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Abstract 

Objective: We tested the hypothesis that a combination of diet and either 

aerobic (DA; N = 1 1 1 or resistance (DR; N = 1 1 ) exercise would have effects 

on plasma insulin and glucose levels that were greater than diet alone (DO; 

N =9) in upperbody obese men. 

Research Design and Methods: Insulin and glucose levels were measured 

after an overnight fast and following a 75 gram oral glucose challenge 

(OGlT) . Whole body visceral adipose tissue (VAT), subcutaneous adipose 

tissue (SAT) and skeletal muscle (SM) were measured by magnetic 

resonance imaging (MRI) pre- and post-treatment (1 6 weeks). 

Results: The daily energy deficit induced by diet ('1,060 kcal, pC0.05) was 

not different between groups (p > 0.05). The reduction (p ~ 0 . 0 5 )  in body 

weight ('1 2kg). VAT ('37%). and SAT ('24%) volume (liters) was not 

different between treatments (p>0.05). SM was maintained in the DA and 

DR groups, but was significantly reduced ( '7%) in the DO group (p<0.05). 

Peak 90, (liters) significantly improved in the DA group alone ('14%). 

Muscular strength increased by '20% in the DR group. Independent of 

treatment, fasting plasma glucose levels and OGTT-glucose area did not 

change (p >0.05). However, fasting plasma insulin levels, OGTT-insulin 

area, and insulin to glucose area ratio (IGAR) decreased within all treatments 

(p ~ 0 . 0 5 ) .  However, the relative reduction in OGTT-insulin area and IGAR 



were significantly (pc0.05) greater within the DA (46% and 41 %) and DR 

(44% and 40%) treatments when compared to DO (1 8% and 16%). 

Conclusion: These findings support the hypothesis that moderate weight 

loss induced by the combination of diet and either aerobic or resistance 

exercise has effects on OGTT- insulin levels as well as GAR that are greater 

than diet alone in obese men- As no treatment differences were observed 

for reductions in VAT, SAT or total adipose tissue (AT). it is likely that the 

beneficial effects of exercise are mediated through adaptations in SM known 

to occur in response to the treatments prescribed. 

Key words: insulin, glucose. diet, exercise, weight loss, magnetic 
resonance imaging 
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1.0.0 INTRODUCTION 

Obesity, particularly abdominal obesity, is associated with many 

metabolic complications including decreased insulin sensitivity and impaired 

glucose tolerance.' It is reported that both of these metabolic conditions are 

putative markers for non-insulin dependent diabetes mellitus (NIDOM) .* 

Although not all obese individuals develop NIDDM.~ approximately four out 

of five people with NIDDM are significantly overweight? In addition to the 

association between obesity and these metabolic disturbances, it is reported 

that participation in regular physical activity is associated with a reduced 

occurrence of NIDDM.'*~ Indirectly, these findings suggest that exercise 

may also be associated with improvements in insulin sensitivity and glucose 

tolerance. Taken together, these observations suggest that obesity 

reduction and exercise may be integral components of a strategy designed 

to normalize metabolic risk factors, in particular. insulin sensitivity and 

glucose tolerance. 

It is commonly reported that diet-induced weight reduction is 

associated with improvements in insulin sensitivity and glucose tolerance.= 

Studies employing either oral glucose tolerance tests ( O G m  or euglycemic 

clamps reported reduced insulin and glucose levels and increased insulin 

sensitivity with a moderate weight reduction in both healthy individua~s~.~ 

1 



and those with NlDDM.* In addition, many studies have reported an 

association between exercise and improved insulin sensitivity, independent 

of weight loss and changes in body composition. 10-13 These changes are 

observed following both ae rob i~ '~ - '~  and resistance1'-l3 exercise programs. 

However, whether a training induced increase in insulin sensitivity is a 

chronic training effect or a residual effect of the last exercise session is 

unclear.14 It is reported that improvements in insulin sensitivity are reversed 

within 3-6 days following exercise.14 Since the majority of studies 

measured post-treatment insulin levels less than 36 hours after the final 

exercise session, the relationship between exercise and insulin sensitivity 

remains unresolved. l4 

Although not firmly established, it is generally accepted that the 

improvements in insulin sensitivity induced by exercise or weight loss are 

mediated by independent mechanisms. Whereas weight reduction may 

improve insulin sensitivity and glucose tolerance through reduced systemict5 

and portal circulation free fatty acid (FFA) concentrations and increased 

GLUT 4 it is reported that exercise may be associated with 

these changes through adaptations in skeletal muscle (SM) morphology. 

These adaptations may include an increase in the percentage of fast-twitch 

oxidative glycolytic fibers  FOG),'^ capillarization," and oxidative enzyme 

2 



activity? Thus, it is reasonable to assume that the combination of the two 

treatments would demonstrate a greater increase in insulin sensitivity when 

compared to either modality alone. 

Few studies have investigated the influence of diet in combination 

with exercise versus diet alone on insulin and glucose In 

general. it is reported that diet combined with aerobic exercise training is 

associated with significantly greater improvements in insulin sensitivity 

compared to diet a ~ o n e . ~ - ' ~ * ~ ~  However, post-treatment insulin and glucose 

testing was performed less than 48 hours after the last exercise session in 

two  of the three  investigation^."*'^ Absent from the literature are studies 

comparing the effect of diet in combination with resistance training on 

insulin sensitivity with that of diet alone. 

Based on these observations, we tested the hypothesis that the 

combination of diet and either aerobic or resistance exercise is associated 

with greater improvements in plasma insulin and glucose levels compared to 

diet alone in obese men. A whole body, multislice magnetic resonance 

imaging (MRI) protocol was employed to determine the associations 

between concurrent changes in subcutaneous adipose tissue (SAT), visceral 

adipose tissue (VAT), SM and carbohydrate metabolism. 



2.0.0 REVIEW OF THE LlTERATURE 

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

It is well established that obesity is associated with several metabolic 

disturbances including insulin resistance and glucose intolerance, and that 

these risk factors are putative markers for NIDDM.'*"*'~ Evidence suggests 

that adipose tissue distribution rather than obesity per se is the stronger 

predictor of these metabolic complications (Figure 1 ) .23 In the 1 980s 

several prospective studies confirmed that abdominal obesity, characterized 

by waist-to-hip circumference ratio (WHR), was associated with the greatest 

risk of developing NlDDM and cardiovascular disease (CVD) .24*25 Indeed, 

Ohlson et aL2' in a study of 792 men reported that the incidence of diabetes 

mellitus was 16.6 times higher in the upper 5% of the distribution of the 

WHR compared to the lowest quintile. 

In 1 982, Kissebah et aL2' provided the first cross-sectional evidence 

supporting an association between adipose tissue topography and insulin- 

glucose aberrations. They reported that women with abdominal adiposity 

had significantly higher plasma insulin and glucose levels in response to an 

oral glucose challenge compared to those with a gluteal-femoral adipose 

tissue di~tribution.~' It is reported that a gender difference exists with 



19308: Initial observations that obesity is 
related to altered insulin and glucose levels 
(Newburgh et al. 1930) 

1950s: Vbgue made the clinical observation 
that upper body obese individuals had a greater 
prevalence of diabetes compared to lower body 
obese persons (Vague, 1 956) 

Early 1980s: Prospective and cross 
sectional studies reponed that WHR is 
associated with insulin sensitivity and NIDDM 
(Kissebah et al., 1982; Ohlson et al., 19851 

Late 1 980s & 1990s: The advent of CT 
and MRI enabled researchers to separate 
abdominal AT into VAT and abdominal SAT to 
study the effects of each depot on 
insulin-glucose variables (Sparrow et al., 1 986) 

Obesity 

Wmr body 
vs. 

Lower body 

WHR 

VAT 

Figure 1. A time line outlining the progression in research on the association 
between obesity, insulin resistance and NIDDM. 



respect to the distribution of adipose tissue.2d In general, women are 

characterized by a gluteal-femoral adipose tissue distribution whereas men 

have a preponderance of adipose tissue in the a bdominaf region .28 

Consistent with this observation, Krotkiewski at aL2' reported that after 

matching for total adiposity, men had higher fasting and OGTT-insulin and 

glucose levels compared to women. 

In the late 1980s and early 1990s. the use of magnetic resonance 

imaging and computed tomography (CT) provided additional insight into the 

association between adipose tissue (AT) distribution and metabolic risk. In 

particular. subdivision of abdominal adipose tissue into VAT and SAT depots 

revealed that in obese individuals, the VAT depot was significantly 

correlated with plasma insulin and glucose  level^.^^*^^ 

2.1.1 VAT and metabolic risk 

Sparrow et al." in 1986, were the first to demonstrate an association 

between VAT measured by CT and glucose tolerance. Subsequently, there 

have been numerous studies on the relationship between VAT and glucose 

metab~lisrn.~~'~' From these studies it is clear that VAT is independently 

correlated with glucose tolerance in obese men and women between 25 and 

76 years of age. 27*2a-30-n However, the independent association between 

VAT and insulin sensitivity in obese individuals is not as clear. Whereas it is 
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observed that VAT is significantly correlated with insulin levels independent 

of o b e ~ i t y , ~ ' * ~ ' - ~ ~  evidence to the contrary is also 

Furthermore, it is reported that VAT is differentially associated with insulin 

and glucose levels in obese and non-obese individuals since VAT is not 

significantly correlated with these metabolic variables in non-obese 

 subject^.'^*^' Although not firmly established, the equivocal findings may be 

due to differences in study design, in particular, subject characteristics and 

methodologies employed to determine total adiposity. 

