 

improves insulin sensitivity in obese men. 

Key words: insulin, glucose, diet, exercise, weight loss, rnagnetic 
resonance imaging 
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INTRODUCTION 

According to a recent U.S. National Health and Nutrition Examination 

Survey, 55% of men and women are overweight, a condition which substantially 

raises their risk of morbidity and mortality.' As the second leading cause of 

preventable death in the U.S.,' obesity poses a major public health challenge. 

While there is agreement concerning the health risks associated with obesity, 

there is less agreement regarding its management. 

There is strong evidence that weight loss in overweight individuals 

reduces risk factors for diabetes and cardiovascular disease. Specifically, it is 

firmly establ ished that weight loss mediated by caloric restriction is associated 

with improvements in glucose and insulin metabolism in men and ~ o r n e n . ~ ~  It is 

unclear, however, whether equivalent weight loss as a result of increased 

energy expenditure through exercise produces the same effects. That is, it is 

not known whether the method of inducing a negative energy balance influences 

the metabolic benefits associated with weight loss. 

It has been reported previously that exercise, when combined with diet, 

induces a greater amount of fat loss than equivalent diet-induced weight 1 0 ~ s . ~  It 

is unknown whether this increased fat loss resulted in a preferential reduction of 

abdominal fat, the region which wnveys the greatest metabolic health risk.' If in 

fact exercise-induced weight loss induces a greater amount of fat loss compared 

to equivalent diet-induced weight loss, this would potentiate greater 

improvernents in insulin sensitivity and glucose to~erance.~ 



Whether the changes in muscle morphology which are reported to 

accompany exercise training such as increased GLUT4 transporters,' oxidative 

enzyme capacity, 'O blood flow, ' and the percentage of fast oxidative-glycolytic 

(FOG) fibres10 augment the improvements in insulin sensitivity and glucose 

tolerance mediated by weight loss is not known. Therefore, given the 

independent effects of exercise, it is hypothesized that exercise-induced weight 

loss will have a greater effect on insulin sensitivity and glucose tolerance than 

equivalent diet-induced weight loss. 

In an attempt to further clarify the separate effects of exercise, 

independent of weight loss, an exercise weight stable group will be incorporated 

into the study design. Previous studies reported that both and 

resistance e x e r ~ i s e ~ ~ ' ~ * ' ~  without weight loss results in improvements in insulin 

sensitivity. However, there are limitations to these studies which have 

confounded the findings associated with exercise alone. First, a number of 

~tudies'"'~ neglected to control for changes in body composition, which suggests 

that improvements observed in insulin sensitivity may have been influenced by 

concomitant weight loss. Second. numerous studies have measured the effects 

on insulin sensitivity and glucose tolerance immediately following the last 

exercise bout.3A".ls.16.61 Therefore it is uncertain whether exercise has additional 

effects upon insulin sensitivity after wntrolling for repeated bouts of training. 

Thus, the purposes of this study were twofold: to evaluate the effects of 

equivalent diet- or exercise-induced weight loss on insulin sensitivity and 



glucose tolerance in upper body obese men, and to determine whether exercise 

without weight loss is associated with irnprovements in the same metabolic 

variables. 



2.0.0 REVIEW OF LITERATURE 

2.1.0 Association between adipose tissue distribution, insulin sensitivity 
and glucose tolerance 

It is well established that obesity is associated with insulin resistance and 

glucose intolerance, and that these risk factors are putative markers for 

cardiovascular disease (CVD) and non-insulin dependent diabetes mellitus 

(N IDDM). Whereas the prevalence of hypertension and hypercholesterolemia, 

and the incidence of mortality from heart disease and stroke are markedly 

declining in the US., the prevalence of diabetes has risen to 8.4% and 7.7% in 

men and women respectively over the age of 20 years.lg Although not al1 obese 

individuals develop N IDDM,~' approximately four out of five people with NIDDM 

are significantly ove~eight.~' In addition to the association between obesity and 

these metabolic disturbances, the health risks associated with obesity relate not 

only to total adiposity, but also to the regional distribution of adipose tissue 

(AT) 

It was first observed in 1956 that the distribution of adiposity is a stronger 

correlate of metabolic risk than total obesity." Vague noted an increased 

prevalence of diabetes. gout, and atherosclerosis in upper body obese 

individuals versus lower body obese individ~als.~~ Upper body obesity is 

characterized by an abdominal fat distribution, as measured by waist-to-hip ratio 

(WHR), and is distinct from lower body obesity which is charaderized by a 

gluteal-femoral fat distribution. Several prospective studies confirmed dufing the 



1980s that upper-body obese individuals were at the greatest risk when 

abdominal obesity proved to be the strongest correlate of developing NIDDM 

and CVD (Figure 1).18b2s27 ln 1982, Kissebah et a1.I8 reported that women with 

abdominal obesity had higher plasma insulin and glucose responses to an oral 

glucose challenge than to those with gluteal-femoral obesity. It was also 

reported in a study of 792 men that the incidence of diabetes mellitus was 16.6% 

higher in subjects with the highest waist-to-hip ratio (WHR) than to those with 

the l o ~ e s t . ~ ~  

The differentiation of AT within the abdominal region is also of critical 

importance when relating upper-body obesity to metabolic risk factors. This has 

been aided by the application of computerized topography (CT) and magnetic 

resonance irnaging (MRI) in the late 1980's and early 1990's. Because it has 

allowed researchers to divide abdominal AT into subcutaneous and visceral 

depots, it is possible to make a clear distinction between them when discussing 

the relationship between the metabolic complications of obesity and adipose 

tissue distribution. 

Mechanisms associating upper body adipose tissue distribution with 
metabolic risk 

Excessive release of free fatty acids (FFA) and glycerol from adipocytes 

into the circulation in the obese state is responsible for the majority of adverse 

metabolic consequences of obesity, particularly for insulin resistan~e.~~ Since 

excess abdominal fat in upper-body obese persons gives rise to high plasma 



1930's: Initial observations that obesity is 
related to metabolic risk factors 
(Newburgh et 1939) 

1950's: Clinical observation that upper-body 
O bese individuals had a greater prevelance of 
diabetes and atheroscierosis compared to lower- 
body obese persons 
(Vague,= 1956) 

Early 1980's: Epidemiological and cross-sectional 
studies reported that WHR is associated with insulin 
sensitivity, NIDDM, plasma lipids, and CVD 
(Kissebah et a1,18 1 982, O hlson et al,27 1985) 

Late 1980's 8 1990's: The advent of CT and MRI 
enabled researchers to separate abdominal AT into 
VAT and abdominal SA1 to study the  effects of 
each depot on plasma lipids, lipoproteins, insulin 
and glucose 
(Sparrow et 1986) 

Obesity 

U pper-body 
VS. 

Lower-body 

WHR 

VAT 
VS. 

SAT 

Figure 1. A time line outlining the progression in research on the association between obesity, 
insulin resistance. non-insulin diabetes mellitus ( NIDDM), hyperlipidemia, and 
cardiovascuiar disease (CVD). WHR, waist-to-hip circumference ratio; VAT, visceral 
adipose tissue; SAT, subcutaneous adipose tissue. 
(Ada pted fro m Rice*) 



FFA levels and turnover,30 this can only be possible if abdominal adiposity is 

either more rnetabolically active than other adipose regions or if the absolute 

mass of adipose tissue accumulated in this region contributes significantly more 

to plasma FFA levels than does adipose tissue in the appendicular regions. 

Indeed, individuals having relatively high waist-to-hip ratios are more likely to 

exhibit the metabolic complications of ~besi ty.*~ In accord with this concept, 

Jensen et aP1 reported that upper body obese women but not lower body obese 

women had higher FFA turnover rates than obese women with low waist-to-hip 

ratios. 

2.1.2 Visceral adipose tissue (VAT) and rnetabolic risk 

Sparrow et were the first to demonstrate an association between CT- 

measured VAT and glucose tolerance. Since then, many studies have validated 

the independent association of VAT with glucose i n t o l e ran~e . *~~~*~  Although 

VAT has been reported as the strongest correlate of insulin and glucose levels 

in obese s u b j e ~ t s , ~  total adiposity has been shown to be the best independent 

predictor of insulin and glucose levels in non-obese menU and women? Since 

VAT accumulation in non-obese individuals is relatively small, it is possible that 

a critical threshold level of VAT is required for its influence on insulin and 

glucose variables to be observed. 

It is also possible that the independent influence of VAT on metabolic 

variables cannot be separated from that of total adiposity, as total adiposity 

includes the VAT depot. The independent influence of VAT on insulin and 



glucose variables would be better resolved after controlling for whole body SAT 

rather than total adiposity per se." Ross et als were the first to report that VAT 

remained significantly related to oral glucose tolerance test (OGTT) insulin and 

glucose variables after controlling for whole body SAT in obese women. 

2.1.3 Mechanisms associating VAT with increased risk 

It is currently hypothesized that individuals with high VAT accumulation 

are at an increased risk of developing insulin resistance and hyperglycernia 

because mesenteric and omental adipocytes in the VAT depot are resistant to 

the antilipolytic effect of insulin and highly sensitive to the stimulation of lipolysis 

by ~atecholamines.~~ Moreover, metabolites from omental and mesenteric 

adipocytes go directly to the liver through the portal circulation where they can 

lead to a reduction in insulin sensitivity of hepatocytes and increased hepatic 

g~uconeogenesis.~~ The decrease in hepatic insulin sensitivity is caused by a 

decrease in hepatic insulin extraction and may be a result of reduced insulin 

binding, intemakation of insulin receptors and decreased insulin degradation, 

particularly in those individuals with a preponderance of VAT (Figure 2)? 

An elevated concentration of FFAs in the portal circulation occurs due to 

an elevated sensitivity of VAT to catecholamine stimulated lipolysis. The 

elevated sensitivity to lipolysis exhibited by VAT, as opposed to other adipose 

tissue depots, is proposed to be the result of a preponderanœ of P,-adrenergic 

receptors with little a-adrenergic inhibiti~n.'~ Other research has shown that 

VAT, when compared to SAT, exhibits a threefold lower sensitivity to the 





antilipolytic effect of insulin due to a diminished density of insulin receptors in 

obese Therefore, an exaggerated antilipolytic response occurs in VAT 

which may result in elevated plasma FFAs which enter the portal circulation. The 

hyperinsulinemia observed in individuals with android obesity is not, however, 

solely due to a VAT-mediated increase in FFA to the hepatic circulation. 

2.1.4 Subcutaneous adipose tissue (SAT) and rnetabolic risk 

Despite the independent influence of VAT on insulin resistance, it is not 

clear as to whether VAT is the strongest predictor. Since SAT accounts for 

approximately 85% and 93% of total adipose tissue in men and women 

re~pectively,~' it is reasonable to assume that the larger rnass of this adipose 

tissue depot influences insulin and glucose variables. Indeed, Ross et als 

reported that whole body SAT was significantly correlated with both fasting and 

O G l T  insulin area in obese women. Whole body SAT did not remain 

significantly correlated however after controlling for VAT. 

Since abdominal SAT is more lipolytically active than gluteal-femoral SAT 

in response to catecholamine stimulation," it is possible that abdominal SAT is a 

stronger correlate of insulin and glucose variables than whole body SAT. Abate 

et al2' found that abdominal SAT was a stronger predictor of insulin resistance 

than VAT. In support of Abate's findings, Carey et al4 found a strong 

association between abdominal adiposity, for which SAT accounts for the largest 

comp~nent ,~~ and insulin resistance. Recently, in a study of healthy men and 

women with a wide range of adiposity, Goodpaster et alu reported that 



abdominal SAT had as strong an association with insulin resistance as VAT. In 

addition, abdominal SAT correlated with insulin resistance after adjusting for 

visceral adiposity, for which the converse was not found. Therefore, current 

findings suggest that abdominal SAT is also a potent indicator of insulin 

resistance and that this association needs to be explored further. 

2.1.5 Mechanisms associating SAT with increased risk 

Although SAT is not as metabolically active as VAT, its contribution to 

systemic FFA flux should nonetheless be greater due to its size alone since 

abdominal SAT mass is about twice that of VAT." 

The possibility that a high level of systemic FFAs might play a key role in 

the development of insulin resistance in obesity was first proposed by Randle et 

al? more than 30 years ago. In 1963, Randle et al? hypothesized that FFAs 

mobilized from SAT suppress glucose utilkation in the skeletal muscle through 

the inhibition of the pyruvate dehydrogenase cornplex. Randle's hypothesis 

proposes that an increased provision of FFAs for respiration inhibits glucose 

oxidation in muscle and impairs the responsiveness of this tissue to insulin. The 

final result in this chain of events is a decreased uptake of glucose into the cell. 

