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Kendrick, K. A comparison of the effects of a single bout of aerobic and strength training 
exercise on the insulin response to glucose ingestion in sedentary, non-diabetic 
women. PhD. in Kinesiology, 1988, 257 p. (V. Ben-Ezra). 

The purpose of this study was to examine insulin responses following a single session of 

aerobic or strength training exercise in 27 sedentary (V02max = 33 ± 5 ml/kg/min), 

normoglycemic women (26 ± 8 yrs, 65 ± 15 kg). A single session of either an aerobic or 

strength training exercise can significantly reduce the insulin response to glucose in 

untrained persons. However, insulin responses following a single session of aerobic and 

strength training exercise have yet to be compared in the same person. Three treatments 

were completed: rest, aerobic exercise (treadmill walking at 70% V02max for 50 min), 

and strength exercise (11 exercises, 3 sets, 10 reps at 40, 55, and 75% of lRM). Each 

treatment was conducted 1 to 4 weeks apart and within 5 to 12 days after the onset of 

menstruation. A 75-gram oral glucose tolerance test was administered 15 hours after 

exercise and 12 hours postprandial. Blood samples drawn at O (fasting), 15, 30, 60, 90, 

120, and 150 minutes after glucose ingestion were analyzed for glucose, insulin, and 

C-peptide. Compared to rest (4.75 ± 0.27 mM), there was a significant decrease (n<.05) 
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in fasting glucose following the strength (4.55 ± 0.35 mM), but not the aerobic exercise 

( 4.64 ± 0.34 mM). Postexercise concentrations of fasting insulin and C-peptide were 

unchanged compared to rest. Glucose, insulin, and C-peptide responses, expressed as area 

under the curve, were not statistically different from rest. 

Rest 

Glucose area (mM) 912.6 ± 28.5 

Insulin area (pM x 104
) 6.3 ± 0.4 

C-Peptide area (pM x 104
) 32.4 ± 1.6 

Aerobic 

895.2 ± 30.8 

6.4 ± 0.5 

32.9 ± 1.7 

Strength 

861.5 ± 28.3 

6.2±0.6 

33.6 ± 2.4 

Fasting plasma free fatty acid, fasting sex hormone binding globulin, and dietary intake 

were equivalent following each treatment, while fasting CK was significantly elevated 

following both the aerobic and strength exercise compared to rest. None of the 

anthropometric, body composition, fitness, or fasting plasma variables that could 

potentially influence glucoregulation significantly predicted the change in insulin response 

area between rest and either exercise. Thus in sedentary, premenopausal women, neither a 

single session of aerobic nor strength exercise significantly decreases the insulin response 

area to an oral glucose challenge. 
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CHAPTER! 

INTRODUCTION 

An excessive amount of insulin in the blood stream (hyperinsulinemia) has been 

implicated in the pathogenesis of such metabolic and physiologic disorders as 

non-insulin-dependent diabetes mellitus (NIDDM; Reaven, Hollenbeck, & Chen, 1989), 

hypertension (Madan et al., 1985), dyslipidemia (Zavaroni et al., 1985), atherosclerosis 

(Stout, 1990), and obesity (DeFronzo, Sherwin, Hendler, & Felig, 1978). Many of these 

disorders have been found to cluster in the same individual (Haffuer, Fong, Hazuda, Pugh, 

& Patterson, 1988, Orchard, Becker, & Bates, 1983, and Zavaroni et al., 1989), which 

greatly increases the risk of developing coronary artery disease, the leading cause of death 

and disability in Western societies (Bush, Fried, & Barrett-Conner, 1988). 

Hyperinsulinernia is the result of resistance to insulin-mediated glucose uptake (insulin 

resistance), thus greater than normal insulin levels are required to normalize serum glucose 

(DeFronzo & Ferrannini, 1991). Because skeletal muscle is the major glucose-consuming 

tissue in the insulin stimulated state (DeFronzo, 1978), skeletal muscle is the primary site 

of insulin resistance (Olefsky, 1985). Evidence that exercise training can reduce insulin 

resistance (King et al., 1987 and LeBlanc, Nadeau, Boulay, & Rousseau-Migneron, 1979) 

suggests that exercise may be beneficial in the prevention and treatment of insulin-resistant 

disorders. 
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Aerobically-trained individuals have been shown to have a smaller increase in plasma 

· insulin concentration in response to a glucose load than sedentary persons. Despite the 

lower insulin levels, glucose tolerance remains normal or improves in the trained state 

(Bjomtorp et al., 1972, Heath et al., 1983, LeBlanc, Nadeau, Richard, & Tremblay, 1981, 

Lolnnan, Leibold, Heilmann, Senger, & Pohl, 1978, and Seals et al., 1984). Furthermore, 

using the euglycemic clamp procedure, which maintains plasma insulin and glucose 

concentrations at constant physiological levels, glucose disposal is significantly enhanced 

in aerobically-trained people as a result of increased insulin sensitivity (Burstein et al., 

1985 and King et al., 1987) . 

Strength training has also been reported to improve peripheral insulin sensitivity (Craig, 

Everhart, & Brown, 1989, Miller, Sherman & Ivy, 1984, and Miller et al., 1994). In fact, 

the degree of improvement in insulin response to a glucose load following strength 

training is similar to aerobic training, suggesting that both programs are equally effective 

for improving peripheral insulin sensitivity (Smutok et al., 1993 and Smutok et al., 1994 ). 

Nevertheless, strength training is not commonly endorsed as a prevention or treatment for 

insulin resistant conditions such as coronary heart disease or hypertension due its 

purported lack of effect on cardiovascular function (Hurley, Seals, & Ehsani, 1984) and 

the potential for acute elevations in blood pressure during this type of exercise (Palatini, 

Mos, & Munari, 1989). 

It is possible that the improvement in insulin action following aerobic or strength 

training exercise may be the result of the residual effect of the last exercise session, rather 



than a training adaptation (Heath et al., 1983, LeBlanc et al., 1981, and Rosenthal, 

Haskell, Solomon, Windstrom, & Reaven, 1983). Significant reductions in 

glucose-stimulated insulin levels have been reported in untrained persons after a single 

bout of either aerobic (Mil<lnes, Sonne, Farrell, Tronier, & Galbo, 1988, and Young, 

Enslin, & Kuca, 1989) or strength training (Fluckey et al., 1994 and Hall & Balon, 1992). 

Also, studies of endurance- and strength-trained athletes indicate a significant increase in 

glucose-stimulated insulin levels following cessation from exercise training for 3 to 10 

days, while glucose disposal is significantly decreased (Burstein et al., 1985, Heath et al., 

1983, Houmard et al., 1993, and LeBlanc et al., 1981). 

Despite the consensus that a single session of exercise can significantly decrease the 

insulin response area to a glucose challenge, the opposite response has been reported in 

some participants (Ben-Ezra et al., 1995 and Jankowski, 1996). Participants who do not 

experience a reduction in postexercise insulin area have been labeled as "nonresponders" 

(Ben-Ezra et al., 1995 and Jankowski, 1996). Why some participants experience an 

increase in postexercise insulin response area while the majority of participants display a 

decrease is unclear. The few studies that have addressed the issue (Ben-Ezra et al., 1995 

and Jankowski, 1996) have not been able to clearly distinguish between the "responders" 

and "nonresponders" to a single session of exercise. 

A direct comparison of the effects of a single bout of aerobic and strength training on 

peripheral insulin sensitivity and glucose tolerance should provide important information 

regarding the merits of strength training for the treatment or prevention of developing 
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insulin-resistant disorders such as NIDDM, hypertension, atherosclerosis, dyslipidemia and 

obesity. Although previous studies have compared the effects of aerobic and strength 

training programs on insulin responses to oral glucose ingestion (Smutok et al., 1993 and 

Smutok et al., 1994), to date no studies have compared the effects of a single bout of 

aerobic and strength training exercise on glucose-stimulated insulin responses in the same 

group of participants. 

Statement of the Problem 

The purpose of the study was to compare the effects of a single bout of aerobic and 

strength training exercise on insulin responses to an oral glucose load in non-diabetic, 

sedentary premenopausal women. The participants were solicited from Texas Woman's 

University and the community of Denton, Texas. The overall and regional (abdominal and 

hip) body fat distribution of each participant was evaluated using waist and hip 

circumferences, skinfold thickness, and Dual Energy X-ray Absorptiometry. These body 

measures were used to predict the change in insulin response area following either exercise 

compared to rest. All participants agreed to partake in each of three randomly assigned 

treatment conditions: rest, a single bout of aerobic exercise, and a single bout of strength 

exercise. The single aerobic exercise session lasted 50 minutes and was performed at 70% 

of individual V02max. The single strength training session consisted of 11 exercises, each 

performed at approximately 40, 55, and then 75% of each participant's one repetition 

maximum (lRM). Ten repetitions were performed during each of the three sets. An oral 

glucose tolerance test (OGTT) was performed on all participants in the morning, 15 to 18 
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hours after the previous day's treatment condition and 12 to 14 hours postabsorptive. 

Blood samples taken during the OGTTs were analyzed for insulin, glucose, C-peptide, sex 

hormone binding globulin (SHBG), free fatty acids (FFA), and creatine phosphokinase 

(CK) concentrations. The possible effects of menses-related hormonal :fluctuations on 

insulin and glucose responses were controlled by administering the OGTTs during the fifth 

to twelfth day of the menstrual cycle (follicular phase). Because at least 7 days separated 

each OGTT, the three treatments were completed over an 8 to 12 week period. 

Dietary :fluctuations were controlled by requesting that the participants maintain similar 

food choices and quantities for the 3-day period preceding each OGTT. Each participant 

received detailed instruction by a nutritionist on recording dietary intake, and were asked 

to replicate their original 3-day diet for the 3 days prior to the next OGTT. To further 

control for dietary :fluctuations, the participants were provided with the same meal 

(approximately 55% carbohydrate, 30% fat, and 15% protein) the evening prior to each 

OGTT. 

Insulin, glucose, and C-Peptide areas in response to the OGTT were analyzed using 

multivariate analysis of variance (MANUVA) with repeated measures on the three 

treatments. A comparison between the number of"responders" and "nonresponders" to 

each exercise was made using two separate Chi Square analyses. The values at each time 

point of the OGTTs for insulin, glucose, and C-peptide were analyzed using a 3 

(treatment) by 7 (time points) MANOVA, with repeated measures on treatment and time 

points. Fasting plasma SHBG, FF A, and CK concentrations were analyzed using 



MANOV A with repeated measures on the three treatments. Dietary information ( average 

3-day intake, and day of treatment intake of carbohydrate, protein, and fat) was analyzed 

using two MANOV As with repeated measures on treatment. Correlation analyses were 

performed to determine if the mean caloric intake of the participants for the 3 days or 1 

day prior to each OGTT was significantly associated with the change in insulin area 

following each exercise ( change = rest - exercise). Stepwise multiple regression analysis 

was employed to predict the change in insulin response area using anthropometric, body 

composition, fitness and biochemical variables. 

Hypotheses 

The following null hypotheses were examined at the .05 level of significance. 

6 

1. There will be no significant treatment differences between plasma glucose, insulin, or 

C-peptide concentrations at each time point of the OGTTs (rest, aerobic, and strength). 

2. There will be no significant differences between the response areas for glucose, 

insulin, or C-peptide following each treatment condition. 

3. There will be no significant differences between the number of insulin "responders" 

and "nonresponders" following the aerobic or strength exercise. 

4. There will be no significant differences between the concentrations of fasting plasma 

FF A, SHBG, or CK following each treatment condition. 

5. There will be no significant differences between the grams of carbohydrate, protein, 

and fat consumed for the three days prior to, or for the day immediately preceding the 

OGTTs. 



6. There will be no significant association between the mean caloric intake of the 

participants for the 3 days or 1 day prior to each OGTT and the change in insulin area 

following each exercise (change= rest - exercise). 

7. Neither body composition, anthropometric, fitness, or fasting plasma variables will 

significantly predict the postexercise change in insulin response area from rest. 

Definitions 

The following definitions and explanations are presented to help clarify the study. 
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Aerobic Training. Various exercise activities that utilize large muscle groups, large 

amounts of oxygen, that are rhythmic, and can be performed continuously (ACSM, 1995). 

Atherosclerosis. Characterized by a protrusion of smooth muscle cells in the arteries 

containing lipids surrounded by a matrix of connective tissue cells, collagen, elastic fibers, 

and mucopolysaccharides. As the fibrous plaque enlarges, it may become calcified, may 

undergo necrosis, may bleed internally, and may fissure and develop a thrombus, and thus 

may partially or completely occlude the artery (Cheitlin, Sokolow, & Mcilroy, 1993). 

Cholesterol. A sterol widely distributed in animal tissues and occurring in the yolk of eggs, 

various oils, fats, nerve tissue of the brain and spinal cord, the liver, kidneys, and adrenal 

glands. It is important in metabolism, serving as a precursor of various steroid hormones. 

In most individuals an elevated blood level of cholesterol constitutes an increased risk of 

developing coronary heart disease (Davis, 1985). 

Coronary Artery Disease (CAD). Narrowing of the coronary arteries sufficiently to 

prevent adequate blood supply to the myocardium. The narrowing is usually caused by 
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atherosclerosis, and it may progress to the point where the heart muscle is damaged due to 

the lack of blood supply (Davis, 1985). 

C-peptide. The connecting peptide of the proinsulin molecule consisting in the human of 

31 amino acids (Hadley, 1984). Plasma C-peptide is secreted in equimolar amounts with 

insulin from the pancreas, however, unlike insulin, it is minimally extracted by the liver 

(Boyko, Keane, Marxhall, & Hamman, 1991). 

Centrality Index (Cl). The ratio of the subscapular skinfold thickness to the triceps 

skinfold thickness. An indicator of the predominance of fat on the trunk (subscapular) or 

limbs (triceps; Haflher et al., 1987). 

Creatine Phosphokinase (CK). An enzyme present in skeletal and cardiac muscle and the 

brain, which catalyzes the reversible transfer of high-energy phosphate between creatine 

and phosphocreatine and between adenosine diphosphate and adenosine triphosphate 

(Davis, 1985). Elevated levels of this enzyme are indicative of muscular trauma (Wilmore 

& Costill, 1994). 

Diabetes Mellitus. A disorder of carbohydrate metabolism resulting from inadequate 

production or utilization of insulin (Davis, 1985). Diabetes Mellitus is characterized by 

elevated blood sugar (hyperglycemia) and sugar in the urine (glycosuria). 

Dual Energy X-ray Absorptiometry (DXA). A method for measuring bone mineral 

density, bone mineral content, and soft tissue content of the body. It is based on the 

amount of radiation absorption, or attenuation, of the different body tissues (Lunar DPX 

Operators Manual, 1990). 



Dyslipidemia. An abnormal blood lipid profile (Bell, 1993). 

Euglycemia. The maintenance of blood glucose at a normal, fasting level (Mikines et al., 

1988). 

Glucose. A sugar formed during digestion from the hydrolysis of disaccharides and 

polysaccharides, and absorbed from the intestines into the blood of the portal vein. The 

normal glucose concentration in the blood is 80 to 120 mg/dl (Davis, 1985). 

Glucose Tolerance Test. A test performed by giving a certain amount of glucose to a 

person orally or intravenously. Blood samples are drawn at specified intervals and the 

blood glucose determined in each sample. By this means, the ability of a person to 

metabolize glucose can be determined (Davis, 1985). 

Glut-4 Protein. A protein involved in glucose transport in insulin sensitive tissues such as 

fat and muscle (Devaskar & Mueckler, 1992). 

Hyperinsulinemia. An excessive amount of insulin in the blood (Hadley, 1984 ). 

Hyperinsulinemia often occurs in insulin resistant individuals (DeFronzo & Ferrannini, 

1991). 
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Hyperinsulinemic-Euglycemic Clamp Technique. A procedure in which glucose is 

maintained at fasting levels with an intravenous infusion of glucose along with a 

continuous infusion of exogenous insulin (Rogers, 1989). This procedure is used to 

determine insulin sensitivity and/or insulin responsiveness by the rate of glucose clearance 

from the blood (DeFronzo et al., 1979). 

Hypertension. A blood pressure above 140/90 mm Hg on repeated measurements (Kaplan, 
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1986). 

Ideal Body Weight. Each participant's reference weight as determined by the following 

formula: 

Female reference body weight= 119 lb. for first 5 feet of height+ 3 lb. for every inch 

over 5 feet (Linder, 1991). 

Impaired Glucose Tolerance (Glucose Intolerance). The National Diabetes Data Group 

criteria for impaired glucose tolerance require that the fasting plasma glucose values be 

less than 140 mg/dl, the midtest value of an oral glucose tolerance test be greater than or 

equal to 200 mg/dl, and the two-hour value fall between 140 and 199 mg/dl. The World 

Health Organization criteria require only the fasting and two-hour values (Harris et al., 

1987). 

125I-Insulin. Insulin labeled with a radioisotope (ICN Biomedicals, Inc., 1994). 

Insulin-Dependent Diabetes Mellitus (IDDM). This syndrome generally occurs in younger 

individuals and is due to an absolute deficiency of insulin secondary to profound beta cell 

destruction (Olefsky, 1985). 

Insulin Resistance. A state in which a normal concentration of insulin produces a less than 

normal uptake of glucose (Kahn, 1978). 

Insulin Responsiveness. The maximal glucose uptake in response to the action of insulin 

(King et al., 1988A). 

Insulin Sensitivity. The insulin concentration that elicits one-half of the maximal glucose 

uptake (King et al., 1988A). 



Lipoproteins. Conjugated proteins consisting of simple proteins combined with lipid 

components: cholesterol, phospholipid, and triglyceride. Analysis of their concentrations 

and proportions in the blood can provide important clues as to their role in certain 

diseases, particularly cardiovascular abnormalities, hypertension, atherosclerosis, and 

coronary artery disease. Lipoproteins are classified as very low-density (VLDL), 

low-density (LDL), and high-density (HDL). Individuals with high blood levels ofHDL 

are less predisposed to CAD as compared to those with high blood levels ofVLDL or 

LDL (Davis, 1985). 

11 

Maximal Oxygen Consumption (V02max). The maximum ability of the individual to take 

up, transport, and utilize oxygen by the working muscle (Astrand & Rodahl, 1986). For 

the purposes of this study, V02max was determined by attainment of at least two of the 

following: (a) a leveling off ofV02 with increasing work or an increase ofless than 150 

ml/min between the last two stages of work; (b) maximal heart rate within 10 beats per 

minute of age predicted maximum; and ( c) a respiratory exchange ratio of 1.1 or greater 

during the last stage of work (Taylor, Buskirk, & Henschel, 1955 and Holly, 1988). 

Non-Insulin-Dependent Diabetes Mellitus (NIDDM). A form of diabetes mellitus that 

occurs predominately in adults. The insulin produced is sufficient to prevent ketoacidosis 

but insufficient to meet the total needs of the body (Davis, 1985). The condition is 

characterized by impaired insulin secretion, insulin resistance, and increased hepatic 

glucose production (Olefsky, 1985). The National Diabetes Data Group criteria for 

diabetes require that the fasting plasma glucose be greater than or equal to 140 mg/dl or 
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that both the midtest and two-hour plasma glucose values of an oral glucose tolerance test 

be greater than or equal to 200 mg/dl. The World Health Organization criteria require only 

the fasting and two-hour values (Harris, 1987). 

Normoglycemia. A normal concentration of glucose in the blood ( < 100 mg/dl in fasted 

adults; National Diabetes Data Group, 1979). 

Obese ( obesity). An abnormal amount of fat in the body (Davis, 1985). A body weight 

more than 20 percent above the ideal weight (Van ltallie, 1985). 

Radioimmunoassay. The term applied to the measurement of the concentration of antigen 

molecules using a radioactive label that quantifies the amount of antigen (i.e., hormone) by 

detennination of the extent to which it combines with its antibody (ICN Biomedicals, Inc., 

1994). 

Repetition Maximum (RM). The maximal load that a muscle group can lift over a given 

number of repetitions before fatiguing. For example, a lRM load is the maximal load that 

can be lifted one time (Fox, Bowers, & Foss 1989). 

Responder. A person or thing that responds (Stein et al., 1980). Pertaining to this study, 

the word respond has been defined as a favorable reaction to treatment (Landau et al., 

1975). The prefix, non-, denotes negation or absence of (Landau et al., 1975). Therefore, 

a nonresponder is a person or thing who does not respond favorably to a reaction or 

treatment. In the scientific literature, the terms "responder" and "nonresponder" have been 

used to describe the response of an individual to a particular treatment. Participants who 

respond favorably to a treatment have been described as "responders", while those who 



13 

respond unfavorably are "nonresponders" (Bosello, Armellini, Zamboni, & Fitchet, 1997, 

Pasquali et al., 1989, and Watts et al., 1990). Concerning postexercise insulin responses, a 

"responder" has been described as those participants who experience a reduction in 

postexercise insulin area (i.e., postexercise insulin area is less than resting insulin area). A 

"nonresponder" is observed to have no change, or an increase in the postexercise insulin 

area (i.e. postexercise insulin area is equal to or greater than resting insulin area; Ben-Ezra 

et al., 1995 and Jankowski, 1996). 

Sedentary. The lack of physical exertion at work or leisure. In this study, women who 

engaged in physical training (aerobic or strength) less than twice per week over the three 

months prior to their participation in the study were considered sedentary. Significant loss 

of maximal oxygen consumption occurs within 3 to 8 weeks of complete detraining (Coyle 

et al., 1984), but may be maintained if exercise frequency is twice per week (Hickson & 

Rosenkoetter, 1981). 

Sex Hormone Binding Globulin (SHBG). An allosteric glycoprotein produced in the liver 

that has an affinity for testosterone (Davis, 1985). Measurement of plasma SHBG is used 

as an indirect index of androgen/estrogen balance (Anderson, 1974), and decreased 

concentrations are associated with glucose intolerance and hyperinsulinemia in 

premenopausal women (Haffuer et al., 1988). 

Strength Training. A type of exercise which requires the body's musculature to move or 

attempt to move against some type of opposing force presented by various types of 

equipment (Fleck & Kraemer, 1987). 
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Syndrome X. The clustering of metabolic and physiological abnormalities (i.e., 

dyslipidemia, glucose intolerance, and hypertension) in the same individual. Syndrome Xis 

associated with hyperinsulinemia and/or insulin resistance (Reaven, 1988). 

Limitations 

The study was subject to the following limitations. 

1. The results can only be generalized to sedentary, non-diabetic women between the 

ages of 18 and 42. 

2. The ability of the researcher to accurately measure and record the physiological 

variables tested. 

3. The degree to which the participants followed instructions. 

4. The validity and reliability of the measurement process. 

Significance 

In the United States, more than six million people have been diagnosed as having 

NIDDM, and a comparable number have the condition but have not been diagnosed 

(Department of Health and Human Services, 1991 and Harris, 1993). Total rates of 

NIDDM increase with age, from 2.0% of the population at age 20 to 44 years, to 17.7% 

at age 65 to 74 (Harris, 1987). Non-insulin-dependent diabetes is characterized by insulin 

resistance (Olefsky, 1985), which is a central characteristic in several other clinical entities 

such as hypertension (Modan et al., 1985), dyslipidemia (Zavaroni et al., 1985), 

atherosclerosis (Stout, 1990), obesity (DeFronzo, 1978), and abdominal obesity (Pedersen 

et al., 1993). Each of these conditions, including NIDDM, is a risk factor for the 
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development of coronary artery disease, the leading cause of death and disability in 

Western societies (Bush, Fried, & Barrett-Conner, 1988). The risk of developing coronary 

artery disease is further enhanced when these disorders cluster in the same individual. It 

has been reported that women who develop insulin resistant disorders are at greater risk of 

cardiovascular morbidity and mortality than men (Wegner, Speroff, & Packard, 1993). 

The clustering of risk factors for coronary artery disease in persons with NIDDM is 

common. For example, the prevalence of hypertension is 61 %, hypercholesterolemia is 

49%, low density lipoprotein (LDL) cholesterol greater than 130 mg/dl is 62%, and 

hypertriglyceridemia is 28%, while the prevalence of obesity is 50% for men and 82% for 

women in NIDDM individuals (Harris, 1993). More than 95% of diabetics have coronary 

artery disease, or have two or more risk factors for coronary artery disease. In addition to 

the association with coronary artery disease, diabetes is the single greatest contributor to 

blindness (Davis, 1992), end stage renal disease (National Institutes of Diabetes and 

Digestive and Kidney Diseases, 1989), and nontraumatic amputations (Malone, Snider, & 

Anderson, 1989) in the United States. 

Diabetes is the seventh leading cause of death in the United States with approximately 

160,000 deaths reported in 1988 (National Center for Health Statistics, 1992). Because of 

the numerous complications associated with NIDDM, the number of deaths attributed to 

diabetes in this country is probably underestimated (Vinicor, 1994). The vast majority of 

deaths among diabetic individuals, 70 to 80%, have been attributed to cardiovascular 

disease (Eschwege, Richard, & Thibult, 1985). A lowering of abnormally high levels of 
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insulin by decreasing insulin resistance might, therefore, be of importance in the prevention 

ofNIDDM and its associated insulin resistant disorders. 

Physical exercise has been recommended as an effective way to improve 

insulin-mediated glucose uptake and therefore decrease the risk of developing insulin 

resistant disorders. A single bout of either aerobic or strength training has been shown to 

significantly improve peripheral insulin sensitivity in nonnoglycemic, untrained participants 

(Fluckey et al., 1994 and Young et al., 1989). However, to date no study has compared 

the efficacy of a single session of aerobic and strength exercise on peripheral insulin 

sensitivity in the same person. Furthermore, few studies have specifically focused on 

insulin sensitivity following a single exercise session in untrained women. Thus it is 

unknown if a single session of exercise will improve insulin sensitivity in normoglycemic 

women, which may aid in the treatment or prevention of insulin resistant disorders. 