It is reported that VAT is the strongest correlate of insulin and 

glucose levels in obese  subject^,^^*^^*^' however, total adiposity per se is the 

best predictor of insulin and glucose levels in non-obese men2' and 

~ornen.~ '  Although an explanation for the different relationships between 

VAT and insulin and glucose levels in obese and non-obese individuals 

remains unresolved, differences in the relative accumulation of VAT may be 

a factor. That VAT is not a significant correlate with insulin-glucose 

variables may be explained by the relatively small VAT accumulation in non- 

obese individuals. This evidence suggests that a sufficient accumulation of 

VAT is required to see a significant association between this AT depot and 

metabolic variables. 

A second explanation for the discrepant findings of the independent 

7 



influence of VAT on insulin levels may be related to differences in the 

methodologies employed to measure total adiposity. Previous investigations 

used body mass index (BMI) or hydrostatic weighing as a measure of 

Obesify. ze..~0.34 Attempts to separate the influence of VAT on insulin and 

glucose levels, from that of obesity, are confounded by the fact that obesity 

per se includes VAT. The independent influence of VAT on metabolic 

variables would be better resolved by controlling for whole body SAT rather 

than obesity per se. Ross et al.j5 determined the association between VAT 

and insulin and glucose responses independent of whole body SAT 

measured by MRI. This was the first investigation to determine the 

relationship between VAT and insulin and glucose variables independent of 

all other AT depots. Their findings support the notion that VAT is an 

independent predictor of both OGTT- insulin and glucose levels in obese 

2.1.2 Mechanisms associating VAT with insulin sensitivity and 
glucose tolerance 

The mechanism that would explain the association between VAT, 

insulin resistance and glucose intolerance is not clear. It is hypothesized 

that FFAs mobilized from VAT (omental and mesenteric adipocytes) are 

drained into the portal circulation leading to both hepatic gluconeogenesis 



and reduced insulin ~learance.~' The decrease in hepatic insulin uptake 

may be a result of reduced insulin binding, internalization of insulin receptors 

and decreased insulin degradation, particularly in those with a 

preponderance of VAT (Figure 2) ."*37 The increased mobilization of FFAs 

from VAT is explained by the regional differences in the lipolytic sensitivity 

of various AT depots. As a result of greater Padrenergic receptors and little 

a-adrenergic inhibition in VAT this tissue is more sensitive than SAT to 

catecholamine stimulated l i p o l y s i ~ . ~ ~  In addition, AT localized within the 

abdomen is less sensitive to the anti-lipolytic effects of insulin, resulting 

from a lower insulin receptor binding affinity compared to SAT (Figure 3).39 

Consequently, VAT is easily mobilized which may result in elevated FFA 

concentrations within the portal circulation. 

2.1.3 SAT and metabolic risk 

As reported previously, obesity is associated with insulin resistance 

and glucose into~erance.'~~' Since SAT represents '85% and '93% of total 

adipose tissue in obese men and women respectively it is reasonable to 

assume that this AT depot influences these metabolic variab~es.'~ indeed, it 

is reported that SAT is a major storage site for the mobilization of plasma 

WAS, the influence of which on peripheral insulin sensitivity is well 



t Insulin 
Receptor 

Internalization 
a 

: 

4 Hepatic Insulin 
Extracti*on 

(Hepatic Insulin 
Resistance) 

Omental8 
Mesenteric 
Adipocytes 

Systemic 
H yperinsulinemia 

Figure 2. Proposed mechanism explaining the association between visceral adipose tissue 
and hepatic insulin resistance. VAT= visceral adipose tissue, FFA= free fatty 
acids 



A1 Subcutaneous Adipose Tissue 

Plasma 
Insulin n 

HSL 
HSL-P FFA 

TG 
n + 

Glycerol / 

B) Visceral Adipose Tissue EP 
J I  

FFA 

-active inactive 

Plasm PK PK -+ n 
FFA i 
+ 

Glycerol 

FFA 

Figure 3A. Schematic representat ion of the lipdysis within subcutaneous adipose tissue 
(SAT)* 

Figure 38. Visceral adipose tissue (MAT) is characterized by a preponderance of 
p -adrenergic receptors as well as diminished insulin receptor binding 
compared to SAT resulting in an increased free fatty acid (FFA) mobilization. 
EP= epinephrine, AC= adenylate cyclase, AfP= adenosine triphosphate, 
CAMP= cyclic adenosine monophosphate, PK= protein kinase, HSL= hormone 
sensitive lipase, TG= triglyceride, sf3 = adrenoceptors 



known, 4'-42 However, the independent association between whole body 

SAT and insulin and glucose variables in obese individuals has not been fully 

established. Ross et a~.~' recently reported significant correlations between 

whole body SAT and both fasting and OGTT- insulin area in obese women. 

However, whole body SAT did not remain significantly related to  insulin 

levels after controlling for  VAT.^' 

Although whole body SAT is not a significant correlate of insulin- 

glucose variables in obese individuals after controlling for VAT. it is possible 

since SAT is not a homogeneous tissue that a regional consideration may 

provide different results. Abdominal SAT (ASAT) is more sensitive to the 

lipolytic action of catecholamines than gluteal-femoral SAT ( F S A T ) . ~ ~  This 

state is more prominent in women than men and has been observed both at 

rest and during exercise.43 Indeed, reports have shown that ASAT is a 

stronger correlate of insulin levels than FSAT. 2a34 Although several 

i n v e ~ t i g a t i o n s ~ ~ ~ ~ ' * ~ ~ * ~ ~  have not observed an independent association 

between ASAT and elevated insulin levels. two studies have shown 

Abate at aLY reported that independent of total adiposity. ASAT was a 

stronger predictor of insulin sensitivity in men than VAT. This observation 

was subsequently confirmed in a cohort of NlDDM men with a wide range 

of adiposity." However, Abate et  aP4eU assessed total adiposity with 
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hydrostatic weighing, a method that includes abdominal SAT in its' 

measurement. 

2.1.4 Mechanisms associating SAT with insulin sensitivity end 
glucose tolerance 

The mechanisms responsible for the association between SAT and 

insulin-glucose variables are not firmly established. It is proposed that FFAs 

mobilized from subcutaneous adipocytes may be involved by suppressing 

glucose utilization in skeletal muscles (Figure 4).4'-42 In 1963, Randle et 

a ~ . * ' * ~ ~  proposed that FFA oxidation causes an increased intra-mitochondria1 

ratio of acetyl CoA/CoA in rat heart and diaphragm muscles. This inhibits 

pyruvate dehydrogenase which in turn leads to elevated citrate 

concentrations. The rise in citrate level has an inhibitory effect on 

phosphofructokinase leading to accumulation of glucose-6-phosphate and a 

subsequent inhibition of hexokinase. The final result in this chain of events 

is a decreased glucose uptake into the cell. 41.45 Randle et al." also 

suggested that the release of FFAs from adipocytes for oxidation in SM may 

be a cause of peripheral insulin insensitivity, due to the diminished 

responsiveness of the GLUT-4 transport system to the action of this 

hormone. More specifically, it is reported that FFA-induced insulin 

insensitivity may be related to a decrease in GLUT-4 expression on the 



Figure 4. Proposed mechanism to explain the association between subcutaneous adipose tissue, 
decreased glucose uptake and peripheral insulin resistance. FFA= free fatty acids, 
PDH = ppvate dehydmgenase, PFK= phosphofnrctokinase, HK= hexokinase, 
-----0-B = proposed inhibition 
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plasma membrane or reduced intrinsic activity of this glucose transpor~er.'~ 

Support for Randle's glucose-fatty-acid cycle has also been shown in 

humans. An inhibited glucose disposal in SM during hyperinsulinemic 

euglycemic conditions was reported in response to elevated FFA levels 

following lipid infusion in men4***' and women.42 However. other studies did 

not observe an inhibitory effect of FFAs on insulin-mediated glucose 

disp~sal. '~ Reasons for these discrepant findings are unclear. 

2.1.5 SY and insulin sensitivity in obesity 

SM is the primary site for insulin-mediated glucose uptake in the post- 

absorptive state.""' In obese individuals, particularly upper body obese, SM 

is characterized by a decreased oxidative capacity. as a result of a high 

percentage of fast-twitch g lycolytic (FG) muscle fibers. decreased 

capillarization, and reduced activity of oxidative  enzyme^.^'*^^ Krotkiewski et 

observed that WHR was positively correlated with percentage of FG 

fibers and negatively correlated with capillary density. It is reported that a 

high percentage of FG fibers is associated with increased insulin and 

glucose levels, while capillary density is positively related to insulin 

~ensitivity.'~ These associations suggest that muscle fiber type and 

capillarization may be involved in the development of insulin in~ensitivity.'~ 

Consistent with a decrease in oxidative enzyme activity and a high 
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percentage of FG muscle fibers, obese individuals have a high respiratory 

quotient (RQ) when compared to lean  subject^.'^ 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. Indeed, it is reported 

that a decreased capacity for SM fat oxidation may predispose obese 

individuals to increased deposition of intra-muscular trig~ycerides.'~ lt is 

suggested that these changes in muscle fiber type, capillarization and 

oxidative capacity are attributed to lack of physical activity which is 

commonly associated with ~bes i t y .~ '  

2.2.0 Association between physical activify, insulin sensitivity and 
glucose tolerance 

Recent prospective studies have investigated the relationship between 

physical activity and the incidence of NlDDM in large cohorts of both men 

and In an 8 year follow up study of 87,253 healthy women age 

34-59, it was reported that vigorous exercise performed at least once per 

week was associated with a 33% reduction in the age-adjusted risk of 

developing NlDDM compared to those who exercised less than once per 

week.' Relative risk was computed 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 per week. After adjusting for both 



age and BMI, the risk reduction remained significant but was reduced to 

1 6 % ~ ~  

Similarly. a 5 year follow up of 21,270 healthy men revealed a 22% 

reduction in risk for the development of NlDDM after adjustment for both 

age and BMI in response to physical activity at least once per week 

compared to sedentary individuals.' In addition. it was observed that the 

age-adjusted risk decreased with increased frequency of exercise revealing a 

dose-response relations hip. The age-adjusted relative risk of developing 

NlDDM was 23% lower in those who exercised once weekly, 38% lower 

following 2-4 exercise sessions per week and 42% lower after 5 or more 

sessions per week in comparison to those who exercised less than once a 

week.' The beneficial effects of exercise were most pronounced among 

obese men who also had the highest incidence of NIDDM.~ These 

observations suggest that exercise may be important in the prevention of 

NlDDM as well as improving insulin sensitivity and glucose tolerance. 