It also suggests that increased intramuscular and/or adipose tissue lipolysis, 

corning from VAT or abdominal SAT (ASAT), leads to a conversion of glucose to 

FFA oxidation. This is not consistent however with elevated respiratory quotients 

in obese subjects." 

Randle et al." reported that a diminished responsiveness in the skeletal 



muscle GLUT4 transport system occun du8 to the arnplified levels of plasma 

FFA from adipose tissue. More specifically, it is reported that FFA-induced 

insulin insensitivity may be related to a decrease in GLUT4 expression on the 

plasma membrane or reduced intrinsic activity of the transporter." Studies 

examining this interaction have shown that FFAs inhibited glucose uptake in a 

dose-dependent fashion throughout the physiological range of plasma FFA 

concentrations from 50-800umollL in both healthy subjects and obese subjects 

with NIDDM. It was also reported that those studies that did not observe this 

inhibition did not give sufficient time for fat plus insulin infusion (only 2hrs in 

most s t ~ d i e s ) . ~ '  Thus, there is strong evidence that physiological elevations of 

plasma FFA levels lowers peripheral insulin sensitivity in a dose-dependent 

fashion. 

More recently, an opposite perspective to the traditional glucose-fatty acid 

cycle proposed by Randle and colleaguess2 has been put forward. According to 

Wolfe's hypothesis," the rate of lipolysis may have some effect on the 

availability of glucose, via a fatty acid-rnediated inhibition of plasma glucose 

uptake and also by supplying glycerol for gluconeogenesis, but has no effect on 

glucose oxidation (Figure 3). Randle's cycle proposes that fatty acids inhibit 

intracellular glucose oxidation. However, no evidence exists that after glucose is 

in the cell, there is any impairment of glucose oxidation by fatty a c i d ~ . ~ ~  

Thiebaud et a$ reported that glucose uptake and oxidation were both reduced 

when the fatty acid concentration was high. However, they did not 





report the percentage of glucose oxidized which showed no impairnent at high 

fatty acid concentrations." 

In contrast to Randle's cycle, it is proposed that the rate of glycolysis, 

determined by the intracellular availability of glucose-&phosphate, is the 

predominant factor detennining the rate of glucose oxidat i~n.~~ In addition, it is 

hypothesized that increased glucose oxidation inhibits fatty acid oxidation by 

limiting FÇA transport into the mitochondrÏa by inhibiting camitine 

acyltransferase (CA). Whereas there is a close coupling between glucose 

availability and oxidation, fatty acids are generally available in greater quantities 

than are required for oxidation. Therefore, in contrast to Randle's cycle, an 

increased uptake of fatty acids coupled with a decreased capacity for oxidation 

should favour increased fat deposition in skeletal muscle of obese individuals. 

This is consistent with reports that muscle of obese individuals has a decreased 

CT attenuation, which is indicative of an increased storage of intramuscular fat. 

2.1.6 Skeletal muscle and insulin resistance 

lmpaired glucose uptake in skeletal muscle is a feature of ail insulin 

resistant States in NlDDM and obesity. Since skeletal muscle is the primary site 

for insulin-mediated glucose uptake in the postabsorptive state," the 

mechanisrns by which skeletal muscle become resistant to insulin with obesity is 

the facus of much investigation. Skeletal muscle of obese individuals, 

particularly upper body obese, is characterized by decreases in muscle 

capillarization and blood fiow, a reduced percentage of fast-twitch oxidative 



glycolytic fibres (FOG), fewer oxidative enzymes, and an overall decrease in 

oxidative ~apacity.'~ 

Krotkiewski et al." observed that WHR was positively correlated with the 

percentage of fast-twitch glycolytic (FG) fibres and negatively correlated with 

capillary density. In rats, it has been reported that FG fibres have lower levels of 

insulin receptor binding compared with slow-twitch oxidative (SO) fibresSs end 

are associated with increased insulin and glucose levels. Thus, lower levels of 

SO fibres in obese subjects may result in an overall decrease in insulin- 

stimulated glucose uptake. Similarly, capillary densitf7 and blood flow" have 

been reported to be positively associated with insulin sensitivity. A high WHR is 

also associated with a decrease in oxidative enzyme activity and a high 

respiratory quotient (RQ) when compared to lean s~bjects.~~" As an indirect 

measure of substrate metabolism, a high RQ describes a greater utilization of 

glucose and a reduced reliance on fats as an energy source. Consistent with 

this observation, decreases in activities of muscle citrate synthase, a marker 

enzyme of the Kreb's Cycle, and muscle camitine palmitoyl transferase, the 

carrier enzyme responsible for transport of FFA into the rnitochondria, favour 

increased fat deposition in skeletal muscle and may contribute to insulin 

resistan~e.~ In fact, R is reported that a decreased capacity for skeletal muscle 

fat oxidation contributes to increased deposition of intra-muscular triglycerides in 

obese individu al^.^^^^^ 



2.1.7 Skeletal muscle glucose transport and insulin sensitivity 

Under basal, sedentary conditions, glucose transport in skeletal muscle is 

regulated primarily by ins~lin.~" lnsulin stimulates the translocation of GLUT4 

isofom transporters from their intracellular vesicles to the plasma membrane, 

thereby greatly increasing the plasma membrane concentration of glucose 

transporters and the rate at which glucose can be transported into the ce~l . "*~ 

Physical exercise (muscle contractions) has also been reported to stimulate 

glucose uptake, independently and in addition to insulin-rnediated efiects, 

through the translocation of GLUT4 transporters. Evidence for two distinct pools 

of GLUT4 transporters suggests that muscle contractions and insulin cause 

stimulation of glucose uptake by two separate pathways (Figure 4)? 

It was originally hypothesized that muscle of upper body obese 

individuals rnay be GLUT4 protein deficient. The finding of normal GLUT4 

protein concentration in muscles of obese Zucker rats, however, has 

subsequently lad to the speculation of a defect in GLUT4 translocation andlor 

activation by insulin-rnediated signa~ling.~ However, it is likely that the impaired 

insulin action associated with obesity originates from alterations in the 

expression or funcîion of one or more of the cellular proteins that are 

components of the insulin receptor signalling pathway. Therefore, a blunted 

signal may lead to a block in the activation of glucose transporter function, or 

may occur in parallel with and independent effed of obesity on the glucose 

transport system. Although the wmplete sequence of insulin-stimulated glucose 





transport still remains unclear, a model for insulin- and contraction-induced 

glucose transport in skeletal muscle has been described (Figure 4)." Briefly, 

when insulin binds to the a-subunit of its skeletal muscle receptor, it activates 

tyrosine kinase which immediately initiates a cascade of signalling events. The 

initial step in the cascade is tyrosine phosphorylation of the insulin receptor 

substrate 1 (IRS-1 ). Phosphatidylinositol3-kinase (PI 3-kinase) is then 

phosphorylated and is believed to be involved in propagating many of the events 

which lead to the translocation of GLUT 4 to the cell surface membrane from its 

intracellular pool. 

Studies comparing lean su bjects with healthy o b e ~ e , ~  obese N IDDM,*~' 

and patients with impaired glucose tolerancesO have reported that no signifiant 

differences exist between groups with respect to GLUT 4 content. In the obese 

Zucker rat in which both transporter expression and function can easily be 

measured, GLUT 4 levels were not altered3"' while GLUT 4 translocation was 

impa ired3 More recentl y however, more sensitive techniques have allowed 

researchers to study glucose transporter translocation. Using a photo-labelling 

technique. Lund et al." definitively determined that increases in insulin 

stimulated GLUT4 translocation fully accounted for the observed increases in 

glucose uptake. Thus, human obesity may be associated with a defect in 

G LUT4 translocation. 

2.1.8 Skeletal muscle interstitial adipose tissue (SMWT) and metabolic risk 

Skeletal muscle interstitial adipose tissue is increased in obese compared 



with lean men" and womenn and has been found to be correlated with insulin 

sensitivity. Using CT, Simoneau et al found that muscle with low attenuation 

was as strong a predictor of insulin resistanœ as VAT. Moreover, in a large 

cohort of men and women, Goodpaster et reported that muscle with an 

increased fat content was the strongest correlate of insulin resistance. Therefore 

defects in skeletal muscle lipid oxidation rnay also be involved in the mediation 

of insulin resistance. 

Skeletal muscle is responsible for the majority of lipid oxidation and 

insulin-stimulated glucose utilization. As such, increased RQ values are 

observed in obese individuals during the basal state, signifying that a low ratio of 

fat to carbohydrate oxidation is occurring." Consistent with this indirect 

evidence of low fat oxidation in muscle, an inverse correlation has been 

demonstrated between skeletal muscle lipoprotein lipase (LPL) activity and 24-h 

R Q . ~  LOW muscle LPL activity would limit fatty acid or lipid oxidation and favour 

its deposition in adipose tissue. In addition, increased intramuscular triglyceride 

in obese individuals has been linked to reduced glucose storage and glywgen 

synthase activity in muscle." Thus, it seems evident that defects of lipid 

oxidation also exist in individuals predisposed to developing insulin resistance. 

Whether a defect in glucose storage is the result or is the causative factor of 

increased SM interstitial adipose tissue remains unclear. 

2.1.9 Summary 

Upper body obese individuals are at the greatest risk of developing CVD 



and NIDDM.~~'' Upper body obesity can result from either excess abdominal 

SAT or VAT fat deposition. Although there is evidence that VAT is the strongest 

correlate of insulin and glucose levels in obese s~bjects,~~ it has recently been 

reported that abdominal SAT has as strong an association with insulin 

resistance as VAT." It is hypothesized that an exaggerated lipolytic response 

occurs in VAT which may result in elevated plasma FFAs which drain into the 

portal circulation where they can lead to a reduction in insulin sensitivity of 

hepatocytes and increased hepatic glu~oneogenesis.~~ In addition, FFAs 

mobiiized from SAT suppress glucose utilization in skeletal muscle through a 

diminished responsiveness in the skeletal muscle GLUT4 transport ~ystern.~? As 

well, an increased uptake of fatty acids coupled with a decreased capacity for 

oxidation favours increased fat deposition in skeletal muscle of obese 

individu al^.^^ 

Therefore the aim of irnproving insulin sensitivity and glucose tolerance is 

two-tiered. First, adiposity must be reduced by means of a negative energy 

balance. In particular, VAT, SAT and SMlAT depots must be targeted if 

treatment is to be effective. Second, weight loss should be the primary goal of 

attaining a negative energy balance as it has been documented to be an 

effective means of improving insulin sensitivity, glucose tolerance, and 

increasing skeletal muscle GLUT4 and lipid oxidation. Whether a differential 

effect on insulin sensitivity and glucose tolerance is obsewed after equivalent 

weight loss through calorie restriction or increased energy expenditure through 



exercise is not known. In addition, it would be clinically useful to determine 

three important factors. How much weight loss is required to induce metabolic 

benefits? Does exercise per se have additional benefits and can exercise 

induce changes in body composition in the absence of weight loss? 

2.2.0 Influence of diet-induced weight loscr on insulin sensitivity and 
glucose tolerance 

It is wmmonly reported that weight loss results in metabolic 

improvements for conditions such as hyperg~ycernia,~ hyperinsu~inemia,~~ and 

insulin insensitivity." Numerous studies have show that weight loss between 6 

and 13 kg is associated with a 2653% improvement in insulin sensitivity, a 16- 

37% reduction in OGlT insulin levels, and an 842% reduction in OGTT glucose 

~ e v e l s . ~ ~ * ~  Not al1 studies investigating the association between weight loss 

and insulin sensitivity have reported irnprovements in both insulin and glucose 

levels however. It has been reported that decreased fasting plasma insulin 

levels occur without concomitant improvements in OGlT insulin ares.'" 

Sirnilarly, improvements in OGTT insulin area have been reported to have no 

effect on glucose t o l e r a n ~ e . ~ ~  The fact that pre-treatment glucose tolerance 

was normal in several studies may explain the lack of a response. More 

important however, a decrease in insulin area despite a corresponding decrease 

in glucose suggests Mat less insulin is required to dispose of a given amount of 

glucose into the cell, which signifies an increase in insulin sensitivity. 



2.2.1 Mechanisms associating weight loss with improved insulin sensitivity 

VAT 

As described earlier, it is hypothesized that VAT leads to increased 

hepatic glucose output and decreased hepatic insulin clearance through 

increased FFA mobilization into the portal circulation? Reductions in VAT are 

therefore believed to result in decreased VAT-mediated portal FFA release 

which would be likely to improve hepatic insulin sensitivity. Taken together, it is 

hypothesized that reductions in VAT, following weight loss, are associated with 

improvements in insulin sensitivity and reductions in both OGTT insulin and 

glucose levels. 2.9,67,6a 

SAT 

In addition to diet-induced reductions in VAT, the reduction of SAT, 

particularly abdominal SAT, may be associated with improved insulin sensitivity 

and glucose utilkation since it is well established that diet-induced weight loss 

results in significant reductions in SAT." Jensen et al3' have reported that, in 

obese wornen matched for age and adiposity, FFA release is greater in upper- 

compared with lower body obese wornen. Accepting that plasma FFAs influence 

insulin sensitivity, these observations suggest that regional differences may exist 

with respect to the relationship between SAT distribution and insulin-glucose 

homeostasis. It can be hypothesized that a modest decrease in weight 

significantly reduces ASAT and accompanies an associated improvement in 

insulin sensitivity. 