CHAPTER II 

REVIEW OF THE LITERATURE 

The purpose of the study was to compare the effects of a single bout of aerobic and 

strength training on the insulin response to oral glucose ingestion in non-diabetic, 

sedentary premenopausal women. This chapter reviews the function of insulin, the factors 

suspected to be associated with insulin resistance, and the impact of exercise, both acute 

and chronic, on the regulation of insulin and insulin sensitivity. The following topics are 

reviewed: (a) Insulin, Hyperinsulinemia, and Insulin Resistance; (b) Total and Regional 

Adiposity and Risk ofNIDDM; (c) Total and Regional Adiposity, Insulin, and Insulin 

Resistance; ( d) Regional Adiposity, Free Fatty Acids, and Insulin Resistance; ( e) Sex 

Hormone Binding Globulin and Insulin Sensitivity; (t) Insulin Sensitivity and Physical 

Fitness; (g) Insulin Sensitivity and Aerobic Exercise Training; (h) Insulin Sensitivity and 

Strength Training; (i) Insulin Sensitivity and Detraining; and G) Insulin Sensitivity 

Following a Single Exercise Session. 

Insulin, Hyperinsulinemia, and Insulin Resistance 

Insulin is a hormone produced by the B-cell of the islets of Langerhans in the pancreas. 

The major function of insulin is to facilitate glucose uptake in all tissues except the brain. 

The effect of insulin, therefore, is to reduce the amount of glucose in the blood. The 

release of insulin by the pancreas is directly related to the level of glucose in the blood that 
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passes through it (Mayes, 1993). An increase in the concentration of glucose in the blood 

will stimulate pancreatic insulin secretion, whereas a reduction in the concentration of 

glucose in the blood will reduce pancreatic insulin secretion. This feedback mechanism 

helps to maintain the body's systemic-blood glucose levels within a narrow margin of 4.5 

to 5.5 mmol/L (Mayes, 1993). 

For insulin to act, it first must bind to specific receptors present on the cell surface of 

all insulin target tissues (i.e. muscle). Once insulin has bound to its receptor, a second 

messenger for insulin action is activated. This messenger then stimulates glucose transport 

via a complex mechanism that involves the translocation of glucose transporter units from 

within the cell into the cell membrane. Once inserted into the cell membrane, the 

glucose-transport units are activated by insulin, and glucose fluxes into the cell. The free 

glucose is then rapidly oxidized or converted to glycogen (DeFronzo & Ferrannini, 1991). 

The inability of insulin to stimulate the uptake of glucose in its target tissue is referred 

to as insulin resistance. Insulin resistance has been defined as a decreased ability of insulin 

to translocate glucose from the extracellular to the intracellular compartment (Marin et al., 

1993). In the most general sense, insulin resistance, or resistance to insulin-stimulated 

glucose uptake, may be said to exist whenever normal concentrations of insulin produce a 

less than normal uptake of glucose (Kahn, 1978). Insulin resistant states include (a) 

decreased maximal insulin responsiveness, in which the maximal glucose uptake in 

response to the action of insulin is reduced; (b) decreased insulin sensitivity, in which 

maximal response is unchanged, but greater than normal concentrations of insulin 



19 

(hyperinsulinemia) are required to·elicit a normal level of glucose uptake; and (c) 

decreased sensitivity and responsiveness, which are combinations of the above (Kahn, 

1978). Insulin resistance may occur by alterations prior to the interaction of insulin with 

the receptor, at the level of the receptor, or distal to the insulin-receptor interaction (i.e., 

glucose transport, glucose oxidation, or conversion of glucose to glycogen; Kahn, 1978). 

The following measures and methods have been used to identify a change in insulin 

resistance or sensitivity: (a) fasting plasma insulin level, (b) 2-hour post OGTT plasma 

insulin level, ( c) insulin area in response to oral or intravenously administered glucose, ( d) 

insulin-glucose index, (e) insulin-mediated glucose disposal or steady-state plasma glucose 

(SSPG) level using the euglycemic or hyperglycemic insulin clamp technique, and/or (f) 

pancreatic beta cell sensitivity to glucose using the hyperglycemic clamp technique. 

A reduction in the glucose-stimulated insulin response despite a similar or reduced 

glucose response is considered evidence of an improved peripheral insulin sensitivity 

because less hormone is required to clear the glucose (Fluckey et al., 1994). Skeletal 

muscle is believed to be the major glucose-consuming tissue in the insulin-stimulated state 

(DeFronzo, 1981 ). During an oral glucose load, for example, glucose uptake by skeletal 

muscle increases by 5 to 10 fold. Furthermore, about 70% of an oral glucose load (Katz et 

al., 1983), and up to 85% of infused glucose during clamp studies is disposed in the 

muscle tissue where it is stored as glycogen or undergoes glucose oxidation (DeFronzo et 

al., 1981 ). In addition, one day following a single session of aerobic, glycogen depleting 

exercise, insulin dependent glucose uptake in premenopausal women is significantly 



increased, and much higher than non-insulin dependent glucose uptake (Marin et al., 

1993). Therefore, skeletal muscle insulin resistance is believed to be the :functionally 

important abnormality in considering insulin resistance (Olefsky, 1985). 
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Hyperinsulinemia is a response to insulin resistance (Ferrannini, 1991). To compensate 

for a defect in insulin-mediated glucose metabolism (insulin resistance), the B-cell of the 

pancreas must augment its secretion of insulin. This, in a sense, is an adaptive process in 

that the hyperinsulinemia prevents the onset of abnormally high levels of blood glucose 

both in the fasted state and in response to glucose ingestion (DeFronzo & Ferrannini, 

1991). Eventually, however, the ability of the pancreas to keep pace with the persistent 

demand to produce insulin diminishes and, as a result, blood insulin levels decrease while 

blood glucose levels increase. As glucose levels increase further, insulin levels inversely 

follow (Bell, 1993). Thus, glucose intolerance followed by NIDDM eventually develop. 

It has become apparent that insulin resistance and/or hyperinsulinemia are present in 

various metabolic and physiological disorders other than NIDDM. For example, 

hyperinsulinemia and insulin resistance have been shown to be underlying factors in 

obesity (DeFronzo, 1978), abdominal obesity (Pedersen et al., 1993), hypertension 

(Modan et al., 1985 and Ferrannini, 1991), hyperandrogenism (Fendri et al., 1994) 

dyslipidemia (Zavaroni et al., 1985), and atherosclerotic cardiovascular disease (Stout, 

1990). In addition, many of these disorders have been found to cluster in the same 

individual (Haffner et al., 1988, Modan et al., 1985, Orchard et al., 1983, and Zavaroni et 

al., 1989). The clustering of these conditions has been referred to as "Syndrome X" 
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(Reaven, 1988), or insulin-resistance syndrome (Haffuer et al., 1992). 

Total and Regional Adiposity and Risk ofNIDDM 

Because of the association of overall and regional adiposity to hyperinsulinemia and 

insulin resistance, numerous body measures have emerged as important indices for 

determining the risk of developing insulin-resistant syndromes, such as NIDDM. Measures 

of overall obesity have mostly included percent ideal body weight (%IBW) and body mass 

index (BMI), which do not measure fat content per se, but are indirect estimates of obesity 

status based on a persons weight and height. Measures of regional fat distribution linked 

to abnormalities in metabolism include such inexpensive and noninvasive measures as the 

centrality index (Cl), and waist to hip ratio (WH). The CI is the ratio of subscapular to 

triceps skinfold thickness, and is an indicator of the relative amount of fat deposited on the 

trunk (subscapular) and on the limbs (triceps). The WH is a comparison of upper body 

( waist circumference) and lower body (hip circumference) adiposity. The CI measures 

subcutaneous fat, while the WH measurement includes subcutaneous (hip) and visceral 

(waist) fat deposition (Lohmann, 1992). The WH and CI are independent indicators of 

body fat distribution among premenopausal women (Haffuer, Stern, Hazuda, Pugh, 

Patterson, & Molina, 1986) indicating that each parameter reflects a different aspect of 

regional adiposity (Haffuer, Stern, Hazuda, Pugh & Patterson, 1987). More direct 

measures of body fat distribution include computerized tomography (CT), nuclear 

magnetic resonance imaging (MRI), or dual-energy x-ray absorptiometry (DXA). Despite 

the imperfect nature of the WH, it has been shown to be significantly correlated with the 



ratio of visceral to subcutaneous abdominal fat as determined by CT (Peiris et al., 1987) 

and the associated metabolic perturbations (Bonora et al., 1992, Peiris, Mueller, Struve, 

Smith, & Kissebah, 1987, and Haflher et al., 1987). 
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In a case-control study, Schmidt, Duncan, Canani, Karohl, & Chambless (1992), 

reported that women with a high WH (2: 0.83) are at significantly greater risk of 

developing NIDDM than women with a lower WH, independent ofBMI, age, and family 

history of diabetes. The WH-NIDDM association was greatest in obese women (B:MI 2: 

27), where the prevalence of diabetes is most pronounced. In addition, the association of 

WH with NIDDM prevalence was found to be larger in women than in men. Haffner et al. 

(1987) indicated that BMI, WH, and CI each make independent contributions to the 

prediction ofNIDDM in Mexican American women. The WH was reported to be a better 

screening measure for predicting NIDDM than either BMI or CI in this population. The 

prevalence ofNIDDM in Mexican American women was found to increase 3.5 fold in 

high(> 0.873) compared to low(< 0.806) WH, and 3.1 fold in high(> 30) compared to 

low ( < 25) BMI (Haffner, Braxton, Stem, Hazuda & Patterson, 1992). Additionally, 

older, predominantly white American women with both increased WH (> 0.878) and BMI 

(> 29.2) had a 14.4 fold higher risk of diabetes than women with lower WH (< 0.802) and 

BMI (< 24.7; Kaye, Folsom, Sprafka, Prineas, and Wallace, 1991). In a 12-year 

longitudinal population study of women in Gothenburg, Sweden, Lundgren et al. (1989) 

reported a significant difference in BMI, the sum of the subscapular and triceps skinfolds, 

and WH between women who developed NIDDM and those who did not. Each measure 
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was significantly and independently associated with the incidence of diabete~ in these 

women. According to the results of these studies, the effect~ of upper body and/or 

abdominal fat predominance and total adiposity appear to be independent, and additive in 

the risk of developing NIDDM. 

Total and Regional Adiposity, Insulin, and Insulin Resistance 

Indeed, cross sectional investigations on the association of obesity level and regional 

adiposity with glucose and insulin (fasting and responses) suggest that the effects of upper 

body obesity are independent of, and additive to those of overall obesity level. Evans, 

Hoffman, Kalkhoff, and Kissebah (1984) studied 80 women over a wide range of obesity 

level (%IBW = 92 - 251) and waist to hip ratio (0.64 - 1.02). An increase in waist to hip 

ratio was accompanied by progressively higher fasting insulin and glucose, and insulin 

responses following glucose ingestion. The percent of ideal body weight was also 

correlated with these metabolic indices. The effects of regional adiposity, however, were 

independent of, and additive to those of obesity level. Within the obese group (%IBW > 

130), the %IBW had no predictive value of the metabolic indices, while the waist to hip 

ratio remained a significant predictor of glucose and insulin in this group. The obese group 

of women were further separated into three subgroups on the basis of waist to hip ratio 

(<0.76, 0.76-0.85, >0.85). Fasting plasma insulin and OGTT insulin response significantly 

(Q < .05) increased as waist to hip ratio increased (fasting= 28, 30, and 40 uU/mL; 

OGTT = 508, 538, and 718 uU/mL/min, respectively). In addition, fasting plasma insulin 

and insulin response were lower in the nonobese group (19 uU/mL and 304 uU/mL/min, 
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respectively) compared to either of the three subgroups of obese women. Evans, Murray, 

and Kissebah (1984) reported that premenopausal women with a preponderance of 

abdominal fat (WH > 0.85) had a 2 to 3 fold increase in basal and OGTT glucose and 

insulin levels compared to age- and weight-matched lower obese women (WH < 0.76). 

Compared to nonobese premenopausal women, the plasma insulin levels of lower body 

and upper body obese women were approximately 2 and 4 fold higher, respectively. Peiris 

et al. (1987) reported that all indices denoting preponderance of fat in the central, upper 

body, or abdominal region are closely related to alterations in glucose and insulin 

concentrations independent of age and obesity level. The subscapular skinfold and Cl were 

significantly and positively correlated with fasting and OGTT stimulated glucose and 

insulin areas. In addition, WH and CT-derived intra-abdominal fat area were significantly 

and positively correlated to fasting glucose and insulin, and to glucose stimulated insulin 

area. A significant association between CT-derived abdominal fat area, abdominal fat cell 

weight, and femoral fat area with glucose and insulin areas during an OGTT has also been 

reported (Pouliot et al., 1989). However, according to Pouliot and colleagues (1989), -. 

abdominal fat area and the abdominal fat cell weight appear to be more closely associated 

with the insulin area than femoral fat area or femoral fat cell weight, suggesting an additive 

role of upper body fat accumulation and the related hypertrophy of abdominal adipose 

cells in determining the magnitude of the insulin response to an OGTT. Using 

DXA-derived regional soft tissue measurements, Nichols et al. (1996) reported total fat 

(!: = 0.60), abdominal fat (!: = 0.43), visceral fat (r = 0.55), and total lean mass (r = 0.30) 
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to be significantly associated with the OGTT insulin response. 

In premenopausal women, increasing adiposity, as indexed by %IBW or BMI, is 

associated with pancreatic insulin hypersecretion, while the pronounced hyperinsulinemia 

of upper body fat localization, as indexed primarily by WH, is due to an additional defect 

in hepatic insulin metabolism or removal (Peiris, Mueller, Smith, Struve, & Kissebah, 

1986). The method of determining pancreatic insulin secretion and hepatic insulin removal 

is based on the relationship of insulin and its connecting peptide (C-peptide). Insulin and 

C-peptide are secreted from the pancreas in equimolar amounts. Since hepatic extraction 

of C-peptide, in contrast to insulin, is negligible, measurements of peripheral C-peptide 

turnover estimate prehepatic or pancreatic insulin production. Peripheral insulin turnover, 

on the other hand, includes the amount retained by the liver during the first portal passage. 

The difference between these two measurements quantifies the hepatic insulin extraction 

(Kissebah, Peiris, & Evans, 1988). Peiris et al. (1986) studied the influence of body fat 

distribution on splanchnic insulin metabolism in premenopausal women. Compared with 

nono bese women,· obese women had significantly greater prehepatic insulin production 

and portal vein insulin levels both basally and following glucose stimulation. The higher 

levels of insulin correlated with the degree of overweight, but not with the WH, or 

peripheral insulin sensitivity. However, in obese women, increasing WH was associated 

with decreasing hepatic removal of insulin. Consequently, posthepatic insulin delivery was 

progressively increased and correlated with the degree ofhyperinsulinemia. When the 

obese women were divided into age and weight-matched subgroups of upper or lower 
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body fat patterns (WH > .85 and< .76, respectively) the upper body obese women had 

significantly higher insulin responses to an OGTT, despite similar C-peptide responses and 

prehepatic insulin production. The decrease in hepatic insulin removal in the upper body 

obese women was proportionate to the accompanying diminution in peripheral insulin 

sensitivity. A significant decline in the metabolic clearance rate of insulin was also 

observed in upper body obese premenopausal women compared to age- and 

weight-matched lower body obese women (Peiris, Struve, and Kissebah, 1987). 

The co-existence of hyperinsulinemia and impaired glucose tolerance in upper body 

obesity suggests that diminished insulin sensitivity is an underlying abnormality (Kissebah 

et aL, 1988). Using the insulin euglycemic clamp procedure, it has been shown that 

women with a preponderance of upper body fat accumulation (WH > 0.85) compared to 

women with a preponderance oflower body fat accmnulation (WH < 0. 76), but of similar 

body weight, have a diminished efficiency of insulin-mediated glucose disposal as reflected 

by rising SSPG levels at comparable plasma insulin levels (Evans, Murray, & Kissebah, 

1984). Likewise, insulin binding to monocytes was significantly reduced in women with 

predominantly upper body obesity compared to weight matched predominantly lower body 

obese women. The reduction in insulin binding was reported to be the result of a 

decreased number of insulin receptors. Furthermore, the reduction in insulin binding of 

monocytes was significantly associated with increasing WH (r = -0.48, 12<.0l), SSPG 

(r = -0.49, 12<.05), and fasting plasma insulin (r = -0.43, 12<.0l), and a decrease in 

glycogen synthase I (r = 0.63, Q<.01). 
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In nonobese (BJ\.ll < 27), premenopausal women, it was reported that total body 

adiposity is inversely related to peripheral insulin-stimulated glucose disposal with no 

relation to measures of abdominal fat accumulation (Bonora et al., 1992). The opposite 

effects were f~und in obese (BMI >27) premenopausal women. Increasing abdominal 

adiposity was associated with a decrease in glucose disposal during the infusion of insulin, 

whereas no relationship was found between measures of total adiposity and 

insulin-mediated glucose disposal. Compared to the nonobese women, total body glucose 

utilization during the insulin clamp procedure was significantly reduced in the obese 

women. The findings by Bonora and colleagues (1992) suggest that the overall 

accumulation of body fat influences peripheral insulin sensitivity to a point, beyond which 

abdominal fat accumulation influences insulin sensitivity as determined by 

insulin-stimulated glucose disposal. 

In summary, the degree of adiposity and the site of body fat localization influence 

peripheral insulin sensitivity and insulin levels by two independent and additive 

mechanisms. Regardless of the body fat distribution pattern, obesity is associated with an 

increase in pancreatic insulin production, and a reduction in peripheral insulin sensitivity. 

Upper body fat localization, on the other hand, is associated with diminished hepatic 

insulin extraction, which, in the face of increased insulin secretion, leads to more 

pronounced insulin resistance and/or hyperinsulinemia (Peiris et al., 1986). 

Regional Adiposity, Free Fatty Acids, and Insulin Resistance 

The association of abdominal adiposity to insulin resistance, hyperinsulinemia, and 
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glucose intolerance may be partially explained by the location and metabolic characteristics 

of adipocytes (Lonnroth, 1988). Adipocytes of the gluteal and femoral region are located 

primarily subcutaneously, while adipocytes of the abdominal region may be located in 

either subcutaneous or visceral compartments. Visceral, not subcutaneous fat, has been 

shown to be negatively correlated with the plasma glucose response to an OGTT (Despres 

et al., 1989). Additionally, using 1\1RI, significant negative correlations have been reported 

between insulin-stimulated glucose metabolism (total, oxidative, and nonoxidative) and 

visceral fat content, visceral to subcutaneous fat ratio (VSR), and WH in obese women 

(Bonora et al., 1992). In contrast, no association was found between insulin-stimulated 

glucose metabolism and the amount of total fat mass, subcutaneous abdominal fat, and 

subcutaneous upper body fat (CI). A strong positive correlation between the defect in 

insulin-mediated supp~ession of lipid oxidation and the amount of visceral fat, VSR, and 

WH also was observed (Bonora et al., 1992). These results indicate that in obesity, 

abdominal visceral, but not subcutaneous fat content is an important determinant of 

insulin-mediated glucose and lipid metabolism. The metabolic features of visceral fat may 

explain the negative relationships between regional adiposity and insulin resistance in 

obese women. Among body fat depots, the visceral region is the most lipolytic 

(Rebuffe-Scrive, Andersson, Olbe, & Bjomtorp, 1989). Increased basal lipolysis results in 

higher plasma FF A levels (Bevilacqua, et al., 1987). Although overall adiposity is 

associated with increased plasma FFA levels (Bonora et al., 1992 and Pouliot et al., 1989), 

abdominal adiposity, specifically visceral fat, is more closely associated with plasma FF A 
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concentration than femoral or abdominal subcutaneous adipose tissue (Bonora et al., 1992 

and Pouliot et al., 1989). In obese women, positive correlations were reported between 

FFA levels and visceral fat content, VSR, and WH (Bonora et al., 1992). 

Visceral adipose tissue is insensitive to insulin (Bolinder, Kager, Ostman, & Arner, 

1983). Although this tissue accounts for a small fraction of glucose disposal in vivo, the 

increased delivery of FF A, through an increased rate of lipid oxidation, may also induce a 

state of insulin resistance in peripheral tissues (Bonora et al., 1992, Randle, Hales, 

Garland, & Newsholme, 1963, and Ferrannini, Barrett, Bevilacqua, & DeFronzo, 1983), 

and subsequently a decrease in total glucose disposal (Bonora et al., 1992). Consistent 

with this, Bonora et al. (1992) observed a strong positive relationship between plasma 

FF A levels and lipid oxidation during insulin infusion, and a negative association between 

plasma FF A and total -body glucose disposal. Furthermore, an increase in the release of 

FF A from abdominal, but not femoral adipose tissue, is associated (r = 0.69, R<.05) with 

an increase in insulin response area to an OGTT (Lamarche et al., 1993). The excessive 

release of FF A from highly lipolytic abdominal adipocytes into the portal circulation may 

also increase hepatic exposure to FF A, decrease hepatic insulin sensitivity, and hence 

decrease hepatic extraction of insulin (Bevilacqua et al., 1987 and Hennes, Shrago, & 

Kissebah, 1990). High FF A levels also inhibit the suppression of hepatic glucose 

production by insulin, which could potentially lead to hyperglycemia (Bevilacqua et al., 

1987 and Ferrannini et al., 1983), especially in the presence of decreased glucose uptake 

by tissues. The compensatory hyperinsulinemia as a result of peripheral insulin resistance, 



reduced hepatic extraction of insulin, and possibly hyperglycemia, might, in turn, 

exacerbate the insulin resistance by down-regulating the insulin receptor in major insulin 

target organs (Evans et al., 1984). 

Sex Hormone Binding Globulin and Insulin Resistance 
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Plasma levels of sex hormone binding globulin (SHBG) have been similarly associated 

with hyperinsulinemia, insulin resistance, obesity, abdominal obesity, and the associated 

metabolic aberrations such as NIDDM (Preziosi et al., 1993, Peiris, Mueller, Struve, 

Smith, & Kissebah, 1987, Evans, Hoffinann, Kalkhoff, & Kissebah, 1983, Haflher, Katz, 

Ste~ & Dunn, 1989, Haffuer, Valdez, Morales, Hazuda, & Ste~ 1993, and Lindstedt et 

al., 1991 ). Sex hormone binding globulin is a circulating steroid-binding protein, produced 

and secreted by the liver, which binds testosterone with high affinity and estrogens with 

lower affinity. Since it is the unbound fraction of testosterone that is bioavailable and not 

the SHBG-bound fraction, SHBG functions as a modulator of androgen delivery to the 

tissues (Nestler, 1993). Hence, a decrease in plasma SHBG levels is associated with an 

increased androgen/estrogen balance or androgenicity (Anderson, 1974). 

It has been suggested that an increased androgenicity in premenopausal women may 

mediate the association of insulin resistance and/or hyperinsulinemia with insulin-resistant 

syndromes via two independent and possibly additive mechanisms. First, increased 

androgenicity may influence the site of body fat localization, favoring deposition oflarge 

adipocytes in the upper parts of the body, particularly at visceral sites (Evans et al., 1983) 

which, as previously described, are morphologically and metabolically different from those 
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deposited in subcutaneous compartments. Second, androgenic activity may have a direct 

influence on insulin resistance and/or hyperinsulinemia. However, metabolic studies are 

equivocal as to whether increased androgenicity in premenopausal women is a cause or a 

consequence ofhyperinsulinemia or insulin resistance. For example, Barbieri and Ryan 

(1983) have shown that administration of exogenous insulin can cause increased androgen 

production by the ovary. Moreover, Plymate, Matej, Jones, and Friedel (1988) have 

shown that insulin can suppress the production of SHBG in a human hepatic cell line, and 

insulin infusion has been found to cause a significant decrease in SHBG levels of 

hyperandrogenic, obese premenopausal women (Fendri, Arlot, Marcelli, Dubreuil, and 

Lalau, 1994). On the other hand, the influence of androgenic activity on insulin and 

glucose homeostasis is supported by the following observations: (a) Exogenous 

administration of androgens has been reported to cause glucose intolerance and 

hyperinsulinemia (Beck, 1973); (b) although unrelated to pancreatic insulin secretion, 

increased androgenic activity was inversely correlated with the hepatic insulin extraction 

fraction (Peiris et al., 1987); ( c) reduced insulin metabolic clearance rate in polycystic 

ovarian syndrome has been shown to improve following reduction of androgenic activity 

by ovarian wedge resection (Ferrannini, Muggeo, Navalesi, & Pilo, 1982); and (d) SHBG 

concentration has been shown to be a significant risk factor for the development of 

NIDDM independent of overall obesity, body fat distribution, and glucose and insulin 

levels (Lindstedt et al., 1991 and Haffner et al., 1993). 

Because of the association of insulin resistance and/or hyperinsulinemia to various 
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metabolic and physiological disorders, an improvement in insulin sensitivity would appear 

to play a preventative role to the development of such insulin resistant disorders as 

NIDDM, hypertension, dyslipidemia, and atherosclerotic cardiovascular disease. Exercise 

may play a role in the prevention of developing insulin resistant disorders. 

Insulin Sensitivity and Physical Fitness 

Exercise appears to improve insulin sensitivity. Compared to the untrained, 

physically-trained persons display a normal or improved glucose tolerance despite a lower 

plasma insulin response to an OGTT. Bjomtorp et al. (1972) compared the glucose and 

insulin responses of 10 well-trained men (54 yrs.) with 16 untrained male controls (55 

yrs.). The V02max was higher (12<.001), while the amount of fat was lower (12<.001) in 

the trained compared to the untrained men (39.4 vs. 30.6 ml/kg/min and 10 vs. 16 kg, 

respectively). The body weight of the trained men was only slightly lower than the 

untrained controls. The sum of the glucose responses at each time point (0, 30, 60, 90, 

and 120 minutes) of the 100-gram OGTT were similar between the two groups. 

However, the insulin responses at each time point, and their sum were significantly 

(12<.001) lower in the well-trained men (sums= 112 ± 31 vs. 337 ± 29 uU/ml), indicating 

an improvement in insulin sensitivity. 