In agreement with the observations of these prospective studies, 

cross-sectional investigations have confirmed the association between 

physical exercise and OGTT-insulin levels or insulin sensitivity measured by 

euglycemic c ~ a m p . ~ ~ * ~ ~  Rodnick et al." reported that physically trained male 

runners demonstrated an OGTT- insulin response that was significantly 
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lower compared to sedentary controls matched for age and BMI. Glucose 

clamp data revealed a significantly greater insulin sensitivity and lower 

hepatic glucose production in the trained men versus the controls.s4 The 

trained subjects had 53% less body fat and a 50% higher maximal oxygen 

uptake (90,max) than the controls. 

2.2.1 Exercise prescription 

Although evidence suggests that exercise reduces the incidence of 

NIDOM, the ideal modality, intensity, duration and frequency that would 

provide the greatest benefits is unknown. The American College of Sports 

Medicine recommends dynamic exercise involving large muscle groups for 

20 minutes or longer, at least 3 times per week at an intensity of 60% 

90,max or greater in order to improve cardiorespiratory capacity." 

Although this exercise prescription was designed for healthy populations, it 

has been extrapolated to include those with NIDDM.~ It is also reported 

that for reduced risk of CVD, energy expenditure through physical activity 

must be greater than 1 50 kcal/day with no further risk reduction associated 

with an expenditure above 400 kcal/day." Whether the same exercise 

prescription is effective for reducing risk of NIDDM has not been 

established. 



2.22 Mechmisms associating exercise training with insulin-glucose 
variables 

It is unlikely that short term physical activity (1 2-1 6 weeks) in the 

absence of weight loss is associated with reductions in either VAT or SAT. 

Thus, the improvements in insulin sensitivity and glucose tolerance 

associated with routine exercise are more likely related to changes in SM 

mass or morphology. 

An increase in SM mass may be associated with an enlarged glucose 

storage area and an increased number of insulin receptors available for 

binding? It is hypothesized that this would lead to enhanced insulin 

clearance and improved peripheral insulin sensitivity. However, there are 

equivocal findings with respect to the association between SM mass and 

insulin-glucose variables. Whereas it is reported that percent SM mass, 

estimated from anthropometric measures, is positively correlated with insulin 

sens i t i ~ i t y ,~~  other studies failed to  observed an association between CT 

measured muscle area and plasma insulin and glucose levels.27 Thus, the 

influence of SM mass per se on insulin-glucose variables is unresolved. 

In addition to changes in SM mass, various morphological adaptations 

may occur in response to regularly performed exercise which may be 

associated with improved insulin sensitivity. These adaptations may include 



fiber type conversion, and changes in the biochemistry and hernodynamics 

of S M . ~ ' ~ ' ~ - ~  It is reported that muscle fibers are heterogeneous and can be 

grouped according to their potential for insulin stimulated glucose utilization 

as well as their expression of glucose transport proteins." FOG and slow- 

twitch oxidative (SO) fibers have greater levels of most oxidative enzymes, 

GLUT-4 transporters, and hexokinase when compared to FG fibers? 

Although there is no evidence that FG or FOG fibers can be converted to SO 

fibers, it may be possible for the conversion of FG to FOG muscle fibers by 

exercise training in humans.'* This adaptation would be associated with an 

increased level of oxidative enzymes, leading to an improvement in the 

oxidative capacity of the muscle. 

Glucose transport is the rate-limiting step in skeletal muscle glucose 

utilization .63." 1 he glucose transporter which is most plentiful in skeletal 

muscle is GLUT-4." It is translocated from an intra-cellular compartment to 

the sarcolemma where it facilitates glucose uptake when stimulated by 

insulin or muscle contraction.'" An increase in the level or activity of SM 

GLUT-4 transport proteins may be associated with improved peripheral 

insulin sensitivity and glucose tolerance. Hernodynamic changes including 

enhanced insulin-stimulated muscle blood flow, and increased capillarkation 

may also be associated with regular exercise training." These changes may 
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improve glucose disposal by increasing the supply of both insulin and 

glucose to the muscle." 

Taken together, these observations suggest that strategies are 

needed to improve insulin sensitivity and glucose tolerance in obese 

individuals. It has already been established that whole body SAT, VAT and 

SM may be associated with insulin insensitivity in this population. 

Therefore, it is reasonable to suggest that diet-induced weight loss and 

exercise training may be effective treatments to improve these metabolic 

variables. 

2.3.0 Influence of diet-induced weight reduction on insulin sensitivity and 
glucose tolerance 

A recent review reported that diet-induced weight reduction is an 

effective means of increasing insulin sensitivity and reducing plasma insulin 

levels in healthy obese individua~s.~ From these studies, it would appear 

that a moderate weight loss of '6-1 3 kg, is associated with a 26-53% 

improvement in insulin sensitivity, a 16-37% reduction in OGTT-insulin 

levels and an 8.12% reduction in OGTT-glucose levels in both men and 

women. 7~8*6667*a8*70 Although the majority of studies observed improvements 

in insulin and glucose variables, others have reported no reductions in 

insulin area despite a decrease in fasting plasma insulin l e ~ e l s , ~ ' - ~ ~ o r  no 



change in glucose tolerance despite an enhanced insulin response to an oral 

glucose load."" A rationale that would explain the equivocal findings is not 

clear. However, in several studies the normal pre-treatment glucose 

tolerance may explain the absence of improvement in OGTT-glucose levels. 

2.3.1 Diet-induced changes in VAT, SAT and SM 

\ / r~~818/  Ad- ~ S U @  

As previously stated, it is proposed that FFAs mobilized from VAT 

lead to hepatic gluconeogenesis and decreased hepatic insulin clearance.36 

Although a reduction in VAT should reduce ponally drained FFAs, the portal 

concentration of FFAs has not been measured in vivo.. In fact, studies have 

shown that a diet-induced weight loss of ' 1 2-1 8kg is associated with a 

'35% reduction in VAT in and ~ornen. '~*'~ It is reasonable to 

assume that the concentration of portal FFAs would also be reduced likely 

improving hepatic insulin sensitivity. This would be consistent with the 

findings of decreased systemic FFA levels following SAT reduction which 

will be discussed below. 

Subcutrmews Adipose 7Fssue 

The reduction of SAT, in particular ASAT, may be associated with 

decreased levels of FFAs in the systemic circulation improving peripheral 

insulin sensitivity and glucose utilization. Indeed, following a 12.4 kg 



weight reduction in 13 obese insulin resistant women with polycystic ovary 

syndrome, it was observed that ASAT, measured by skinfolds, decreased by 

28% and FFA levels were reduced by 32%.15 Insulin sensitivity measured 

by h yperinsulinemic euglycemic clamp more than doubled. ' Analysis 

revealed that the variance in insulin sensitivity post-treatment was best 

explained by ASAT and FFA ~evels.'~ Thus, it was concluded that the 

preferential reduction in ASAT and FFA concentration may be associated 

with the improved insulin sensitivity." 

Ske&tsl Musch? 

In addition to the mechanisms associated with AT reduction, it is also 

reported that weight loss increases the activity of muscle GLUT-4 

transporters." Friedman et  al." observed a significant increase in glucose 

disposal and a two-fold improvement in insulin-stimulated glucose transport 

following a 43 kg weight reduction in 7 healthy obese individuals and those 

with NIDDM. Although no changes were observed in the level of GLUT-4 

transporter proteins, it is reported that the activity of these transporters 

increased. '' 

2.4.0 Influence of exercise on insulin sensitivity and glucose tolerance 

Evidence suggests that an acute bout of exercise increases insulin 

sensitivity in healthy obese individuals and in those with NIDDM.'~-~' This 
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improvement in insulin sensitivity may last for a period of -5 days.'' This is 

important to consider when measuring the influence o f  chronic exercise 

training versus acute exercise on insulin and glucose variables, since testing 

less than 5 days after the last exercise session may be measuring acute 

exercise effects. 

The effects of chronic exercise on insulin sensitivity and glucose 

tolerance is not clear. Studies have shown that both and 

resistance 1*58*78 exercise training are effective in increasing insulin 

sensitivity, measured by hyperinsulinemic euglycemic clamp or OGTT-insulin 

response. In these same studies glucose tolerance was improved 10.1 1.58 or 

However, within many of these investigations there was no 

attempt to control for changes in weight or body c o r n p ~ s i t i o n . ~ ~ ~ ~ ~  

Furthermore, it is unclear whether the improved insulin and glucose levels 

were residual effects of the last exercise session or true training effects" 

since many studies assessed post-treatment metabolic variables less than 3 

days after the last exercise bout. 10-1 2.58.78 Consistent with this observation, 

Segal et al." demonstrated that aerobic exercise training was not associated 

with improvements in insulin sensitivity regardless of a 27% improvement in 

90,rnax. In this investigation, the authors controlled for changes in body 

composition and the effects of the last exercise session. Subjects trained 
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for 12 weeks on a cycle ergometer for 4 hours a week at '70% 90,max. 