Skeletal muscle 

In addition to the mechanisms associated with adipose tissue reduction, it 

is reported that an increase in skeletal muscle GLUT4 activity occurs with weight 

loss. After a 43kg weight reduction in 7 healthy obese and NlDDM individuals, 

Friedman et al" reported a signifiant increase in glucose disposal and a two- 

fold improvement in insulin-stimulated glucose transport. Although GLUT4 

levels were unchanged, it was reported that the activity of these transporters 

increased." Caro et al" have also reported that weight loss improves the 

tyrosine kinase activity of skeletal muscle insulin receptors in obese men and 

women with and without NlDDM. Whether this improvement is responsible for 

the upregulation of GLUT4 following weight loss is unknown. 

2.3.0 Association between exercise, insulin sensitivity, and glucose 
tolerance 

It has been suggested that exercise without weight loss may be important 

in the prevention of NlDDM as well as improving insulin sensitivity and glucose 

tolerance. Recent prospective studies tracking thousands of both men and 

women have investigated the relationship between the incidence of NlDDM and 

physical a~t iv i ty . "~~~ Manson et aln reported that 87,253 healthy women aged 

34-59 who exercised vigorously at least once per week had a 33% decrease in 

their risk of developing NIDOM when compared to ageinatched sedentary 

individuals who exercised less than once per week. The assessrnent of relative 

risk was calculated as the rate of occurrence of NlDDM in a specific category of 



physical activity divided by the incidence rates in those individuals who 

exercised less than once peT week. However, after the researchers adjusted for 

both age and %MI, risk decreased only by 16%. Similarly, after adjusting for age 

and %MI, a five year follow up study which tracked 21,270 healthy men, who 

exercised once per week, reported a 22% decrease in the risk of developing 

NlDDM compared to sedentary c o n t r ~ l s . ~ ~  Indeed, the age-adjusted relative risk 

showed a dose response relationship with increasing exercise frequency. A 

23% reduction in age-adjusted relative risk of developing NlDDM was observed 

in those who exercised one session per week, a 38% reduction was observed in 

those who exercised 2-4 sessions per week, and a 42% reduction was observed 

for those individuals who exercised five or more sessions per week-Ta In addition, 

the highest responders to exercise were the obese men who had the highest 

incidence rate of NIDDM." Taken together, these observations suggest that 

exercise may be important in the prevention of NlDDM as well as improving 

insulin sensitivity and glucose tolerance. The observations from cross-sectional 

studies have also confirmed that exercise-trained individuals have increased 

insulin sensitivity and glucose tolerance (Table 1). 

lmproving insulin sensitivity and glucose tolerance due to aerobic 

exercise training remains unclear however. Previous studies have shown that 

both a e r ~ b i c ~ * ~ * ' * * ' ~ ~  and resistance exercise t ra in i r~g~* '~* '~ are associated with 

improvements in insulin sensitivity and OGTT insulin responses (Table 2). In 



Table 1. Cross-sectional studies exarnining enhanced insulin sensitivity in exercise-trained 
individuals 

Percent Difierence in 
Metabolic Variables 
(trained versus untrained) 

Diffemces in Muscle 
Morp hology 

- 

Bjomtorp et 
al. 
(1 972) 

15 trained vs 
16 sedentary 
men 

T-BMl= 1&1 
T-90- NIA 
U-BMI= 1621 
U - O O ~ ~ V  NIA 

- - 

fasting insulin TeU, 80% 
insulin area TeU, 66%" 
fading glucose T=U 
glucose area TeU, 20%"' 

lasting insulin TcU, 45% 
insulin area T*U, 40% " 
glucose disposal TW, 42% ' 
HGP T<U, 67% 

Rodnick 
et al. 
(1 987) 

8 trained 
runners vs 8 
sedentary 
men 

King et al. 
(1 988) 

- - 

11 
endurance 
trained vs 1 1 
untrained 
men and 
wmen 

-- - 

fasting glucose T*U, 9% 
fasting insulin TGU, 40% 
glucose di-1 T*U, 28% ' 
insulin response TeU. 50% "' 

NIA 

8 endurance 
trained vs 9 
sedentary 
men 

NIA 

Houmard 
et al. 
(1 991 1 

- -  - 

11 trained vs 
11 sedentary 
men 

- -  -- -- 

fasting insulin TcU, 60% 
insulin area T4,400% " 
insulin sensitii  P U ,  450% ** 

-- - - - . . 

GLUT4 T N .  2ûû% 
SO fibres T N ,  13% 
ÇG fibres TeU, 17% 

Ebeling 
et al. 
(1 993) 

9 athletes vs 
10 sedentary 
men 

glucose dkposal T N ,  32% ' 
nonmidative glucose 
disposal T>U. 62% ' 

7 athletes vs 
8 seâentary 
men and 
wmen 

fasüng insulin TeU, 22% 
glucose disposal T N ,  27% ' 
nonoXidative glucose 
disposal TN, 2û% 
oxidathre glucose 
diswsal P U .  33% 

'measured by eugfyeemic clamp; "rneasurad by OGTT; "'measund by hyperglycemic clamp; ""marker of skeIetal muscle 
oxidative rnetabolism; T= trained; U= untrained; c = lass than; , = greater than; BMI = body mass index in kg/m2; 90,m = 
-mal oxygen uptake in mlO+kg/min; O G n  = oral glucose tolerance test: HGP = hepaüc glucose production; SO fibres = 
slow oxidative fibres; FG fibres = fast glycdytic fibres 



Table 2. Studies examining the effects of exercise alone on insulin and glucose variables 

Change in 
Inaulin 
sensithmy 

Relative 
Reduction in 
Fasting Values 

Relative 
Reduction in 
OGTT areas 

3 x per wk middle aged l ::mi") l Io men 

NIA insuiin - 20% 
glucose - none 

insulin - 25% 
glucose -none 

Segal et aerobic 12 weeks men 
al. (cycle ergorneter) 4 x wk 1 0 lean 
(1 991 (6û min) 1 0 obese 

6 diabetic 

insulin - none 
glucose - none 

insulin - none 
glucose - none 

Smutok et aerobic 20 weeb aembic -8 
al. (walking and 3xwk obese men 
(1 993) hWging) or -9th - 8 

mistance obese men 
(1 1 exercises) 

Miller et al. resistance 
(1994) (14exwcks)  :r 1-7 

reduction 
glucose - none 

NIA insulin - none 
glucose - none 

insulin - 17% 
glucose - none 

insulin - none 
glucose - none 

Kaîzel et 
al. 
(1 9SS) 

insulin - NIA 
glucose - NIA 

Ryan et al. resistance 13 obaae 
(1, 1 (14 exercises) 1 1 wmen 

cycling 
walking 
j o m g  

insulln - none 
glucose - none 

wisulin - 18% 
glucose - none 

9 months 
3xwk 
45 min 

49 obese 
men 

insulin - none 
glucose - none 

Dengel et 
al. 
(199s) 

540- 
men and 
wmen 

cycling 
walking 
jogging 

Torjesen 
et al. 
(1 997) 

endurance 

NIA 

10 months 
3 x w k  
40 min 

Mourier et 
al, 
(1 997) 

NIA 

10 obese 
men 

measured by hyperinsulinemic eugtycemic clamp; ** measured by intravetnous insulin tolerance t e  "* maasured by 
homeostasis mode1 by Matthews et al; OGTT = oral glucose tolerance t@ NIDDM = non-insulin dependent diabetes metlitus; 
IGT = impaired glucase taierance; IIT - impaired insulln talerance; NIA = not available 

cycling 2 rnonths 
2 x M  
(45 min) 

6 obese 
men 



some of these same studies, glucose tolerance was improved. However, in many 

of these studies, no attempt was made to control for changes in body 

c ~ m p o s i t i o n . ' ~ ~ ~ ~ ~ ~  Therefore, it is unclear in these studies whether the 

improvements seen in insulin sensitivity and glucose tolerance were a result of 

chronic exercise training or reductions in adiposity. In addition, numerous 

studies failed to account for the acute effects of a single bout of 

eXer~iSe,4.13.1 5,isn Under basal conditions, glucose transport in skeletal muscle is 

regulated primarily by insulin-stimulated GLUT4 translocation .54 However, 

exercise-induced muscle contractions have been reported to stimulate glucose 

uptake, independently and in addition to insulin-mediated effects, through the 

translocation of GLUT4? Evidence for two distinct pools of GLUT4 transporters 

suggests that muscle contractions and insulin cause stimulation of glucose 

uptake by two separate pathways (Figure 4)? Consequently, evidence exists 

that a single bout of exercise increases insulin sensitivity in healthy obese 

individuals and those with NIDDM for a significant period following the exercise 

ses~ion."~ King et alw reported that a single bout of exercise improves insulin 

sensitivity for 3 but not 5 days. Unfortunately, many previous studies have 

reported upon the chronic effects of exercise before waiting at least 3 days for 

testing.4fi13.15fi1 Therefore their measurements of insulin sensitivity and glucose 

tolerance did not accurately report upon the chronic effects of exercise training, 

as the acute exercise effects of the last exercise bout were still influencing 

glucose uptake. 



In a more stringent study which controlled for body composition and the 

acute effects of a single exercise bout, Segal et alas showed no improvement in 

insulin sensitivity due to aerobic exercise training, even though there was a 27% 

increase in $0, rnax. The exercise protocol consisted of training on a cycle 

ergorneter for 4 hours a week at 70% 00, max. To explain these discrepant 

findings, the authors gave two possible explanations. Following exercise. the 

subjects were immediately refed calories to help maintain their weight. It has 

been reported that increased caloric intake is related to a diminished response 

in the glucose storage In addition, a sufficient amount of muscle mass 

may not have been utilized in the exercise protocol. Other studies used exercise 

which recruited a larger amount of muscle mass such as walking, jogging, or 

cycling to evoke a training response. Therefore the influence of exercise per se 

on insulin sensitivity rernains unclear. 

2.3.1 Exercise prescription 

Although it appears that physical exercise beneficially affects insulin 

sensitivity and the incidence of NIDDM, the ideal intensity, duration, frequency, 

and modality of exercise that would provide the greatest benefits is unknown. A 

study by Young et ales examined whether cycling for 4Omin at different intensities 

on three subsequent days had a differential effect on insulin and glucose 

responses in untrained individuals following an oral glucose toierance test. 

Although there was no improvement in glucose tolerance after either training 

intensity, it was found that whether the subjects expended the same amount of 



energy at 40% or 80% of their CO, max, the 40% and 45% respective decreases 

in insulin response were not different. Another study by Bonen et alm examined 

the effects of insulin binding to its skeletal muscle receptors at intensities below 

60% of GO, max and above 70% of 00, max. A 30-50% decrease in insulin 

binding was found to occur in the latter condition while no change in insulin 

binding occurred in the lesser intensity condition. However, the reduction in 

insulin binding with heavy exercise does not necessarily correlate with a 

concomitant change in glucose uptake and metabolism. Although more 

information is needed on this topic, these studies indicate that, at least when 

total energy expenditure is held constant, low and high intensity exercise are 

equally effective in improving insulin sensitivity. 

2.3.2 Exercise mechanisms associated with improved insulin sensitivity 

The proposed mechanisms associated with improvements in insulin 

sensitivity as a result of chronic exercise include reductions in VAT and SAT, 

changes in GLUT4 transport protein, skeletal muscle oxidative metabolism, and 

an increase in skeletal muscle mass. 

Reductions in VAT and SAT 

In the absence of weight loss, it is unclear whether exercise training will 

result in significant reductions in VAT or SAT. It is proposed that a reduction in 

FFAs mobilized from VAT would lead to decreased hepatic gluconeogenesis and 

increased hepatic insulin clearance." In addition, the reduction of SAT, 

particularly ASAT, may improve peripheral insulin sensitivity, glucose tolerance 



and decrease basal pancreatic insulin secretion via decreased levels of FFA in 

the systemic circulation. 

A preferential reduction in VAT and ASAT has been found to result in a 

diminished insulin secretion by the pancreas and increased metabolic clearance 

of insulin by the liver in response to the same glucose con~entration.~' Wirth et 

al.'' observed that about one third of the decrease in plasma insulin at rest was 

attributable to an increased metabolic clearance rate of insulin by the liver. The 

remaining decrease in plasma insulin concentration was due to a decrease in 

insulin secretion from the pancreas. 