Dela et al. (1991) found significantly lower glucose (148 ± 30 vs. 304 ± 35 mmol/1/180 

min, n<.05) and insulin (15 ± 4 vs. 44 ± 6 pmol/ml/180 min, n<.05) areas in response to a 

1.0 gram/kg body weight OGTT in trained compared to untrained men. C-peptide areas in 

response to the OGTT were also significantly lower in the trained group (100 ± 13 vs. 171 
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± 27 pmol/mJ/180 min), indicating a lower insulin secretion. In addition to the 1.0 gram/kg 

body weight OGTT, the trained and untrained participants each underwent an OGTT 

designed to reflect their daily carbohydrate intake (2.3 ± 0.2 gram/kg body weight and a 

0.4 ± 0.03 gram/kg body weight, respectively). Comparisons were made between the 

trained group's 2.3 gram/kg OGTT and the 1.0 gram/kg OGTT of the untrained group, 

and between the 1.0 gram/kg OGTT of the trained group and the 0.4 gram/kg OGTT of 

the untrained group. The glucose areas of the trained group were similar to the untrained 

after both comparisons. Despite the similar glucose responses, the insulin areas in response 

to the 1.0 gram/kg of the trained were significantly lower than that of the untrained in 

response to the 0.4 gram/kg OGTT (15 ± 4 vs. 20 ± 2 pmol/mJ/180 min). The insulin area 

of the trained only tended to be lower when their 2.3 gram/kg OGTT was compared to the 

1.0 gram/kg OGTT of the untrained (38 ± 6 vs. 44 ± 6 pmol/mJ/180 min). No significant 

differences were found in C-peptide between the two groups after each comparison. The 

results indicate that the training-induced sparing of insulin secretion and lowering of 

plasma glucose concentrations may not be evident when the OGTT is relative to daily 

carbohydrate intake. However, the authors state that training may be beneficial by 

increasing hepatic insulin extraction, as indicated by lower insulin concentrations despite 

similar C-peptide concentrations in the trained compared to the untrained. 

Endurance training may also prevent the deterioration in glucose tolerance and insulin 

sensitivity associated with aging. Seals et al. ( 1984) compared the glucose and insulin 

responses to an OGTT in groups consisting of endurance-trained masters athletes (60 ± 2 



yrs.), older untrained men (62 ± 1 yrs.), lean, older untrained men (61 ± 2 yrs.), 

endurance-trained young athletes (26 ± 1 yrs.), and young untrained men (28 ± 1 yrs.). 

The masters athletes, young athletes, and young untrained men exhibited similar glucose 

tolerance, whereas the two older untrained groups had an almost 2 fold greater total area 

under the glucose response curve (n<.05). Plasma insulin levels, both fasted and total area 

after glucose ingestion were markedly lower (Q<.05) in the masters and young athletes. 

Insulin areas for the two trained groups, however, were similar despite the large difference 

in age. The young untrained and older untrained lean groups had similar plasma insulin 

levels, both in the fasted state and in response to the OGTT (total area). The older 

untrained group had a significantly higher insulin area in response to the OGTT compared 

with the other four groups, and exhibited a hyperinsulinemic response to the glucose 

ingestion. 

Similarly, Wang et al. (1989) found that the decline in glucose tolerance and insulin 

sensitivity associated with age can be modified by habitual activity. Participants consisted 

of Taiwanese males employed either as office workers (n = 113) or heavy physical 

laborers (N = 90). Each of these groups were further subdivided into individuals between 

20 and 40 years of age (n = 47) and those older than 40 years of age (n = 66). The plasma 

glucose and insulin of each group were measured in response to a 75-gram OGTT. In each 

group, male office workers and male laborers, glucose responses were significantly 

(n<.01) higher in the over 40 group compared with the 20 to 40 year old group. The 

plasma insulin responses, however, were not significantly different in these men. Although 
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glucose tolerance was similar in 20 to 40 year old office workers and laborers, the plasma 

insulin response was markedly reduced (Q<.001) in the 20 to 40 year old male laborers 

compared to the office workers of the same age. Both plasma glucose and insulin 

responses were significantly higher (Q<.001) in the over 40 group of office workers 

compared to the over 40 group of laborers. 

The intravenous glucose tolerance test (IGTT) has also been used in cross sectional 

observations of physically-trained individuals. Lohman et al. (1978) used an IGTT to 

examine insulin secretion and glucose tolerance in six highly trained long-distance runners 

(21 yrs.) compared with 115 normal, healthy controls (26 yrs.). The mean basal insulin 

levels were approximately 50% lower (Q<.005) in the trained runners (15 uU/ml) 

compared to the control group (30 uU/ml). Also, the insulin responses to the IGTT were 

significantly ~<.001) lower at each time point of observation in the trained runners 

compared to the control group. 

LeBlanc et al. (1979) used an IGTT to determine the effects of physical training and 

adiposity on glucose metabolism. The participants were divided into a highly-trained 

(V02max greater than 60 ml/kg/min) and less trained (V02max less than 60 ml/kg/min) 

group consisting of nine participants each. The greater body weight in the less trained 

participants was due to a higher percent body fat (14.8 percent) compared to the 

highly-trained participants (4.4 percent). The mean basal blood glucose level was 

significantly ~<.05) lower in the highly-trained group, and continued to be lower twenty 

minutes after glucose injection. No difference in blood glucose between the two groups 
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was found between 20 and 120 minutes of the test. The insulin levels both at rest and 

throughout the IGTT were significantly (R<.05) lower in the highly-trained participants. 

The C-peptide concentrations were also lower in the highly-trained. Additionally, 

1251-insulin binding to monocytes was found to be greater in the highly-trained participants. 

Although monocytes are not a target cell for the metabolic effects of insulin, binding of 

insulin to monocytes has been shown to correlate to insulin binding to adipocytes and 

hepatocytes (Rottiers et al., 1977). Partial correlation analyses indicated that the 

differences observed in the highly-trained participants with regard to glucose (r = .45, 

12<.05) and insulin (r = .51, 12<.05) levels and 1251-insulin binding (r = .46, 12<.05) were 

related to reduced adiposity rather than to enhanced V02max. Koivisto et al. (1979) also 

found 1251-insulin binding to monocytes to be higher in highly-trained (V02max = 66.0 

mVkg/min) long-distance runners at rest compared to sedentary (V02max = 42.6 

mVkg/min) control participants. However, unlike LeBlanc et al. (1979), insulin binding 

was significantly correlated (r = .63, 12<.05) with the V02max of the trained participants. 

To directly evaluate insulin sensitivity and responsiveness in endurance-trained (!!=11) 

and untrained (!!=11) individuals, King et al. (1987) performed a two-stage 

hyperinsulinemic euglycemic clamp procedure. The rate of glucose disposal during 

infusion of a low insulin dose ( 40 uU/m2/min) was used to measure insulin sensitivity, 

while the rate of glucose disposal during infusion of a high insulin dose ( 400 uU/m2/min) 

was used to measure insulin responsiveness. In addition to the hyperinsulinemic 

euglycemic clamp, a three-hour hyperglycemic clamp procedure was used to study the 
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insulin response to a fixed glycemic stimulus in 15 trained and 12 untrained participants. 

The trained participants reported to the clamp procedures 16 hours after an exercise bout 

of typical duration and intensity. During the low insulin infusion, the glucose disposal rate 

was significantly greater (Q<.01) in the trained (10.2 ± 0.5 mg/kg fat free mass) compared 

with the untrained group (8.0 ± 0.6 mg/kg fat free mass). In contrast, there was no 

significant difference in glucose disposal between the two groups during the high insulin 

infusion. During the hyperglycemic clamp procedure (blood glucose = 180 mg/di), the 

incremental area for plasma insulin was significantly (Q<.005) lower in the trained 

participants for both the early (0 to 10 minutes, 140 ± 18 vs. 223 ± 23 uU/ml/min) and late 

(10 to 180 minutes, 4,582 ± 689 vs. 8,895 ± 1,316 uU/ml/min) insulin secretory phases. 

According to the authors, these data demonstrate that (a) the improved insulin action in 

healthy trained participants is due to increased sensitivity to insulin, with no change in 

responsiveness to insulin; and (b) trained participants have a smaller plasma insulin 

response to an identical glucose stimulus than untrained individuals. However, because the 

clamp procedures were performed just 16 hours after the last bout of exercise, it is 

possible that the data reflect the residual effects of the previous exercise, and not the 

trained state of the participants. 

Hollenbeck et al. (1984) also used the insulin clamp technique to determine insulin 

sensitivity in active (n = 7) compared to inactive (n = 13) older ( 60 to 7 5 yrs.) males. 

Insulin-stimulated (40 uU/m2/min) glucose disposal was determined at least 72 hours after 

the last bout of exercise. Glucose disposal was significantly (Q<.001) increased in the 
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participants who exercised regularly (370 ± 27 ml/m2/min) compared to the men who did 

not participate in regular exercise (259 ± 16 ml/m2/min). Furthermore, a significant 

relationship (r = .74, R<.001) existed between maximal aerobic capacity and in vivo insulin 

action, which was independent of either body mass index or percentage of body fat. The 

authors hypothesized that in vivo insulin action, as determined by insulin-mediated glucose 

disposal, is enhanced in older males who regularly engage in physical conditioning. 

In summary, cross sectional observations indicate that glucose and insulin responses to 

a glucose load are reduced in aerobically-trained individuals compared to non-trained 

persons (Bjomtorp et al., 1972 and LeBlanc et al., 1979). The insulin responses of the 

aerobically-trained remain lower even when presented with a greater glucose challenge 

than the non-trained (Dela et al., 1991). The euglycemic insulin clamp technique has been 

used to quantify the utilization of glucose by peripheral tissue exposed to low and high 

insulin concentrations (King et al., 1987). The rate of glucose disposal during infusion of a 

low insulin dose is used to measure insulin sensitivity, while the rate of glucose disposal 

during infusion of a high insulin dose is used to measure insulin responsiveness. A 

hyperglycemic clamp procedure may be used to study the insulin response to a fixed 

glycemic stimulus (King et al., 1987). The improved insulin action in trained participants is 

reportedly due to an increased tissue sensitivity to insulin, with no change in 

responsiveness to insulin (King et al., 1987). Both a decrease in insulin secretion (LeBlanc 

et al., 1979), and an increase in insulin clearance (Dela et al., 1991) have been reported to 

explain the enhanced insulin sensitivity. The greater 1251-insulin binding in trained 
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individuals (Koivisto et al., 1979 and LeBlanc et al., 1979) may also partially explain the 

improved glucose tolerance and insulin sensitivity. LeBlanc et al. (1979) reported glucose 

and insulin responses and 1251-insulin binding to be related to body fat rather than V02max. 

However, Koivisto et al. (1979) did find 1251-insulin to be related to V02max, and 

Hollenbeck et al. (1984) reported a significant correlation between in vivo insulin action 

and V02max independent ofBMI or percent body fat. Ebeling et al. (1993) reported that 

the mechanisms responsible for promoting an increase in insulin sensitivity in 

highly-trained athletes are an increase in GLUT-4 protein content, glycogen synthase 

activity, glucose storage as glycogen, and muscle blood flow. 

Insulin Sensitivity and Aerobic Exercise Training 

The results oflongitudinal studies incorporating aerobic exercise confirm the previous 

cross sectional observations of trained and more physically active individuals. After a 

period of training, glucose responses are typically unchanged, while insulin responses, and 

insulin sensitivity are significantly improved. Bjomtorp et al. (1972) examined the glucose 

and insulin responses to a 100-gram OGTT before and after a nine-month training 

program. The participants were comprised of men who were three months 

post-myocardial infarction. Training consisted of an interval program of cycling, running 

and calisthenics for 3 0 minutes, three times per week. The physical work capacity was 

improved in the 15 men who adequately adhered to the training program, yet the sum of 

the glucose responses to the OG TT, although reduced, was not significantly improved 

after training in these 15 men (621 ± 56 to 573 ± 42 mg/100 ml/120 min). However, the 
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sum of their insulin responses to the OGTT was significantly (Q<.001) reduced from 

566 ± 99 to 196 ± 23 uU/ml/120 min. Body fat was also significantly (Q<.01) reduced 

after the training. Likewise, Leon et al. (1979) found that a 16-week walking program 

significantly reduced the sum of insulin responses (327.6 to 186.9 uU/ml, u<.05) to a 

100-gram OGTT, despite no significant improvement in glucose tolerance ( 449 .2 to 410.2 

mg/dl). Submaximal work capacity was also improved by training (Q<.05), as were body 

weight and percent fat (Q<.01). The six male participants (19 to 31 yrs.) met five days per 

week for each 90-minute session of treadmill walking at 3.5 mph and 10% grade. 

Lampman et al. (1985) reported similar results following nine weeks of aerobic 

training in 10 middle-aged (34 to 58 yrs.) men with mild hypertriglyceridemia. The training 

consisted of three sessions of treadmill jogging per week for 30 to 40 minutes at 85% of 

maximal heart rate. The participants were instructed to increase their total caloric intake 

by 150 to 170 kcal/day in order to compensate for the additional caloric expenditure due 

to exercise. Thus, body weight remained unchanged after training, while V02max 

significantly (Q<.01) improved. Fasting and oral glucose-stimulated glucose concentrations 

were similar before and after training, and although reduced, fasting plasma insulin 

concentrations were also similar. However, the insulin response to oral glucose was 

significantly (Q<.01) decreased after training. Therefore, this study demonstrates that 

exercise training which results in an improvement in V02max, but not body weight, can 

still significantly improve insulin responses to an OGTT. 

Seals et al. (1984) found that the intensity of the training program can influence the 
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degree of improvement in insulin responses to an OGTT. Twelve older (63 ± 1 yrs.) men 

and women participated in six months oflow-intensity walking at 60% of maximal heart 

rate, followed by another six months of higher-intensity walking at 80 to 90% of maximal 

heart rate. A 100-gram OGTT was performed before training, and 14 hours after each 

six-month training period. Maximal oxygen uptake increased 12% after low-intensity 

training (Q<.05), and 18% further in response to higher-intensity training (Q<.01), while 

body weight and the sum of seven skinfolds were significantly (Q<.05) reduced after 

higher-intensity training only. Glucose tolerance, which was normal initially, was not 

significantly changed after training. However, the total area for insulin was 8% lower 

(Q<.05) after low-intensity training, and 23% lower (Q<.05) after higher-intensity training 

compared with before training. The plasma C-peptide response was also significantly 

(Q<.05) reduced after higher-intensity training, indicating a reduction in insulin secretion. 

The greater improvement in insulin responses following high-intensity exercise may be 

related to the significant increase in V02max, and decreases in body weight and sum of 

skinfolds. However, the OGTTs were performed just 14 hours postexercise, and therefore 

may reflect the effects of the last exercise session. 

Studies incorporating the euglycemic insulin clamp technique have reported an 

improvement in insulin sensitivity following aerobic training. Soman et al. (1979) found an 

improvement in both insulin sensitivity and insulin binding to monocytes after a 

six-week training program. Six previously untrained men cycled for one hour, four times a 

week at 70% of their V02max. Body weight did not change following the aerobic training, 
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however changes in fat mass and fat free mass were not monitored. Forty-eight hours after 

the last bout of exercise, insulin-mediated glucose uptake increased by 30% (Q<.01 ). The 

increase in insulin sensitivity correlated with the 20% (Q<.02) rise in VO2max (r = .81, 

R<.05). Binding of 1251-insulin to monocytes increased by 35% (Q<.02) after training, 

primarily because of an increase in the concentration of insulin receptors. 

Similarly, Sato et al. (1986), using an insulin clamp, found improved insulin sensitivity 

after only one month of aerobic training in seven previously untrained men. The training 

consisted of running four kilometers, five times a week, and resulted in a significant 

increase in VO2max (51.8 ± 1.7 to 58.8 ± 1.8 ml/kg/min, R<,05). Forty-eight hours after 

training, glucose uptake in response to insulin infusion at 40 uU/m2/min was also 

significantly increased compared with pretraining values (40.3 ± 3.9 to 42.2 ± 4.4 

umol/kg/rnin, Q<.05). Glucose uptake was found to be significantly correlated with 

VO2max (r = .73, Q<.001). Using the same insulin clamp procedure, Oshida et al. (1989) 

found that 12 months of jogging significantly improves insulin sensitivity despite no 

change in either body mass index or VO2max. The jogging program consisted of running 

four kilometers per week in 30 to 40 minutes, four or more times per week at only 40% of 

VO2max. Although the clamp procedure was performed 48 hours posttraining, it is 

possible that the observed increase in insulin action was due to the persistent effects of the 

last bout of exercise. 

Using a hyperglycemic clamp procedure, Kirwan et al. (1993) found that a 

nine-month endurance training program can improve the insulin action of older (65 ± 1 
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yrs.) men and women to levels typical of young (25 ± 1 yrs.), active persons. The older 

participants trained approximately 45 minutes per day, four days per week at 82% of 

maximal heart rate. As a result of the training, body weight and percent fat significantly 

(R<.05) decreased, while VO2max increased (R<.05). Also, the fasting (7.4 ± 1.5 to 5.5 ± 

0.8 uU/ml) and plasma insulin concentrations during hyperglycemia (36.6 ± 6 to 26.5 

uU/ml) were significantly (n<.05) lower after the exercise program. Insulin action was 

improved by the training, as the glucose disposal rate during hyperglycemia was 

unchanged despite a blunted insulin response, resulting in an increase in the glucose 

disposal/insulin concentration ratio from 24 ± 5 to 30 ± 5 (R<.05). This value was similar 

to the glucose/insulin concentration ratio of 33 ± 4 found in the normally active, young 

control participants. The improved insulin action of the elderly was confirmed by a 

significantly (R<.05) lower insulin, but not glucose, response to an OGTT which was also 

similar to that of the young control participants. 

Hughes et al. (1993) also found an improvement in insulin action in 18 older (64 ± 1 

yrs.), glucose intolerant participants after 12 weeks of aerobic activity. Participants trained 

at 50 to 75% of maximal heart rate reserve 45 minutes per day, four days per week. 

Peripheral insulin action was determined 96 hours after the last exercise bout using a 

two-stage hyperinsulinemic euglycemic clamp with insulin maintained at 192 and then 708 

pmol/1. Training-induced changes were observed in body weight (n<.05) and VO2max 

(R<.001), but not percent body fat. Unlike Kirwan et al. (1993), a significant (R<.05) 

decrease in the plasma glucose response to an OGTT was observed, while OGTT insulin 
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responses were not affected by training. The rate of glucose disposal was unchanged 

during the low insulin concentration but increased (n<.05) 11 % at the high insulin 

concentration. In addition, the concentration of the insulin-sensitive glucose transporter 

protein GLUT-4 increased 60% with training. Houmard et al. (1993) also found an 

increase in GLUT-4 48 hours after an aerobic exercise training in 13 previously sedentary 

men, 47 years of age. Glut-4 protein concentration increased 1.8 fold (n<.001) with 

exercise training, while the percentage of GLUT-4 protein rich type Ila muscle fibers in 

the participants increased by approximately 10%. According to the authors, the increase in 

type Ila muscle fibers may have contributed to the elevation in transporter protein. 

Contrary to the previous studies, Segal et al. (1991) found that 12 weeks of exercise 

training, when controlled for the last exercise session and for changes in body weight and 

body composition, has no impact on insulin sensitivity. The participants included ten lean 

and ten obese men with normal glucose tolerance and six obese men with NIDDM. 

Training consisted of 70 minutes of cycle ergometry at approximately 70% of V02max 

four times per week. The euglycemic hyperinsulinemic (40 uU/m2/min) clamp procedure 

was performed before, and four to five days after the last training session. Although body 

weight, fat, and fat-free mass did not change with training, V02max increased {Q<.01) 

27% in all groups. However, the glucose disposal rate was not significantly altered in any 

group after training. In addition, no significant difference was found in the glucose and 

insulin response areas to a 75-gram OGTT in any group after training (glucose area= 

lean: 474 ± 25 to 453 ± 29, obese: 559 ± 20 to 571 ± 23, NIDDM: 844 ± 81 to 781 ± 74 
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mg/dl; insulin area= lean: 256 ± 59 to 263 ± 46, obese: 676 ± 147 to 718 ± 126, NIDDM: 

673 ±144 to 711 ± 138 uU/dl). 

The metabolic adaptations associated with exercise training appear to differ in women 

according to the distribution and metabolic activity of adipose tissue. Krotkiewski and 

Bjomtorp (1986) compared physical characteristics, glucose tolerance, insulin response, 

C-peptide, and insulin sensitivity in weight-matched, predominantly upper body 

(WH > 0.82, 42 yrs.) and lower body (WH < 0.82, 37 yrs.) obese women before and after 

exercise. The exercise regime covered 3 months, and took place three times per week for 

50 minutes each session. The program consisted of interval work using various 

undisclosed modalities at an intensity of 10 to 15 pulse beats below maximal heart rate. 

Before exercise training, the predominantly upper body obese women were described as 

having significantly more lean tissue mass, 2-fold more high glycolytic, fast twitch muscle 

fibers (FT b), yet similar total body fat content and maximal oxygen consumption as the 

lower body obese women. Metabolically, the upper body obese women had significantly 

greater glucose, insulin, and C-peptide sums in response to a 100-gram OGTT. Also, 

glucose disposal during an euglycemic insulin clamp procedure was significantly reduced 

in the upper body obese compared to the lower body obese women. Significant (R<.05) 

correlations were reported between the amount ofFTb muscle fiber in both groups and the 

WH (r = .35), fasting glucose (r = .30), insulin (r = .30), and C-peptide (r = .44), and the 

sum of glucose (r = .32), and C-peptide (r = .28) responses. Maximal oxygen consumption 

improved in both groups with training. However, while the upper body obese women 
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significantly increased lean tissue mass, with no increase in body weight, both the total 

body fat content and body weight significantly increased in the lower body obese women. 

When the groups were combined, a significant increase in oxidative, fast twitch (FT J 

muscle fiber was observed. Although no significant change in glucose response was 

observed in either group following training, the insulin response significantly decreased, 

while the C-peptide response increased in the upper body obese women following exercise 

training (actual values not reported). Insulin sensitivity was reported to increase in each 

group following training, as evidenced by a significant increase in glucose disposal 

following insulin infusion. However, the glucose disposal was similar between groups 

following training, as the increase in glucose disposal in the upper body obese women was 

more pronounced. In order to control for the effects of the last exercise session, metabolic 

examinations were performed at least 4 days after the last bout of exercise. 

In concordance with Krotkiewski and Bjomtorp (1986), Despres, Tremblay, Nadeau, 

and Bouchard (1988) also reported that women with a low WH (0.75 ± 0.04, n = 10) did 

not display substantial metabolic changes after 6 months of exercise training (90 min per 

day, 5 days per week). Only fasting plasma insulin concentration significantly decreased in 

these women (14.7 ± 8.6 to 12.1 ± 7.5 uU/ml, R<.05), while fasting plasma glucose 

significantly increased (91.7 ± 14.8 to 95.7 ± 12.3 mg/dl, R<.05). Women with high WH 

values (0.87 ± 0.03, n = 10), however, showed a significant reduction in their plasma 

insulin area in response to an OGTT (16,964 ± 5,348 to 13,172 ± 3,236 uU/ml/180 min, 

R<.05), and a trend for a reduction (22%) in fasting plasma insulin concentration (19.2 ± 
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8.4 to 14.9 ± 10.5 uU/ml, n<.07). Maximal oxygen consumption improved following 

training despite no reduction in adipose mass in either group. Although no statistical 

comparisons were reported, the women with high WH appeared to have higher fasting 

glucose (98.2 ± 9.3 vs 91.7 ± 14.8 mg/dl) and insulin (19.2 ± 8.4 vs 14.7 ± 8.6 uU/ml) 

values as well as higher glucose (23,528 ± 3,697 vs 21,330 ± 5,055 mg/dl/180 min) and 

insulin (16,964 ± 5,348 vs 13,294 ± 6,962 uU/ml/180 min) areas prior to exercise training 

compared to women with low WH. Lamarche et al. (1992) reported that obese 

premenopausal women (35 ± 5 yrs, n = 10) who had the largest reductions in OGTT 

insulin response following 6 months of exercise training were those who showed the 

greatest decreases in abdominal adipose tissue release of FF A (r = 0.72, 12<.05). Contrary 

to this finding, changes in FFA release of femoral adipose tissue with exercise training 

were not related to changes in the insulin response area. Also, although VO2max increased 

following the training, no significant associations were observed between changes in 

VO2max and in body composition parameters and changes in abdominal or femoral 

adipose tissue lipolytic activities following exercise training. The training program 

involved four to five 90 minute training sessions per week at about 50 to 55% ofVO2max. 

Krotkiewski et al. (1985) reported that, in obese women (37 ± 5 yrs, n = 37), the 

pretraining basal insulin level was the best predictor of the post exercise decrease in basal 

insulin levels (r = 0.66, n<.001). Body weight added to the prediction (r = 0.82, n<.001). 

Although basal insulin levels did not decrease in the whole group following the 6-month 

training program, when the women were arbitrarily divided into low- and 



high-insulin-level groups (<11 uU/ml and ~11 uU/ml, respectively), the decrease in 

postexercise basal insulin levels was more pronounced (+4 and -7 uU/ml, respectively). 

There were also no changes in body weight, body fat, body cell mass, adipose tissue 

thickness, or average fat cell size in the total group of women. 

In men, it was reported that a reduction in plasma insulin responses to an OGTT are 

significantly associated with the proportion of trunk fat lost following just 22 days of 

aerobic exercise that induced a daily caloric deficit of 1,000 kcal per day (Despres et al., 

1988). Changes in plasma insulin concentration were not, however, associated with the 

reduction in total body fat. Therefore, the young men showing the greatest reduction in 

upper body fat were those who displayed the greatest reductions in plasma insulin 

response to an OGTT (Despres et al., 1988). 
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In summary, aerobic-type training may reduce the insulin response to an OGTT in 

previously sedentary men and women (Lampman et al., 1985, Leon et al., 1979, Hughes et 

al., 1993, Krotkiewski & Bjomtorp, 1986, and Despres et al., 1988). Although exercise 

training may improve insulin sensitivity in both lower and upper body obese women, the 

change in insulin sensitivity appears to be more pronounced in upper body obese women 

(Krotkiewski & Bjomtorp, 1986). Upper body obese women display a lower 

insulin-mediated glucose disposal before, but similar glucose disposal following training 

compared to lower body obese women (Krotkiewski & Bjomtorp, 1986). Measurement of 

C-peptide indicates a decrease in insulin secretion following training in older men and 

women (Seals et al., 1984), however, in abdominally obese women an increase in 
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C-peptide response was found despite a decrease in plasma insulin response following 

training (Krotkiewski & Bjorntorp, 1986). Although not measured directly, the reduced 

insulin response despite an increase in C-peptide may indicate an improvement in hepatic 

insulin clearance in abdominally obese women following exercise training. The 

improvement in peripheral insulin sensitivity and insulin response following aerobic 

exercise training may depend on, or be associated with, the following: (a) a reduction in 

body fat (Bjorntorp et al., 1972); (b) improvements in V02max (Sato et al., 1986 and 

Soman et al., 1979); ( c) an elevated preexercise basal insulin level (Krotkiewski et al., 

1985); (d) a decrease in abdominal adipose tissue release of FF A in obese persons 

(Lamarche et al., 1992); (e) an increase in lean muscle mass, or FTa muscle fibers 

(Krotkiewski & Bjomtorp, 1986 and Houmard et al., 1993); (f) a decrease in upper body 

adiposity (Despres et al., 1988); and (g) energy balance: caloric intake to expenditure 

(Despres et al., 1988). However, significant improvements in insulin sensitivity and/or 

response have also been shown to be unrelated to improvements in V02max and body 

weight (Lamarche et al., 1992), and have been reported without a change in V02max 

(Oshida et al., 1989), body composition (Hughes et al., 1993), or body weight (Soman et 

al., 1979, Krotkiewski & Bjomtorp, 1986, and Despres et al., 1988). Higher intensity (80 

to 90% of maximal heart rate) training appears to impart a greater influence on insulin 

responses than lower intensity (60% of maximal heart rate) training (Seals et al., 1984). 