The limited muscle mass involved in this form of training in contrast to many 

other studies that employed cycling, walking and jogging may be a possible 

explanation for these discrepant findings, since less involved skeletal muscle 

mass would suggest less metabolically active tissue. In addition. the 

authors suggested that the refeeding of calories immediately following 

exercise to ensure weight maintenance may be associated with the reduced 

non-oxidative glucose disposaL7' Indeed, it has been reported that 

increased caloric intake is related to a reduction in insulin-stimulated glucose 

storage rate." 

2.4.1 Exercise-induced changes in SM morphology 

As discussed previously, the proposed mechanisms associated with 

an improvement in insulin sensitivity after chronic exercise training include 

changes in SM morphology and an increase in SM mass. 

SM morphobgy 

Aerobic training is related to many SM morphological adaptations 

which may be associated with improved insulin sensitivity (Figure 5). 

Evidence suggests that aerobic training increases the percentage of FOG 

muscle fibers" and GLUT-4 ~evels .~ ' '~~ It is reported that GLUT-4 levels are 

positively correlated with whole body glucose disposal .*' In addition. 
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After Resistance Training 

Figure 5. Schematic diagram of aerobic a resistance exercise induced changes in skeletal 
muscle morphology. Changes folbwing aerobic training include an increase in 
muscle fiber capillary density, percentage of fast twitch oxidative fibers (FOG), blood 
flow, GLUT4 transporter level, glycogen synthase (GS) and hexokinase (HK) 
activity. After resistance training, changes include an increase in capillary density, 
percentage of FOG fibers, and blood fbw. 



hexokinase activity increases, facilitating glucose transport into the muscle 

and glycogen synthase activity improves thereby increasing the storage of 

glucose into muscle glycogen. 

Hernodynamic changes in SM have also been observed after aerobic 

training. Cross sectional studies have shown that athletes have enhanced 

insulin-stimulated muscular blood flow when compared to sedentary 

individuals." Furthermore, it is reported that endurance training enhances 

skeletal muscle capi~larization.'~ Various studies have reported an 

association between muscle capillary supply and fasting insulin levels 

supporting the hypothesis that the improvement in insulin sensitivity may be 

due to a decreased diffusion distance between the capillary and muscle 

fiber 

Resistance exercise training has been associated with fiber type 

adaptations as well. It is reported that 8 weeks of high intensity resistance 

training increased FOG and decreased FG muscle fiber percentage in both 

men and women.s0 In addition, studies have reported an increase in the 

capillary to fiber ratio after a resistance training pr~grarn.~'-~* However, little 

is know on the association between resistance training and GLUT-4 levels, 

hexokinase or glycogen synthase activity. 



Miller et ale5* speculated that an increased SM mass following training 

may be associated with a decreased O G n -  insulin response. This is based 

on the observation that an increase in lean body mass was correlated with a 

decreased insulin area (r=0.89, p <0.051 after a 10 week high-resistance 

weight training program in non-obese men. In contrast to this proposed 

mechanism, others have speculated that an increased muscle mass likely 

plays only a minor role in improving insulin ~ensitivity.'~ It is suggested that 

even if an increase in lean body mass of 1.2 to 2.3 kg were entirely 

attributed to increased muscle cell mass, this would only represent a 5-8% 

increase in total muscle mass assuming that muscle comprises 40% of lean 

body mass. This magnitude of increase would not be large enough to 

entirely account for the 20% improvement in glucose d isp~sa l '~  and the 

19% reduction in insulin area5' observed after resistance training in these 

studies. Thus, whether SM mass influences OGTT- insulin levels or insulin 

sensitivity measured by glucose clamp remains unclear. 

2.5.0 Influence of diet and exercise-induced weight loss on insulin 
sensitivity and glucose tolerance 

Since both diet and exercise may increase insulin sensitivity through 

independent mechanisms, it is reasonable to assume that the combination of 



the two would be associated with greater improvements in insulin sensitivity 

when compared to either treatment alone. In fact, few studies have 

investigated the combined effects of diet and exercise versus diet 

alone.@*'**" Inspection of Table 1 reveals that aerobic exercise was the 

principle training modality employed. In general, it is observed that DA was 

associated with significantly greater changes in insulin levels than compared 

to DO in NIDDM,'*~~ and healthy obeseI2 men and women. Dengel et a1.12 

conducted the only investigation to compare the effects of DO versus DA on 

insulin sensitivity and glucose tolerance in obese men. The findings 

demonstrate that the combination of DA was associated with significantly 

greater reductions in insulin response following an oral glucose challenge 

(DA:42%; D0:21%). In addition, the DA group demonstrated significantly 

greater glucose disposal during a glucose clamp (DA:22%, DO: no change) 

when compared to The exercise training included walking, jogging or 

stationary cycling 3 days per week, a t  an intensity of 50-8596 of heart rate 

reserve. Initially, all subjects exercised for ' 1 0 minutes and gradually 

progressed up to 40 minutes per se~sion.'~ 

The results are potentially confounded by two factors. First, it is 

unclear how accurately weight reduction was monitored in this study, since 

the 10 month treatment only elicited an '8.5 kg decrease in body weight in 
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TrMe 1. Studies comparing the effect8 ot diet only versu8 did in combination with aerobic 8lrerci8e training on lnsulln a d  glucose vrrirbh 

DO= diet only; DA= diet and aerobic exericise; EC= euglycemic hyperinsulinemic clamp; OGTT= oral glucose tolerance test NIDDM= non-Insulin diabetes mdlitus; 
wk-7NB8((; mon= month; N(A= not available 



both diet groups at a caloric reduction of 300-500 kcal per day.'' This 

level of energy restriction should have been accompanied by a 1 1-1 8 kg 

body weight loss. Second, Dengel et al.l2 conducted all post-treatment 

metabolic measurements less than 36 hours after the last exercise session, 

which may suggest that the observed change in insulin levels may have 

been a residual effect of exercise.I4 

To our knowledge the effects of DR versus DO on insulin sensitivity 

and glucose tolerance in men or women have not been studied. However, 

Ryan et al? reported that 4 months of DR was related to a greater increase 

in insulin sensitivity compared to resistance training alone in 

postmenopausal women. The subjects were not well matched however, 

because the pre-treatment BMI (30.3 kg/m2) of  the diet and resistance 

training group was significantly different from the BMI (23.2 kg/m2) of the 

resistance training alone group? 

2.6.0 Summary 

It is observed that diet alone is an effective treatment for improving 

both insulin sensitivity and glucose tolerance in obese individuals. 

Furthermore, reports indicate that exercise training in the absence of change 

in body weight or body composition may be related to decreased insulin 

response to a glucose challenge and increased insulin sensitivity. However, 
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the association between diet in combination with either aerobic or resistance 

training versus diet alone on glucose metabolism has not been established. 

Therefore, the principle purpose of this study was to assess the effects of 

diet alone and diet in combination with aerobic or resistance exercise on 

changes in OGTT-insulin and glucose levels in obese men. Furthermore, we 

employed a whole body MRI model in an attempt to distinguish between the 

respective contribution of changes in SAT, VAT, and SM mass to 

improvements in carbohydrate metabolism. 



3.0.0 MANUSCRIPT 

The following chapter of this thesis has been submitted for 
publication and is presented in a format consistent with that required by the 
journal. For simplicity the references for the manuscript are included in 
Chapter 4.0.0. 



Effects of Exercise andlor Diet on Plasma Insulin 
and Glucose Levels in Obese Men 



Diet induced weight loss is associated with improvements in insulin 

s e n s i t i ~ i t y ~ * ~ ~ * ~ ~  and glucose to le ran~e~*~ '  in both men and women.a7o It is 

also reported that a e r ~ b i c ' ~ * ' ~  or exercise is associated with a 

decreased insulin response to an oral glucose or increased insulin 

sen~ i t iv i ty '~* '~  independent of weight loss and changes in body composition. 

However, in many of the exercise studies insulin response was determined 

less than 72 hours after the final exercise session'0*" and thus, it is unclear 

whether the reduction in insulin levels are true training effects, or residual 

effects of the last exercise bout." Consistent with this observation Segal et  

a ~ . ~ '  reported that aerobic exercise training is not associated with improved 

insulin sensitivity after controlling for the effects of the last exercise bout 

and changes in body composition. 

Although not firmly established, it is generally accepted that the 

principal mechanisms by which weight loss and exercise influence insulin 

sensitivity differ. Whereas weight loss may improve insulin sensitivity and 

glucose tolerance through reduced systemic and portal circulation free fatty 

acid (FFA) concentrations, and increased GLUT-4 activitytt5*" it is reported 

that exercise may be associated with these changes through adaptations in 

skeletal muscle (SM) morphology. These adaptations may include an 

increase in the percentage of fast twitch oxidative (FOG) fibers,I7 

capillarization, and oxidative enzyme activity." Taken together, these 
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observations suggest that the combination of weight loss and exercise 

would have effects on insulin metabolism that are greater than weight loss 

alone. Indeed, Dengel et al .' recently reported that diet-induced weight 

loss and aerobic exercise were associated with significantly greater 

reductions in oral glucose tolerance test (OGTT) insulin values compared to 

diet alone in healthy obese men. 

In this study we tested the hypothesis that the combination of diet 

and either aerobic or resistance exercise is associated with greater 

improvements in plasma insulin and glucose levels compared to diet alone in 

obese men. We employed a whole body magnetic resonance imaging (MRI) 

protocol to determine the associations between concurrent changes in 

subcutaneous adipose tissue (SAT), visceral adipose tissue (VAT), SM mass 

and carbohydrate metabolism. 