To date, only 2 studies have evaluated the effects of exercise by itself on 

VATnn Despres et alg3 reported a 10% reduction in ASAT with no significant 

reductions in VAT after 14 months of endurance exercise in premenopausal 

women. In contrast, Schwartz et als observed significant reductions in VAT in 

young (17%) and older (25%) men after six months of endurance training. 

Because of weaknesses in controlling for body composition characteristics, it is 

difficult to directly compare these two studies. The contribution of exercise per 

se could not be definitively determined as weight loss alone may have caused 

the obsewed changes in VAT. In addition, the women's initial VAT levels in 

Despres' s tudp  were very low which may explain why a loss in VAT was not 

observed after the exercise treatment. 

GLUT4 transporter proteins 

The effect of insulin to acutely stimulate GLUT4 mediated glucose uptake 



into muscle tissue is essential for normal glucose homeostasis. Glucose 

transport is the rate-limiting step in skeletal muscle glucose uptake? Therefore, 

it is a probable site of improved insulin action. A study by Ferreras et alQ 

reported that exercise training improves insulin sensitivity by translocating 

increased amounts of GLUT4 receptors to the sarcolemrna from an intra-cellular 

cornpartment. Previous studies have reported normal levels of GLUT4 in 

skeletal muscle of physically trained subjects with NIDDM and o b e ~ i t y . ~ ~  

However, those studies did not differentiate between the total amount of GLUT4 

protein with the amount which is translocated to the membrane. A study by 

Roshoolt et al" reported nearly a two-fold increase in the number and area of 

sites labelling for GLUT4 along the sarcolemma in lean healthy subjects when 

compared to moderately obese subjects. Therefore, the hypothesized increase 

in insulin sensitivity due to the GLUT4 transport system is due to increased 

translocation from the intra-cellular pool to the sarcolemma membrane rather 

than from increased phosphorylation of GLUT4 protein. Whether this insulin- 

mediated process is affected by systemic levels of FÇA or insulin is unknown. 

Skeletal muscle morphology 

In addition to changes in glucose transport, many morphological changes 

may also occur in response to physical training. These changes include 

alterations in the biochemistry and hemodynamics of skeletal muscle as well as 

possible fibre type conversion. In addition, an increase in skeletal muscle mass 

may be associated with an enlarged glucose storage area and an increased 



number of insulin receptors available for binding which could possibly lead to an 

increased glucose uptake via the stimulation of GLUT4 recepton.15 However, 

curent knowledge with respect to skeletal muscle mass and insulinglucose 

variables rernains unresolved. 

The correlation betwsen skeletal muscle citrate synthase (CS) activity, a 

marker for oxidative metabolisrn, and insulin sensitivity is consistent with the 

concept that muscle fibres with enhanced oxidative capacity manifest increased 

insulin sensitivity through an increase in insulin-mediated glucose uptake." 

Houmard et al1' have demonstrated that habituai exercise training over 14 

weeks increased muscle fibre type conversion frorn (FG) to FOG which rnay 

explain the same relative increases seen in GLUT 4 (1 -8-fold), CS activity (1.7- 

fold) and insulin sensitivity (2-fold). 

Skeletal muscle blood flow also appears to be associated with glucose 

uptake. It has been shown that the most insulin sensitive subjects exhibit the 

greatest degree of vasodilation and that insulin resistant subjects show blunted 

vasodilatory responses." Ebeling et al1' observed that in trained athletes, blood 

fiow was associated with forearm glucose disposal which was 3.3-fold greater in 

the basal state and 73% greater during insulin infusion as compared with 

sedentary wntrols. In the basal state and during insulin infusion, the trained 

athletes had an increased blood flow which may have contributed to the 

increased glucose disposal by increasing the supply of both insulin and glucose 

to the muscle." It is hypothesized that increased blood flow ocairs through 



either increased capil larization, i ncreased fibre area, or i ncreased arteriolar 

function. 

It has also been shown that the concentration of muscle glycogen is 

higher in exercise trained individuals than untrained.""' Ebeling et al1' reported 

a 62% increase in nonoxidative glucose disposal rates in athletes when matched 

with sedentary controls. This was explained by concomitant 33% and 39% 

increases in glycogen synthase activity and glycogen content, respectively. As a 

result, it is believed that the greater disposal rates in athletes was due to 

increased storage as glycogen. 

Taken together, these results suggest that exercise training may have 

unique mechanisms by which insulin sensitivity may be improved. However, it is 

not known whether the skeletal muscle adaptations which are associated with 

exercise training are a direct result of muscie contractions per se or if they are 

secondary to a negative energy balance induced by an increased energy 

expenditure. 

2.4.0 Influence of diet- and axercise-induced weight loss on insulin 
sensitivity 

Although no studies have examined the separate effects of equivalent 

diet- and exercise-induced weight loss on insulin sensitivity, a few studies have 

investigated the cornbined effects of diet and exercise versus diet atone on 

insulin It has generally been reported that the combination 

of diet with exercise is associated with greater reductions in insulin levels 



cornpared to diet alone or exercise alone. 

Recently, Torjesen et al" examined the combined effeds of diet and 

aerobic exercise on insulin resistance. The protocol for the diet intervention 

included a decreased total fat intake and an increased fish intake, while the 

exercise intervention entailed supervised endurance exercise 3 timesiweek. 

Afier a one year treatment period, it was reported that the diet and combined diet 

with exercise interventions had significant reductions in insulin resistance, with 

the combined intervention exhibiting a greater improvement. Exercise alone did 

not significantly change insulin resistance. Unfortunately the results of this 

study are confounded because the diet plus exercise intervention had a greater 

reduction in BMI than the diet-only intervention. Therefore, it is uncartain 

whether the greater irnprovement in the combined intervention was due to the 

added benefits of exercise or the increased weight loss with a concomitant 

reduction in adiposity. In addition, the amount of weekly exercise which was 

perfoned within the exercise interventions is unclear. 

Similarly, Dengel et al5 exarnined the combined effects of diet and aerobic 

exercise compared to diet alone. The exercise training in that study involved 

walking, jogging, or stationary cycling at an intensity of 5045% of heart rate 

reserve, 3 days per week, over a 1 0 month treatment period. Subjects initially 

exercised for 10 minutes per session and gradually progressed up to 40 min per 

session. Overall, exercise-induced weight loss had a 42% reduction in insulin 

response following an oral glucose tolerance test versus a 21 % reduction in the 



diet-induced weight loss. In addition, the exercise group exhibited a 22% 

improvement in glucose disposal during a glucose clamp, whereas, the diet 

group showed no change. The results from this study are cunfounded. The 

subjects were tested within two days of the last exercise session. 

2.5.0 Summary 

Weight loss is an effective treatment for improving insulin sensitivity and 

glucose tolerance in obese individuals. However, it remains unclear whether 

exercise, in the absence of weight loss, is beneficial. The literature is devoid of 

carefully controlled studies which report upon the specific improvements in 

insulin sensitivity by exercise per se. In addition, the exact mechanisms and the 

effects of equivalent diet- or exercise-induced weight loss on abdom inal obesity, 

VAT, and insulin sensitivity in obese men and women has yet to be deterrnined. 

Therefore researchers must pursue two courses of action before there are f i n  

answers to explain the mechanisms of increased insulin sensitivity and glucose 

tolerance. First, carefully controlled studies which examine the separate effects 

of equivalent diet- and exercise-induced weight loss on skeletal muscle insulin 

sensitivity must be pursued. As well, the effects of exercise , in the absence of 

weight loss, must be carried out to differentiate between the effects of weight 

loss versus exercise. 
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The Separate Effects of Diet- and Exercise-lnduced 
Weight Loss On lnsulin Sensitivity 



INTRODUCTION 

Obesity is associated with metabolic complications such as impaired 

insulin sensitivity and decreased glucose tolerance, both of which are putative 

markers for CVD and NIDOM.'' Given that a recent U.S. National Health and 

Nutrition Examination Survey reports that 55% of men and women are 

overweight,' obesity poses a major public health challenge. White there is 

agreement concerning the health risks associated with obesity, there is less 

agreement regarding its management. 

There is strong evidence that diet-induced weight loss is associated with 

improvements in insulin and glucose metabolism in both men and women.67aB8*100 

However, it is unclear whether weight loss as a result of increased energy 

expenditure through exercise produces the same metabolic benefits compared 

to weight loss induced by caloric restriction. It has been reported previously that 

exercise, when combined with diet, induces a greater amount of fat loss than 

equivalent diet-induced weight 1 0 ~ s . ~  If this increased fat loss resulted in a 

preferential reduction of abdominal fat, the region which conveys the greatest 

metabolic riskI3 this would potentiate greater improvements in insulin sensitivity 

and glucose tolerance. In addition, exercise-induced changes in insulin 

sensitivity are highly correlated with exercise-induced changes in skeletal 

muscle morphology such as increased GLUT4  transporter^,'^ glycogen 

content,5s11 blood f l o ~ , ~ ~ ~ ~ ~ ~ "  oxidative capacity," and the percentage of fast 

twitch oxidative Whether these changes in muscle morphology 



augment the improvements in insulin sensitivity and glucose tolerance rnediated 

by weight loss is not known. Therefore, given the independent effects of 

exercise, it is hypothesized that exercise-induced weight loss will have a greater 

effect on insulin sensitivity and glucose tolerance than equivalent diet-induced 

weight loss. 

In an attempt to further clarify the separate effects of exercise, an 

exercise weight stable group was included within the study design. Although 

previous studies report that aer~b ic~*~* ' * - '~  and resistance e x e r c i ~ e * ~ ' ~ ~ ~  without 

weight loss results in improvements in insulin sensitivity, there are limitations to 

these studies which have confounded the findings associated with exercise per 

se. 

Thus, the purposes of this randomized and controlled study were Wofold: 

to evaluate the effects of equivalent diet- or exercise-induced weight loss on 

insulin sensitivity in upper body obese men; and to determine whether exercise 

without weight loss is associated with improvements in insulin sensitivity and 

glucose tolerance. 



METHODS 

Experimental Approach 

Forty subjects were recniited from the Kingston area. Inclusion criteria 

required that the men be upper body obese (BMI 30-35kglm2; WHR>0.95), 

weight stable (-kg) for one year prior to the beginning of the study, consume on 

average <2 alcoholic beverages per day, be non-smokers, nonhyperlipidernic 

(total plasma cholesterol c7.0mmollL and triglycerides c4.0rnrnollL) and not 

taking medication. The study was conducted in accordance with the ethical 

guidel ines of Queen's University. 

To qualify for the study, al1 subjects underwent a pre-participation medical 

exam to ensure that they were free of disease such as diabetes, hypertension, or 

heart disease which would influence either their participation in the prograrn or 

their biochemical assessment. Eligible men were randomly allocated into one of 

the following conditions: 1 ) isocaloric diet-weight stable (C), 2) hypocaloric diet- 

weight loss (DWL), 3) exercise only, isocaloric diet-weight loss (EWL) and 4) 

exercise only, weight stable (EWS). The duration of al1 treatments was 12 

weeks. The descriptive characteristics for ail groups are given in Table 1. The 

four groups were not different with respect to the anthropometric, MRI, or 

metabolic variables. 

Pre-treatment baseline period 

A weight maintenance diet, with less than 30% of the calories coming 

from fat, was followed for at least a 3 week baseline pefiod by al1 groups to 



monitor body weight and determine the accuracy of the isocaloric diets. This 

was aided by the collection of daily diet records throughout the baseline and 

treatment periods. A Registered Dietician met with each subject hMce weekly to 

ensure weight maintenance and adherence to the dietary regimen. Each subject 

participated within his designated treatment group in a series of weekly 

educational seminars designed to teach proper food selection and preparation. 

Eight nutrition seminars, one per week, were given to each group for the first 

eight weeks of the treatment period. These sessions were consistent across al1 

groups and led by a Registered Dietician. 60th the maintenance and energy 

reduced diets prescribed suggested energy as follows: approximately 50.55% 

carbohydrate, 15.20% protein, and less than 30% fat. Subjecîs were required to 

keep daily food records for the duration of the study. These records were 

monitored individually Nice weekly by trained undergraduate nutrition students., 

which were oveneen by a Registered Dietician. The foods consumed were self- 

selected and store bought. No vitamins or other nutritional supplements were 

prescri bed. 