When the effects of the last exercise session are controlled in addition to changes in body 

weight and body composition, training may not improve insulin sensitivity or response in 



men (Segal et al., 1991 ), suggesting that the last bout of exercise may be a determining 

factor in the improvement in insulin sensitivity. An increase in insulin binding (Soman et 

al., 1979) and glucose transporter protein concentration (Houmard et al., 1993 and 

Hughes et al., 1993) help to explain the improvements found in insulin sensitivity after 

training. 

Insulin Sensitivity and Strength Training 
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Results of cross sectional observations demonstrate that plasma glucose and insulin 

levels after an OGTT are lower in resistance trained men (body builders) compared to 

weight matched controls (Yki-Jarvinen et al., 1984, Kalkhoff & Ferrou, 1971, and 

Szczypaczewska et al., 1989). Body composition is a possible factor for the improvement 

in plasma glucose and insulin. Insulin sensitivity has been shown to be directly 

proportional to muscle mass (r = .54, n<.01) and inversely related to percent fat (r = -.72, 

n<.001, Yki-Jarvinen & Koivisto, 1983). Also, multiple linear regression has revealed that 

percent muscle, percent fat, and VO2max explain 87% of the variation in insulin responses 

(Yki-Jarvinen et al., 1984). However, Yki-Jarvinen and Koivisto (1983) reported the rate 

of glucose disposal to be similar in weight lifters and untrained participants when 

expressed per kilogram of muscle mass, and in both of these participants lower than long 

distance runners. When expressed as a fraction of total body weight, insulin mediated 

glucose disposal was similar in weight lifters and runners and 40 to 45% greater than 

controls (n<.05). These reports suggest that, unlike endurance training, strength training 

influences insulin sensitivity through enhanced muscle tissue quantity. Muscle tissue is 



51 

responsible for 85% of the glucose disposal during euglycemic hyperinsulinemia 

(DeFronzo et al., 1981) and 60 to 75% during oral glucose ingestion (Katz et al., 1983). 

Absolute muscle mass in body builders has been shown to be 1.5 to 1.7 fold greater than 

controls (Yki-Jarvinen et al., 1984), and the percent of muscle 35% greater than runners 

(Yki-Jarvinen & Koivisto, 1983). Thus, cross sectional observations indicate that 

resistance trained individuals have more muscle tissue for glucose uptake, which may 

reduce blood glucose levels and the corresponding insulin requirement for glucose 

disposal. It is possible that the improvements in both glucose and insulin in these studies 

are partially the result of the last exercise session. An increase in glucose utilization has 

been found within 48 hours after exercise (Mil<lnes et al., 1989). However, it has not been 

determined if the effects of an acute bout of resistance training last for more than 24 hours 

(Hall & Balon, 1992 and Fluckey et al., 1994). 

Resistance training studies have shown improved insulin responses to an OGTT in 

NIDDM (Smutok et al., 1994), older (50 to 65 years; Miller et al., 1994), 

hyperinsulinemic (Smutok et al., 1994), obese (Bjomtorp et al., 1970), and healthy (Miller 

et al., 1984) participants. Bjomtorp et al. ( 1970) was the first to incorporate resistance 

exercise to investigated the effect of physical training on insulin responses to an OGTT. 

Ten participants with extreme obesity, eight women 19 to 60 years of age and two men 19 

and 50 years old, participated in the eight-week training program. The resistance 

component of the program consisted of static and dynamic training of muscle power in 

arm, abdominal, back, and leg muscles three times per week. A significant (R<.05) 
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increase in both VO2max and body weight was found after training. The sum of all insulin 

values during the OGTT was significantly (Q<.05) lower after training than before (533 ± 

97 vs. 304 ± 56 uU/ml) despite no significant change in the sum of glucose values ( 532 ± 

45 vs 505 ± 67 mg%). This was interpreted as an increased insulin sensitivity of the 

tissues. It was concluded that the training-induced decrease in insulin resistance was 

caused by a factor in muscle. 

Miller, Sherman, and Ivy (1984) suggest that the increased muscle as a result of 

strength training is responsible for the attenuated insulin response to a glucose challenge in 

healthy males. Their strength training program consisted of 10 separate free weight and 

Universal Gym exercises performed three nonconsecutive days per week. For each of the 

10 lifts, three sets of eight repetitions were attempted. The strength training program 

resulted in a significant (Q<.05) increase in arm and leg strength, body weight, and lean 

body mass, while percent body fat and fat mass were unchanged. The 7% reduction in the 

area under the posttraining OGTT glucose curve was not significant (15,374 ± 596 to 

14,299 ± 429 mg/dl x min). However, the strength-training program was effective in 

lowering both the basal insulin concentration (10.85 ± 1.55 to 6. 79 ± 1.19 Uu/ml, Q<.05) 

and the area under the posttraining OGTT insulin curve (5,109 ± 713 to 4,143 ± 965 

Uu/ml x min, Q<.05). The reduction in the area under the posttraining OGTT insulin curve 

was strongly associated with the increase in lean body mass(!= .89, Q<.05). According to 

the authors, there might be an increase in the rate of insulin binding accompanying the 

increase in lean muscle mass, resulting in an increased rate of insulin clearance. These 
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variables were not measured. Also, the authors stated that an increase in lean body mass 

· might increase the available glucose storage area, thereby facilitating the clearance of 

glucose from the circulation and reducing the amount of insulin required to maintain a 

normal glucose tolerance. However, Miller et al. (1994) contend that the increase in 

muscle mass with weight training is unlikely to be the major contributing factor to explain 

the improvement in insulin action. In their study, both a hyperinsulinemic euglycemic 

clamp and an OGTT were administered to healthy, older (58 ± 1 yrs.) men before and 

after 16 weeks of resistance training. The training program increased overall strength 

(Q<.001) and fat free mass (Q<.05), while body fat decreased (Q<.001). No effect on the 

fasting plasma glucose levels or glucose levels during the OGTT was found after training. 

In contrast, both fasting plasma insulin levels (85 ± 25 vs. 55 ± 10 pmol/1) and insulin 

levels during the OGTT were significantly (Q<.05) lower after resistance training. Glucose 

infusion rates during the clamp procedure increased 24% (Q<.05) during the low (20 

mU/m2/rnin) insulin infusion and 22% (n<.05) during the high (100 mU/m2/min) insulin 

infusion. The training had no effect on oxidative glucose disposal, however, nonoxidative 

glucose disposal during the low insulin infusion increased in six of the seven men in whom 

it was measured by an average of 40% (Q<.08). Glucose disposal through nonoxidative 

pathways during glucose clamp experiments is largely due to glycogen synthesis and is 

directly related to the activity of glycogen synthase in skeletal muscle (Ebeling et al., 

1993). Although an increase in glycogen synthase activity after resistance training has not 

been reported, it is known that glycogen depletion, which stimulates the activity of 
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glycogen synthase, occurs with acute bouts of resistive exercise (Tesch, Colliander, & 

Kaiser, 1986). Strength training also increases skeletal muscle glycogen storage capacity 

(MacDougall et al., 1977). Therefore, according to the authors, the effects of resistance 

training on glycogen storage and utilization are consistent with an increase in the activity 

of glycogen synthase. Because glucose disposal is also directly related to levels of the 

glucose transport protein GLUT-4 (Ebeling et al., 1993), the authors suggest that 

resistance training may also increase the action of insulin (glucose disposal) by increasing 

skeletal muscle GLUT-4 levels. The 5% increase in total muscle mass was not considered 

to be the major factor explaining the improvement in insulin action because the glucose 

infusion rate at both low and high insulin infusions was improved after training even after 

correcting for fat free mass. Furthermore, the 1.2 kg increase in muscle mass would be 

quantitatively insufficient to account for the more than 20% increase in the glucose 

infusion rate that was observed. 

Craig et al. ( 1989) observed an improvement in the insulin response, but not glucose, 

to an OGTT in older (63 ± 1 yrs.) and younger (23 ± 1 yrs.) participants following a 

12-week, high-resistance training program. The OGTT was administered one week before 

and three days after training. A three set, six to eight repetition training protocol was 

followed using 10 different Nautilus resistance exercises. Both the younger and the older 

participants had a significant (R<.05) increase in strength and lean body mass, and a 

significant (R<.05) decrease in percent body fat with training. The training protocol had 

little effect on the sum of glucose responses in the young and older groups compared to 



rest (504 ± 16 to 492 ± 12 and 605 ± 29 to 596 ± 25 mmoVdl, respectively), but did 

significantly (R<.05) lower the sum of plasma insulin responses to the glucose load from 

271 ± 39 to 185 ± 30 uU/ml for the young, and 381 ± 56 to 257 ± 32 uU/ml for the 

elderly. Both the pretraining and posttraining glucose responses of the elderly were 

significantly (R<.05) higher than the young, as was the posttraining insulin response 

(R<.05). 
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Despite no significant change in body weight, percent body fat, or V 0 2max after 16 

weeks of resistance training, Hurley et al. ( 1988) still found a significant reduction in 

insulin responses to an OGTT. Participants were 11 healthy, untrained males 44 ± 1 years 

of age. The resistance training consisted of one set of 8 to 12 RM for all upper body 

exercises and one set of 15 to 20 RM for all lower body exercises on 14 different Nautilus 

exercise machines. The training sessions were conducted 3 to 4 times per week. Although 

the total insulin area in response to the OGTT was significantly (R<.01) reduced after 

training (12,203 ± 8,318 to 6,816 ± 4,415 uU/ml/180 min), the reduction in glucose area 

in response to the glucose load was not significant (4,381 ± 2,730 before training vs. 

3,555 ± 2400 mg/I 00 ml/180 min after training). The lack of significance regarding 

glucose responses may be attributed to the large standard deviation size, or to the small 

sample size. Also, the lack of significance in glucose tolerance may be related to the 

selection of participants. Changes in fasting and two-hour plasma glucose levels have been 

related to initial levels (Miller et al., 1994). Thus, participants with normal glucose 

tolerance may preclude finding a significant decrease in plasma glucose levels with 
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strength training. It is possible that the significant reduction in insulin responses was the 

result of the last bout of exercise rather than a training adaptation since the posttraining 

OGTTs were administered within 24 hours after the last exercise session. Regardless, the 

authors concluded that resistance training performed on a regular basis may reduce insulin 

responses, independent of changes in VO2max, body weight, or body composition. 

In a comparison of the effects of resistance training to those of aerobic training, 

Smutok et al. (1993) reported improvement in both glucose and insulin responses to an 

OGTT. Thirty seven untrained men aged 50 years participated in 20 weeks of either 

resistance training, aerobic training, or no exercise. All participants were considered at risk 

for developing coronary artery disease based on having at least two of the following three 

risk factors: (a) abnormal lipid profile; (b) abnormal blood glucose level, either from 

impaired glucose tolerance or type II diabetes; and ( c) hypertension. The resistance 

training was performed three times per week using Nautilus equipment. The program 

consisted of two sets, 12-15 RM per set, with twelve different exercises that included 

modified sit-ups. The aerobic training consisted of treadmill walking and/or jogging three 

days per week for 30 minutes at 75 to 85% of maximal heart rate reserve. An OGTT was 

performed before, and one to two days after the training sessions. Percent body fat 

decreased (Q<.05) and VO2max increased (~<.0001) with aerobic training, while no 

change in either variable was found with resistance training. There were no significant 

changes in total body mass or fat-free mass in either group. The strength program resulted 

in a 50% increase in upper body strength and a 36% increase in lower body strength. 
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Using zero as the baseline, both training programs reduced the total areas under the 

OGTT curves for glucose (n<.05) and insulin (24% for aerobic training and 21 % for 

resistance training, :g<.05), but there were no significant differences in posttraining glucose 

or insulin responses between groups. Neither the glucose nor insulin values were 

significantly altered in the control group. 

Using the same methodology, Smutok et al. (1994) compared the effects of strength 

training and aerobic training on glucose and insulin responses in 26 untrained men with 

either NIDDM (n = 8), impaired glucose tolerance (n = 12), or hyperinsulinemia with 

normal glucose tolerance (n = 6). The physiological characteristics of the aerobic, 

strength, and control groups were similar prior to training. Neither training program 

significantly changed the total body mass, body fat, or fat free mass of the participants. 

However, the aerobic training significantly (n<.001) improved V02max by 18%, and the 

strength training significantly (n<.05) improved strength. Using zero as the baseline, there 

was a 12% reduction in the total glucose area under the OGTT curve following strength 

training (1,348 ± 251 to 1,190 ± 329 mmol/V120 min, :g<.05) and a 16% reduction 

(n<.01) from aerobic exercise training (1,385 ± 394 to 1,162 ± 490 mmol/1/120 min). 

Total insulin area under the OGTT curve (pmol/V120 min) was decreased by 22% 

following strength training (60,082 ± 25,467 to 46,727 ± 11,273, :g<.05) and 21% 

following aerobic training (59,616 ± 25,467 to 46,885 ± 24,154, :g<.05). There were no 

significant differences in glucose or insulin responses between the two groups. The results 

of these two studies (Smutok et al., 1993 & Smutok et al., 1994) indicate that strength 



training, independent of changes in body composition or VO2max, improves glucose 

tolerance and reduces the insulin response to an OGTT to the same extent as aerobic 

training in men. 
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In summary, cross-sectional studies indicate that resistance-trained individuals have a 

reduced insulin response to glucose compared to sedentary persons (Kalkhoff & Ferrou, 

1971, Szczypaczewska et al., 1989, and Yki-Jarvinen et al., 1984). Studies incorporating 

resistance training have confirmed the cross-sectional observations. Both insulin responses 

to an OGTT and insulin sensitivity, as determined by the euglycemic insulin clamp, are 

improved after resistance training, while, in healthy persons, glucose tolerance is 

unchanged (Miller, Sherman, & Ivy, 1984 and Miller et al., 1994). Studies which include 

individuals with impaired glucose tolerance demonstrate an improvement in both glucose 

and insulin responses to an OGTT (Smutok et al., 1993 and Smutok et al., 1994). The 

improvements in glucose and insulin responses are of the same magnitude as those from 

aerobic training (Smutok et al., 1993 and Smutok et al., 1994). Although the improvement 

in insulin action has been significantly related to an enhanced muscle mass (Miller, 

Sherman, & Ivy, 1984 and Yki-Jarvinen et al., 1984), significant improvement in insulin 

responses to an OGTT have been found despite no changes in body weight, body 

composition, or VO2max following training (Hurley et al., 1988 and Smutok et al., 1993). 

Insulin Sensitivity and Detraining 

Several studies have shown that trained individuals lose their enhanced insulin 

sensitivity within several days after cessation of exercise training. Therefore, since trained 
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individuals exercise frequently, it seems possible that the residual effects of the last 

exercise session may play a crucial part in the improved insulin sensitivity and response in 

trained individuals. The duration of the improved insulin action associated with exercise 

training may be an important consideration in exercise prescription, especially for those 

with insulin resistant syndromes such as impaired glucose tolerance or NIDDM. 

Lipman et al. ( 1972) was one of the first to demonstrate an increase in glucose and 

insulin responses following exercise cessation. In one phase of the study, eight men 

participated in a six week exercise program using a specifically designed body ergometer 

that permitted vigorous exercise in the supine position. Each participant spent three, 

20-minute periods per day exercising at 70% ofVO2max. Following the exercise program, 

four of the eight men were confined to bed, yet continued the supine exercise, while the 

other four were confined to bed with no exercise. Forty days of supine bed exercise and 

35 days of bed rest resulted in a 2.6 and 4.9 fold increase in insulin responses to an OGTT, 

respectively, compared to the initial posttraining insulin response (1,772 ± 1,039, 4,633 ± 

1,002, and 8,743 ± 1,818 uU/min/ml). Glucose areas were not provided. 

Heath et al. (1983) compared insulin responses to a 100-gram OGTT before and after 

10 days of exercise cessation in eight well-trained participants (six men and two women, 

VO2max = 58.6 ± 2.2 ml/kg/min). While blood glucose concentration during the OGTT 

was only 10-25% higher following 10 days without exercise compared to the trained state, 

plasma insulin levels were from 55-120% higher after the period of physical inactivity, 

despite no significant changes in VO2max, estimated percent body fat, or body weight. A 
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single bout of aerobic exercise 11 days after training cessation returned the glucose levels 

to almost the same level as in the trained state. However, although the plasma insulin 

levels at specific time points were significantly reduced following the single bout of 

exercise compared to the inactive state, and similar to those in the trained state, the sum of 

the insulin concentrations at each time point of the OGTT following the single exercise 

session were still significantly higher than when trained ( 14 7 ± 15 vs.117 ± 9 u U/ml, 

y<.01). The 27% decrease (n<.01) in insulin binding to monocytes and receptor affinity 

following inactivity were essentially restored to the trained state after the single exercise 

session. 

King et al. (1995) examined glucose and insulin responses to an OGTT 1, 3, 5, and 7 

days following cumulative bouts of exercise training (73% V02max, 45 min., 5 

consecutive days) in 9 moderately trained (39 ml/kg/min), middle aged (51 ± 3 yrs.) men 

and women. Although the plasma glucose response area tended to increase after 7 days of 

inactivity, no significant differences were observed between days 1, 3, 5, and 7 

postexercise training. Meanwhile, after 5 days of inactivity, the insulin area (3,616 ± 617 

uU/ml/min) was 61% higher compared with that on day 1 (2,603 ± 635 uU/ml/min). Two 

more days of inactivity did not result in any further increase in the plasma insulin response. 

Therefore, the improved insulin response to an OGTT following exercise training persists 

for 3 days but not for 5 days. Based on their data, the authors recommend that the 

frequency of exercise needed to maintain the exercise-induced improvements in insulin 

action is once every 3 days. 
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Using an intravenous glucose tolerance test, LeBlanc et al. ( 1981) found an increased 

(n<.01) insulin response area in eight trained runners following just three days of inactivity 

while eating ad libitum. However, when the runners were on a restricted diet, the reduced 

insulin response to the glucose load was retained. These results suggest that the ratio of 

caloric intake with regard to caloric utilization may be an important modulator of the 

exercise effects on insulin. Also, after exercise at 70% ofVO2max for one hour, insulin 

response to the IGTT in eight non-trained participants was reduced, yet significantly 

(n<.01) greater than the runners' during their regular training. 

Burstein et al. (1985) used the hyperinsulinemic euglycemic clamp technique to 

compare the rate of insulin-mediated glucose uptake in 7 endurance-trained athletes 12 

hours, 60 hours, and 7 days after cessation of training with 3 untrained, age- and 

weight-matched controls. The insulin-stimulated rate of glucose uptake was significantly 

(n<.01) greater in the trained participants 12 hours after the last bout of exercise 

compared with the untrained control group (15.6 ± 1.8 vs. 7.8 ± 1.2 ml/kg/min). 

However, after 60 hours and 7 days of inactivity, the metabolic clearance rate of the 

trained athletes (10.1 ± 1.0 and 8.5 ± 0.5 ml/kg/min, respectively) was significantly 

decreased (Q<.05), and similar to that of the untrained control group. The percentage of 

specific insulin binding to young erythrocytes in the trained athletes was also significantly 

(n<.001) reduced 60 hours after inactivity. This decrease in insulin binding to erythrocytes 

was almost entirely accounted for by a decrease in the number of insulin receptors. 

Likewise, Oshida et al. ( 1991) found the rate of insulin-mediated glucose uptake of six 
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trained athletes to be reduced after 38 hours, 86 hours, and 6 days of exercise cessation 

(7.78 ± 0.87, 6.82 ± 0.49, and 7.11 ± 1.00 mg/kg/min, respectively) compared to 14 hours 

following their last exercise session (9.40 ± 0.46 mg/kg/min). The glucose uptake 

following exercise cessation was similar to a group of six untrained controls matched by 

age, sex, and weight (6.80 ± 0.86 mg/kg/min). These results confirm that physical training 

increases insulin action, and that this effect is short term, as indicated by a return of insulin 

action to the level of untrained individuals within 3 8 hours after withdrawal from exercise. 

King et al. ( 1988A) employed the hyperinsulinemic euglycemic clamp procedure to 

determine whether the decrease in insulin action after detraining is due to a decrease in 

sensitivity and/or responsiveness to insulin. Five trained men and four trained women were 

initially studied in the trained state and again after 10 days of no exercise. Submaximal 

insulin-mediated glucose disposal (a measure of insulin sensitivity) was 8.7 ± 0.5 

mg/kg/min before and 6.7 ± 0.6 mg/kg/min after 10 days of inactivity (n<.001). However, 

during infusion of insulin at a maximally effective concentration ( a measure of insulin 

responsiveness) the rate of glucose disposal was not significantly different before (15.3 ± 

0.5 mg/kg/min) compared with after (14.5 ± 0.4 mg/kg/min) inactivity. These results 

provide evidence that the reversal of enhanced insulin action found in exercise-trained 

individuals after a few days of inactivity is due to a decrease in insulin sensitivity, and not 

to a decrease in insulin responsiveness. In a similar study, King et al. (1988B) employed a 

hyperglycemic clamp technique to investigate the effects of 14 days of exercise cessation 

on insulin secretion in nine well-trained participants. Despite no significant change in body 
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composition during the short period of inactivity, the mean plasma insulin response to the 

hyperglycemic stimulus was 67% higher after the 14 days without exercise ( 45 ± 7 uU/ml) 

compared to 16 hours following their usual exercise (27 ± 4 uU/ml). Significant increases 
:1. 

(Q<.05) were found in the early (0 to 10 minutes, 101 ± 15 to 150 ± 28 uU/ml/min) and 

late (10 to 180 minutes, 3,521 ± 749 to 6,051 ± 1,257 uU/ml/min) incremental insulin 

areas as a result of the physical inactivity. C-peptide responses were also significantly 

(Q<.05) elevated after inactivity in the early (7 ± 1 to 12 ± 2 ng/ml/min) and late ( 467 ± 85 

to 567 ± 90 ng/ml/min) phases of the clamp. Rates of whole body glucose disposal were 

not significantly different between the exercising and inactive states of the participants 

despite the higher insulin responses after 14 days of no exercise. Based on these results, 

the blunted insulin response to a glucose stimulus in trained people is the result of a 

decrease in insulin secretion, which is a short term effect related to regular exercise. 

Contrary to King et al. ( 1988A), Mikines et al. (1989) reported that both insulin 

sensitivity and responsiveness are decreased (Q<.05) in endurance-trained participants after 

five days of detraining. The insulin concentrations eliciting half the maximal 

insulin-mediated glucose uptake were 44 ± 2 uU/ml 15 hours after the last training session 

and 54 ± 2 uU/ml 5 days after their last usual training session, indicating a decrease in 

insulin sensitivity. The detraining insulin concentrations were comparable to those found in 

untrained participants (Mikines et al., 1988). Near-maximal insulin-mediated glucose 

uptake (insulin responsiveness) was also reduced by detraining (13.4 ± 1.2 to 12.2 ± 0.3 

mg/min/kg, respectively), however, it was higher than those reported previously in 
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untrained participants (Mildnes et al., 1988). It is of interest that the significant reduction 

in near-maximal insulin-stimulated glucose disposal reported by Mildnes et al. (1989), was 

only .04 mg/kg/min greater than the nonsignificant reduction reported by King et al. 

(1988A). It was concluded by Mikines and colleagues that exercise training induces an 

adaptation in insulin responsiveness that cannot be ascribed to the effects of the previous 

exercise session, while the increased insulin sensitivity found in trained participants may be 

an effect of the last exercise bout. 

In addition to the insulin and glucose response to an OG TT, McCoy et al. ( 1994) 

examined the effect of 10 days of detraining on levels of GLUT-4 protein expression and 

citrate synthase activity in the vastus lateralis of trained men (n = 6, V02max = 4.9 ± 0.1 

I/min.). A control group consisting of eight age- and weight-matched active but untrained 

men underwent similar testing. Ten days of detraining did not affect the body composition 

or V02max in the trained participants, however it did significantly (n<.05) increase the 

area under their insulin response curve during the OGTT (22.4 ± 2.8 to 32.1 ± 5.9 x 10-3 

pmol/1/min). While the insulin area of the untrained control group (39.9 ± 24.7 x 10·3 

pmol/1/min) was significantly higher (n<.05) compared with those of the trained group 

prior to detraining (22.4 ± 2.8 x I 0-3 pmol/1/min), no difference was found between the 

two groups after detraining (32.1 vs. 39.9 x 10-3 pmol/1/min). There were no differences in 

the glucose responses to the OGTT between the groups. Glut-4 protein and citrate 

synthase were significantly (Q<.05) higher in the trained compared to the detrained state, 

and the untrained control group, which may partially explain the decrement in insulin 
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responses with detraining. 

However, Houmard et al. (1993) found that cessation from endurance and strength 

training does not alter Glut-4 protein levels in muscle, despite a significant change in the 

insulin response to an OGTT. Endurance- (n = 12) and strength-trained (n = 12) 

individuals were examined before and after 14 days of training withdrawal. GLUT-4 

protein content was determined from muscle biopsy samples of the gastrocnemius in the 

endurance-trained individuals and the vastus lateralis in the strength-trained individuals. 