METHODS 

Subjects. Forty obese but otherwise healthy men were recruited from 

the general public and gave their fully informed consent to participate in this 

study. Entry criteria required that the men be non-smokers, upper-body 

obese [body mass index (%MI, kg/m2) > 27. waist-to-hip circumference ratio 

(WHR) >0.95], weight stable (f 2 kg) for 6 months prior to enrollment, 

taking no medication known to affect the study variables. and consume on 

average fewer than two alcoholic beverages per day. Pre-participation 

screening included a medical examination and a 5 hour oral glucose 

tolerance test. 

The subjects were randomly assigned to one of three treatment 

groups; diet only (DO), diet and aerobic exercise (DA) or diet and resistance 

exercise (DR). Eight men did not complete the study; thirty-one complied 

with the study requirements, 9 in the DO group, 11 in the DA group and 11 

in the OR group. The descriptive characteristics for all groups are given in 

Table 1. The three groups were not different with respect to the 

anthropornetric, MRI, or metabolic variables. This study was conducted in 

accordance with the ethical guidelines of Queen's University. 

Anthropometric measurements. Body weight was measured on a 

balance scale calibrated to 0.1 kg. Barefoot standing height was measured 

to the nearest 0.1 cm using a wall mounted stadiometer. Circumference 

measurements were acquired according to the procedures described in the 
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Anthropometric Standardization Reference ~anual.'' Circumference 

measurements were taken by the same investigator pre- and post- treatment 

at the following sites: biceps, forearm, chest, hip, proximal thigh, calf. and 

waist at the level of the last rib. Body fat distribution by anthropometry 

was estimated using the WHR. 

Tissue mearuremnt by MRI. Magnetic resonance images were 

obtained with a Siemens 1.5 T whole body scanner (Erlangen, Germany). A 

TI  -weighted, spin-echo sequence with a 21 0 ms repetition time and 1 5 rns 

echo time was used to acquire all the MRI data. The total time required to 

obtain all M R  images for each subject was '25 min. The protocol followed 

for MR image acquisition is described in detail e~sewhere.'~ Briefly, six data 

sets (7 images per set) were obtained while the subject lay in the magnet in 

a prone position, arms straight above the head (Figure 1 ) .  Transverse 

images (10-mm thickness) were obtained every 40 mm over the whole 

body. For all subjects a total of 41 images were acquired. All image data 

were transferred to a stand-alone Indigo2 computer (Silicon Graphics Inc., 

Mountain View, CA) and analysed using software developed within our 

laboratory (Slice-O-Matic lnc., Montreal). 

Calculation of tissue areas and volumes. The model used to segment 

adipose and lean tissues is illustrated in Figure 2. 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. 
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each image was reviewed using an interactive slice editor program which 

allowed for verification 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 

SM and SAT were calculated using all 41 images. Because it is proposed 

that abdominal adiposity is associated with metabolic complications, this 

region was subdivided into VAT and abdominal SAT (ASAT) depots. VAT 

and ASAT volumes were derived using 5 abdominal images extending from 

one below to four above the L4-L5 intervertebral space; femoral 

subcutaneous adipose tissue (FSAT) was determined using 18 images 

extending from the femoral head to the foot. Since it has been 

hypothesized that the complications associated with the accumulation of 

VAT are related to the portally drained depots (omental and mesenteric) 

located in the peritoneal cavity, we subdivided VAT into intraperitoneal (IP- 

AT) and extraperitoneal (EP-AT) compartments using a method previously 

described 

Measurement of plasma glucose and plasma insulin levels. A 5 hour, 

75 g oral glucose tolerance test was administered the morning after an 

overnight fast. Blood samples were collected from the antecubital vein at 0, 

60, 120. 180. 240, and 300 minutes post glucose ingestion. The glucose 

oxidase method (Beckman Glucose Analyser, Fullerton. CA) was used for 
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plasma glucose measurement. Plasma insulin was measured by a double 

anti-body radioimmun~assay.~' Glucose and insulin areas under the curve 

were determined using a trapezoid model. The insulin to glucose area ratio 

(GAR) was used to represent a crude index of peripheral insulin sensitivity. 

Post- treatment OGTT measurements were obtained 5-13 days after the last 

exercise session. Coefficients of variation for the blood chemistry 

measurements were: insulin 457.6% and glucose 2.0-3.5% 

Dietary protocol. The Harris-Benedict equationg2 multiplied by a factor 

of 1.5 was used to estimate each subjects energy  requirement^.'^ This 

energy intake was followed for a 2 week baseline period. For the 16 weeks 

following the baseline period energy intake was reduced by 4.18 MJlday 

(1 000 kcalfdayl. All subjects were required to limit dietary fat intake to less 

than 30% of total energy intake. All foods were self-selected and no 

supplements were prescribed. Daily diet records were kept and submitted 

weekly for analysis to ensure adherence to the dietary protocol. After the 

16 week treatment the energy intake for weight maintenance was 

recalculated by deriving the average daily energy intake obtained from the 

diet records and adding to that number the energy value associated with the 

weight loss (assuming 32.2 MJlkg, 3500 kcalllb). The derived energy 

intake value was prescribed for 2 weeks. 

Aerobic exercise protocol. In addition to energy restriction, 11 men 

performed aerobic exercise 5 d/wk. Initial duration of each exercise period 
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was '19 min and gradually progressed to a maximum duration of 60 min 

based on individual capabilities. The exercise intensity was followed with 

automated heart rate monitors (Polar USA, Inc.,'Stamford CT). Intensity of 

exercise progressed from 50% to 85% of maximum heart rate which was 

determined during a maximum oxygen uptake (V0,max) test. The subject 

determined the mode of exercise which varied between walking on a 

motorized treadmill, stationary cycling or stair stepping using the 

StairMaster 4000 (Tri-Tech lnc., Tulsa, OK). All exercise sessions were by 

appointment and monitored by a physical educator. 

Resistance exercise protocol. In addition t o  the energy restriction, 11 

men performed resistance exercise 3 dlwk. Training sessions began with a 

5-10 min warm-up of low intensity stationary cycling and 5 min of static 

stretching. Resistance training was executed on seven Nautilus (Nautilus 

Inc., Deland, FL) weight training stations. The resistance training program 

consisted of 1 set of the following 7 exercises: leg extension, leg flexion, 

superpullover (latissimus), bench press, shoulder press, triceps extension, 

and biceps curl. Subjects performed between 8 and 12 repetitions to failure 

for each exercise. Once subjects could successfully perform 1 2 repetitions, 

the load was increased. Sit ups for the abdominal muscles were performed 

each session. Verbal encouragement by the exercise supervisor was given 

to ensure that the subjects performed to volitional fatigue. Each resistance 

exercise session lasted a 30 min. 
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90,max. Maximal oxygen consumption was determined during a 

ramp treadmill test prior to and following the treatment. Standard open- 

spirometry techniques were employed with a Beckman metabolic can 

(Sensormedics Inc., Fullerton, CA). 

Statistical analysis. All data were tested for skewness. Log and 

square root transformations were used to correct insulin variables and VAT. 

The untransformed data is presented in tables. Data are presented as mean 

standard deviation (SO). A Zway analysis of variance, group (DO, DA, 

OR) by time @re, post) was employed to evaluate main treatment effects 

and interactions on all dependent variables. Significant differences were 

analysed using a Scheff6 post hoc comparison technique. Paired t-tests 

were used to assess within group changes for all dependent variables. 

Unpaired t-tests were used to determine changes between variables. 

Bonferonni adjustments (p <0.017) were used for all t-tests. Regression 

analysis was used to determine whether changes in insulin variables were 

related to either changes in anthropometric or MRI variables. Data were 

analysed using SYSTAT." 



RESULTS 

Adherence to the diet and exercise program. For the DA group, 

attendance at the exercise sessions averaged 92% (range 74%-99%). The 

mean duration of each session was 37.0 f 7.0 min and the exercise 

intensity was 77.0 * 4.0 % of maximum predicted heart rate. The OR 

group attended 96% of the exercise sessions (range 85%-100%). The 

average diet-induced energy deficit ('4.5 MJ, 1060 kcalld) and contribution 

of dietary fat ('22%) to the total caloric intake were not different between 

groups (p > 0.05). 

Change in cardiovascular and strength performance. The 

improvement in peak 90, from 3.1 &0.6 Llmin to 3.5k0.7 Llmin (14%) 

was significant (p<0.05) for the DA group alone. Muscular strength 

increased significantly (p<0.05) in both the upper (1 2%) and lower (20%) 

body in the DR group (Figure 4). 

Change in anthropometric variables. The changes in selected 

anthropornetric variables are given in Table 2. Significant (p <0.001) within 

group reductions were observed for all groups for BMI ('12%) and waist 

circumference ('10%). WHR decreased ('5%) in the DA and DR groups 

alone (p < 0.01 ). Without exception, the changes in anthropometric 

variables were not different (p > 0.05) between groups. 



Change in MRI variables. 

Adipose tissue and skeletal muscle. The changes observed in 

adipose tissue (AT) and SM variables ate given in Table 2. lndependent of  

treatment, the relative reductions in VAT ('37%) were significantly greater 

than whole body SAT ('24%) (Figure 3). Within the VAT depot, both IP- 

and EP-AT were significantly (p C0.001) reduced. However, independent of 

treatment, the relative decrease in IP-AT ('41 %) was greater (p<0.01) than 

EP-AT ('25%). For the DA and DR groups alone, the relative decrease 

observed for ASAT ('31 %) was greater (p ~0.01) than that observed for 

FSAT (-21 %). Whereas SM was preserved in the DA and DR groups 

(p>0.05), a 7% reduction (p<0.001) in whole body SM was observed 

within the DO group. 