Dietary Regimen 

The C and EWS groups were asked to maintain body weight for the 

duration of the study. The weight loss prescription for both DWL and EWL 

groups was designed to achieve a 0.6kg weight loss per week for a total weight 

loss of 7.5kg after the 12 week treatment period. The DWL group achieved this 

goal through a decreased energy intake of 700kcallday and the EWL group 



achieved this by incrsasing their energy expenditure by 700kcallday via low to 

rnoderate intensity exercise. Adherence to the program was monitored by 

ensuring weights were on target. Subjects were instnicted to eat more or less 

depending on whether their weight was too low or too high respectively. For the 

EWS group, the calories expended during daily exercise (700kcal) were refed. 

That is, the participants in this group were asked to maintain body weight. At the 

end of the 12 week treatment period, al1 groups were prescribed an isocaloric 

diet for two weeks during the post-treatrnent period measurements. 

Exercise Regimen 

The subjects within both the EWL and EWS groups perfomied daily 

aerobic exercise at 60-75% VO, max through brisk walking or light jogging on a 

motorized treadmill for the duration of the 12 week treatment period. Using the 

heart rate and oxygen consumption data obtained from the pre-treatrnent 

(baseline) graded exercise test, the heart rate associated with a 00,of 60.75% 

was detennined and prescribed for the duration required to expend 700kcal 

daily. A second and third graded exercise test were performed on al1 exercise 

subjects at the end of weeks 4 and 8 to verify the relationship between heart rate 

and oxygen consumption. All exercise sessions were by appointment, monitored 

by a graduate or undergraduate student, and performed in the laboratory. 

Magnetic Resonance lmaging 

The MRI images were obtained within the Magnetic Resonance Unit at 

Kingston General Hospital. The MRI data were obtained with a General Electric, 



1.5-tesla scanner using software version 5.4.2. (Wisconsin). A T-1 weighted 

spin-echo sequence with a 21 0-rns repetition time and 17-ms echo time was 

used to acquire the MRI data. The MRI protocol is described in detail 

elsewhere." Briefly, the body was divided into upper, lower, and truncal regions 

using L4-L5, and the femoral and humeral heads as landmarks. Thirteen data 

sets (7 images per set) were obtained while the subject lay in a prone position, 

with arms straight above the head. Transverse images (10-mm thickness) were 

obtained every 40mm over the whole body. For al1 subjects a total of -46 

images were acquired. The total time required to obtain al1 MR data for each 

subject was 45min. AI1 MRI data were transferred to a stand-alone work station 

(Indigo2, Silicon Graphics Inc., Mountain View, CA) for analysis using specially 

designed software (Tomovision Inc., Montreal, PQ). 

Calculation of tissue areas and volumes. The threshold selected for 

adipose tissue was based on an analysis of a sample of typical images and their 

grey level histograms. Once the appropriate threshold was selected, each 

image was reviewed using an interactive slice editor program which allowed for 

varification and, where necessary, correction of the segmentation result. 

Corrections were made by superimposing the original grey level image on the 

binary segmented image using a transparency mode. Tissues were labelled by 

assigning them different colour codes. Whole body skeletal muscle and 

subcutaneous AT were calculated using al1 46 images. Because it is proposed 

that abdominal adiposity is associated with metabolic complications, this region 



was subdivided into visceral AT and abdominal subcutaneous AT depots. 

Visceral AT and abdominal subcutaneous AT volumes were derived using 5 

abdominal images extending from one below to four above the L4-L5 

intervertebrai space. Femoral SAT was detennined using 18 images extending 

from the femoral head to the foot. 

Laboratory Measurements 

Duplicate fasting blood samples for the measurement of plasma lipid, 

lipoprotein, glucose and insulin levels were obtained pre- and post-treatment in 

the moming after abstaining for 12 to 16 hours from al1 foods and vigorous 

activity. Blood was drawn and collected in tubes containing 0.1 5% EDTA and 

plasma was separated by centrifugation at 1,000g for 20 minutes at 4OC. 

Anthropometric Measurements 

To assure that al1 possible combinations of anthropometric measures 

were compared to body composition data obtained by MRI, a complete set of 

skinfolds, body diameters and circumferences was acquired using the 

procedures described within the Anthropometric Standardization Reference 

Maximal Oxygen Uptake ($0, max) 

Maximal oxygen uptake (\j~,max) was measured using a treadmill 

exercise protocol and standard open spirometry techniques using a metabolic 

cart (TEEM 100, Aerosport Inc, Ann Arbor, MI). All subjects were familiarized 

with the equipment and testing protocol prior to the actual day of testing. It was 



assurned that $4 max was attained when two of the following three criteria had 

been reached: a plateau in fi0, persisted despite further increases in treadmill 

grade, maximum age predicted heart rate was reached, and a respiratory 

quotient of greater than 1 .O0 was achieved. Repeat tests were perfomed on 

separate days if the above criteria were not met upon completion of the test. 

Hyperinsulinemic Euglycemic Clamp 

For the three days preceding the clamp, al1 subjects ingested s250giday 

of carbohydrate to help ensure that normal muscle glywgen levels were 

attained. In addition, the subjects did not perform exercise for the three days 

immediately preceding the clamp procedure, both pre- and post-treatment. The 

subjeds were admitted to Kingston General Hospital for an ovemight stay in the 

Fraser Armstrong Patient Clinic the night preceding the clamp. Subjects were 

awakened at 6am for basal metabolic rate, resting blood pressure, and 

bioelectrical impedance measurernents. Following the cornpletion of these 

measurements, S U ~ J ~ C ~ S  undewent a hyperinsulinemic euglycemic clamp 

procedure as described by DeF ronzo et al.'" 

Two catheters were inserted for the clamp procedure: one in an 

antecubital vein for the infusion of insulin (Novolin, Toronto, Canada), glucose, 

and potassium, and the second into a heated hand vein for the sampling of 

arterialized blood. The plasma concentration of insulin was raised to 

approximately 100uUIml above basal and maintained by a constant infusion of 

40mUlm2 surface area per minute for -1 1 Omin. Plasma insulin concentrations 



were verified by taking samples every 30 minutes. The glucose infusion was 

initially set at 30mllhr and administered at the onset of insulin infusion. Based 

on plasma glucose values detemined from arterialized blood samples obtained 

at Smin intervals, plasma glucose was infused at a variable rate to maintain the 

fasting level. The rate of glucose disposal (M) was expressed per kilogram 

skeletal muscle. 

Indirect calorimetric methods (TEEM cart) were used to estimate 

substrate utilization for the final 30 minutes of the clamp procedure. The 

oxidation rates of carbohydrate and lipid were estimated based on a 0.707 

NPRQ for 100% fat oxidation and a 1 .O0 for 100% carbohydrate oxidation. Non- 

oxidative rates of carbohydrate utilization were also calculated by subtracting the 

carbohydrate oxidation rate from M. 

OGTT 

In addition to obtaining fasting levels for glucose and insulin, both 

variables were measured during a 75-9 2 hour oral glucose tolerance test 

(OGTT). The test was performed in the morning after an ovemight fast with 

blood samples obtained in the fasting state and at 0, 15, 30,60, 90, and 120 

minutes following glucose ingestion. Blood was collected through an 

intravenous catheter placed in a foreann vein. Blood glucose values were 

detenined by the glucose oxidase method using a Beckman Glucose Analyser 

II (Beckman Instruments). Plasma insulin was detemined using a 

radioimmunoassay method with anti-beef insulin senirn (Wright), human 



standard and '251-labelled insulin (Novolin, Toronto, Canada) and precipitated 

with Dextran (Pharmacia Fine Chemicals, Sweden) coated charcoal. The 

second OGTT was perfomed at least 7 days post-exercise. 

Statistical Analysis 

The sample size required to observe a significant difference in MRI and 

clamp measurements was determined using a t-test (one-tailed).lM The 

algorithm used to determine the associated power for small sample size designs 

was adapted from Kvanli?" For MRI VAT volume, the precision (standard 

deviation) in our laboratory is 10% (0.4 litres) and the expected difference is 

35% or 1.7 litres." Based on these data and an alpha of 0.05, the sample size 

required to obtain a meaningful difference in VAT is s5. A sample size of 21 

would provide a power of 90% to detect a difference of 0.2 litres. For clamp 

measurements, assuming a standard deviation of 7% (0.57 mgkg-min*')1m and 

an expected difference of 20%, based on a 8.5 kg weight losst4 a sample size of 

12 subjects would provide a power of 90% to detect a difference of 8.6%. 

The data are presented as mean + standard deviation. A 2-way analysis 

of variance, group (C, DWL, EWL,EWS) by time (pre,post) was employed to 

evaluate main treatment effects and interactions for al1 dependent variables. 

Significant d ifferences between groups were analysed using a ~chef f6  post hoc 

cornparison technique. Paired and unpaired t-tests were used to assess within 

group changes respectively for all dependent variables. Bonferroni adjustments 

(pc0.01) were used for al1 t-tests. Data were analysed using SYSTAT. 



RESULTS 

Descriptive characteristics. The groups were not different (p>0.05) for 

al1 pre-treatment anthropometric, MRI-measured, and metabolic variables (Table 

1 ). Subjects were characterized as being upper body obese (BMI 28-35kglm2, 

WHR >0.95) and middle aged (45 2 9yrs). 

Adherence to the exercise program. For the EWS group, attendance at 

the exercise sessions averaged 97% (range 94%-100%) which was flot different 

from the 97.8% attendance rate of the EWL group (range 96.4%-97.8%). 

Functional Capacity. The duration (61.7 vs. 59.9 min) and intensity 

(77.6% vs. 77.0% maximum heart rate) of daily exercise was not different 

(p>0.10) between exercise groups. The improvements in 90, max within the 

EWS (+20.8%) and the EWL (+14.5%) groups were not different (p>0.05) from 

each other but were both different from the DWL group. The improvement in the 

EWS group was different from the C group. 

Change in anthropometric variables. Total weight loss (7.3 2 0.9kg vs. 

7.5 2 0.6 kg) within the DWL and EWL groups were not different (p>0.05) from 

each other but were different from the C and DWL groups (Figure 1). The 

changes in selected anthropornetric variables are given in Table 2. Significant 

(pc0.001) and non different (p>0.10) within group reductions were observed for 

both the diet- and exercise-induced weight loss groups for BMI and waist 

circumference (last rib) compared to the C and DWL groups. Waist-to-hip ratio 

was also significantly reduced within the DWL group only (~4 .005)  . 



Table 1 
Descriptive characteristics' 

C DWL EWS EWL 
Variable (n=7) @=IO) (n=11) (n= 1 2) 

Age (Y) 43.1 2 11.2 
Weight (kg) 96.6 2 9.0 
BMl (kglm3 30.6 2 1.7 
WHR~ 0.97 5 0.07 
Waist circumference (cm)' 107.7 2 5.1 

MRI-rneasured variables 
Total AT (L) 32.7 2 5.1 
Subcutaneous AT (L) 24.1 2 4.2 

ASAT (L) 4.4 2 1 .O 
LSAT (L) 9.9 5 2.0 

Visceral AT (1) 4.3 2 2.0 
Skeletal Muscle (L) 33.2 + 3.7 

Metabolic 
Fasting lnsulin (uU/ml) 4.8 2: 3.5 
Fasting Glucose (uU/ml) 4.5 2 0.6 
OGTT insulin area 216.0 2 185.4 
OGTT glucose area 26.9 5 7.1 
IGAR 8.5 5.5 
Glucose disposa1 (M)O 14.7 2 6.0 
Oxidat ive4 3.1 + 1.0 
Nonoxidative4 11.426.3 

' Mean 2 standard deviation. No between group differences (p<O.OS) for the variables presented. 
C, control; DWL, diet-induced weight los; EWS, exercise weight stable; EWL, exercise weight 
l o s ;  BMI, body mass index; WHR, waist-to-hip circumference ratio; MRI, rnagnetic resonance 
imaging; AT, adipose tissue; ASAT, abdominal subcutaneous adipose tissue; MAT, k g  adipose 
tissue; IGAR, insulin-glucose area ratio. 