Insulin response area to a 75-gram OGTT increased significantly {Q<.01) with detraining 

in both the endurance- (60.4 ± 7.1 to 78.7 ± 7.7 uU/1/hr.) and strength-trained (75.1 ± 5.8 

to 92.6 ± 7.0 uU/1/hr.) groups. Basal insulin and glucose levels also increased significantly 

{Q<.05). GLUT-4 protein content was 92 and 100% of the trained values after training 

cessation in the endurance- and strength-trained individuals, respectively. Citrate synthase 

activity decreased significantly {Q<.05) following cessation from endurance training, while 

no change was evident in the strength-trained individuals. Although no changes in body 

weight or body composition were evident with detraining in either group, Houmard and 

colleagues contend that the muscular atrophy observed in the resistance trained 

participants, in addition to receptor and/or postreceptor alterations, may have been at least 

partially responsible for the increased insulin response with training cessation. This theory 

is supported by the previously reviewed studies which report a positive relationship 

between muscle mass and insulin responses in strength-trained men (Miller et al., 1984, 

Szczypaczewska et al., 1989, and Yki-Jarvinen et al., 1983), and decreases in insulin 
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binding to monocytes (Heath et al, 1983) and erythrocytes (Burstein et al, 1985) within 

3-10 days of exercise cessation in endurance-trained individuals. 

In summary, the improvement in insulin response found the day following exercise 

training may be compromised within 3 to 10 days of exercise cessation (Heath et al., 1983, 

King et al., 1995, LeBlanc et al., 1981, and McCoy et al., 1994). In addition, 

insulin-mediated glucose uptake has been reported to be significantly reduced within 3 8 

hours to 10 days following the last exercise training session (Burstein et al., 1985, King et 

al., 1988A, and Oshida et al., 1991), and similar to that of untrained persons (Burstein et 

al., 1985 and Oshida et al., 1991). Since there was no change in VO2max, body weight, or 

body fat in the trained participants over the brief period of exercise cessation (Heath et al., 

1983, Houmard et al., 1993, King et al., 1995, Oshida et al., 1991), the increase in insulin 

response and sensitivity observed was not due to the loss of long-term training 

adaptations, but may, at least partly, be due to the loss of the persistent effects of the last 

bout of exercise. Indeed, a single bout of exercise has been shown to significantly reduce 

the insulin response to an OGTT in untrained individuals (LeBlanc et al., 1981) and 

following 11 days of exercise cessation in trained individuals (Heath et al., 1983). 

However~ the significantly greater postexercise insulin response of untrained, compared to 

aerobically-trained participants (LeBlanc et al., 1981 ), in addition to the incomplete 

reversal of the postexercise insulin response following a period of detraining (Heath et al., 

1983), suggests that a single session of exercise, although effective, may only partially 

explain the improvement in insulin response following exercise training. This contention is 
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supported by two observations: (1) The significant decrease in insulin sensitivity 

(insulin-mediated glucose uptake during low insulin infusion), but not responsiveness 

(glucose uptake during high insulin infusion) following cessation from exercise training 

reported by King et al. (1988A); and (2) the observation of similar levels of insulin 

sensitivity, but greater responsiveness in inactive, trained compared to untrained persons 

(Mikines et al. 1989). Therefore, the improvement in insulin responsiveness may be an 

adaptation to exercise training, while the improvement in insulin sensitivity may be an 

acute response to the previous exercise session (King et al., 1988A and Mikines et al., 

1989). The increased insulin response to glucose following a period of no exercise in 

trained persons appears to be due to an increase in pancreatic insulin secretion (King et al., 

l 988B). The mechanisms which mediate the changes in insulin action and secretion 

following exercise cessation are uncertain. The reported decreases in insulin binding 

(Burstein et al., 1985 and Heath et al., 1983), GLUT-4 protein content (McCoy et al., 

1994), and/or citrate synthase (Houmard et al., 1993 and McCoy et al., 1994) may 

partially explain or mediate these changes. Also, caloric intake during the period of 

inactivity may influence the duration of the improved insulin action and secretion after 

exercise. LeBlanc et al. ( 1981) noted that the blunted insulin response observed in trained 

participants persisted for three days if caloric intake was reduced from 3~291 to 2,076 

kcal/day, which is in agreement with King et al. ( 1995), who also reported a blunted 

insulin response 3 days posttraining when caloric intake was controlled (1,900 kcaVday). 

Lastly~ although insulin responses were significantly increased following cessation from 
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both endurance and strength training (Houmard et al., 1993), demonstrating an acute 

effect by each, the mechanisms which mediate the changes may differ. Citrate synthase 

was significantly reduced in the endurance-trained group only, while no change in Glut-4 

protein was reported following cessation from either training stimulus (Houmard et al., 

1993). 

Insulin Sensitivity Following a Single Exercise Session 

As reviewed, the improvement in insulin response and sensitivity following either 

aerobic or resistance training is well established. However, these benefits of exercise 

training are relatively short-term (Heath et al., 1983, King et al., 1995, LeBlanc et al., 

1981, McCoy et al., 1994, Burstein et al., 1985, King et al., 1988A, and Oshida et al., 

1991 ). Thus, the last session of exercise may be partially responsible for the improvement 

in insulin response and sensitivity that has previously been attributed to training. Indeed, a 

single session of either aerobic or strength exercise has been shown to significantly reduce 

the insulin requirement to maintain normal glycemia (Devlin et al., 1987, Devlin & Horton, 

1985, Heath et al., 1983, King et al., 1988, Milcines et al., 1989, Young et al., 1989, and 

Fluckey et al., 1994). However, the amount of impact that a single exercise session has on 

insulin action may depend upon certain variables, such as exercise intensity, energy 

expenditure, type of exercise, and participant selection. 

To determine the effects of exercise intensity on glucose and insulin responses to an 

OGTT, Young et al. (1989) performed three OGTTs on seven non-trained, and seven 

well-trained males. The OGTTs were conducted 40 hours after a resting session ( 40 hours 
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after the trained group's previous exercise session), 14 hours after 40 minutes of exercise 

on a cycle ergometer at 40% of VO2max, and 14 hours after 40 minutes of cycle 1 

ergometry at 80% ofVO2max. The insulin responses to the OGTT (insulin areas) between 

the resting and the two exercise conditions were similar in the training group. However, 

compared to the resting session, the insulin area of the non-trained group was reduced by 

30% (R<.05) following exercise at 40% VO2max and by 45% (R<.01) following exercise 

at 80% VO2max (7.0 x 103, 5.0 x 103, and 3.8 x 103 uU/ml/180 min, respectively). 

Although a trend for lower (15%) insulin response was found following the higher 

intensity exercise, the difference between the two exercise conditions was not statistically 

significant. Therefore, the improvement in insulin sensitivity resulting from the previous 

bout of exercise was independent of the intensity and energy expenditure of the exercise 

session. Furthermore, exercise of moderate intensity (40% ofVO2max) may be adequately 

sufficient to enhance insulin action in untrained persons. The unaltered insulin response 

following exercise at either high or low intensity in the trained participants suggests that 

the cumulative effects of regular exercise are more important than the residual effects of a 

single exercise session in maintaining the reduced insulin requirements in the trained state. 

In contrast to Young et al. ( 1989), Ben-Ezra, Jankowski, Kendrick, and Nichols 

( 1995) reported that exercise intensity is a significant factor for reducing postexercise 

insulin responses when the single aerobic exercise sessions, compared to rest, are of equal 

energy expenditure. Glucose and insulin responses to an OGTT were compared in 24 

untrained, normoglycemic women (23.4 ± 0.9 yrs.) 15 to 17 hours following a single 
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session of rest, treadmill walking at 70% V02max for 50 minutes (IDGH), and treadmill 

walking at 40% V02max for 87 minutes (LOW). The exercise sessions were of similar 

energy expenditure (1,821 kcal for LOW and 1,692 kcal for IDGH). Glucose area and 

responses at the same time points were similar between rest and exercise. Area under the 

insulin response curve was significantly lower (Q<.05) after HIGH (51,864 ± 3,780 pM x 

min) compared with rest (61,009 ± 4,425 pM x min). However, LOW (59,191 ± 5,307 

pM x min) was not different from either rest or IDGH. Also, the 2-hour insulin level was 

significantly lower (Q<.01) after HIGH (290.8 pM) compared to rest (391.7 pM). It was 

also reported by Ben-Ezra and colleagues that six women after HIGH and nine women 

after LOW had no reduction in insulin area (nonresponders). There were no significant 

differences between .these groups for variables known to impact insulin response, such as 

percent body fat, WH, V02max, and mean caloric and carbohydrate intakes. Other 

variables known to impact insulin sensitivity, such as SHBG and FFA, were not 

determined. Hormonal fluctuations related to the menstrual cycle have been reported to 

influence insulin responses (Bonen et al., 1983). Although the OGTT's were administered 

without regard to menstrual cycle phase (follicular, luteal) in their study, the authors 

reported that menstrual cycle phase did not appear to affect insulin responses. 

Furthermore, Bonora et al. ( 1987) found that insulin responses to a 75-gram OGTT were 

not significantly influenced by the menstrual cycle. 

In a similar study, Kendrick, Nichols, Jankowski, & Ben-Ezra compared the effect of 

exercise intensity ( 40 and 70% V02max) and two levels of total work (low and high) on 
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the postexercise (15 hrs) insulin response area in lean (13% fat), untrained normoglycemic 

men (25 yrs.). Although they failed to find a significant exercise effect on the insulin 

response to an OGTT, exercise of high (50 min.) and low (28.5 min.) energy expenditure 

at 70% of VO2max decreased the insulin response area 18% (8,188 ± 820 uU/ml x min.) 

and 16% {8,285 ± 1,187 uU/ml x min.), respectively, compared to rest {9,845 ± 1,129 

uU/ml x min.). Meanwhile, exercise oflow (50 min.) and high (87.5 min) energy 

expenditure at 40% VO2max decreased the insulin response area 5% {9,372 ± 1,025 

uU/ml x min.) and 10% (8,823 ± 1,110 uU/ml x min.), respectively, compared to rest. 

Although not significant, exercise at 70% ofVO2max tended to have a greater impact on 

insulin response than exercise at 40% VO2max, at both low and high energy expenditure. 

Others contend that energy expenditure impacts insulin sensitivity or insulin responses 

to a greater extent than exercise intensity (Braun, Zimmerman, & Kretchmer, 199 5 and 

Shriver, Schaulis, Thompson, Sharp, & King, 1993). Braun et al. (1995), in a study of 

women with NIDDM (35-50 yrs.), found that both insulin sensitivity (SSPG = 8.76 ± 3.11 

at 50% and 8.92 ± 3.21 mM at 75%, u<.01) and insulin responses after a test meal (R<.05, 

values not reported) significantly improved after exercise of equal energy expenditure at 

50 or 75% ofVO2max, compared to rest (10.64 ± 2.96 mM). The protocol, however, 

required the participants to perform multiple bouts of exercise for two consecutive days. 

The total energy expenditure of the exercises was approximately 3,110 kcal, nearly 2 times 

the total energy expenditure reported by Ben-Ezra et al. ( 1995). In 11 normoglycemic, 

untrained men and women (18-30 yrs.), Shriver et al. (1993) reported that the 
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improvement in insulin responses to an OGTT was related more to total energy 

expenditure than exercise intensity because insulin areas (4,185 ± 389 at 47% and 4,275 ± 

494 uU/ml/min at 63%, J!<.05) similarly decreased after 5 days of either low- (47% 

VO2max, 100 min/day) or high-intensity (63% VO2max, 60 min/day) cycling compared to 

five days of inactivity (4,912 ± 1,147 uU/ml/min). The conflicting results of Braun et al. 

(1995) and Shriver et al. (1993) to those of Ben-Ezra et al. (1995) may be due to the 

cumulative effect of multiple bouts or multiple days of exercise, rather than a single 

exercise session. For example, Rogers et al. (1988) found significant decreases in both 

insulin (32%) and glucose (36%) areas after 7 consecutive days of combined cycling and 

treadmill exercise in ten men with abnormal glucose tolerance, while a single bout of 

exercise had no effect on insulin responses. Furthermore, Cononie, Goldberg, Rogus, and 

Hagberg (1994) reported a significant (R<.01) decrease in fasting plasma insulin levels (21 

± 2 to 18 ± 2 uU/ml) and the insulin response area (12,493 ± 3,116 to 9,938 ± 2,573 

uU/min/ml) after 7 consecutive days of exercise (50 min, 70% VO2max) in nine healthy 60 

to 80 year old ·men and women. However, the decrease in fasting plasma insulin levels 

(10%) and insulin response area (15%) during the OGTT following the first day of 

exercise did not reach statistical significance. No changes in V02max, percent body fat, or 

body weight were observed in either study during the seven consecutive days of exercise, 

indicating that these variables probably did not impact the significant reductions in glucose 

and insulin responses. The greater improvement in insulin action reported following 

consecutive days of exercise rather than a single exercise session may be due to an 
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enhanced GLUT-4 protein concentration in the skeletal muscle. Given an adequate 

exercise stimulus, adaptations in skeletal muscle Glut-4 protein content may occur very 

rapidly. Gulve and Spina (1995) reported a 98% (p<.001) increase in GLUT-4 protein 

concentration following 7-10 days of aero hie exercise training ( cycle ergometry, 

2-hours/day, 65-70% V02max) in 4 untrained men and 4 untrained women (31 ± 2 yrs). 

The 17% reduction in insulin response to a 75-gram OGTT 36-48 hours after the last 

exercise session was marginally significant (3,971 ± 559 to 3,312 ± 491 uU/ml/min, 

Q<.06). The failure to attain statistical significance (R<.05) between insulin responses may 

have been related to the low number of participants. 

In addition to exercise intensity and energy expenditure, participant selection may also 

influence the effect of a single exercise session on insulin action. Mentioned previously in 

this review, exercise training appears to improve insulin action to a greater degree in 

participants characterized as being insulin resistant, as determined by body measures or 

metabolic profile (Despres et al., 1988 and Krotkiewski & Bjomtorp, 1986). If the effects 

of exercise training on insulin action are partly the result of the last exercise session (Heath 

et al., 1983, LeBlanc et al., 1981, Burstein et al., 1985, King et al., 1988A, and Oshida et 

al., 1991) then a single session of exercise may have a greater influence on the insulin 

action of participants characterized by insulin resistance, or a more abnormal metabolic 

profile. Meanwhile, the expected impact on insulin action in normoglycemic, lean 

participants would be less in comparison. For example, Cononie et al. (1994) reported a 

significant relationship between the nonexercise insulin response area and the decrease in 
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insulin area after 1 (r = 0.83, R<.006) and 7 (r = 0.75, R<.02) days of exercise in 60 to 80 

year old men and women. Thus, those individuals with the greatest insulin response before 

exercise elicited the greatest decrease in insulin area 1 and 7 days postexercise. Fahlen et 

al. (1972) reported a significant decrease {R<.05) in the basal insulin values (14.6 ± 5.7 to 

7.6 ± 2.0 uU/ml) of 5 obese women and 4 obese men one day after exercise at 70 ± 4% of 

V O2max for 60 minutes. Of interest was the observation that the participants with the 

highest fasting insulin values prior to exercise showed the most pronounced decrease in 

their fasting insulin concentration one day after exercise (i.e., 44 to 11 and 22 to 6 uU/ml). 

Devlin and Horton ( 1985) also reported an improvement in the insulin action of obese 

participants following exercise. Using the hyperinsulinemic euglycemic clamp, the insulin 

action of 6 obese (30.4 % fat), insulin-resistant men and 6 lean (14.5% fat), untrained men 

was observed before and 12 hours after cycle ergometry to exhaustion at 85% ofVO2max. 

Despite comparably low muscle glycogen concentrations and equal activation of glycogen 

synthase in both groups, only the obese participants showed significant {Q<.05) increases 

in both submaximal (2.88 ± 0.40 to 3.92 ± 0.51 mg/kg FFM/min) and maximal (7. 72 ± 

0.60 to 9.67 ± 0.94 mg/kg FFM/min) insulin-stimulated glucose disposal after exercise. 

Although improved, the glucose disposal values of the obese group were significantly 

(R<.05) lower than those of the lean controls during submaximal and maximal insulin 

infusion postexercise (6.99 ± 0.51 to 7.18 ± 0.54 and 13.37 ± 0.74 to 15.49 ± 0.82 mg/kg 

FFM/min, respectively). Devlin et al. (1987) used the same clamp procedures and exercise 

protocol on 5 NIDDM men. The basal glucose concentration was significantly (n<.05) 
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reduced 12 hours postexercise (197 ± 12 to 164 ± 9 mg/di), while total glucose disposal of 

the NIDDM participants was significantly (n<.05) increased during the submaximal insulin 

infusion ( 4.80 ± 1. 10 to 5.80 ± 0.85 mg/kg FFM/min). The 22% increase during the 

maximal insulin infusion was not significant. It was hypothesized that the increase in 

non-oxidative glucose disposal of both studies by Devlin and colleagues reflects an 

increase in glucose storage as glycogen in the postexercise state. 

Likewise, following a moderate exercise intensity, Burstein et al. (1990) found an 

increase in both insulin sensitivity and responsiveness in obese normoglycemic and 

NIDDM participants, but not in healthy controls. A euglycemic clamp procedure was 

performed after a base-line resting condition and one hour after treadmill walking at a 

steady-state heart rate of 150 to 160 beats per minute for 60 minutes. To elicit these heart 

rates, the obese participants walked 1.2 to 2.5 mph at 2-12% grade, while the lean 

controls walked 3.0 mph at 10-14% grade. The external work carried out by the lean 

participants was approximately 60% higher than that by the obese group. In the base-line 

test (no previous exercise), glucose clearance was significantly lower (R<.01) in the obese 

participants compared to the lean controls. At the highest insulin concentrations applied, 

exercise significantly (R<.05) increased glucose clearance (insulin responsiveness) to 124 

and 134% of base-line in both the obese groups. The insulin concentration required for 

one-half of the maximal clearance rate of glucose (insulin sensitivity) decreased (n<.05) 

35% in the obese NIDDMs and 41% in the obese normoglycemics (200 to 130 and 160 to 

95 uU/ml, respectively). No significant changes in insulin responsiveness (increased 118%) 
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or sensitivity (values not reported) were found in the lean controls following exercise. 

According to the authors, the lack of significant findings in the lean controls may be due to 

their state of high insulin effectiveness and/or the possibility that the exercise stimulus, 

relative to maximal oxygen consumption, was lower for the lean compared to the obese 

participants, despite performing 60% more work. Although insulin resistance was reduced 

in the obese participants, it was not completely reversed by one bout of exercise as 

glucose clearance remained significantly lower in both obese groups compared to the lean 

controls. Therefore, although a single session of exercise is effective at reducing the 

insulin resistance associated with obesity and NIDDM, a single exercise session may not 

be effective enough to restore insulin action to normal levels in this population of 

participants. Cumulative bouts of exercise (Rogers et al., 1988), or exercise training which 

induces a change in body composition (Kirwan et al., 1993) may be necessary to improve 

insulin action to normal levels. However, because of their marked insulin resistance, a 

single session of exercise may impact insulin action to a greater degree in obese and 

NIDDM persons compared to healthy, more lean persons (Burstein et al., 1990, Devlin & 

Horton, 1985, and Devlin et al., 1987). A single exercise session may also be more 

effective in ethnic populations characterized by a greater prevalence of insulin resistance. 

Relative to the general U.S. population, Mexican American women are reported to be 

more insulin resistant (Haffuer et al., 1986). Mexican American women display an 

androgenic hormonal profile (Haffuer, 1989), are more hyperinsulinemic, have a greater 

preponderance of upper body and total adiposity (Haffuer et al., 1986), and are at 
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increased risk of developing NIDDM (Flegal et al., 1991). Jankowski (1996) compared 

the insulin responses of sedentary Mexican American and nonHispanic white women (27 .5 

yrs) 15 hours after a single treadmill exercise (50 min., 70% VO2max). A significant 

(Q<.05) group by treatment interaction for insulin area was reported. The insulin area of 

the Mexican American women declined 22% (8.5 ± 1.5 to 6.6 ± 0. 7 pM x min. x 104
) 

postexercise compared to rest (Q = .06), whereas in the nonHispanic women, postexercise 

insulin area was 10% greater (6.0 ± 0.5 to 6.7 ± 0.6 pM x min. x 104
) than rest. Insulin 

area following rest was 30% greater in the Mexican American women compared to the 

nonHispanic women, supporting the observation of a greater insulin secretion in this 

population. 

Contrary to thes~ reports, Mikines et al. (1988) observed an improvement in insulin 

sensitivity and responsiveness in healthy, non-obese (13% fat) young men 48 hours after a 

single exercise session (60 min., 150 Watts, 64% ofVO2max). The insulin concentration 

eliciting half the maximal glucose uptake rate during the clamp procedures decreased 16% 

following endurance exercise compared to rest (52 ± 3 to 40 ± 3 uU/ml, y<.05). Insulin 

responsiveness also improved, as the maximal rate of glucose disposal achieved during the 

clamp procedure significantly increased following exercise compared to rest (9.5 ± 0.8 to 

10. 7 ± 0.8 mg/min/kg. y<.05). Muscle glycogen synthase activity was higher immediately 

after exercise and remained higher for the next 48 hours. The exercise effect on insulin 

sensitivity and responsiveness was not apparent in three participants evaluated 5 days 

postexercise. The authors concluded that prolonged moderate exercise leads to an increase 
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in insulin sensitivity and responsiveness of glucose utilization that lasts 48 hours, but not 5 

days. Compared to the untrained following a single exercise session in the present study, 

Mikines et al. (1989) found the insulin sensitivity of seven endurance-trained participants 

(44 ± 4 uU/ml, respectively), 15 hours after their usual exercise, to be similar to the 

postexercise insulin sensitivity of the untrained participants reported previously (Mikines 

et al., 1988). However, the insulin responsiveness was significantly (R<.05) higher in the 

trained than the untrained following exercise (13.4 ± 1.2 vs 10.9 ± 0.7 mg/min/kg, 

respectively). As previously mentioned, exercise training may have a greater effect on 

insulin responsiveness than a single exercise session. 

Although the observation of an exercise-induced improvement in insulin sensitivity in 

nonobese participants reported by Mikines et al. (1988) is contrary to those previously 

reviewed, (Devlin & Horton 1985, Burstein et al., 1990, and Jankowski , 1996), the trend 

was similar. The improvement in insulin sensitivity following exercise appears to be 

greater in the more insulin resistant participants. For example, a 22 to 41 % improvement 

in measures of insulin sensitivity have been reported in participants characterized as insulin 

resistant (Burstein et al., 1990, Devlin and Horton 1985, and Jankowski, 1996), compared 

to the 10% decrement, or 3 to 16% improvement in measures of insulin sensitivity 

reported in leaner, normoglycemic participants following a single exercise session (Devlin 

& Horton, 1985, Mikines et al., 1988, and Jankowski, 1996). 

Contrary to this trend, Marin et al. ( 1993) reported that the enhancement in glucose 

uptake (insulin action) following a single aerobic exercise was lowest in women 
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characteristic of being more insulin resistant. A significant increase (n<.05) in 

insulin-dependent, (24.5 ± 1.5 to 28. 7 ± 28. 7 mg/kg/min), but not non-insulin-dependent 

(0.87 ± 0.2 to 1.56 ± 0.5 mg/kg/min) glucose uptake was observed in 11 normal to 

moderately obese women 24 hours after a glycogen depleting exercise ( 60 min of cycle 

ergometry at 75% ofVO2max). Preexercise insulin dependent glucose uptake was 

negatively correlated with WH (! = -0.780, Q<.01) and fasting C-peptide (r = -0.790, 

Q<.01) and positively correlated with SHBG (! = 0.697, Q<.05). The change in insulin 

dependent glucose uptake from preexercise to postexercise was negatively correlated with 

B:MI (! = -0.632, Q<.10), WH (r = -0.698, :Q<.05), fasting free testosterone 

(r = -0.676, Q<.05), fasting FF A (r = -0.649, Q<.05), and fasting C-peptide (I= -0.626, 

Q<.10), and positively related to SHBG (! = 0 . 782, Q<.05). Thus, enhancement of glucose 

uptake following a single exercise session was lowest in women with high BMI, WH, 

fasting FF A, testosterone, and C-peptide levels, and low SHBG. 

The type of exercise may also influence the effect of exercise on insulin action. 

Exercise which causes muscle damage, such as downhill running or high intensity running, 

may impair insulin action. Lash et al. ( 1987) reported an elevated insulin response to an 

OGTT 48 hours after a single exercise session which caused muscle soreness. The 

treatment conditions for the nine male participants consisted of 50 minutes of level 

treadmill running, 50 minutes of downhill running at 11 % decline, and rest. The relative 

intensity of the treadmill running was not reported. Muscle soreness was found to be 

significantly (Q<.05) elevated following the downhill running, but not by level running. The 
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areas for glucose after downhill running, level running, and rest were similar (952, 973, 

and 980 mM, respectively), while the areas for insulin were elevated (R<.05) by 40% after 

the downhill running compared to level running and rest (3,602, 2,620, and 2,554 

uU/ml/min, respectively). Level running did not change the insulin response area 

compared to rest. Therefore, exercise-induced muscle damage, indicated by muscle 

soreness and as a result of downhill running, may impair insulin action. 

Kirwan, Bouray, Kohrt, Staten, and Holloszy (1991) reported an increase in pancreatic 

insulin secretion in response to glucose following a single bout of high-intensity running to 

exhaustion. Hyperglycemic clamps were performed on seven untrained men (23 ± 2 yrs.) 

12 hours after an intermittent treadmill run to exhaustion at 77% ofVO2max and 

following rest. Compared to rest, the incremental areas under the insulin (376 ± 33 vs. 245 

± 51 uU/ml/min) and C-peptide (17 ± 2 vs. 12 ± I ng/ml/min) curves were significantly 

(R<.05) greater during the early phase of the postexercise clamp. No differences were 

observed in either insulin concentrations or whole body glucose disposal during the late 

phase (15-180 minutes) of the clamps, while area under the C-peptide curve was 

significantly (Q<.05) greater during the late phase of the postexercise clamp (650 ± 53 vs. 