Change in metabolic variables. 

Fasting. lndependent of treatment, no significant (p >0.05) 

reductions were observed for plasma glucose levels (Table 2). For plasma 

insulin, significant decreases (p <0.05) were observed within all groups 

(Figure 4). Although not statistically significant, a trend toward a significant 

group by time interaction was revealed when the reduction in fasting plasma 

insulin for the DO ('19%) group was compared to the DA ('38%) and DR 

('36%) groups (p = 0.09). 

Oral glucose tolerance test. OGTT-glucose area was not 

significantly reduced within any group (p > 0.05). However, insulin area 
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decreased in all groups (p <0.01). Post hoc analysis revealed that by 

comparison to the DO group (18%). the reduction in insulin area was 

significantly (p<0.05) greater in the DA ('46%) and DR ('44%) groups 

(Figure 5). Accordingly, GAR significantly decreased in all groups 

(p <0.05), however. the reduction in G A R  within the DA ('41 %) and OR 

('40%) groups was greater than that observed for the DO group ('1 6%). 

Relationship between anthropometric, MRI and 
metabolic variables. 

For both pre-treatment and change score values. no significant 

correlations (p >0.05) were observed between the metabolic variables, and 

either the anthropometric or MRI variables. 



We tested the hypothesis that the combination of diet and either 

aerobic or resistance exercise has effects on plasma insulin and glucose 

levels that are greater than diet alone in obese men. These findings 

demonstrate that, despite no change in glucose tolerance, all treatments 

were associated with reductions in both fasting and OGTT-insulin levels. 

However, the reductions observed within both exercise groups were 

significantly greater compared to diet alone. Accordingly. the decrease in 

IGAR, a crude measure of insulin sensitivity, was significantly greater within 

the DA and DR groups as compared to the DO group. 

Within the DO group both fasting and OGTT-insulin levels decreased 

by approximately 18%. This is consistent with others who report similar 

reductions in response to a 10 kg weight loss in men tO.86.73 and 

The decrease in OGTT-insulin was responsible for the concomitant decrease 

in GAR as glucose tolerance was not affected by weight loss. These 

observations support the notion that diet-induced weight loss is associated 

with a corresponding improvement in the biological effect of insulin. In 

other words, less insulin is required to dispose of a given quantity of 

glucose post-weig ht loss. The mechanism by which diet-induced weight 

loss improves insulin sensitivity is not clear. It is generally assumed that 

reductions in body fat are associated with corresponding reductions in 

systemic FFA concentration which would have a positive influence on 



peripheral insulin sensitivity (muscle)95 and/or pancreatic ~ecretion.'~ it is 

also possible that reductions in VAT would result in a corresponding 

reduction in portal FFA concentrations which would improve hepatic insulin 

extraction. Plasma FFA concentration was not measured in the present 

study, however, it is reasonable to assume that the reductions observed for 

SAT ('24%) and VAT ('32%) are associated with a corresponding decrease 

in both systemic and portal circulation of FFAs. Although the association 

between VAT and portal FFA concentrations has not been measured in vivo, 

Hoke et a1." reported a 32% reduction in systemic FFA levels in response 

to a 12 kg weight loss in insulin-resistant women with polycystic ovary 

syndrome. The reduction in FFA concentration was associated with a 

significant improvement in insulin sensitivity." In addition to the influence of 

body fat reduction, it is also possible that diet-induced weight loss may 

result in adaptations in SM per se, however, this is unlikely since we 

observed a decrease in MRI-SM ('7%) combined with an absence of change 

in peak 00, in response to DO. This suggests that improvements in OGTT- 

insulin response are probably not explained by changes in muscle 

morphology. Thus, it is more likely that the improvement in insulin response 

following diet induced weight loss in this study is mediated through 

reductions in both VAT and whole body SAT. 

Whether the addition of exercise to a regimen of energy restriction 

has added benefits with respect to insulin and glucose metabolism has not 
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been clearly established. Dengel et a1.12 recently reported that for a group 

of age and weight matched obese men, the combination of diet and aerobic 

exercise resulted in a 42% decrease in OGTT- insulin area which was 

significantly greater than the 21 % reduction observed within the DO group. 

Furthermore, glucose disposal during hyperinsulinemic euglycemic clamp 

increased by 22% in response to the DA treatment and was unchanged in 

the DO group.12 These observations are similar to the findings reported here 

wherein a 46% reduction in OGTT- insulin levels, in response to DA was 

significantly greater than the 18% reduction observed for the DO group. 

Taken together these observations suggest that, in response to a lOkg 

weight loss, the combination of diet and aerobic exercise is associated with 

a 2 fold greater reduction in OGTT-insulin levels compared to diet alone." 

In the present study, and that of Dengel et a1.I2, the reductions in 

weight and fat mass (adiposity) were not different between the DA and DO 

treatments suggesting that the added benefit of exercise is mediated 

through mechanisms other than reductions in body weight andlor total 

adiposity. Accordingly, it is likely that the greater reduction in insulin levels 

are associated with morphological adaptations in SM known to occur in 

response to aerobic exercise. In both studies, peak VO, increased by '14% 

in the DA group.'2 Previous studies have observed that a 10-1 6% increase 

in peak 90, is associated with increases in GLUT-4 levels,a3 capillarization,' 

and hexokinase activity." Indeed, it is reported that GLUT-4 levels are 
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positively correlated with whole body glucose disposale1 while capillarization 

is correlated with serum insulin concentration." It has also been proposed 

that aerobic training enhances insulin action through an increase in muscular 

blood f ~ o w , ~ ~ ~ '  and percentage of FOG muscle f iberd2 Furthermore, 

glycogen synthase activity increases in response to aerobic training and is 

positively correlated with non-oxidative glucose disposal which is thought to 

be the main path for improved peripheral insulin sensitivity after exercise 

training.'**' Finally, it has been reported that a greater lean body mass 

could be associated with increased glucose storage and improved insulin 

binding resulting in enhanced insulin c~earance.~~ Although SM glycogen 

content was not measured in this study, the maintenance of SM mass may 

suggest that glycogen storage capacity was preserved. 

In this study we also observed that diet in combination with either 

aerobic or resistance exercise was associated with a preferential reduction 

in ASAT (-32Oh) compared to FSAT ('21 Oh). This is consistent with the 

observation that the lipolytic activity of abdominal subcutaneous adipocytes 

during exercise is increased by comparison to femoral adipocytes in men 

and wornen? That ASAT is preferentially reduced in response to exercise 

may confer an additional metabolic benefit as it has recently been reponed 

that ASAT is a strong, independent predictor of insulin sensitivity in men." 

The results of the present investigation demonstrate the synergistic 

effect of diet and exercise (aerobic or resistance) on OGTf- insulin levels. 
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However, it is important to note that the influence of exercise on insulin 

sensitivity is clearly transient, since it is reported that improved insulin 

sensitivity associated with exercise is significantly reduced within 5 days 

after the cessation of exercise." Therefore, for the beneficial metabolic 

effects of exercise to be maintained, physical activity must be performed on 

a regular basis. It is important to note that exercise performed in the 

present study was well tolerated. That is, aerobic exercise 5 days/week for 

'40 minutes, or resistance training 3 days/week for ' 30 minutes may not 

be ideal, but both regimens were associated with reduced insulin levels 

when combined with diet. 

To our knowledge this is the first study to compare the effects of diet 

and resistance exercise versus diet alone on insulin and glucose metabolism. 

The reductions observed in OGTT-insulin and IGAR in response to DR were 

significantly greater than those observed in response to DO. Our results are 

in agreement with those of Ryan et al.13 who reported that a 50% 

improvement in strength was associated with a corresponding reduction 

(43%) in insulin response during a hyperglycemic clamp in healthy obese 

women following DR. Moreover, in that study resistance training in the 

absence of weight reduction was associated with a 16% improvement in 

insulin response." Taken together, these findings strongly support the 

utility of resistance exercise as a modality for improving insulin sensitivity. 

Consistent with the DA group, the added benefit of DR is likely 
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explained by adaptations in SM morphology. As observed in response to 

aerobic training, resistance training is also reported to be associated with 

SM changes which include an increased percentage of FOG muscle fibers," 

and an increased capillary to fiber ratio." In addition. SM mass was 

maintained after the 1 Sweek resistance training program unlike the 00 

group. 

In summary, the results of this study demonstrate that the addition of 

either aerobic or resistance exercise to a diet regimen is associated with 

reductions in OGTT-insulin levels that ate greater when compared to  diet 

alone. In conjunction with the observation that diet in combination with 

exercise is more effective than diet alone for the maintenance of weight 

loss,g6 it is prudent to recommend that routine exercise be included within a 

therapeutic strategy designed to improve insulin sensitivity and maintain 

weight loss. 



Tabla 1 
Descriptive characteristics of subjects' 

00 group DA group OR group 
Variable (n=91 (n=111 (n=l l )  

Anthropornetty 
Age (y) 44.4 f 6.1 47.6 * 6.4 38.8 13.0 
Weight ( k ~ )  99.1 f 11.2 101.6 * 12.3 109.6 f 16.8 
BMI (kg/m2) 31 -9 * 2.8 32.5 i 3.6 33.6 * 4.1 
WHR2 6-96 f 0.04 0.99 f 0.09 0.98 f 0-08 
Waist circumference (crnl3 106.9 f 7.3 1 12.7 f 8.3 112.6 i 10-4 

MRI-measured 
Total AT (L) 
Subcutaneous AT (L) 

ASAT (L) 
FSAT (L) 

Visceral AT (L) 
Intraperitoneal (L) 
Extraperitoneal (L) 

Skeletal Muscle (L) 

Metabolic 
Fasting Glucose (rnmolR) 5.8 * 0.6 5.7 & 0.4 5.8 i 1.3 
Fasting Insulin (prnol/Ll 97.4 i 18.3 143.8 k 90.4 152.6 k 55.4 
Glucose Area (mmol/L*S hr) 29-8 f 3.3 28.8 * 4.7 31.4 * 11.9 
Insulin Area (prnol/L0 5hrJ 1522.2i488.8 1980.8f 1 127.3 21 14.3 * 777.6 

' Mean i standard deviation. DO, diet only; DA, diet and aerobic exercise; DR, diet and resistance 
exercise; BMf , body mass index; WHR, waist-to-hip circumference ratio; MRI, magnetic resonance 
imaging; AT, adipose tissue; ASAT, abdominal subcutaneous adipose tissue; FSAT, gluteal-femoral 
adipose tissue. 