Calculated by using last rib circumference. 
Waist circumference at the umbilicus. 
Units: mg-min-'-kg skeletai muscle 
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Figure 1. Rate of Exercise- or Diet-induced weight loss 



Table 2 
Changes in selected anthropometric, magnetic resonance imaging (MRI) and 
metabolic variables1 

Va na ble C DWL EWS EWL 
(n=n (n=1 O) (n=l 1) (n= 1 2) 

Change Change Change Change 
Abs % Abs % Abs % Abs % 

Anthropometry 
Weight (kg) -0.01 -0.4 -7.34,5 -7.7 -0.7 -0.8 -7.54-s -7.5 
WHR~ 0.00 0.2 -0.044.7 -4.3 -0.02 -2.7 -0.02 -2.4 
Waist circumference3 0.2 0.2 -7.74~5 -7.3 -2.8 -2.9 -6.44-5 -5.9 

MRI-measured variables (L) 
Total AT -0.5 -1.8 -6.24-5 -20.4 -1.74 -5.6 -6.74.5 -19.2 
Subcutaneous AT -0.3 -1.3 -3.94~5 -17.0 l 4  -4.6 -4.8'm5 -17.9 

ASAT 0 .  -3.8 -0.84.5 -18.9 -0.3" -6.2 -0.g4s5 -18.6 
LS AT -0.1 -13 -1.4~a' -15.8 -0.S4 -5.2 -i.54'5 -14.1 

Visceral AT 0.02 -1.3 -1 .04.5.6 -26.5 -0.54.6 -14.2 -1 .l 45.ô -26.2 
Skeletal Muscle 0.01 0.2 -1.64*7 -4.7 0.5 1.5 -1.1 -3.4 

' Mean 2 standard deviation. Cl control; DWL, diet-induced weight los; EWS, exercise weight 
stable; EWL, exercise weight loss; BMI, body mass index; WHR, waist-to-hip circumference 
ratio; MRI, magnetic resonance imaging; AT, adipose tissue; ASAT, abdominal subcutaneous 
adipose tissue; FSAT, leg adipose tissue. 

Calculated by using fast rib circumference. 
' Waist circumference at the last rib (cm). 

Significant within-group differences p<0.05 (paired t-test with Bonferroni adjustment) 
Significant between-group differences; DWL, EWL > C, EWS; p<O.OS 
Significant between-group differences DWL, EWL, EWS > C; pe0.05 

'Significant between-group differences DWL > C: pcO.05 



Dietary intake. The DWL (1918 kcai) and EWS (3406 kcal) groups were 

different (pcO.05) from each other and the EWL (2610 kcal) and C (2749 kcal) 

groups for daily caloric intake. As well, the DWL (40.9 g) group was different 

(pc0.05) from al1 other groups for total daily fat intake. The EWS (83.9 g) group 

was different (~~0.05) only from the DWL (40.9 g) and EWL (62.6 g) groups for 

total daily fat intake. No differences (p>0.05) were oberved for daily percent fat 

intake between any groups. 

Change in MRI-measured variables. The changes observed in adipose 

tissue and skeletal muscle variables are given in Table 2. 

VAT. The relative reductions in VAT (-26%) were not different 

(p>0.10) behnreen the DWL and EWL groups but were different (pe0.05) 

compared to the EWS and C groups. The relative reduction in VAT in the two 

weight loss groups was significantly greater (pe0.05) than reductions in whole 

body SAT. Within the EWS group, a significant reduction (p4.05) in VAT 

(-14%) was observed which was also different (ps0.05) from the control group. 

SAT. The relative reductions in whole body SAT (-1 7.5%) and 

abdominal SAT (-19%) were not different between the DWL and EWL groups 

but were different compared to the EWS and C groups. Within the EWL group 

alone, the relative decrease observed for abdominal SAT (-1 9%) was greater 

(pc0.01) than that for gluteal-femoral SAT (-14%). Reductions in whole body 

(-4.6%) and ASAT (-4%) were also seen within the EWS group which were not 

different from the control group. 



SM. Whereas SM was preserved within the control and bath 

exercise groups (p>0.05), a significant 4.7% reduction (pc0.01) in SM was 

observed within the DWL group. 

Change in metabolic variables. 

OGTT. No changes in fasting glucose were observec within any 

group. Within the EWL group only, a significant irnprovement (pe0.05) in fasting 

insulin was observed which was not different from the other groups (Figure 2). A 

significant reduction (peO.05) in insulin area was observed within the EWL group 

which was different from the EWS group only (~~0 .05 ) .  lmprovements ( ~ ~ 0 . 0 5 )  

in glucose area were obsewed in the EWL and DWL groups which were not 

different (p>0.05) frorn each other but were different from the EWS group 

(pc0.05). According ly, a significant decrease (p<0.05) in insulin-g lucose area 

ratio was observed in the EWL group only which was not different from any other 

group (p>0.05). 

Hypen'nsulinemic euglycemic clamp. During the last 30 

minutes of the 4-h euglycemic clamp, pre- and postclarnp plasma insulin (52.4 5 

17.8 vs 50.0 + 18.3 uUlml) and whole blood glucose values (5.0 + 0.2 vs 5.0 2 

0.2 uUlml) were not different (ps0.10) for al1 subjects combined. lmprovements 

(pc0.05) in rates of total (5.9 + 3.5 vs. 5.7 + 4.0 mg-min-'-kg SM) and 

nonoxidative (5.9 + 4.7 vs. 5.1 + 5.4 mg-min*'-kg SM) glucose disposa1 were not 

different (p>0.10) within the DWL and EWL groups (Figures 3 8 4) but were 

different from the C and EWS groups. Within the EWS group, a significant 
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Figure 2. Effects of Exercise- or Diet-induced Weight Loss On 
OGTT Insulin and Glucose Values 
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Figure 3. Effect of Exercise- or Diet-induced Weight Loss On 
Glucose Disposal 
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Figure 4. Effect of Exercise- and Diet-induced Weight Loss on 
Oxidative and Nonoxidative (Stored) Glucose Disposal 



increase (pc0.05) in total glucose disposal (2.8 + 3.7 mg-rnin'lkg SM) was 

observed, as well as, a trend (p=0.06) towards significance for nonoxidative 

glucose disposal (2.6 + 4.2 mg-min-'-kg SM). No change in any variable was 

observed in the C group (pz0.05). 



DISCUSSION 

The findings of this study clearly indicate that equivalent diet- or exercise- 

induced weight loss are associated with similar improvements in insulin 

sensitivity in obese men. In addition, aerobic exercise without weight loss iç also 

associated with a smaller but still significant improvement in insulin sensitivity. 

The rnechanisms by which weight loss improves insulin sensitivity are not 

f i n l y  established. It is generally proposed that reductions in adiposity are 

associated with concomitant reductions in systemic FFA flux which would 

beneficially affect skeletal muscle insulin sensitivityBB~'" andlor pancreatic 

~ e c r e t i o n . ~ * ~ ~  In addition, hepatic sensitivity to insulin is likeiy to be improved 

through a reduction in VAT-mediated portal FFA Rux.'~ Plasma FFA flux was not 

measured in the present study. It is reasonable to assume, however, that the 

equivalent reductions observed for VAT (-27%) and SAT (-1 7%) in both weight 

loss groups are associated with corresponding decreases in both portal and 

systemic FFA concentrations respectively. Although the association between 

VAT and portal FFA concentrations has not been measured in vivo, a 32% 

reduction in systemic FFA levels has been reported in insulin resistant women in 

response to a 12kg weight loss which was associated with a corresponding 

improvement in insulin ~ensitivity.~' This suggests that weight loss, regardless of 

modality, elicits common changes in body composition which may partially 

explain the equivalent 60% improvement in insulin sensitivity. 

The finding that exercise-induced weight loss did not enhance insulin 



sensitivity by cornparison to diet-induced weight loss was unanticipated. It was 

expected that the adaptations in skeletal muscle morphology such as increases 

in GLUT4 transporters, oxidative enzymes, the percentage of FOG fibres, and 

blood flow known to occur in response to chmnic exercise, would have 

potentiated the effects of weight loss on insulin sensitivity. However, after 

controlling for the reductions in VAT and SAT in the EWL group, the observed 

improvement in insulin sensitivity was no longer significant. 

To further clarify whether exercise has affects on insulin sensitivity 

independent of weight loss, an exercise weight stable group was incorporated 

into the study design. The findings observed in the EWS group are consistent 

with the results in the EWL group. Within this group, a smailer but still 

significant im provernent (-20%) in insulin sensitivity was observed. However, 

significant reductions were observed in VAT and ASAT. That abdominal fat was 

reduced without weight loss suggests that the EWS group was in a negative 

energy balance because the energy associated with the fat loss was greater 

than the energy gained from the small increase in lean tissue.? After controlling 

for the reductions in VAT and ASAT, the improvement in insulin sensitivity within 

the EWS group was no longer significant. These observations are consistent 

with the findings in both weight loss groups and thus, it would appear that the 

influence of exercise on insulin stimulated glucose disposal is subtle and that the 

beneficial effects are mediated in large measure by concomitant reductions in 

abdominal adiposity. 



Consistent with the improvements in insulin sensitivity measured by the 

glucose clamp technique, improvements in OGTT-measured glucose tolerance 

were also observed in both weight loss groups which were not different. 

However, significant decreases in fasting insuiin and OGTT insulin area were 

observed in the EWL group alone. Thus, the insulin required to dispose of a 

given quantity of glucose (insulinogenic index) demonstrates an improvement in 

insulin sensitivity in the EWL group which was not observed in the DWL group 

and is consistent with previous st~dies.~. '~  Although plasma C-peptide 

measurements were not taken, To jesen et al" reported that significantly greater 

reductions in C-peptide occur after exercise combined with weight loss 

compared to diet-induced weight loss alone. Thus, the improvement in insulin 

sensitivity observed in the EWL group may reflect a decrease in pancreatic 

P-cell insuiin secretion as a consequence of exercise. 

Contrary to the irnprovements in OGTT variables in the EWL group, the 

subjects in the exercise weight stable group exhibited a deterioration of glucose 

tolerance. This is consistent with others who report similar observations in 

response to exercise training without weight  los^.^^^ Two arguments may 

partially explain these findings. First, the consumption of a hypercaloric diet 

(-700-1000kcal per day) has been shown to increase fasting insu~in,~ OGlT 

insulin8' and glucose areaq3 and decrease insulin-mediated glucose d i~posa l .~~  

Evidence suggests that increased caloric intake can lead to increased 

pancreatic P-cell stimulation, leading to islet ceIl hypertrophy andlor hyperplasia 



and chronic hyperinsulinemia.'" A deterioration of glucose tolerance could then 

result as an adaptive response to chronic hyperinsulinernia through the 

downregulation of peripheral insulin receptor~. '~~ 

Although wunterintuitive, this is not inconsistent with improvements in 

insulin sensitivity as rneasured by the euglycemic clamp technique. Unlike the 

OGTT which stimulates hepatic and pancreatic responses to a large, acute dose 

of glucose, inherent to the clamp is the maintenance of a constant euglycemic 

state via intravenous administration of glucose. Thus, the clamp technique 

effectively isolates insulin stimulated skeletal muscle glucose disposa1 by 

suppressing the integrative hepatic and pancreatic respon~es.'~ Therefore, a 

decreased ability to effkiently manage glucose immediately following an oral 

glucose challenge is not necessarily related to skeletal muscle glucose disposal 

measured in a fasted state. 

A second argument which may help to explain the deterioration of glucose 

tolerance in the EWS group is the composition of carbohydrate consumed. In 

order to facilitate weight maintenance throughout the 12 week treatment period, 

the subjects within the EWS group consurned a large amount of fast absorbing 

carbohydrate which effectively trained the gut to absorb this type of 

carbohydrate more q u i c k ~ y . ~ ~ ' ~ ~  Thus, a given 75 gram glucose drink will 

effectively increase absorption post-treatment.'q~l'a Taken together, the quantity 

and composition of carbohydrate intake in the EWS group may have masked the 

effects of exercise per se on insulin sensitivity and OGïT insulin and glucose 



variables. 

The increased amount of glucose disposed into the muscle cell must 

either be oxidized or stored. It is reported that the body's capacity to increase 

carbohydrate storage in response to insulin is greater than its capacity to 

increase carbohydrate oxidation rates.''* Therefore, an increase in glucose 

storage is a primary mechanisrn of increasing glucose disposal rates. This is 

consistent with the irnprovements observed in nonoxidative glucose disposa1 

which accounted for -90% of the increases in total glucose disposal across the 

three treatment groups respectively. It is also consistent with other studies 

which report similar findings in obese men and w ~ r n e n . ~ ~ * ~ ' ~  

Apart frorn the reductions in adiposity, it has recently been suggested that 

skeletal muscle lipid content, measured by CT, is a strong, independent, positive 

correlate of insulin resistance in obese men and worned4 Based on these initial 

reports, we measured SMIAT to test the hypothesis that SMIAT might be related 

to improvements in insulin sensitivity. However, despite increases in insulin 

sensitivity, no change in SMIAT was observed. It is possible that either subtle 

changes in SMIAT are not detected using MRl1I4 or that MRI-measured SMIAT 

does not adequately represent CT-measured skeletal muscle lipid content." 

To Our knowledge, this is the first study to examine the separate effects of 

diet- and exercise-induced weight loss on insulin sensitivity. Although these are 

prelirninary findings, the similar beneficial increases in total and nonoxidative 

glucose disposal observed in both the diet- and exercise-induced weight loss 

groups suggests that improvements in insulin sensitivity are not mediated 



through independent mechanisms. However, a larger subject pool might have 

decreased the standard deviation within each treatment group and enabled the 

separate influence of exercise to be teased out. Thus, reductions in adiposity, 

namely SAT and VAT, appear to be primarily responsible for these 

irnprovements. To a lesser extent, evidence suggests that exercise, in the 

absence of weight loss, also reduces abdominal adiposity and results in 

increases in total and nonoxidative glucose disposal. However, the separate 

and potential benefits of exercise on other cardiovascular risk factors such as 

hypertension and blood lipids remain to be deterrnined. 