536 ± 76 ng/ml/min). The augmented C-peptide secretion during both phases of the 

postexercise clamp indicate that insulin secretion was increased as a result of the exercise 

bout. However, the increased insulin secretion was not associated with an increased rate 

of glucose disposal, suggesting an impairment in insulin action. According to the authors, 

the increase in plasma C-peptide levels without a concomitant increase in insulin during 
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the late phase supports the possibility that the acute bout of exercise may have enhanced 

insulin clearance. The single exercise session designed by Kirwan and colleagues appeared 

to induce muscle damage as evidenced by a significant (n<.05) increase in plasma creatine 

kinase (CK) levels (142 ± 32 to 305 ± 31 IU/1) and complaints of muscle soreness and 

stiffness in both the calf and thigh muscles 12 hours postexercise. The results of Lash et al. 

( 1987) and Kirwan et al. ( 1991) suggest that peripheral insulin resistance may develop 

following a single session of high-intensity exercise which induces muscle damage. This is 

reflected by an increase in pancreatic insulin secretion despite no change in glucose 

disposal or response after exercise compared to no previous exercise. 

The decrease in insulin action following downhill or high-intensity running may be 

explained by the muscle damage associated with a greater eccentric component of muscle 

contraction. Kirwan et al. (1992) performed the euglycemic insulin clamp technique 48 

hours after a single session of predominantly (1) eccentric exercise (30 min, 60% V02max, 

-17% grade), (2) concentric exercise (30 min, cycle ergometry, 60% V02max), or (3) 

without prior exercise. Eccentric exercise caused marked muscle soreness and significantly 

elevated CK levels 48 hours after exercise (273 ± 73, 92 ± 27, and 87 ± 25 IU/1 for 

eccentric, concentric, and no exercise, respectively). Also, insulin-mediated glucose 

disposal rate was significantly impaired (n<.05) during the clamp performed following 

eccentric exercise (3.47 ± 0.51 mg/kg min.) compared with the clamps performed after 

concentric exercise (5.55 ± 0.94 mg/kg/min.) or no exercise (5.48 ± 1.0 mg/kg/min.). King 

et al. (1993) demonstrated that a single bout of eccentric exercise causes an increase in 
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pancreatic B-cell insulin secretion in response to hyperglycemia. Clamps were performed 

on 8 healthy men after 7 days of inactivity and approximately 36 hours after a single 

session of eccentric exercise ( 10 sets of 10 repetitions of combined knee extension and 

flexion for each leg). Eccentric exercise appeared to produce marked muscle damage, as 

indicated by a SO-fold increase in plasma CK (100 ± 17 to 5,209 ± 3,811 U/I, Q<.001) and 

subjective reports of muscle soreness. Although peak insulin response was elevated during 

the early phase of the hyperglycemic clamp procedure only (0-10 min.), peak plasma 

C-peptide concentrations were elevated during both the early and late (10 to 120 min.) 

phases following eccentric exercise compared to rest. Prior eccentric exercise had no 

significant effect on whole body glucose disposal, despite the increase in pancreatic insulin 

secretion, indicating an impairment in insulin action. Others have noted an impairment in 

muscle glycogen repletion for several days after eccentric exercise (Costill et al., 1990, 

Doyle, Sherman, & Strauss, 1993, and O'Reilly et al., 1987), providing evidence that 

eccentric exercise or muscle contractions may decrease insulin-mediated glucose disposal. 

Muscle glycogen and diet may also be a factor in determining the effect of a single 

exercise session on insulin action. The increased insulin sensitivity following exercise may 

be confined to the muscle fibers with reduced glycogen stores (Richter, Garetto, 

Goodman, and Ruderman, 1984). With a return of the glycogen concentration to normal, 

insulin sensitivity declines (Fell, Terblanche, Ivy, Young, & Holloszy, 1982, Richter, 

Garetto, Goodman, & Ruderman, 1982, and Richter et al., 1984 ). However, insulin 

sensitivity can be maintained for an extended period of time if the glycogen concentration 
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is prevented from returning to normal by carbohydrate or caloric restriction (Fell et al., 

1982 and LeBlanc et al., 1981). For example, LeBlanc et al. (1981) noted that the blunted 

insulin response observed in trained participants persisted for three days when caloric 

intake was reduced, but not when the participants ate ad libitum. Ivy, Fishberg, Farrell, 

Miller, and Sherman (1985) studied the effects of an exercise induced reduction of muscle 

glycogen and postexercise diet on the insulin response to an OGTT. After exercise and 1 

day on a mixed diet (41 % CHO, 30% FAT, 29% PRO, 3,262 kcal), muscle glycogen and 

the insulin response area (4,469 ± 751 to 3,204 ± 455 uU/ml x min.) were significantly 

(R<.05) reduced compared to no previous exercise and a mixed diet, while glycogen 

synthase was significantly (R<.05) elevated compared to the no-exercise condition. Muscle 

glycogen was also significantly (p<.05) reduced after exercise and 1 day on a 

carbohydrate-restricted diet (12% CHO, 49% FAT, 39% PRO, 3,078 kcal). Surprisingly, 

there was no change in the insulin response area (4,473 ± 406 uU/ml x min.) or the 

activation of glycogen synthase compared to no previous exercise. It was suggested that 

the elevation in FFA (67%) observed prior to the OGTT, and as a result of the high fat 

intake, may have impaired the action of insulin-mediated glucose uptake in muscle. Muscle 

glycogen was significantly (R<.05) increased compared to rest following exercise and 3 

days of high carbohydrate intake (75%CHO, 14% FAT, 11% PRO, 3,304 kcal), while 

glycogen synthase activation was 13% lower, but not significantly different compared to 

the no-exercise condition. Although the insulin response area increased 21 % three days 

after exercise while eating a high carbohydrate diet, it also was not significantly different 



from the no-exercise condition. Based on the results, it was suggested by Ivy and 

colleagues that an exercise-induced reduction in muscle glycogen can improve insulin 

sensitivity, but that this effect is diet dependent. 
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The significant increase in the rate of glucose uptake one day following glycogen 

depleting exercise has been shown to be insulin-mediated, as opposed to non-insulin 

mediated (Marin et al., 1993). Additionally, the increase in glucose disposal rate 12 hours 

following glycogen depleting exercise is the result of an increased rate of non-oxidative 

glucose disposal, which reflects an increase in glucose storage as glycogen (Devlin & 

Horton, 1985, and Devlin et al., 1987). 

Annuzzi et al. (1991) demonstrated that the enhanced insulin sensitivity following a 

single exercise session is localized to the muscles involved in the exercise. Nine men 

alternated bicycle and treadmill exercise for 3 continuous hours at 50% ofVO2max. The 

hyperinsulinemic euglycemic clamp procedure was performed one day before and one day 

after the exercise session. The amount of glucose taken up by the forearm dwing the 

clamp was found to be similar before (40.6 ± 13.6 umol/kg/min) and after exercise (39.2 ± 

18.6 umoVkg/min), whereas glucose uptake by the leg was significantly (R<.05) higher the 

day after compared to the day before exercise (45.3 ± 14.4 vs. 34.3 ± 10.2 umoVkg/min). 

There was a significant correlation between forearm and whole body glucose uptake 

during the clamp performed before exercise(!= .86, R<.01), while no correlation was 

found after exercise(!= .31). Meanwhile, leg glucose uptake was significantly correlated 

with whole body glucose disposal both before(!= .72, R<.05) and after (I= .89, R<.01) 
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exercise. The results of this study are in agreement with others (Richter et al., 1984 and 

Richter et al., 1989) in demonstrating that the enhanced insulin-stimulated glucose uptake 

is localized to the muscles involved in the exercise. 

If the improvement in insulin sensitivity is localized to the exercised muscle, then 

exercise of the proper stimulus, and which incorporates numerous muscles groups, should 

be recommended for improving insulin action or reducing insulin resistance. Strength 

training may be such an exercise. 

Few studies have investigated the effects of a single bout of resistance exercise on 

insulin responses. Hall and Balon ( 1992) examined the effects of a single bout of 

resistance exercise and 10 days of inactivity on glucose and insulin responses to an OGTT 

in five male participants. An OGTT was performed 24 hours and 10 days following an 

undefined circuit of weight training exercises. Although the areas under the glucose 

response curves were similar 24 hours and 10 days following exercise (13,317 ± 349 vs 

14,796 ± 933 mg/dl x min, respectively), the area under the insulin response curve was 

significantly (n<.05) reduced 24 hours after exercise compared to 10 days of no activity 

(4,971 ± 232 vs 6,640 ± 547 uU/ml x min). 

McMillan et al. ( 1993) examined the effects of a single weight training session on 

several blood parameters including glucose and insulin levels. The 21 young, male 

participants were divided into three groups which consisted of well-trained weight lifters 

(n = 8), untrained participants (n = 7) who took part in the single exercise session, and 

untrained controls (n = 6) who did not exercise. The exercise groups performed five sets 
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of 10 dead-stop squats at 40 to 60% of lRM, five sets of 10 quarter squats at 60 to 90% 

of lRM, and three sets of 10 verticaljumps. Blood samples were drawn over a 36-hour 

period beginning 12 hours before the exercise session and ending approximately 21 hours 

after exercise. The insulin levels of the two exercise groups were found to be significantly 

{Q<.05) lower than the control group at seven hours postexercise only. Neither diet nor 

physical characteristics were considered as possible reasons for the reduced insulin 

concentration. The authors concluded that a single resistance-training exercise session may 

have a depressant effect on serum insulin concentrations. 

Lastly, Fluckey et al. (1994) studied the insulin response to an OGTT in young (27.1 

±1.2 yrs.) participants and older (53.3 ± 1.7 yrs.) participants with NIDDM. Each group 

of participants, young and older NIDDM, were comprised of four females and three 

males. The following seven Nautilus exercise machines were used in the order stated: leg 

extension, seated leg curl, torso arm, pullover, arm cross, triceps, and biceps. The 

participants performed the first two sets at 50 and 75% of their 10 RM weight (75% of 

I RM), and used the full 10 RM for the third set. All three sets were performed on the 

same machine before moving to the next. A 70 second rest was allowed between sets, with 

two minutes allowed between lifting stations. The 75-gram OGTTs were administered 

before and 18 hours after the exercise session, with the participants 12 hours 

post-absorptive. All participants were able to complete 10 repetitions in the first two sets, 

but only eight lifts were completed in the third set. The single bout of exercise did not alter 

the area under the glucose curve of the three treatment groups. However, the area under 
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the insulin response curve significantly (R<.05) improved following exercise in both the 

young (6.93 ± 0.8 x 103 to 5.38 ± 0.65 x 103 pM) and NIDDM (9.83 ± 1.95 x 103 to 7.77 

± 1.50 x 103 pM) groups. The postexercise C-peptide levels were unchanged in both 

groups, which indicates there was no change in insulin secretion. The decrease in insulin 

18 hours after exercise, with no change in insulin secretion, suggests an enhanced ability to 

clear insulin from the blood following a single session of strength exercise. It was not 

determined whether the insulin clearance was peripheral and/or hepatic. Enhanced insulin 

clearance has also been reported following intravenous glucose administration in 

endurance-trained athletes (Wirth et al., 1981), after a single high-intensity running 

exercise (Kirwan et al., 1991), eccentric exercise (King et al., 1993), and in physically 

trained rats after insulin infusion (Wirth et al., 1980). However, neither King et al. 

(1988B) nor Mikines et al. (1988) observed any change in insulin clearance in 

endurance-trained participants after 14 days of inactivity or in untrained participants after 

a single bout of aerobic exercise, respectively. Fluckey et al. (1994) concluded that a 

single resistance exercise can influence insulin action independent of glucose tolerance. 

In swnmary, it has been suggested that the last bout of exercise may be responsible for 

the improved insulin sensitivity that has been attributed to training. Within 3 to 10 days 

after cessation of exercise, insulin response to glucose and insulin sensitivity are 

significantly decreased in exercise-trained participants or athletes despite no change in 

V02max, body weight, or body composition (Heath et al., 1983, King et al., 1988A, 

LeBlanc et al., 1981, Lipman et al., 1972, McCoy et al., 1994, Mil<lnes et al., 1989, and 
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Oshida et al., 1991). Also, despite no change in glucose tolerance, a single session of 

either aerobic or strength training has been shown to produce a blunted insulin response to 

a glucose load 14 to 24 hours later in untrained participants (Ben-Ezra et al., 1995, Fahlen 

et al., 1972, Fluckey et al., 1994, Young et al., 1989, and Hall & Balon, 1992) and in 

trained participants after a period of inactivity (Heath et al, 1983). The improvement in 

insulin action following a single exercise session has been primarily attributed to an 

increased insulin sensitivity (Burstein et al., 1990, Devlin & Horton, 1985, King et al., 

1988B, Marin et al., 1993 and Mil<lnes et al., 1988), which is localized to the muscles 

involved in the exercise (Annuzzi et al., 1991), and lasts up to 48 hours (Mil<lnes et al., 

1988). An increase in insulin responsiveness has also been observed (Mikines et al., 1988); 

however, it is believed that exercise training has a greater effect on insulin responsiveness 

than a single exercise session (Mil<lnes et al., 1989). 

The improvement in insulin response and/or sensitivity following a single exercise 

session may be dependent upon such factors as the exercise intensity (Ben-Ezra et al., 

1995), total energy expenditure (Braun et al., 1995 and Shriver et al., 1993), participant 

selection (Burstein et al., 1990, Cononie et al., 1994, Devlin & Horton, 1985, Jankowski, 

1995, and Marin et al., 1993), type of exercise or muscle contractions performed (King et 

al., 1993, Kirwan et al., 1991 & 1992, and Lash et al., 1987), postexercise diet (Fell et al., 

1982 and LeBlanc et al., 1981) and level of glycogen depletion/repletion (Ivy et al., 1985 

and Richter et al., 1984). However, results of studies that indicate that energy expenditure 

is a more critical factor to the changes in insulin sensitivity have used multiple bouts or 
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days of exercise, which have been found to have a greater impact on insulin responses than 

a single exercise session (Cononie et al., 1994 and Rogers et al., 1988). Possible 

mechanisms for the improvement in insulin responses and insulin sensitivity following a 

single session of exercise training include an increase in insulin receptor binding to its cell 

membrane receptors, (Burstein et al., 1985 and Heath et al., 1983), and an increased 

permeability of glucose due to the insulin-like effect of muscle contractions (Ivy, 1987), as 

well as postreceptor changes in the concentrations of GLUT-4 protein (Douen et al., 

1989, Gulve & Spina, 1995 and McCoy et al., 1994), glycogen synthase (Ivy et al., 1985) 

and citrate synthase (McCoy et al., 1994). Although a single session of either aerobic or 

strength training exercise has been shown to improve insulin action, a comparison of their 

effects on glucose metabolism and insulin action in the same person has not been reported. 

Therefore, the purpose of this study was to compare the effect of a single bout of aerobic 

and resistance training on the insulin response to oral glucose ingestion in non-diabetic, 

sedentary premenopausal women. 



CHAPTERIII 

:METHODS 

The purpose of this study was to compare the effects of a single bout of aerobic and 

strength training exercise on the insulin response to oral glucose ingestion in non-diabetic, 

sedentary premenopausal women. A thorough description of the participants, method and 

procedure of data collection and analyses, and statistical analyses follows. 

Participants 

The participants for this study were non-smoking, sedentary female volunteers 18-42 

years of age. None of participants were involved in regular exercise (more than twice per 

week) during the study, or involved in any regular aerobic or strength training for the 

previous three months (Coyle et al., 1984 and Hickson & Rosenkoetter, 1981 ). 

A medical history questionnaire was completed by all participants (Appendix A). 

Exclusion criteria included reporting the presence of insulin dependent or non-insulin 

dependent diabetes, cardiovascular disease, hypertension (resting systolic and diastolic 

blood pressures greater than 140 and 90, respectively), and irregular menses (less than 10 

per year). Also, all participants were within 90 to 200% of their ideal body weight (Linder, 

1991 ). A physical activity readiness questionnaire (Appendix B) was completed by all 

participants to identify those adults for whom physical activity might be inappropriate. A 

personal questionnaire (Appendix B) was completed by all participants to ascertain 

90 
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menstrual history and contraceptive use of each participant. 

Participants were screened for hyperglycemia on two separate days prior to beginning 

the study. A finger tip blood sample was drawn following a 12-14 hour post-absorptive 

state and analyzed for glucose. Participants maintaining a fasting glucose level greater than 

140 mg/dl for either screening would have been excluded from the study. 

The procedures were explained in detail both verbally and in written form to all 

participants prior to their participation. In addition, all participants read and signed a 

University Approved Human Subjects Participation Consent Form prior to any testing or 

measurements (Appendix C). The protocols of this study were approved by the Human 

Subjects Review Committee of Texas Woman's University (Appendix D). 

Except for the exercising treatment and testing procedures, the participants were 

requested to refrain· from exercise during their participation in the study. A physical 

activity log was completed by each participant to ascertain their physical activity the week 

preceding each OGTT (Appendix E). 

Procedure 

The order of events comprising the study was (a) completion of the written informed 

consent form and medical history questionnaire; (b) screening of fasting glucose on two 

separate days; ( c) measurement of maximal oxygen consumption and maximal strength; 

( d) instruction on diet recording; ( e) the rest and exercise sessions, each followed the next 

day by an OGTT, and completion of the muscle soreness evaluation and physical activity 

questionnaire; and (f) anthropometric and body composition measurements. 
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Fasting Blood Glucose Screening 

A finger tip blood sample was drawn on two separate mornings after a 12-hour fast. 

The samples were immediately analyzed for glucose using a YSI model 2300 Stat Plus 

Glucose/Lactate Analyzer (Yellow Springs Inc., Yellow Springs, OH). All samples were 

run in duplicate and averaged. Additional measurements were made if the difference 

between duplicates was greater than O. lmM. 

Maximal Oxygen Consumption 

Prior to beginning the V02max test, the protocol and sequence of the test were 

explained in detail to the participants by qualified personnel. Resting blood pressure was 

determined using an arm cuff, mercury sphygmomanometer, and stethoscope while the 

participant was in the seated position. Body weight was determined to the nearest 0.5 

pound using a Detecto Medic scale (Brooklyn, NY). Also, prior to beginning the V02max 

test, each participant completed a hyperventilation test in order to detect any cardiac 

abnormalities which could have occurred during exercise. A 12-lead Quinton Q4000 

electrocardiograph (ECG) was monitored during three phases of the hyperventilation test: 

(a) while the participant was in a standing position, breathing deeply and quickly 

(hyperventilating); (b) during 30 seconds of seated hyperventilation; and ( c) during seated 

recovery with normal breathing. If significant changes in ST-segment or T-waves had 

occurred during hyperventilation or recovery, the V02max test would have been 

administered with caution, and terminated if indications for stopping the test became 

apparent (ACSM, 1991). 
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The V02max of each participant was determined by open circuit spirometry using a 

Quinton Q65 motor driven treadmill (Quinton Instruments, Seattle, WA) and a computer 

interfaced Ametek OCM-2 Oxygen Uptake System (Ametek, Pittsburgh, PA). The 

treadmill protocol began at 3.5 mph and 5% elevation, with a 5% increase in elevation 

every two minutes until V 0 2max was reached. The criteria for accepting the results as 

maximal was the attainment of at least two of the following: (a) less than a 150 ml/min 

increase in oxygen consumption between the last two stages of work; (b) a maximal heart 

rate within 10 beats of age predicted maximum, and; ( c) a respiratory exchange ratio of 

1.1 or greater during the last stage of work (Taylor et al., 1955 and Holly, 1988). During 

the V02max test, expired air was collected continuously and analyzed for oxygen and 

carbon dioxide by an Ametek oxygen (S-3A/I) and carbon dioxide (CD-3A) analyzer, 

respectively. The ~yzers were calibrated prior to each test using standardized gases 

(16% oxygen and 4% carbon dioxide). Participant heart rate was recorded during the last 

10 seconds of each workload by the 12-lead ECG. Following the test, each participant 

continued to be monitored until their heart rate was 120 beats per minute or less. 

Strength Testing ORM Determination) 

The strength testing and subsequent single bout of strength training took place in the 

Wellness Center at Texas Woman's University. All participants underwent strength testing 

at least seven days prior to an OGTT. The following strength training exercises were 

performed in the order stated: Supine Bench Press, Leg Press, Long Pull, Leg Extension, 

Lat Pulldown, Leg Curl, Standing Pulley Push-down, Seated Biceps Curl, Seated Calf 
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Raise, Seated Back Extension, and Seated Military Press. Following a supervised warm up 

period consisting of five minutes of light cardiovascular activity (i.e., stationary bike or 

treadmill walking) and static stretching, a fitness professional assessed the one repetition 

maximum (lRM) of each participant for all exercises. Prior to each exercise, the fitness 

professional demonstrated the proper lifting and breathing techniques. Participants then 

performed a 10 to 12 repetition warm-up at the least resistance, followed by a 60 second 

rest period. On the basis of the relative effort of the warm-up, the fitness professional 

incrementally increased the weight being lifted by the participant. Only one repetition was 

completed for each lift, and weight was added until the participant was unable to complete 

the full range of the lift. The previous successful weight lifted was recorded as the 1 RM 

(Appendix F). Participants rested 60 seconds between each lift. The lRM of each exercise 

was obtained within approximately 5-7 lifts. Water was available during all exercise 

sessions. The results of the 1 RM testing were used to establish the training intensity for 

the subsequent single bout training session. 

Rest and Submaximal Aerobic and Strength Training Treatments 

Following the VO2max and strength tests, the participants were randomly assigned to 

each of the three treatments (rest, a single bout of aerobic exercise, and a single bout of 

strength exercise). The rest and exercise treatments were scheduled so that the OGTTs 

would take place during the fifth to twelfth day of each participant's self reported onset of 

menstruation. This schedule was used to control for possible menstrual cycle related 

effects on insulin sensitivity or response (Bertolli et al., 1980 and Valdes & Elkind-Hirsch, 
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1991 ). Each treatment condition was separated by at least seven days, therefore the three 

treatment conditions were completed over an 8 to 12 week period. The resting and 

exercise treatments each took place between 2:00 and 7:00 p.m., followed by an OGTT 

the next day. The participants began each treatment at the same time of day. Each 

treatment was supervised by a fitness professional, and commenced no sooner than six 

days following the VO2max and strength testing. The resting trial consisted of a one hour 

rest only. 

The aerobic exercise session consisted of walking for 50 minutes on a motor driven 

treadmill at approximately 70% of individual VO2max. The walking pace for each 

participant was 3 .5 miles per hour with the treadmill elevation adjusted until 

approximately 70% ofVO2max was reached. The actual workload performed was 

estimated from the maximal oxygen consumption test. In order to verify the appropriate 

elevation, each participant was given a 2 to 3 minute practice workload prior to beginning 

the submaximal aerobic treatment, and adjustments in elevation were made as needed. 

Participant heart rate was continuously monitored during the treadmill exercise, and 

expired respiratory gas was collected for a five minute period at the start of exercise and 

during minutes 20 to 25 and 40 to 45 of exercise. 

The single bout of strength training began with five minutes of light cardiovascular 

activity and static stretching. The following exercises were performed in the order stated: 

Supine Bench Press, Seated Leg Press, Seated Long Pull, Leg Extension, Lat Pulldown, 

Leg Curl, Standing Pulley Push-down, Seated Biceps Curl, Seated Calf Raise, Seated 
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Back Extension, and Seated Military Press. The strength training session was based on a 

Delorme and Watkins (1978) training protocol which consists of three sets of 10 lifts at 

each exercise station using progressively heavier weight for each set of lifts. The first set 

of 10 lifts were performed at a resistance which was approximately 40% of each 

participant's 1 RM resistance. The resistance for the second set of 10 lifts was set at 

approximately 55% of each participant's lRM weight. Participants attempted 10 

repetitions at 75% of their lRM weight for the third set of lifts. The weight required for 

each set of lifts at each exercise machine was based on the participant's previously 

determined lRM (the maximal load that can be lifted once). All three sets were completed 

on each machine before the participants moved to the next exercise. A 70 second rest was 

allowed between sets, with two minutes between exercises. Each session lasted 

approximately one hour. The fitness professional recorded the amount of weight lifted and 

the number of repetitions completed by each participant for each of the three sets 

(Appendix F). Because exercise induced muscle soreness may enhance the insulin response 

to glucose ingestion (Lash et al., 1987), a questionnaire to determine perceived muscle 

soreness (Abraham, 1977) was completed by each participant during the OGTTs 

(Appendix G). Each participant rated the level of soreness from a scale of O (absence of 

soreness) to 3 (severe, distressing pain which limits the range of motion). 

Oral Glucose Tolerance Tests and Blood Sampling 

Approximately 15 to 18 hours after the single bout of aerobic exercise, strength 

training exercise, or resting session, the participants returned to the lab for the OGTT. All 
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OGTTs began between 7:30 and 10:00 a.m. with the participants 12-14 hours 

post-absorptive. To begin the OGTT, a catheter (Becton Dickinson, Sandy, Utah; 20G x 

1 ") was inserted into an antecubital vein of the participant by a qualified phlebotomist or 

nurse. The catheter was kept patent with a dilute sterile saline/heparin solution (20 

units/ml). Two fasting blood samples were taken. For the SHBG analysis, approximately 2 

ml of the fasting sample were placed into a non-heparinized vacutainer tube (Becton 

Dickinson, Franklin Lakes, NJ) and allowed to clot for 30 minutes at room temperature. 

Another 7 ml of venous blood was drawn and placed in sterile blood collection tubes 

containing 7.5 mg EDTA (Sherwood Medical, St Louis, MO). The participants then drank 

a commercially prepared solution (Tru-Glu 100, Fisher Scientific, Pittsburgh, PA) 

consisting of 75 grams of glucose in 215 ml of fluid. Additional samples were drawn via 

catheter at 15, 30, 60, 90, 120, and 150 minutes after glucose ingestion, and placed into 

the blood collection tubes containing EDT A. All samples were gently mixed and then 

centrifuged at 4 ° Centigrade and 2,500 revolutions per minute for eight minutes. The 

plasma of all samples was removed and stored at -80 ° Centigrade for up to 8 months 

pending analysis. 

Plasma Analysis 

Plasma samples were analyzed for glucose with the YSI model 2300 Stat Plus 

Glucose/Lactate Analyzer (Yellow Springs Inc., Yellow Springs, OH) mentioned 

previously. Most samples were analyzed immediately after centrifugation, while others 

were analyzed after approximately 2 months of storage at -80° Centigrade. Duplicate 



measurements were made and averaged. Additional measurements were made if the 

difference between duplicates was greater than 0.lmM. 
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Plasma insulin was analyzed by radioimmunoassay using ICN Biomedicals, Inc. (Costa 

Mesa, CA) Double Antibody-125 I RIA Kit (cat# 07-160102). Intra- and inter-assay 

coefficients of variation determined in this laboratory were 4.8% and 6.9%, respectively. 