Calculated by using last rib waist circumference. 
Waist circumference at the last rib- 



1-8 2 
Changes in selected anthropometric, magnetic resonance imaging (MRI) and metabolic variables.' 

DO (n=9) DA (n=l 1) DR (n=11) 
Variable ABS % ABS % ABS % 

Anthropometry 
Weight (kg) -12.1 f3.43 -12.1 -1 1.6f3.73 -1 1.4 -1 3.2&4.13 -12.3 
BMI (kg/m2) -3.9fl.l3 -12.1 -3.7kl.V -11.4 4.1*1.4" -1 2.3 
WHR2 4-02 f0.03 -2.4 -0.05 k0.043 7 6.05 f O.OZ3 4.6 
Waist Circumference(cm) -8.8 f3.g3 -8.1 -1 2.9 k4.v -1 1 -4 -1 1 -9 f 3.g3 -1 0.6 

MRI 
Total AT (L) 
Subcutaneous AT (L) 

ASAT (L) 
FSAT (L) 

Visceral AT (L) 
lntraperitoneal (Ll 
Extraperitoneal (L) 

Skeletal Muscle (L) 

Metabolic 
Fasting Glucose (mmol/C) +0.0 f 0-4 0.0 -0.2 k0.3 -2.9 -0.1 k0.7 t 0-3 
Fasting Insulin (pmolk) -1 9.0 f 1 8.g3 -1 8.6 -54.7 *46.23.4 -38.1 -60.7 f52.43-4 -35.5 
Glucose Area (mmol/L+Shr) -0.7 * 3.3 -1.9 -3.0 & 3.8 -9.0 -2.9 f4.9 -6.5 
Insulin Area (prnol/Le 5hr) -250.2 i 2 1 1  -1 7.9 -9 1 3.0 i53g3-' -46.0 -997.1 i 6373.4 43.8 
IGAR -8.4 *7.g3 -1 6.5 -26. 1 f 1 0.73.4 41.2 -3 1.7 223.2=e4 -39.9 

' Mean absolute change (ABS), percent change (96). DO, diet only; DA, diet and aerobic exercise; OR, diet and 
resistance exercise; BMI , body mass index; WHR, waist-to-hip circumference ratio; AT, adipose tissue; ASAT, 
abdominal adipose tissue; FSAT, gluteal-femoral adipose tissue; IGAR, insulin to glucose area ratio. 

Calculated by using last rib waist circumference. 
Significant within-group differences p <0.05 (paired t-test with Bonferroni modification) 

l Significantly different from DO p ~ 0 . 0 5 -  





Figure 2. Calculation of lean and adipose tissue area and volume: Step 1, the 
threshold is selected for AT and LT based on the analysis of a sample of typical 
images and their respective grey level histograms; Step 2, each slice is reviewed 
using an interactive slice editor program which allows for verification, and where 
necessary, correction of the segmentation result; Step 3, the original grey level 
image is superimposed on the binary segmented image using a transparency 
mode; Step 4, a completed example of an axial image that has been segmented 
with the various tissues identified using separate colour codes. 



Figure 3: A typical example of the reductions observed for SAT and VAT for a 
series of MR images throughout the abdomen. 



Pretreatment 
Post-treatment 

W peO.05 

Figure 4. Improvements in maximal oxygen uptake and strength in obese men; * pe0.05 



Time (hours) 

Figure 5. Plasma glucose and insulin values during an oral glucose tolerance 
test (759) ; (a) pre, (0) post; *p<O.05 



4.0.0 CONCLUSIONS 

The findings of this study demonstrate that the combination of 

exercise and diet is associated with improvements in fasting and OGTT- 

insulin levels. However, the independent influence of exercise on insulin 

sensitivity and glucose tolerance remains unresolved. An experimental 

design to investigate this relationship should include two groups: an 

exercise group that is refed after each session, and an exercise group that 

would lose weight through caloric expenditure. This study would provide 

evidence to help resolve whether exercise per se has a positive influence on 

insulin sensitivity or glucose tolerance. In addition to controlling for weight 

loss, it would be beneficial to control for differences in daily activity level. 

Doubly-labeled water, a technique used to measure 24hour energy 

expenditure, could be employed to provide information on energy expended 

outside of supervised exercise sessions.'00 

The oral glucose tolerance test, a measure of integrated insulin 

response to an oral glucose load, was a limitation of our study design since 

it does not distinguish between changes in hepatic or peripheral insulin 

extraction, or pancreatic insulin secretion. A more sophisticated technique 

such as a hyperinsulinemic euglycemic clamp should be employed in future 

studies to identify the independent contributions of both hepatic (with the 

addition of exogenous tritiated glucose) and peripheral insulin sensitivity. 

Concurrent with a euglycemic clamp, muscle biopsies would be useful in 
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providing information on morphological changes that occur in response to 

exercise. A study design incorporating these techniques would provide 

insight into the mechanisms that explain the influence of exercise on insulin 

sensitivity. 

The optimal exercise intensity and duration required to influence 

insulin sensitivity and glucose tolerance is an issue that requires further 

study. Indeed, it is unclear whether low and high intensity exercise are 

equally effective for improving these metabolic variables. Furthermore, 

whether a training induced increase in 90,max is necessary to increase 

insulin sensitivity is not fully established. In addition to exercise intensity, it 

would be useful to determine the most beneficial duration of exercise related 

to the greatest improvements in carbohydrate metabolism. It is unknown 

whether short and long exercise bouts are associated with comparable 

improvements in insulin sensitivity. This knowledge would enable the 

clinician to prescribe exercise of optimal intensity and duration to those who 

are insulin resistant and glucose intolerant. 

It is reported that the addition of physical activity to a program of 

energy restriction is more effective than energy restriction alone for the 

maintenance of weight loss.W It is also observed that moderate weight loss 

('12 kg) maintained over time is associated with significant long term 

improvements in fasting and OGTT- insulin response.gg Therefore, consistent 

with the findings of the present study, it is suggested that an effective 
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treatment for the improvement of carbohydrate metabolism should include 

the combination of diet and exercise (aerobic or resistance). This may be a 

successful strategy for the reduction of insulin resistance and obesity, both 

of which ate CVD risk factors and putative markers for NIDDM. 
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Appendix A: Informed Consent 



QUEEN'S UNlVERSlTV 

DIET AND EXERCISE STUDY 

INFORMED CONSENT 

The following brief is intended to provide you with the details you should be aware 
of prior to your consent-as a panicipant in this research project. Please read the 
following information carefully and feel free to ask any question that you may have. 

Objective of  the study 

In recent years a number of studies have clearly shown thet a relationship exists 
between obesity and the development of numerous health problems including 
cardiovascular disease and diabetes. In fsct, the relationship is strengthened if one 
considers the regional distribution of body fat (i.e where your body fat is located). 
Given the relationship between obesity with ill health, and the fsct that obesity is a 
condition characterized by large amounts of body fat, it follows that an importmi 
component of an effective prevention prognm would be the ability to lose body fat. 
~ e n c e  the purpose of this research project will be to investigate different methods of 
changing body composition through diet end or exercise. 

EXPLANATlON OF PROCEDURES 

Pro-participation screening 

Prior to participation in this study you wiil be required to have a medical exem. 
The exam wiil be conducted by a medical doctor at the Kingston General Hospital. 
The examination will include a fasting blood sample that will be used to measure your 
glucose and fat levels, and the levels of cenain hormones that may be related to fat 
metabolism. This procedure is explained in funher detail on the last page of this form. 

Diet and Exercise Protocol 
r 

The study will be 18 weeks in duration. The low calorie diet and exercise pan 
of the study will last 16 weeks. The 16 week treatment period will be prefaced and 
followed by a 1 week weight maintenace period - hence 18 weeks in total. By 
volunteering to psrticipate in this study, your name will be selected by chance and 
placed into one of the following five groups: control (no diet or exercise program), diet 
(diet only), diet plus aerobic exercise, diet plus strength training exercise and diet plus 
both aerobic and strength training exercises. 
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Diet Procedure 

The diet will consist of regular foods that you will buy and prepare yourself. 
After a 1 week weight-maintenance period, the diet you follow wiil total 
approximately 1 OW calories less than the amount you need to maintain your present 
weight. You will follow that diet for 16 weeks. ARer the 16 week period, you will 
be given a diet that will increase your total caloric intake to a level that will msintzin 
your new weight. All aspects of the diet plan will be explained to you in detail. The 
session wiil take place at the beginning of the study, with several additional sessions 
planned throughout to  help you follow the diet plan. If someone else shops for your 
food or prepares your meals, or if you share those tasks with someone else, that 
person is invited to meet with the dietitian as well. You will be required to record the 
food you eat each day for one week, 5 times during the the 18 week study. All o f  
your meetings with the dietitisn will be at  the Fitness Center in the Physical Education 
building at Queen's. 