In summary, these findings strongly support the hypthesis that both 

exercise- and diet-induced weight loss alone lead to significant irnprovements in 

insulin sensitivity and glucose tolerance. Exercise, in the absence of weight 

loss, appears to have significant beneficial effects on ameliorating metabolic 

complications of insulin reçistance. In addition, because the exercise training 

program increased functional capacity and was well tolerated, it is prudent to 

recommend that routine exercise be included within a therapeutic strategy 

designed to improve insulin sensitivity and maintain weight loss. 



4.0.0 CONCLUSIONS 

The U.S. National lnstitute of Health (NIH) recently released clinical 

guidelines on the identification, evaluation, and treatment of obesity in adults.' 

At a prevalence rate of 55%, obesity is the second leading cause of preventable 

death and wnsequently poses a major public health chall8nge.l As a result, the 

principal recommendation frorn the NIH is weight loss in the order of a 10% 

reduction in body weight to decrease the risk of cardiovascular disease and al1 

cause mortality. The findings of the present study, that weight loss in obese 

individuals improves insulin and glucose tolerance, wnfirms the appropriateness 

of this recommendation. In addition, it was show that aerobic exercise alone 

increases insulin sensitivity with concomitant decreases in abdominal adiposity. 

Taken togethet, this suggests that both weight loss and exercise are successful 

strategies for the reduction of insulin resistance and obesity, both of which are 

cardiovascular risk factors and putative markers for non-insulin dependent 

diabetes mellitus. 

Whether the improvements in insulin sensitivity and glucose tolerance are 

proportionate to the degree of weight loss is unknown. That is, would a greater 

magnitude of weight loss induce greater benefits? In addition, what minimum 

amount of weight loss is needed to induce significant clinical benefits? Whether 

age, race or sex differentially affect insulin sensitivity and glucose tolerance also 

remains to be determined. In particular, the testing of women using this study's 

protocol would present a unique opportunity to delineate sex differences. 



Because women between the ages of 50 and 75 are at equal risk for developing 

CVD as men1I5and previous observations suggest that sex may influence the 

effects of weight loss on adipose tissue d i s t r i b u t i ~ n , ~ ~ ~ l ~ * ~ ~ ~  it needs to be 

established whether women respond to both weight loss and exercise sirnilar to 

men. 

It also needs to be established whether exercise training which would 

induce the same total energy expenditure over a longer pefiod of time elicits the 

same effects. In addition, the optimal intensity of exercise required to improve 

insulin sensitivity and glucose tolerance needs to be resolved. F urtherrnore, 

whether a training induced increase in 90, max is necessary to improve Viese 

same variables remains unclear. Absent from this study are findings which 

report upon changes in other cardiovascular risk factors such as blood lipids, 

lipoproteins, and blood pressure. Whether exercise has independent effects 

separate from weight loss on these variables is unknown. 

Once identified, this information would enable clinicians to appropriately 

prescribe both optimal weight loss and exercise of optimal quantity, intensity, 

duration and frequency to those who are obese and at increased risk for 

cardiovascular disease. 
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The foilowing brief is intended to provide you with the detaiis you should be aware of 
pnor to your consent as a participant in th is  research project. Please read the foUowing 
information wefuily and feel free to ask any question that you may have. 

BACKGROUND iNFORMATION 

Obesity is a major risk factor for cardio~scular disease and a public health problem. 
Recent information wggests that body fat located in the upper body region, in particular 
viscerd or intra-abdominal body fat, conveys the gseatest health risk. This is particularIy m e  
for men as they genedy deposit more adipose tissue in the intra-abdominal region. Indeed, 
intra-abdominal fat is strongly associated with numerous risk fictors that are predictors of 
cardiovascuiar disease. These fiadings suggest that if body fat reduction is to conbo1 the heaith 
risks assOaated with obesity, upper body obesity, in particular intra-abdominal body fat should 
be reduced. At the present time thue are no known stratesies that selectively reduce intra- 
abdominal body fat in men. Nor is it icnown whether reductions in intra-abdominal fat are 
related to concunent reductions in cardiovascular risk hctors. 

Therefore, you are being asked to participate in a weight loss snidy, the p ~ c i p a i  
objective of which wii i  be to acess the repgmte effects of diet and exercise on upper-body 
obesiîy, ia particular intra-abdominal fat, and cardiovascular N k  btors. The study wiil 
pronde important information which will help to answer the following questions for upper- 
body obese men: 1) Is quivaIrnt diet- and exexk-induced weight loss associated with a 
reduction in abdominal obmty and intra-abdominal fat, and if sol are there treatment 
dinerwlces? 2) k e  there treatment differences with respect to improvements in cardiovascular 
risk faaor? 3) Is the reduction in in--abdominal fat related to concurrent improvements in 
cardiovascular risk factors independent of reductions in total fat, and if so, are there treatment 
diBerences? 4) P exercise assuciated with signifiant hnpmements in cardiovascular risk 

- factors in the absence of weight los? m e r s  to these questions are of signifîcance to the 
many Canadians, clinicians and practitionen who seek information regarding the benefits of 
diet and exercise as a means of reducing central obwity and impronlig cardiovascular risk 
factor pronie. 

EXPLANATION OF PROCEDURES 

Prior to participation in this study you wiii be required to have a medical exam. The e ~ m  
wiU be conductecl by your physician, or a medical doctor at the Kingston General Hospital. In 
addition to your medical examination, you will be required to have a Eisting blood test that will be 
used to meanw your glucose (sugar) and Iipid (fat) levels. Thk procedure is orplaineci in & d e r  
detail on the last page of this fom 



Study Rotocol 

The study will be 18 weeks in duration. The diet and exercise part of the study will last 12 
weeks. The 12 week treatment penod w3.i be prefaced and foIiowed by a 3 week weight 
maintenance period - hence 18 weeks in total. By volunteering to  participate in this shidy, your 
name will be selected by chance and placed into one of the following four groups: (1) diet - no 
weight los, (2) diet - weight loss, (3) exercise - no weight loss, (4) exercise - weight loss. 

Diet Procedure 

Ali participants in eadi group will eat the same type of foods. The diierence between 
groups will be how much food is eater The diet w3.i consist of regular foods that you wül buy 
and prepare younell: W aspects of the diet plan wili be explained to you by a dietician. n ie  
session wiil take place at the beginnllig of the study, with several additional sessions plmeci 
throughout to heIp you foiiow the diet plan. Ifsomeone else shops for your food or prepares 
your meals, or ifyou share those tasks with someone else, that penon is invited to m m  with the 
dietitian as wd. You wiii be required to record the food you eat each &y for one week, 5 times 
during the 12 week study. AU of your meetings with the dietitian will be at the Fitness Center in 
the Physical Education building at Queen's. 

Group 1: For the entire study participants in this group will consume a diet that will maintain 
bodyweight. Thus there will be no weight los. 

Group 2: During a 3 week weight maintenance period we wiU determine the calories you need to 
maintain your weight. For the 12 weeks foilowing you will be asked to d u c e  your caloric intake 
by the appropriate amount (usually 700 calories per day) to loose 1.5 Ibdweek After the 12 
week perïod, you will be given a diet that wül increase your total donc intake to a ievel that will 
maintain your new weight. 

Group 3: The participants in this group will exercise daily, however will maintain their weight 
for the entire study- Caiories expended through exercise WU be refed by increasing dietary d o n c  
intake appropriately. 

Groop 4: For the entire study, participants in this group wiil comme a diet that maintains 
bodyweight for the baseline (first thne weeks) period The weight loss will be induced through 
exercise only. 

Exercise f rocedure 

Groups 3 md 4: The participants in groups 3 and 4 wiii be required to pedionn aerobic exercise 
(walk/nin type exercise) daily for 12 consecutive weeks. The aerobic exercise program will be 
designed to meet your abilih'es. The duration of the sessions will vary according to the time it 
takes for you to burn 700 kilocalories per exertise session Most men wodd bum approximately 
700 kilocalories by waIking about 6 miles. Each exercise session WU be aipervised by a trabed 
physid educator and wiii be perfomed within the Physical Education building at Queen's. 79 



Magnetic Resonance Imaging 

Magnetic resonance imaging is a new technique for imaging or creating pictures of body 
structures or organs. Magnetic rwonance @&Et) gives images Ui slices comparabIe to those 
produced by x-ray tomography or CT (CAT) scan. One of the primary advantages to MR is that 
it does not employ x-rays or other potentidy harmful forms of radiation, c o n t r q  to ordiiary 
radiography or nuclear medicine. Instead, a large magnet, a radio transrnittedreceiver and a 
cornputer are used to gather chernical information from the body, and to produce images or 
picnires of intemal anatomy. No h a - 1  effects have been associateci with MR under existing 
conditions of use. Zt  is important that you fill out the enclosed questionnaire. The purpose of the 
questionnaire is to ident* any metallic pieces which would have been irnplanted during sugery 
or would have been lodged in your body during an accident. 

As mentioned, the MR procedure is very simüar to a scanner examination. You will be 
placed on a table and you will be moved moothly into the scanner examination. A loud-speaker 
within the mapet d e s  it possible for you to keep in constant contact with the staff. At ail 
times the operator can see and hear you ifyou need help or have questions, and you can be 
removed h m  the machine i f n e c e s q .  The Kannuig procedure takes about 35 minutes. AU MR 
images will be obtained at Kingston General Hospital. 

The amount of energy (calories) you need to maintain body weight at rest will be 
detennined by m e d g  how much oxygen you use while resting. M e r  an ovexnight f a  while 
resting a supine (on your back) position, we will meanire the amount of oxygen you use while 
you b r d  nomially into a mouthpiece attacheci to a speciaily designed oxygen meter. This is a 
routine procedure tbirt takes about 45 MMtes to complete. 

A sesond proceedure used to determine how much energy you expend (use) in a day is 
daaibed in AppendDr k Bnefiy, at the beginning of week 5, you will be asked to corne to the 
Physical Education Center at about 8 am at which t h e  you wül be given a glass of water to drink 
that contains two stable isotopes @,O and "0). After a two week penod, in the moniing, we 
will coUect a urine sample for the purpose of measurhg the amount of these two isotopes that 
remain in your body. The information fiom this test will pennit determination of energy intake 
(calories) and expenditure that occurreâ for each participant during the previous two week 
penod. The two isotopes that you will be given are n a t d y  ocniring and are hacmless at the 
dose provided. 

Many ciraiderence and diameter mezisuernents will be taken at numerous sites on the 
body. These rneaSuTes can be used to denve esthnates ofbody composition. in addition, through 
the use of slrinfold caliïpers, swold tbckness wiil be measured at 10 dinerent sites on your body. 
This is a simple procedure requiring no specïai preparation on your pan. 
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This is a very simple and safe procedure requiring no more than 10 minutes to complete. 
Laying on your back, 7 electrodes will be placed on the Surface of your right hanci, shoulder, 
lower neck, leg and foot One set of electrodes wiil introduce an aitemathg cunent that you 
can't feel into the body, while the other set record the resistance. The results are used to 
determine your body composition. 

Undemater weighing 

RecognUed by many researchers as the best method of measu~g body composition (Le. 
percent body fat), the intent of the procedure is to weigh you while you are submerged in water. 
In a kneaiing position, you wül be submerged in water (cornfortable temperature) to the shoulder 
level. Approxhately 10 times during the test you will be asked to put your head in the water, 
exhale completeiy, and hold your breath for 5 to 10 seconds wNe your body weight is measured. 
At any t h e  d u ~ g  the procedure you cm corne out of the water by simply lifting your head. 

With the exception of the underwater weighhg, the anthropometric measufements 
(bioelectrid impedence, skinfolds and MRJJ wül be obtained at the Kingston General Hospital. 

Assessrnent of Cardiovrscular Fitness 

In addition to body composition measurements we will meaaue your cardiovascular 
fitness by using either a ttea&niil procedure. The test will begia at a level you cm easily 
accomplish and will be advanced in stages, depending on your capacity to do so. We m y  stop 
the test at any time because of signs of fatigue or you may stop when you want because of 
personai feelings of fatigue or discodort. 

The treadmül or bicycle test wül mvolve nsks comparaMe to any strenuous exercise 
situation. The include very rare instances of abnormal blood pressure, faintings, disorders of the 
kart beat, and heart attack Every effort wül be made to minimize them by preliminary medical 
examination and observation during the test. Your fitness test will be ~pen?sed by a trained 
graduate assistant and, when necessary, a medicai doaor. 