C-peptide was analyzed by radioimmunoassay using Diagnostic Products Corporation 

(Los Angeles, CA) Double Antibody C-Peptide Kit (cat# KCOD2). The Intra- and 

inter-assay coefficients of variation for C-peptide determined in this laboratory were 7.0% 

and 11.3%, respectively. A 10 detector gamma counter (RIASTAR 5410, Packard 

Instrument Co., Meriden, CT) was also used in the insulin and C-peptide analyses. 

All plasma samples taken at time zero (fasting, prior to glucose ingestion) of the resting 

and exercise treatment were analyzed for FFA, SHBG, and CK. Free fatty acid (Wako 

Pure Chemical Industries, Ltd., Osaka, Japan) and CK (Sigma Diagnostics, St Louis, MO) 

levels were each analyzed using an enzymatic, colorimetric assay and a spectrophotometer 

(Bausch and Lomb, Rochester, NY). The intra- and inter-assay coefficients of variation for 

FF A were 2% and 5%, respectively. Sex hormone binding globulin levels were determined 

by the 10 detector gamma counter using an immunoradiometric assay technique (Farmos, 

Oulunsalo, Finland). All samples from the same individual were analyzed using kits with 

the same lot numbers, and in duplicate. The average of the duplicate measures was used in 

the data analyses. A detailed description of the insulin, C-peptide, SHBG, FFA, and CK 

analyses may be found in Appendix H. 
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Dietary Records and Considerations 

The procedures for keeping dietary records ( Appendix I) were explained to each 

participant by a nutritionist. Also, the importance of maintaining accurate records and a 

consistent dietary intake during the study were emphasized (no special diets of any kind, 

and no efforts for weight loss). Food models (Nasco, Fort Atkinson, WI) were used to 

assist the participants with estimation of portion size. It has been suggested that insulin 

response area to an OGTT may be reduced if carbohydrate or caloric intake is restricted 

the previous day (Dela et al., 1991, Fell et al., 1982, and LeBlanc et al., 1981). Therefore, 

the main dietary considerations were the maintenance of at least 150 grams of 

carbohydrate for each of the three days prior to each OGTT, and a similar total caloric 

intake for each three-day and single-day period preceding each OGTT. To help control for 

possible diet fluctuations between these days, each participant received a copy of their 

original 3-day dietary record and were asked to replicate that diet for the 3 days prior to 

the next OGTT. Participants were telephoned to remind them when to record their food 

intake. All dietary records were evaluated using the Nutritionist IV computer program 

(N-squared Computing, San Brunn, CA) to determine the carbohydrate, fat, protein, and 

caloric intake prior to each OGTT. 

To further control dietary influences, all participants arrived to the rest or exercise 

sessions without having eaten for two hours. Following the exercise or resting treatments, 

each participant was provided with the same meal of their choice to insure consistency in 

food intake the evening prior to each OGTT. Snacks were provided following each 
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OGTT. 

Body Composition 

Dual-energy x-ray absorptiometry (DXA; Lunar DPX, Lunar Corporation, Madison, 

WI) was used to assess total and regional body composition. Fat mass and lean mass 

measurements were accomplished with DXA through the use ofx-rays emitted at two 

different energy levels. Tissue determinations are made based on the amount of energy 

each tissue absorbs. The ratio of the attenuation of these two x-ray energies (~J by soft 

tissue is then used to calculate fat mass and lean mass when only these two tissues are 

present. In those areas containing both soft tissue and bone, ~tis extrapolated by 

assuming those areas have a similar soft tissue composition. 

Using software provided by the Lunar Corporation (version 3.6), abdominal fat was 

determined by defining a region of interest (ROI) that encompasses all soft tissue superior 

to the iliac crest and inferior to the space between the first lumbar and 12th thoracic 

vertebrae. Hip adiposity was determined with another ROI of the same height as the first, 

with the top of the ROI placed at the superior portion of the greater trochanters. This area 

for the determination of hip adiposity was chosen because it contains less bone than more 

superior regions of the pelvis and thus may help minimize measurement error. All DXA 

measures were performed and analyzed by the same certified technician. 

Anthropometric Measurements 

The waist to hip ratio was determined from the circumferences at the level of the 

umbilicus (waist) and the greater trochanter (hip) with the participants in a standing 



101 

position, and at the end of their normal expiration (Haffner et al., 1987). Duplicate 

measures were made using a non-stretchable, spring loaded, fiberglass tape. The average 

of the duplicate measures were used in the data analysis. The BMI was determined from 

the measured body weight of the participants and their self-reported height. BMI was 

calculated as body mass in kilograms divided by height in meters squared (kg/nr). 

The centrality index (subscapular/triceps) was determined from skinfold measures of 

the subscapular and triceps regions (Haffuer et al., 1987) using Lange calipers (Cambridge 

Scientific Instruments, Cambridge,~). Three readings within one millimeter were 

averaged. Skinfold sites were located and marked as described by Pollock, Schmidt, & 

Jackson ( 1980). The triceps skinfold was measured posteriorly over the right trice muscle 

at the level midway between the acromion and olecranon processes with a vertical fold. 

The subscapular skinfold was measured 1 to 2 cm below the inferior angle of the right 

scapula, following the natural contour of the skin. Two additional skinfolds, the 

quadriceps and suprailium, were used to determine the sum of skinfolds, a measure of 

overall adiposity. The quadriceps skinfold was measured as a vertical fold on the anterior 

aspect of the right thigh, midway between the hip and knee joints. The suprailiac skinfold 

was measured as a diagonal fold above the right iliac crest on a line with the anterior 

axillary fold. All anthropometric measures were made by the same trained female 

technician and with the participants minimally clothed. 

Calculations and Statistical Analysis 

The total areas under the glucose, insulin, and C-peptide response curves were 
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calculated using a trapezoidal model (BMDP Statistical Software, Berkely, CA) according 

to the following formula: 

T = [l/2(Yo + Y1s)AX1 + l/2(Y1s + Y3o)AX1 + l/2{y30 + Y6o+ Y9o + Y120 + 1/2 Y1so + Yo)AX2] 

where T = area, y = concentration of either glucose, insulin, or C-peptide at each of the 

time points; 0 (fasting), 15, 30, 60, 90, 120, and 150 min, AX1 = 15 (the time difference 

between Yo, y15, and y30,), and AX2 = 30 (the time difference between the remaining 

intervals, y30 to y150). The final segment of each trapezoid was formed by returning the 

response curve to baseline (i.e., Y150 to Y0). Only the concentrations above baseline were 

entered into this calculation (Seals et al., 1984). 

Glucose, insulin, and C-peptide levels at each time point of the OGTT were analyzed 

using a three (treatments) by seven (time points) MANOVA with repeated measures on 

treatment and time points. The total areas under the glucose, insulin, and C-peptide 

response curves for the three treatments were analyzed using MANOV A with repeated 

measures on treatment. The effect of the single bouts of aerobic and strength training and 

rest on fasting FFA, SHBG, and CK concentrations were also determined using 

MANOV A with repeated measures on treatment. The dependent variables used in the 

analysis were the fasting FFA, SHBG, and CK concentrations from each treatment. The 

average three day intake, and day of treatment intake of carbohydrate, protein, and fat 

were analyzed using two MANOV As with repeated measures on treatment. All 

MANOVAs were performed using the Biomedical Data Processing (BMDP) 4V 

Statistical Software. The Tukey post hoc test was used in each analysis when appropriate. 
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Correlation analyses (BMDP 6D) were used to determine the associations between the 

mean caloric intake of the participants for the 3 days or 1 day prior to each OGTT and the 

change in insulin area following each exercise. Each change in insulin area was determined 

by subtracting the exercise insulin area (aerobic or strength) from the resting insulin area. 

Stepwise multiple regression (BMDP 2R) was used to determine the ability of 

anthropometric, body composition, fitness, and fasting plasma variables to predict the 

change in OGTT insulin area from the resting treatment to each exercise treatment. 

The influence of aerobic and strength exercise on insulin response was also analyzed 

nonparametrically using a Chi Square test (SPSS Release 4.1 ). OGTT insulin responses 

were reduced to the nominal categories of "responder" and "nonresponder". A 

"responder" was defined as any participant whose postexercise insulin area (aerobic or 

strength) was less than their resting insulin area. A "nonresponder" was defined as any 

participant whose postexercise insulin area was greater than or equal to their resting 

insulin area. A separate Chi Square analysis was used to compare the number of 

"responders" to "nonresponders" following aerobic and strength exercise. 

Based on pilot data from this laboratory, 20 subjects was shown to be an adequate 

sample size (Power= .8) when a moderate to a pronounced exercise effect on insulin 

response is expected. The data were examined and edited to meet the assumptions of each 

statistical test. Outliers were identified as those raw scores which were greater than + 3 

standard scores (~ scores) from the mean. The alpha level for each analysis was set at the 

R < .05 level of significance. 



CHAPTERIV 

PRESENTATION OF THE FINDINGS 

The purpose of the study was to compare the effect of a single session of aerobic 

exercise and strength training on the insulin response to oral glucose ingestion in 

non-diabetic, sedentary premenopausal women. In this chapter, the results of the study are 

presented. All raw data are presented in Appendix J. 

Description of Participants 

The participants for this study were 29 women recruited from the student population of 

Texas Woman's University (TWU) and the community of Denton, Texas. Two women did 

not complete the study due to time constraints and a lack of interest. The remaining 

participants typically completed the study within three months of the fasting glucose 

screening. The physical characteristics of the participants ill= 27) are provided in Table 

1, and the total and regional body composition of the participants, as determined by dual 

energy x-ray absorptiometry, are presented in Table 2. All 27 women completing the study 

were normoglycemic, and within 90 to 200% of their ideal body weight. None of the 

women reported the presence of insulin dependent or non-insulin dependent diabetes, 

cardiovascular disease, or hypertension and none reported the use of oral contraceptives 

during or one year previous to beginning the study. 

104 
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Table 1 

Age~ Weicllt~ and Body Measures of the ParticiQants W: = 27) 

Variable M SD SEM Range 

Age (years) 26.4 7.8 1.5 18.0 - 42.0 

Weight (kg) 64.7 14.6 2.8 45.8 - 102.1 

Height (cm) 162.2 6.9 1.3 149.9 - 175.3 

Body Mass Index (kg/m2
) 24.5 4.8 0.9 17.9 - 36.3 

Waist to Hip Ratio 0.84 0.07 0.01 0.73 - 0.98 

Centrality Index 0.76 0.17 0.03 0.45 - 1.17 

Sum of Skinfolds (mm) 83.4 24.8 4.8 43.8 - 136.3 

Table 2 

Dual X-ray Absorntiometa Total and Regional Body Com2osition Measures W = 27) 

Variable M SD SEM Range 

% Body Fat 37.2 8.6 1.7 20.0 - 57.3 

Total Body Fat (grams) 24,639.1 10,894.7 2,096.7 9,044.0 - 57,692.0 

Abdominal Fat (grams) 2,662.0 2,208.0 424.9 662.0 - 12,329.0 

Hip Fat (grams) 3,837.0 1,372.9 264.2 2,007.0 - 8,537.0 

Total Lean Tissue (grams) 36,541.4 4,154.6 799.5 28,356.0 - 44,159.0 
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The physical fitness characteristics of the participants are presented in Table 3. Based 

on interviews, all of the women were exercising less than 2 days per week for the 3 

., months prior to beginning the study and remained inactive during their participation in the 

study, except for the treadmill walking and strength training treatments. Physical activity 

for the week prior to each OGTT was verified by a written questionnaire (Appendix E). 

All participants achieved at least two of the following three criteria for determining 

maximal oxygen consumption: (a) A leveling off of VO2 with increasing work or an 

increase ofless than 150 ml•min•1 between the two last stages of work, (b) maximal heart 

rate within 10 beats of age predicted maximum, or ( c) a respiratory exchange ratio of 1.1 

or greater during the last stage of work (Taylor et al., 1955 and Holly, 1988). The 

participant and group (N = 27) lRMs for each strength exercise are presented in Appendix 

J. 

Table 3 

Fitness Charactenstics of the Partici12ants W = 27) 

Variable M SD SEM Range 

VO2max (ml•min-1) 2,079.1 423.3 81.5 1,400.0 - 3,136.0 

VO2max (ml•kg·1•min•1) 32.7 5.4 1.0 22.0 - 41.2 

Heart Rate Max (beats•min-1
) 193.4 8.0 1.5 180.0 - 211.0 

1 RM Bench Press (kg) 34.3 5.1 1.0 25.0 - 45.5 

1 RM Leg Press (kg) 100.8 25.7 1.0 69.5 - 158.7 
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Submaximal Aerobic and Strength Exercise 

The participants exercised at approximately 73% ofVO2max and 86% of maximal 

heart rate during the submaximal treadmill walking (Table 4). Treadmill speed was set at 

3.5 miles per hour and the incline ranged from 0% to 12%. The mean rating of muscle 

soreness reported by the participants the day following the submaximal treadmill walking 

was 0.3 compared to a rating of zero the day following the resting treatment. All the 

participants were able to complete the 50 minutes of treadmill walking. 

The results of the submaximal strength exercise are presented in Table 5. Eleven 

different exercises were performed; however, four of the participants did not perform the 

seated back exercise during the strength training treatment because the machine was 

broken. The first, second, and third sets of the strength exercise were performed at 

approximately 41, 56, and 74% of the lRM, respectively. The average number of 

repetitions completed per exercise during the first, second, and third sets was 10.0, 9.9, 

and 9.4, respectively. Only one participant did not complete 10 repetitions on each of the 

exercises during the first set because of muscle cramping. Nineteen participants completed 

10 repetitions on each exercise during the second set, while only one participant 

completed all 10 repetitions on each exercise for the third set of exercises. All participants 

attempted three sets of lifts for each exercise. The average number of repetitions 

performed for each exercise during each set is presented in Appendix J. The mean muscle 

soreness reported the day following strength training exercise was 1.2. 



Table 4 

Submaximal Aerobic Exercise Oxygen Consumption and Heart Rates (li = 27) 

Variable M SD SEM Range 

V02 Submax (ml•min-1
) 1,505.7 273.0 52.5 1,085.0 - 2,177.0 

% V02max8 72.7 5.0 1.0 65.0 - 84.0 

Heart Rate Submax (beats•min-1
) 166.4 13.9 2.7 143.0 - 189.0 

% Heart Rate Max11 85.9 5.1 1.0 73.0 - 94.0 

aThe percentage of maximal values achieved during submaximal treadmill walking. 

Table 5 

Submaximal Strength Exercise Volume3 Re:getitions3 and Percent of lRM (li = 27) 

Variable M SD SEM Range 

108 

Volume (kg weight•reps•sets) 7,533.1 1,309.3 252.0 5,300.0 - 9,857.0 

Volume/kg Body Weighta 118.5 14.7 2.8 

Repetitions/Exerciseb 29.3 0.4 0.1 

% lRM 1st set 41.3 0.8 0.2 

% lRM 2nd set 55.9 0.8 0.2 

% lRM 3rd set 74.4 1.5 0.3 

8The volume of weight lifted per kg body weight of participants 
h'fhe number of repetitions completed per exercise. 

72.1 - 142.3 

28.3 - 30.0 

40.0 - 43.0 

55.0 - 58.0 

71.0 - 77.0 
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Statistical Analyses 

The study was designed to examine seven null hypotheses, each at the .05 level of 

significance. The first hypothesis was tested using a 3 (treatment) x 7 (time point) 

MANOV A with repeated measures on treatment and time point. The second, fourth, and 

fifth hypotheses were tested for significance using MANOV A with repeated measures on 

treatment. All MANOV As were performed using the B:MDP 4V program. Separate Chi 

Square analyses were used to test the third hypothesis, performed by the SPSS Release 

4.1 program. The sixth hypothesis was tested using correlation analysis and the HMDP 6D 

program. Stepwise multiple regression, determined via the HMDP 2R program, was used 

to test the seventh hypothesis. 

Glucose, Insulin, and C-peptide Time Points 

The first null hypothesis was that there will be no significant treatment differences 

between plasma glucose, insulin, or C-peptide concentrations at each time point of the 

OGTTs (rest, aerobic, and strength). This hypothesis was rejected based on a significant 

treatment difference for glucose concentration (n = .04). Time point values for glucose, 

insulin, and C-peptide concentrations are presented in Tables 6, 7, and 8. Due to the 

presence of extreme scores (determined as a± 3.0 maximum or minimum standard i 

score), 8 of the 27 participants' values were removed from the analysis of glucose, insulin, 

and C-peptide at each of the seven time points. These cases were omitted from the time 

course analysis because of high concentrations of insulin and C-peptide at various time 

points in both the resting and exercise treatments. 



Using the Tukey post hoc analysis (SSP program), the fasting (zero time point) and 

120-minute glucose concentrations were significantly lower following the strength 

exercise compared to rest (4.55 vs 4.75 mmol/L, Q = .02 and 4.95 vs 5.67 mmol/L, 

110 

Q = .01, respectively, Table 6). The glucose concentrations at each of the 7 time points (0 

through 150 minutes) were not significantly different following aerobic exercise compared 

to rest or the strength exercise. There also were no significant time-point differences 

across treatments for insulin or C-peptide concentrations, although fasting insulin 

concentrations decreased 12% following the aerobic exercise, and 11 % following the 

strength exercise compared to rest (Table 7). 

The response curves for glucose, insulin, and C-peptide over the time course of the 

OGTT following each treatment condition are depicted in Figures I to 3. The peak 

glucose concentrations of each OGTT were observed to occur at the 30-minute time point 

(Figure I), while the peak concentrations of insulin and C-peptide occurred at the 

60-minute time point of each OGTT (Figures 2 & 3). A MANOV A summary table for 

glucose, insulin, and C-peptide time points is presented in Table 9. 

Using the data of all 27 participants, no significant differences were observed for 

glucose, insulin, or C-peptide concentrations at each time point of the OGTTs following 

rest, aerobic exercise, and strength exercise. Mean(± SEM) values and MANOVA 

Summary Table for glucose, insulin, and C-peptide time points of all 27 participants are 

presented in Appendix K (Tables Kl, K2, K3, and K4, respectively). 
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Table 6 

Glucose Values {mmol/L) at Each Time Point of the OGTT Following Rest, Aerobic 

Exercise2 and Streng!h Exercise W = 19) 

Treatment 0 15 30 60 90 120 150 

Rest 

M 4.75 6.55 7.33 6.87 5.97 5.67 4.75 

SD 0.27 0.85 1.35 1.45 1.35 0.87 1.01 

SEM 0.06 0.19 0.31 0.33 0.31 0.20 0.23 

Aerobic 

M 4.64 6.41 7.38 6.83 5.61 5.43 4.55 

SD 0.34 0.89 1.55 1.93 1.24 0.90 0.90 

SEM 0.77 0.21 0.35 0.44 0.29 0.21 0.21 

Strength 

M *4.55 6.28 7.00 6.21 5.38 *4.95 4.36 

SD 0.35 0.99 1.48 1.84 1.30 0.88 1.04 

SEM 0.08 0.23 0.34 0.42 0.30 0.20 0.24 

* Q<.05 compared to rest. 
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Table 7 

Insulin Values (pmol/L) at Each Time Point of the OGTT Following Rest, Aerobic 

Exercise, and Streng!h Exercise W = 19) 

Treatment 0 15 30 60 90 120 150 

Rest 

M 77.2 328.0 431.0 456.4 440.6 358.8 281.7 

SD 23.7 97.6 128.7 197.3 258.5 132.5 131.8 

SEM 5.4 22.4 29.5 45.3 59.3 30.4 30.2 

Aerobic 

M 67.7 305.2 432.9 527.7 402.5 348.8 211.7 

SD 18.0 112.7 165.8 367.5 200.2 136.4 96.6 

SEM 4.1 25.9 38.0 84.3 45.9 31.3 22.2 

Strength 

M 68.9 363.1 438.4 450.7 362.0 308.5 220.5 

SD 25.6 200.1 199.1 256.1 146.5 142.5 95.0 

SEM 5.9 45.9 45.7 58.8 33.6 · 32.7 21.8 
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Table 8 

C-peptide Values (nmol/L) at Each Time Point of the OGTT Following Rest, Aerobic 

Exercise~ and Strength Exercise W = 19) 

Treatment 0 15 30 60 90 120 150 

Rest 

M 584.3 1400.1 1942.6 2420.0 2301.9 2164.9 1858.8 

SD 179.2 366.2 536.8 754.5 691.6 490.8 578.9 

SEM 41.1 84.0 123.1 173.1 158.7 112.6 132.8 

Aerobic 

M 546.0 1329.2 2012.9 2603.2 2287.1 2181.8 1760.4 

SD 142.7 401.2 663.7 924.9 746.8 625.6 607.6 

SEM 32.7 92.1 152.3 212.2 171.3 143.5 139.4 

Strength 

M 546.0 1394.5 2054.6 2340.8 2190.0 1996.5 1708.8 

SD 200.8 491.6 646.2 660.1 699.9 621.7 486.3 

SEM 46.1 112.8 148.3 151.4 160.6 142.7 111.6 
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Figure 1. Time course of glucose concentrations during OGTT 
following the rest, aerobic, and strength treatments. 
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Figure 2. Time course of insulin concentrations during OGTT 
following the rest, aerobic, and strength treatments. 
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Table 9 

MANOV A Summarv Table of Glucose~ Insulia and C-~eQtide Time Points W = 19) 

Source ss df MS E R 

Glucose 

Treatment 1.4123 X 101 2 7.0617 3.67 .04 

Error 6.9319 X 101 36 1.9255 

Time 3.5607 X 102 6 5.9346 X 101 37.22 <.01 

Error 1.7219 X 102 108 1.5944 

Treatment x Time 3.7210 12 3.1008 X 10-1 0.83 .62 

Error 8.0964 X 101 216 3.7484 X 10-1 

Insulin 

Treatment 3.5405 X 104 2 1.7702 X 104 0.62 .54 

Error 1.0319 X 106 36 2.8664 X 104 

Time 6.4648 X 106 6 6.1077 X 107 35.53 <.01 

Error 3.2748 X 106 108 3.0322 X 104 

Treatment x Time 2.0933 X 105 12 1.7444 X 104 1.22 .27 

Error 3.0948 X 106 216 1.4327 X 104 

Table 9 continues 
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Table 9 continued 

Source ss df MS E 

C-peptide 

Treatment 3.9503 X 105 2 1.9752 X 105 0.56 .58 

Error 1.2714 X 107 36 1.8268 X 108 

Time 1.4260 X 108 6 2.3767 X 107 60.99 <.01 

Error 4.2087 X 107 108 3.8969 X 105 

Treatment x Time 1.2528 X 106 12 1.0440 X 105 0.90 .55 

Error 2.5091 X 107 216 1.1616 X 105 

Glucose, Insulin, and C-peptide Areas 

The second null hypothesis was that there will be no significant differences between the 

response areas for glucose, insulin, or C-peptide following each treatment condition. 

Three of the 27 participants were removed from the statistical analyses because of extreme 

insulin areas. These three participants were also excluded from the time-point analyses. 

This hypothesis was accepted. There were no significant differences in the areas under the 

response curves for glucose, insulin, or C-peptide using the remaining data. The glucose, 

insulin, and C-peptide response areas of each OGTT are presented in Table 10. Area 

under the OGTT response curve was calculated using the trapezoidal method (B:rvIDP 

Statistical Software, Berkeley, CA). A MANOVA summary table for glucose, insulin, and 

C-peptide response areas is presented in Table 11. Postexercise changes in glucose, 
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insulin, and C-peptide areas were also not significant when the response values for all 27 

participants were used in the analysis (Appendix K, Tables K5 and K6). 

Table 10 

Glucose, Insulin, and C-peptide Areas W = 24) 

Variable M SEM RANGE %~ 

Glucose (mmol/L•min) 

Rest 912.6 28.5 664.9 - 1,151.0 

Aerobic 895.2 30.8 632.4 - 1,213.4 -1.9 

Strength 861.5 28.3 530.5 - 1,140.3 -5.6 

Insulin (pmol/L•min) 

Rest 63,079.5 4,391.6 34,627.5 - 118,545.0 

Aerobic 63,681.1 4,871.8 25,855.5 - 99,503.3 1.0 

Strength 61,848.3 5,953.0 24,375.8 - 143,427.0 -2.0 

C-peptide (nmol/L•min) 

Rest 324,006.7 16,015.5 194,661.8 - 533,804.3 

Aerobic 328,597.7 17,221.2 174,818.3 - 488,020.5 1.4 

Strength 336,328.7 23,860.6 187,239.8 - 650,427.8 3.8 

Note.%~= percent change from rest. 
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Table 11 

MANOVA Summarv Table ofGlucose2 Insulin.. and C-peRtide Area W = 24) 

Source ss df MS E n 

Glucose 

Treatment 3.2378 X 104 2 1.6193 X 104 1.79 .18 

Error 4.1595 X 105 46 9.0424 X 103 

Insulin 

Treatment 4.1897 X 107 2 2.0949 X 107 0.11 .89 

Error 8.5083 X 109 46 1.8496 X 108 

C-peptide 

Treatment 1.8614 X 109 2 9.3070 X 108 0.32 .73 

Error 1.3297 X 1011 46 2.8906 X 109 

Insulin "Responders" and "Nonresponders" 

The third null hypothesis was that their will be no significant differences between the 

number of insulin "responders" and "nonresponders" following either the aerobic or 

strength exercise. Another approach used to determine the effect of aerobic and strength 

exercise on insulin response was to compare the number of "responders" to 

"nonresponders" following each exercise treatment. A "responder" was any participant 

whose postexercise insulin area was less than their resting insulin area. A "nonresponder" 

was any participant whose postexercise insulin are was equal to or greater than their 
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resting insulin area. The insulin area data was reduced to the nominal categories of 

"responder" and "nonresponder" in order to compare the number of "responders" to 

"nonresponders" following the aerobic and strength exercise treatments. This hypothesis 

was accepted. The frequency of "responders" to "nonresponders" following each exercise 

treatment was not significantly different. Seventeen participants (63%) were "responders" 

to the aerobic treatment, while 10 were "nonresponders". Likewise, the insulin area of 18 

participants (66%) was reduced following strength exercise compared to 9 with an 

increased insulin area. Insulin area was reduced 22% and 20% in the aerobic and strength 

"responders", respectively, while insulin area increased 39% in the aerobic 

"nonresponders" and 60% in the strength "nonresponders" (Table 12). Fourteen women 

(52%) were "responders" to each exercise treatment while six were "nonresponders" 

(22%). The physical characteristics and fasting plasma variables of the "responders" and 

"nonresponders" to both exercises are presented in Table 13. 