Exercise Procedure - Aerobic Group 

If you are a participant in this group, in addition to  following the s+me diet 
procedures described above, you will be required to perform aerobic exercise (wdWrun 
type exercise) 5 times per week. The aerobic exercise program will be designed to 
meet your abilities. The durztjon of the sessions wili range from approxirn~a!y 15 
minutes et the beginning of the program to a maximum of 60 minutes by the end. 
Each exercise session will be supervised by a trained physical educator. 

Exercise Procedure - Strength Training Group 

If you are a participant in this group, in addition t o  following the same die? 
procedures described above, you will be required to perform strength tr~ining 
exercises using Nautilus equipment 3 times per week. As with the aerobic exercise 
group, the strength training exercises will begin s t  o very easy level and progress 
slowly. A total of 8 exercises will be performed each session assuring that E I I  the 
major muscles of the body are used. Each exercise session will be supervised by z 
physical educator. 

Although as a participant in this study you will follow all the approprizre safety 
preceutions including a pre-participation medical exam, there are risks associ~tsd with 
exercise. These risks include z slight chance of fainting m d  a remote chance of h e m  
enack. As indicated, all your exercise sessions will be supervised by a masters level 
~ h y s i c ~ l  educator. This person will be trained in emergency procedures including 
csrdio-pulmonary resusit~tion (CPR). 



Assessment of Bodv Com~osition 

Magnetic Resonance Imaging 

Magnetic resonance imaging is a new technique for imsging or creating pictures 
of body structures or organs. Magnetic resonance (MR) gives. imeges in slices 
comparable to those produced by x-ray tomography or CT (CAT) scan. One of the 
primary advantages of MR is that it does not ern~lov x-rava or other aotentiallv 
harmful forms of radiation, contrary to ordinary radiography or nuclear medicine. 
Instead, a large magnet, a radio transminerlreceiver and o computer are used to 
gnher chemical information from the body, end to produce images or pictures of 
internal anatomy. No harmful effects have been associated with MR under existing 
conditions of use. 

It is important thst you fill out the enclosed questionnaire. The purpose of t he  
questionnaire is to identify any meizllic pieces which would have been impl~nted 
during a surgery or would have been lodged in your body during an accident. 

As mentioned, the MR procedure is very similzr to a scanner exarnin~tion. You will 
be placed on a tsble and you will be moved smoothly into the scmner. A 
loud-speaker within the magnet makes it possible for you to keep in constant contaci 
with the staff. At all times the operator can see znd hear you if you need help or 
have questions, and you can be removed from the machine if necessery. The 
scanning procedure tzkes 45 to 60 minutes. All MR images will be obtained st  the 
Kingston General Hospital. 

Bioelectricat Impedance 

This is a very simple and safe procedure requiring no more than 5 minutes t o  
complete. Laying on your back, 2 electrodes will be placed on the surfsce of your 
right hand and f o o t  Two of the electrodes will introduce an slternsting current ths? 
you can't feel into the body, while the other 2 record the resistance. In order to  
obtain eccurate results wi th this technique it is very imponant t h ~ t  you follow the 
following procedure prior to your assessment. Prior to the test you should not: 

1) have eaten or consumed caffeine forthe 4 to 5 hours 
immediately preceding the test, 

2 )  have exercised or consumed alcohol for 24 hours. 

Many circumference and diameter meesurements will be taken at numerous 
sires on the body. These measure can be used to derive estimztes of body 
composition. In addition, through the use of skinfold callipers, skinfold thickness will 



be rntesured at 10 different sites on your body. This is a simple procedure requiring 
no special preparation on your pan. 

Underwater weighing 

Recognized by many researchers ss the best method of measuring body 
composition (i.e. percent body fat), the intern of the procedure is to weigh you while 
you are submerged in water. In a seated position, you will be submerged in water 
(comfortable temperature) to the shoulder level. Approximately 10 times during the 
test you will be asked to gut your head in the water, exhale completely, and hold your 
breath for 5 to 10 seconds while your body weight is measured. At m y  time during 
the procedure you can come out of the water by simply lifting your heati. 

With the exception of the MRI measurements, the ~nthropornetric 
measurements (bioelectrical impedance, skinfolds and underwater weighing) will be 
obtained at the School of Physical and Health Education, Queen's University. 

Assessment of Cardiovascular Fitness 

In addition to  
c~rdiovascutar fitness 

body composition measurements we 
by using either a stationary bicycle or a 

will rneEsure your 
treadmill procedure. 

The work level will begin st  2 level you can easily accomplish and will be edvmced 
in stzges, depending on your capacity to do so. We may stop the test st m y  time 
because of signs of fatigue or you may stop when you wish to-because of persinal 

. feelings of fatigue or discomfort. 

Risks and Discomforts 

The treadmill or bicycle test will involve risks comparable to any strenuous 
exercise situation. They include very rare insttnces of ~bnormai blood pressure, 
f~intings, disorders of the heart beat, end heert attack. Every effort wiII be meae to  
minimize them by preliminary medics1 examination end observation during the test. 

Benefits to be exoected 

These test results will 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 p~rticipate in an exercise program. Quantificrtion of  your fitness level will also 
enable us to follow your improvement throughout the study. 



Blood Chemistrv Analvsis 

At the beginning, after 8 weeks, and st the end of the 16 wetk study, you wiIl 
have a fasting blood test in order to measure blood sugar, blood f i t s  znd hormones 
(including adrenal, thyroid and pancreatic hormones). This procedure will involve a 
venepuncture with a needle and the rernovd of tbout 30 ml (3 tablespoons) of blood. 
The only risk from this is possible local pain tnd bruising at the time of the biood test. 
In addition, at the beginning and end of the study, you will be given a glucose 
tolerznce test. The purpose of this test is to determine your bodie'r response to 
sugar. 

Subject's Name: 

I have been given an opportunity to rsk any questions concerning the 
procedures. All of my questions regarding the research project hrve been 
satisfactorily ensweret. I undersend t h t t  my test results will be considered 
confidential and wiil nev-er be released in s form trsceable to me, except to  my family 
physician or myself. I do understand that I Ern free to deny consent if I so desire, and 
that I may withdraw from the study at any time. I understand that I mzy contact Dr. 
Roben Ross, 545-6583, or the head of the School of Physical and Health Education, 
Dr. Gsvin Reid 545-2666, should I have any questions about the study. In addition, 
I relesse the principals ~ n d  Queen's University from all claims  rising OUT of my 
panicipation in this study that do not arise due to negligence. 

Signature of Subject: 

Witness: 

Date: 



Appendix 6: Medical Questionnaire 



QUEEN'S UNIVERSITY 

DIET AND EXERCISE PROGRAM 

MEDICAL QUESTIONNAIRE 



City: 

City: 

B i i  D8k 







V. Cunent mediations and dosages 



4. FAMILY MEDICAL EXSTORY (ShmId be QIed out by prrticipant) 

5. SMOgQJG 

Areyour: g~olter 

a-smoker (aopput) 

non~otrcr (never mrokd) 

h t a ~ m o m c m d r c d p a d r y m * b c i r a ~ m r i a ~ k r t ~ y u n t o ~  

W - p s & y  

pipcr/d&m inhaw per &Y 
pipes/dgars not inhaled pr day 

If you uc m ex-smoker, how many years ago did you start? quit? 



6. DIET 

7. EXERCISE 

none 0 - *A *A - 1 1-2 2 or more 

Please ikt the modartc to vigorous raivibies (sucb as brisk d k i a g ,  j e  aerobics) tbuyou uc 
presently invohrcd in and tbc P of t h c s  per week that you putiapate. 

Please List the n~cat iond  or l c k  aaivitiu (such u casual waking, cte) you arc present.1~ iouoIvcd in 
nad the + of times per m k  





Appendix C: Anthropometric Oata Collection Form 



MRI DIET AND EXERCISE 
ANTHROPOMOaIC DATA COUECTKW FORM 

NAME: M F DATE: TIME: 

WElGHE kg AGE (yr.mo): TEST #: 

ARM LENGTH: (em) STANDING HEKiHT: (Cm) 

ACROMION HEIGHT: (cm) S m N G  HEIGHT: (cm) 

IMPEDANCE R: Arm Tono Leg Whck L R 
(ohms) 

Xc: - - - - - 

Chest 

Iliac 

Abdomen 

Thigh 



NAME: DATE; TIME: 

CIRCUMFERENCE MEASURES (cm): 

Chest: Hip: 

w8iSt 

waist 

(standing): &I Last Rib (u) 

(supine) : k t  Rib (U) 

Bicep: (R) -&) 

Forernn: (R) & )  

C& (W Q 



Appendix 0:Diet Record 



Total 

Fat Calories = F&t (grams) x- 9. 

Deily Calorie Totcl = T o t a l  Qlories 
W s t  = Fat Calories / T o t c l  Cclories 



Appendix E: Aerobic Exarcise Recording Sheet 
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Appendix F: Resistance Exercise Recording Sheet 





Appendix G: Formulae 



a) Body Mess Index: 

BM = 
weight (Mogmms) 

height squared (meters squared) 

b) Waist-to-Hip Circumference Ratio: 

m =  waist cimnnference at lint rib (centimeters) 
- -- . 

hip cirnmrjerence (centimeters) 

a) Area Under the Cuwe (insulin and glucose areas): 

AREA = 
l(k1, + 1x1 ,) 

2 
+ mi, +[xi +[x13 +[xu 

Where, t = time 
[x] = glucose or insulin concentration at 
hours 0 to 5 

Units: Glucose Area (mmol/L 5hr) 
Insulin Area (prnol/t 5hr) 

b) Insulin-to-Glucose Area Ratio: 

E A R  = 
insulin area @moM 5hr) 

glucose area (mmolIL 5hr) 