The r d t s  wiU be used to help us give you the proper amount of aerobic exercise that is 
right for you, and, to check for any possible reasons why you should not participate in an exercise 
program Quantification of your fitness level wiil aix, enable us to foliow your irnprovement 
tbroughout the snidy. 

Labonito y measurements (blood glucose (sugar) and lipid (fat) tests) 

The meanirement of how much sugar and lipids you have in your blood wili be done at the 
Kingston Generai Hospital. Before and after the cornpetion of the 12 week study, you wiii have 
a f&g blood test in order to measure blood nigar, blood fats and honnones. This procedure 
wilî involve a venepunchue with a needle and the runoval of about 30 ml (3 tabiespoons) of 
blood. The o d y  risk fiom this is possible local pain and bMsing nt the t h e  of the blood test In 
addition, you wili be given a glucose tolerance test ta determine your body's response to sugar. 81 



For the giucose tolerance test, you will be asked to drink a fiWd that contains 75 gram of sugar 
(lüce an orange drink). At 30 minute intervals for 2 houa &er you drink the sugar solution, a 
smd amount of blood win be taken fiom your ami for the purpose of meauring the amount of 
sugar in your blood. If your blood sugar levels are nonnal, you wü( participate in a second test on 
a separate day . 

For the second test you will be admitted to the hospitd the evenùig before, fasting after 
the evening meal and having not exercised on the prior day. The next moniing catheters 
(needles) wiU be placed in a vein on the top of one hand and in a vein in the opposite am. The 
catheter in your ann vein wiu be used to infuse glucose and inailin at a rate designed to keep your 
blood giucose (sugar) level nonnal for three hours. In addition, a smaii dose of radioactive 
glucose wili be Wsed throughout the procedure to ensure that your liver is not releasing glucose 
during the study. The dose of radioactive glucose is very srnail and should not cause any health 
problems. Every 5 minutes duhg this procedure a s d  amount ofblood will be taken f'kom the 
vein in your hand to m e u r e  your blood sugar level to e n m  that it remains nomial. 

The purpose of these tests is to detemine your bodies suisitivity to innilin. Reduced 
senitivity to innilin is a compiication of obesity and may be associated with diabetes rneiiihis, 
high blood pressure, and other heaith problems. This test shoold not have any lasting side effects. 

AU Uiformation obtained during the coune of this study is stnctly confidentid and your 
anonymity will be proteaed at al1 times. Al1 subject information will be kept in locked files and 
will be available only to Dr. Robert Ross. Your i d e n t i ~  mil not be rweaied in any description or 
publication 



VOLUNTARY CONSENT 

I have been &en an oppominity to ask any questions concerning the procedures. AU of 
my questions regarding the research project have been satisfàctorily m e r d  I understand that 
my test resuits wili be considered confidentid and wiu never be released in a fonn traceable to me, 
except to my family physician or myself. 1 do understand that 1 am fiee to deny consent XI so 
desire, and that 1 may withdraw fiom the study at any the. 1 understand that I may contact Dr. 
Robert Ross, 545-6583, Dr. Robert Hudson, 545-2973, or the head of the Department of 
Medicine, Dr. Peter Munt, 545-6327, should 1 have any questions about the study and, that I may 
keep a copy of this consent form for my records. My signature below means that 1 fieely agreed 
to participate in this experimental midy. 

Date: Subject's Signature 

Witness' Signature 

5 or one of my colleagues, have carefully explainecl ta the subject the nature of the above research 
study. I ce- that, to the best of my knowledge, the subject understands clearly the nature of 
the midy and demands, benefits, and risks involved to participants in this study. 

Principal Investigaton Signature Date 



Appendix A 

Doubly Labelled Water @LW) 

Day 1 of the DLW test: 

Testing Procedures 

Amve at the Fitness Centre in the moming before breakfast. 
You must fmt the night before (no eating after 8pm the night before) 
You will be asked to give a saliva sarnple and a urine sample as soon as you arrive (this must 

be the second void of the day). 
Next you will be given a drink of doubly labelled water 
This entire process should take no more than 30 minutes 
You wili be given 2 containers to take home and collect saliva samples both 3 and 4 hours 

after your DLW dMk (ie: if you dMk the water at 8:30 am you will take d i v a  samples at 1 1 :30 
and 12:30). We will provide you with a mufna aad juice to eat after your DLW drink. You will 
be asked not to eat or drink anything else until &er your last saliva sample. 

The saliva samples rnust k dropped off at the Fitness Centre the same &y. We will ask you 
to give the second saliva sample at the Fitness Centre. (ie: your 1 1 :30 sample can be done at 
work and you can return for 12:30 to give your last sample) 

Day 2 of the test 
24 hom after your Day 1 DLW dose, you wiU be asked to return and give a urine sampie 

(second void of the &y). ie: If you had the drink at 8:30 on Monday you would give a urine 
samp1e at 8:30 Tuesday. 

This sample should be done at the Fi- Centre 

Day 7 of the test 
You will provide a urine samp1e (second void of the day) taken at the same tirne as your Day 2 

sample 
This sample should be done at the Fitness Centre 

Day 14 of the test 
This is a wmplete repeat of the Day 1 procedure 
You WU be asked to fast fiom 8pm the night before, corne in at the same t h e  as Day 1, give a 

urine and saliva sample, drink the DLW water and give a 3 and 4 hour d i v a  sample. Once 
again, until the second saliva sample is completed, you will be asked not to eat or drink anything 
except the mdEn and juice provided by us at the fimess centre. 



Appendix B: Medical Questionnaire 



QUEEN'S UNIVERSITY 

DIET AND EXERCISE PROGRAM 

MEDICAL QUESTIOh'NAIRE 

- 



Ad- 



Yes No Comment 







S. SMOKING 

A t e y o a ~  aa&r 

a--(rtappea) 

-(-=ohd) 
~ ~ ~ ~ m o L c d p a & y m i L c I r n f i v c ~ o r i n r h e h u n 9 t y u i s p M r t o q t i i r r i n g  

Cigprencspadrlr 

pipes/cigin-pcfdt)r 

p i p c s / ~ = ~ p e t W  
if p u  arc an a-srder ,  haw -y yurs rgo did you stut? quit? 







Volunteer Name: 
Date of Birth: 
Weight : 

MRX RESEARCH SCREENING FORM 

To ensure patient safety, this fonn MUS' BE compleîed. 

1 have been infonned how the MR examinath is performed. 1 have annvered the fsllowhg questions. 

I have: Yes ?;O 

surgical amurysm clips - - 
a cardiac Pacemaker - - 
a cochfear implant - - 
a prosthetic kart valve replacement - - 
a neurostimulator device - - 
metal fragments (in or arwnd eyes in particular?) - - 
a hearinp aid - - 
an implanted insulinlchemotherapy pump - - 
an llJD - - 
shrapnel - _._ 

dentures - - 
wtal rods, plates, screws, or Pails - - 
claustrophobia/'~'ertigo - - 
removed rny eye makeup - - 
1 am prepant - - 
had premous nirgexy - - 
If yes, explain: 

Volun teer 
Signature: Date: 

Wimessed by: Date : 

Body Part: Research Physician: 



Appendix C: Anthropometric Data Collection Fonns 



Anthropometric Data Collection F o n  
Page 1 

Subject Name: Test# Pre / Post 

Tester: Dates: BIA Tirne: 

Anthro. Tirne: 

Gender: 

Age(years): 

BIA Weig ht(kg): 

lmpedance 
(OHMS) 

R: 

Xc: 

Blood Pressure (mmHg): 

Leg . Torso Am Whole R L 

Leg Torso Am Whole R L 

Stand. Height (cm): A m  Length(cm): 

Sitting Height(crn): 

Anthro Wt.(kg): 

Skinfolds (mm) 

Subscapular 

Tncep 

Bicep 

lliac Crest 

Abdomen 

Thig h 

Caif 

Acromion Height(crn): - 



Page 2 
Circurnference Measures (cm): 

1 2 

- - Chest 

Hip: 

Waist (standing) Last Rib: 

Urnb.: 

Waist (supine) Last Rib: 

Umb .: 

Bicep: 

Foream: 

Thig h: Proximal 

Medial 

Distal 

Saggital biameten (cm): 

Supine 

Standing 

Last rib 
Urnb 
IC 

Last nb 
Umb 
IC 

Right Let 

Right Let  

Right Let 

Rîght l e t  

Right Let  



Appendix D: Diet Record 



Name: 
Date: 

Source Amount 
(SQ- 

Breakfast 

Lunch 

Dinner 

Snacks 

t I I 

Food Calories Fat (g) 

Breakfast Subtotals: n 

Please include source book and page 
or reference number ( eg. T-5 = f-factor, page 5) 
T = T-hctor 
P = Photocopied book 
= Food label 

? = Best  guess 

Snacks Subtotals: 1 1 

Fat calories: ( B ) x 9 kcaUg fat1 C 



Appendix E: Aerobic Exercise Recording F orm 





Appendix F: Diet Meetings Sumrnary Form 



Queens Diet and Exercise Study: Summary of Diet Sessions 

Canada's Food Guide 
A Varicty ofF& = A Baiance of Vi-craIs 

8- 10 Grain prodwts(ie: 1 siict brcad, % bagel, X c rice) 
6-8 Vcg's and Fruits (ic:'/lc juiœ, Y s  veg, 1 m a i  banana) 
2-4 MiIk products (je: 1 c milk, 3/4c yogurS 50s ch eese...) 
2-3 Meai and altenia~(it:3oz rnat&c beans,% can tuna) 

Make low fat, hi& fibre choices 

Understanding the Fat h u e  
Th- are 3 main dietary fixtm affecting the amount of 
b d d  up you get in your artaies. 

I 1. The arnou~t offat yau eat (eat OP! calories h m  fat) 
2 The amomit of cholcstnrol you eat ( animai FATS) 
3. The type affàt you eat 
Choore Avoid 
PO~U--'-~& SstiPated and Trans fats 

Eating on the go 
Plan rbead wheri yon are b q  
- m a k e b i g ~ a n d p a c k I ~ ~ h m c h  - pack beaitky macks to avoid buying qui& h s  likc 
rn* 
L o w e  fat fast food choices at: 
Subway, M. Sub, Wendys, Swîss Chalet 
Restaurant choices: 
Sttamcd, poachcd, bakcd, bmId arc better than fiied, 
c r a n  saucesB au patin, buüay, basbcb Gct a doggie 
bag: they makc good lunches and you don? fel so 
smid! 

I Fibre Facts 

Fibre bcnefits: rcduced risk of colon cancer, lotver 
cholcsta~l in tht blood, fetl fu13 longer, slow rcleast of 
sugars into the blood. 
High fibre twds: whole ph  produc& vcgetables and 
f i t  with the s h  &hac appropriate), lcgumes @eans) 

A Matter of Fat 
Fat is an essential part of our di& 
Fat should be lknited to < 30% of total calories 

Much of the fat we eat is not 
therefore watch for the hidden fats in: 
processed foods, meats(even lean), milk 
products, chocolate, cookies, spaghetti sauce, 
m&k, cracken, olives, eggs .... 

Food Labels 
Don't bc fwlcd by Nusrition C k .  

Fat fmt 
In the US meam 4 5 g  fat/smhg (cbcck svg. &e) 
In Canada means 4 . 1  g fit11 ûûg 
Cholesterol fret - is not fat k! JUS no animai oii 
W g h t  - can mcan lipht in flavour, colour, tastt. Not 
~ l i g h t m c a i o r i e s o r f k  

Meat alternatives arc d y  IOWU M fat and hi* in 
are. Try qiacing somc ofyour meat with: 

chickptas @tlmmus or ChiLi 
b'dacybcans(chilior3~salad) 
black beans (tasty dips and bunitos) 

tofE (stLfrys aIld baking) 
ycggie: hot dogs, pcppcmi, burgen 

Low fat Cooking and Baking 



Appendix O: Weight Record Fonn 



Finish weight kg Ib 

Siart Date 
105 

Finish Date 



Appendix H: Fomiulae 



Anthro~ometric Formulae 

a) Body Mass Index: 

BMI = weight (kilograms) 

height squared (meters squared) 

b) Waist-to-Hip Circumference Ratio: 

WHR = waist cirwmference at last rib (centimeters) 

hip circumference (centimeters) 

Metabolic Formulae 

a) Area Under the Curve (insulin and glucose areas): 

Where, t = time 
[x] = glucose or insulin concentration at 

hours O to 2 

Units: Glucose Area (mmollL - 2hr) 
lnsulin Area (mrnoVL 2hr) 

b) Insulin-to-ûlucose Area Ratio: 

IGAR = insulin area (pmoUL - 2hr) 

glucose area (pmoliL - 2hr) 
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