Table 12 

"JI} Summarv Table on Insulin Resgonses ofRes~onders and Nonresgonders W = 27) 

Variable 

Responders 
Observed 

Expected 

Insulin Area (pmol/L•min) 
Rest 

Exercise 

%.6. 

Nonresponders 
Observed 

Expected 

Insulin Area (pmol/L•min ) 
Rest 

Exercise 

%.6. 

Significance 

Note. %.6. = percent change from rest. 

Aerobic 

17 

13.5 

71,989 

56,000 

-22 

10 

13.5 

70,207 

97,558 

39 

1.81 

.178 

Strength 

18 

13.5 

68,974 

55,157 

-20 

9 

13.5 

76,040 

121,785 

60 

3.00 

.083 

121 
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Table 13 

Physical Characteristics and Fasting Plasma Variables of Responders and Nonresponders 

to Both Exercises (li = 20) 

Variable "Responder" "N onresponder" 

Insulin Change (pmoVL•min l -16,601 (23%) 26,436 (34%) 

Age (years) 29 25 

Weight (kg) 67.8 63.7 

Body Mass Index (kg/m2
) 25.8 24.3 

Waist to Hip Ratio 0.86 0.83 

% Body Fat 39.0 36.4 

Abdominal Fat (grams) 3,120 2,285 

Total Lean Tissue (grams) 37,120 37,121 

VO2max (ml•kg·1•min•1) 35.1 31.8 

Resting Insulin Area (pmoVL•min) 71,599 77,175 

Fasting Glucose (mmoVL) 4.8 4.5 

Fasting Insulin (pmoVL) 94.3 96.0 

Fasting FFA (mEq/L) 0.480 0.568 

Fasting SHBG (nmoVL) 44.9 45.1 

a average of change in insulin area from rest to each exercise 
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Fasting FFA, SHBG, and CK Concentrations 

The fourth null hypothesis was that there will be no significant differences between the 

concentrations of fasting plasma FF A, SHBG, or CK following each treatment condition. 

Fasting plasma FF A, SHBG, and CK samples were measured on 25 participants for each 

of the three treatments. Three of the participants' values were removed from the statistical 

analysis due to extreme values for SHBG and CK, leaving values for 22 participants. This 

hypothesis was rejected based on a significant treatment effect for fasting plasma CK (I: = 

19.12, R = .0001). Using Tukey post hoc analysis, plasma CK concentration was 

significantly elevated following both aerobic (35.55 U/L) and strength (49.86 U/L) 

exercise compared to rest (22.36 U/L), and following strength compared to aerobic 

exercise (Table 14). Treatment effects on FFA and SHBG were not significant, although 

values for FFA were 17.6% and 15.6% higher following aerobic (0.529 mEq/L) and 

strength (0.520 mEq/L) exercise, respectively, compared to rest (0.450 mEq/L, Table 14). 

The MANOVA summary for fasting FFA, SHBG, and CK is presented in Table 15. 

The mean (± SEM) values and MANOV A Summary Table for FF A, SHBG, and CK 

using the values determined in 25 participants are presented in Appendix K (Tables K7 

and K8, respectively). The increase in fasting CK following the single sessions of aerobic 

and strength exercise remained significantly higher than the fasting CK concentration 

following rest. Meanwhile, the postexercise changes in FF A and SHBG were not 

significant compared to rest. 
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Table 14 

Fasting Free Fatty Acid, Sex Hormone Binding Globulin, and Creatine Kinase 

Concentrations (li = 22) 

Variable M SEM Range %.6. 

FFA(mEq/L) 

Rest 0.450 0.038 0.134 - 0.824 

Aerobic 0.529 0.039 0.227 - 0.921 17.6 

Strength 0.520 0.049 0 .161 - 1.124 15.6 

SHBG (nmol/L) 

Rest 39.05 3.61 10.90 - 67.10 

Aerobic 36.60 3.35 10.50 - 62.40 -6.3 

Strength 37.71 3.69 9.90 - 69.20 -3.4 

CK(U/L) 

Rest 22.36 2.74 8.20 - 53.30 

Aerobic *35.55 4.86 10.20 - I 03.50 59.0 

Strength **49.86 5.87 4.10 - 104.60 122.0 

Note. % 1:::,. = percent change from rest; FF A = free fatty acid; SHBG = sex hormone 

binding globulin; CK= creatine kinase. 
* _g<.05 compared to rest. 
** _g<.05 compared to rest and aerobic exercise. 
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Table 15 

MANOV A Summary Table of Fasting Free Fatty Acid, Sex Hormone Binding Globulin, 

and Creatine Kinase Concentrations (li = 22) 

Source ss df MS l: 

FFA 

Treatment 8.1360 x 10-2 2 4.0680 X 10-2 1.31 .28 

Error 1.3054 42 3.1080 X 10-2 

SHBG 

Treatment 6.6478 X 101 2 3.3239 X 101 1.85 .17 

Error 7.5616 X 102 42 1.8004 X 101 

CK 

Treatment 8.3206 X 103 2 4.1603 X 103 19.12 <.01 

Error 9.1370 X 103 42 2.1755 X 102 

Note. FFA = free fatty acid; SHBG = sex hormone binding globulin; CK= creatine kinase. 

Dietary Analysis 

The fifth hypothesis was that there will be no significant differences between the grams 

of carbohydrate, protein, and fat consumed for the three days prior to, or for the single 

day immediately preceding the OGTTs. This hypothesis was accepted. There were no 

significant differences in the macronutrient intake over the three days, or the single day 

prior to each OGTT for each treatment condition (Tables 16 and 17). However, analysis 

and review of the dietary records indicated that 8 of the 27 participants consumed less 
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than 150 grams of carbohydrate the day preceding one of their OGTTs, while one 

participant consumed less than 150 grams of carbohydrate the day preceding two of their 

OGTTs. More precisely, 5 participants consumed less than 150 grams of carbohydrate the 

day preceding the resting OG TT, 2 the day preceding the aerobic OGTT, and 2 the day 

preceding the strength OGTT. One participant averaged less than 150 grams of 

carbohydrate intake for the three days prior to the aerobic OGTT, while another 

participant averaged less than 150 grams prior to the OGTT following rest. MANOV A 

summary tables for the three day and one day macronutrient intake are found in Tables 18 

and 19, respectively. 
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Table 16 

Average Three Day Grams ofMacronutrient Intake Prior to Each OGTT W = 27) 

Variable M SEM Range 

Carbohydrate 

Rest 263.8 13.9 al 17.7 - 404.7 

Aerobic 258.8 15.3 a137.8 - 464.1 

Strength 268.6 17.4 152.2 - 515.5 

Protein 

Rest 72.0 4.3 34.3 - 109.4 

Aerobic 72.9 4.0 37.4-111.4 

Strength 69.6 3.8 32.9 - 111.7 

Fat 

Rest 70.9 5.7 28.9 - 136.1 

Aerobic 68.8 5.0 28.1 - 144.9 

Strength 66.4 5.1 19.7-117.0 

a One person averaged less than 150 grams carbohydrate. Not the same person. 
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Table 17 

One Day Grams of Macronutrient Intake Prior to Each OGTT (li = 27) 

Variable M SEM Range 

Carbohydrate 

Rest 253.0 19.0 859.1 - 449.4 

Aerobic 251.8 15.8 b107.4 - 446.2 

Strength 273.7 23.9 c115.1 - 625.2 

Protein 

Rest 74.7 6.4 31.4 - 170.1 

Aerobic 77.7 4.5 35.6-121.1 

Strength 75.8 4.9 35.1 - 127.4 

Fat 

Rest 68.8 7.2 15.1 - 144.1 

Aerobic 61.1 4.4 21.0- 97.8 

Strength 63.6 6.6 21.9 - 154.8 

a Five consumed less than 150 grams carbohydrate 
b Two consumed less than 150 grams carbohydrate 
cTwo consumed less than 150 grams carbohydrate 
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Table 18 

MANOVA Summary Table of Average Three Day Macronutrient Intake Prior 

to Each OGTT W = 27) 

Source ss df MS E 

Carbohydrate 

Treatment 1.2979 X 103 2 6.4896 X 102 0.23 .79 

Error 1.4554 X 105 52 2.7989 X 103 

Protein 

Treatment 1.5987 X 102 2 7.9936 X 101 0.42 .66 

Error 9.7994 X 103 52 1.8845 X 102 

Fat 

Treatment 2.7939 X 102 2 1.3969 X 102 0.32 .73 

Error 2.2893 X 104 52 4.4026 X 102 
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Table 19 

MANOVA Summary Table of One Day Macronutrient Intake Prior 

to Each OGTT (li = 27) 

Source ss df MS E 

Carbohydrate 

Treatment 8.1898 X 103 2 4.0949 X 103 0.50 .61 

Error 4.2728 X 105 52 8.2170 X 103 

Protein 

Treatment 1.2635 X 102 2 6.3174xl01 0.19 .82 

Error 1.6875 X 104 52 3.2453 X 102 

Fat 

Treatment 8.0690 X 102 2 4.0345 X 102 0.82 .45 

Error 2.5538 X 104 52 4.9112 X 102 

A statistical analysis was not performed on caloric consumption in order to maintain 

independent values for the dependent variable ( total kilo calories is derived from 

carbohydrate, protein, and fat grams). The average three day and one day caloric 

consumption of the participants is presented in Table 20. Less than a 6% difference was 

found in the amount of calories consumed both for the three day and one day average 

prior to each OGTT. 
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Table 20 

Average Three Day and One Day Caloric Intake Prior to Each OGTT (li = 27) 

Variable M SEM Range %.6 

3 D Kilocalories 

Rest 1972 93 990 - 2,936 

Aerobic 1918 97 976 - 3,091 -2.7 

Strength 1937 103 1,134 - 3,606 -1.8 

1 D Kilocalories 

Rest 1899 145 558 - 3326 

Aerobic 1830 96 778 - 2938 -3.6 

Strength 1929 155 1,087 - 4,740 1.6 

Note. 3 D = average three day, 1 D = one day. %.6 = percent change from rest. 

Caloric Intake and Change in Insulin Area 

The sixth null hypothesis was that there will be no significant association between the 

mean caloric intake of the participants for the 3 days or 1 day prior to each OGTT and the 

change in insulin area following each exercise (change= rest - exercise). This hypothesis 

was accepted. None of the caloric variables were associated with the change in insulin 

response area following either exercise compared to rest (Table 21 ). 



Table 21 

Summarv of Correlations Between Caloric Intake and Change in Insulin Area (li = 27) 

Rest - Aero hie Rest - Strength 

Variable r r n 

3 D Kilocalories 

Rest -.02 .91 .10 .61 

Aerobic -.10 .62 -.16 .43 

Strength .10 .62 -.10 .62 

1 D Kilocalories 

Rest .01 .98 -.26 .19 

Aerobic .03 .87 .15 .46 

Strength -.06 .78 -.14 .50 

Note. Rest - Aerobic= change in OGTT insulin area from rest to aerobic exercise. 
Rest - Strength= change in OGTT insulin area from rest to strength exercise. 
3 D = average three day, 1 D = one day. 

Prediction of Change in Insulin Area 

The seventh null hypothesis was that neither body composition, anthropometric, 

132 

fitness, nor fasting plasma variables will significantly predict the change in postexercise 

insulin response area from rest. Due to extreme values (greater than 3 standard scores), 

two participants were omitted from the aerobic regression analysis and four participants 

were omitted from the strength regression analysis. One participant had high abdominal fat 

mass, while another had a high fasting concentration of SHBG. Two participants had 
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extremely high basal plasma CK values following the strength training treatment only. 

Two additional participants were omitted from each analysis because their fasting CK 

values were not determined following either the aerobic or strength training treatments. 

The body composition predictor variables chosen were abdominal fat and lean tissue mass. 

Percent fat, total fat, and hip fat were not used as predictor variables because they were 

highly correlated (r > .90) to abdominal fat. The anthropometric predictor variables 

chosen were HMI, CI, and WH, while maximal oxygen consumption (ml•kg-1
) was the 

fitness predictor variable chosen. Insulin, glucose, SHBG, and FFA concentrations from 

the resting treatment OGTT and, in addition, CK from the exercise treatment OGTTs 

were the fasting plasma predictor variables chosen. Change in insulin area was determined 

by subtracting the aerobic or strength OGTT insulin area from the resting OGTT insulin 

area. The hypothesis was accepted. None of the chosen variables significantly predicted 

the change in insulin area following the aerobic or strength exercise. The only variable to 

meet the tolerance for stepping (l: Level::::, 4.0) in the strength stepwise multiple regression 

analysis was fasting glucose following the resting treatment (Table 22). However, the 

critical R2 (.53) for significance at the .05 level was greater than the R2 (.28) for fasting 

glucose following rest, therefore, fasting glucose was not a significant predictor of the 

change in OGTT insulin area following the strength exercise. Sample size ili = 21) and the 

number of predictor variables (11) were used to determine the critical R2 for each 

prediction analysis (Tabachnick and Fidell, 1989). No predictor variables were of 

sufficient magnitude to enter the aerobic stepwise multiple regression analysis. 



Table 22 

Summary of Stepwise Regression for Variables Predicting Change in Insulin Response 

from Rest to Strength Treatment ili = 21) 

Variable B B 

Step 1 

Fasting Glucose 36,469 11,693 0.65 

Note. R2 = .28 for Step 1. 
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A summary of the stepwise multiple regression analyses using the same predictor 

variables and the change in insulin response data of all 27 participants following aerobic 

and strength exercise is located in Appendix K (Tables K9 and KIO). The predictor 

variables which met the tolerance for stepping CE Level 2: 4.0) in the strength stepwise 

multiple regression analysis were fasting glucose following the resting treatment, centrality 

index, and VO2max (ml•kg·1•min•1
). The combination of fasting glucose following the 

resting treatment and centrality index significantly predicted the change in insulin response 

area following the single session of strength exercise @2 = .48, p<.05). The addition of 

VO2max (ml•kg·1•min-1
) improved the prediction (R2 = .61, p<.05). Abdominal fat and 

fasting insulin following the resting treatment were of sufficient magnitude to enter the 

aerobic stepwise multiple regression analysis. However, neither abdominal fat (Step 1, 

R2 = .19) or the combination of abdominal fat and fasting insulin (Step 2, R2 = .36) 

significantly predicted the change in insulin area of all 27 participants following the aerobic 

exercise. 



CHAPTERV 

SUMMARY, DISCUSSION, CONCLUSION, 

AND RECOM1\1ENDATIONS FOR FURTHER STUDY 

The purpose of this study was to compare the effects of a single bout of aerobic and 

strength training exercise on the insulin response to oral glucose ingestion in non-diabetic, 

sedentary premenopausal women. Higher than normal levels of insulin in the blood stream 

have been associated with the development ofNIDDM, hypertension, dyslipidemia, 

atherosclerosis, and obesity (Modan et al., 1985, Reaven et al., 1989, Stout, 1990, 

Zavaroni et al., 1985). In addition, many of these insulin resistant disorders have been 

found to cluster in the same individual (Haffner et al., 1988, Orchard et al., 1983, and 

Zavaroni et al., 1989). This greatly increases the risk of developing coronary artery 

disease, the leading cause of death and disability in Western societies (Bush, Fried, & 

Barrett-Conner, 1988). Exercise has been shown to lower the amount of insulin required 

to remove glucose from the blood and into skeletal muscle (King et al., 1987 and LeBlanc 

et al., 1979). Therefore, exercise may decrease the risk of developing insulin resistant 

disorders. In fact, just a single session of either an aerobic or strength training exercise has 

been shown to significantly reduce the insulin response to glucose in untrained persons 

(Ben-Ezra et al., 1995, Fluckey et al., 1994 LeBlanc et al., 1981, and Young et al., 1989). 

A reduction in the glucose-stimulated insulin response despite no change in the glucose 
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response is considered evidence of an improved peripheral insulin sensitivity (Mondon, 

Dolkas, & Reaven, 1980) because less hormone is required to clear the glucose (Fluckey 

et al., 1994). 

The insulin response following a single session of aerobic exercise has yet to be 

compared to the insulin response following a single session of strength training in the same 

person. Furthermore, few studies have specifically focused on insulin responses following 

a single exercise session in women, even though women with insulin resistant disorders are 

at greater risk of cardiovascular morbidity and mortality than men (Wegner, Speroff, & 

Packard, 1993). 

Summary 

A 75-gram OGTT was administered to 27 women 15 to 18 hours following each of 

three randomized treatment conditions: a single session of rest, aerobic exercise, and 

strength exercise. Glucose, insulin, and C-peptide responses (time point and area under the 

curve) to each OGTT were compared. Additional comparisons were made between (a) the 

number of "responders" vs. "nonresponders" following each exercise; (b) the fasting FF A, 

SHBG, and CK following each exercise and rest; and ( c) macro nutrient intake for the 

three days and single day preceding each OGTT. The association of caloric intake to the 

change in insulin response area following each exercise was also determined. Several body 

composition, anthropometric, fitness, and fasting plasma variables were used to predict the 

change in insulin response area following aerobic and strength exercise. The single aerobic 

exercise session lasted 50 minutes and was performed at 70% of individual V02max. The 
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single strength exercise session consisted of 11 exercises, each performed at 

approximately 40, 55, and then 75% of lRM. Ten repetitions were attempted during each 

set of exercises. 

The first hypothesis was that no significant treatment differences would be found in 

plasma glucose, insulin, or C-peptide concentrations at each of the 7 time points of the 

OGTTs following rest, a single session of aerobic exercise, and a single session of strength 

training. This hypothesis was rejected based on a significant treatment difference for 

glucose concentration Ct= 3.67, R = .04). The fasting and 120-minute glucose 

concentrations were significantly lower following the single session of strength training 

compared to rest (4.55 vs 4.75 mmol/L, R = .02 and 4.95 vs 5.67 mmol/L, R =.01, 

respectively). 

The second hypothesis was that no significant treatment differences would be found in 

glucose, insulin, or C-peptide areas under the response curves. No treatment differences 

were found, therefore this hypothesis was accepted. 

The third hypothesis was that there will be no significant differences between the 

number of insulin "responders" and "nonresponders" following either the aerobic or 

strength exercise. The frequency of "responders" to "nonresponders" following each 

exercise treatment was not significantly different, therefore this hypothesis was accepted. 

Seventeen participants (63%) were "responders" to the aerobic treatment, while 10 were 

"nonresponders". Likewise, the insulin area of 18 participants ( 66%) was reduced 

following strength exercise compared to 9 with an increased insulin area. 
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The fourth hypothesis was that no significant differences would be found in the 

concentrations of fasting plasma FF A, SHBG, or CK for each treatment condition. This 

hypothesis was rejected based on a significant treatment effect for CK CE = 19 .12, 

n < .01). Plasma CK concentration was elevated following both aerobic (35.55 + 4.86 

U/L) and strength (49.86 + 5.87 U/L) exercise compared to rest (22.36 ± 2.74 U/L), and 

following strength compared to aerobic exercise. Compared to rest (0.450 ± .038 mEq/L), 

plasma FFA values tended to be higher following the single session of aerobic (0.529 ± 

0.039 mEq/L) and strength (0.520 ± .049 mEq/L) exercise, but the increase was not 

significant. 

The fifth hypothesis was that no significant treatment differences would be found in the 

grams of carbohydrate, protein, and fat consumed for the three days prior to, or for the 

single day immediately preceding each of the OGTTs. No significant differences were 

found in macronutrient intake preceding each OGTT, therefore this hypothesis was 

accepted. 

The sixth null hypothesis was that there will be no significant association between the 

mean caloric intake of the participants for the 3 days or 1 day prior to each OGTT and the 

change in insulin area following each exercise. This hypothesis was accepted. There were 

no significant associations between caloric intake and the change in postexercise insulin 

area from rest. 

The seventh hypothesis was that neither body composition, anthropometric, fitness, or 

fasting plasma variables would significantly predict the postexercise change in insulin 



response area from rest. This hypothesis was accepted, therefore none of the variables 

chosen significantly predicted the change in insulin area from rest to exercise. 

Discussion 
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The discussion is organized into the following sections: (a) Description of Participants; 

(b) Physical Fitness and Submaximal Exercise; (c) Diet; (d) Fasting Glucose, Insulin, and 

C-Peptide Comparisons; (e) Glucose, Insulin, and C-Peptide Response Comparisons; (t) 

Fasting CK, FF A, and SHBG; and (g) Prediction of Change in Postexercise Insulin Area. 

Description of Participants 

The BJvfi, a ratio of height to weight, may be used as an indirect indication of obesity 

status (ACSM, 1995). In women, a BJvfi greater than or equal to 27.8 kg/m2 is considered 

to be obese (Burton, Foster, Hirsch, & Van Itallie, 1985). In the present study, the mean 

(± SD) BJvfi of the 27 women was 24.5 ± 4.8 kg/m2
, which is below the level indicating 

obesity. However, the BJ\.11 of the participants ranged from 17.9 to 36.3 kg/m2, indicating 

that the participants varied greatly in obesity status; nonobese to obese. Seven of the 27 

participants' BJvfi was greater than or equal to 27.8 kg/m2
• Percent body fat was not used 

to describe obesity status because the use ofDXA for body composition assessment has 

not been adequately validated, although it may be applicable for comparative study (Kohrt, 

1995). The large range in percent body fat and total body fat content determined by DXA 

(20.0 to 57.3% and 9.0 to 57.7 kg, respectively) confirms the large range in obesity level 

of the participants as determined by B:MI. 

The WH describes the ratio of upper body (waist circumference) to lower body (hip 
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circumference) adiposity. A WH value greater than 0.85 for women has been interpreted 

as reflecting a preponderance of upper body adiposity (Casimirri, Pasquali, Cesari, 

Melchianda, & Barbara, 1989 and Evans et al., 1984). Although the mean WH of the 

women in the present study was under 0.85, the women ranged from a predominantly 

lower body (WH = 0. 73) to that of an upper body (WH = 0.98) distribution of body fat. 

Eleven of the 27 participants were described as having a preponderance of upper body fat 

accumulation (WH > 0.85). In addition, 5 of the 11 women with a preponderance of upper 

body fat accumulation were obese (WH > 0.85 and BMI 2: 27.8, respectively). 

Despite the large range in obesity status and distribution of adiposity, the plasma 

glucose values of all 27 participants were within the normal limits for nonpregnant 

women. A normal fasting plasma glucose level in nonpregnant adults is less than 6.4 

mmoVL, while the normal 2-hour plasma glucose value during an OGTT is less than 7.8 

mmoVL (National Diabetes Data Group, 1979). The mean(± SD) fasting plasma glucose 

level and 2-hour OGTT glucose response of the participants was 4.75 ± 0.27 mmoVL and 

5.67 ± 0.87 mmoVL, respectively, during the OGTT following rest. 

The normal level of fasting plasma insulin is 39-194 pmoVL (Fendri, Arlot, Marcelli, 

Dubreuil, & Lalau, 1994). Therefore, the mean(± SD) fasting plasma insulin level of the 

participants during the OGTT following rest (77.2 ± 23.7 pmoVL) was normal. However, 

the fasting insulin value of one participant was 207 pmoVL, which indicates that she may 

be hyperinsulinemic. This participant was also observed to be upper body obese 

(BMI 2: 27.8 and WH > 0.85). 
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The mean(± SD) fasting C-peptide of the participants during the OGTT following rest, 

681.9 nmol/L, was also within the expected range (265 to 1,324 nmol/L, Diagnostic 

Products Corporation, 1994). However, one participant exceeded the expected range for 

fasting C-peptide with a value of 1,365 nmol/L. This participant was also characterized as 

being abdominally obese. The fasting insulin concentration of this participant was normal 

(186 pmol/L), but near the upper limit of normal (194 pmol/L). The overall distribution 

and accumulation of body fat in these participants may have contributed to the elevated 

levels of insulin or C-peptide. Both the overall accumulation of body fat and the 

distribution of body fat in premenopausal women have been shown to negatively, and 

independently impact insulin sensitivity (Bonora et al., 1992, Evans et al., 1984, Peiris et 

al., 1986, and Pouliot et al., 1989). 

Other fasting plasma variables of interest during the resting OGTT were FF A and 

SHBG. Expected values for fasting FFA and SHBG are 0.1 to 0.6 mEq/L and 18 to 83 

nM (about 55 nM), respectively (Fendri et al., 1994 and Orion Diagnostica, 1993). 

Although the mean fasting FF A and SHBG levels were within expected limits, higher than 

expected levels of fasting plasma FFA were observed in 7 participants (.613 to .824 

mEq/L), while 2 participants had low levels of fasting plasma SHBG (10.9 and 12.8 nM). 

Explanations for the abnormal values are beyond the scope of this study. Albeit, body 

composition, dietary factors, or both may have contributed to the elevated fasting FF A 

levels in these participants. Overall adiposity, and to a greater extent abdominal adiposity, 

have been shown to be associated with increased plasma FF A levels (Bonora et al., 1992 
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and Pouliot et al.,1989). In the present study, the participant with the highest fasting FFA 

was abdominally obese (BMI ~ 27.8 and WH > 0.85 ), while only one other participant 

with elevated FFA was obese (B:MI ~ 27.8). One of the participants had a high WH (WH 

> 0.85) but was not obese. A high-fat diet one day prior to an OGTT has been shown to 

significantly increase FFA levels (Ivy et al., 1983). Three of the remaining four participants 

had a high fat intake (38% to 49% of total calories) the day prior to the resting OGTT. 

However, the pattern of fasting FFA was not consistent with body composition or diet. 

The mean(± SD) fasting plasma SHBG concentration of the participants in the present 

study was similar to the values of normoglycemic women aged 20 to 29 years ( 40.6 ± 

18.3) and 30 to 39 years (42.9 ± 19.6) reported by Preziosi et al. (1993). However, the 

fasting SHBG was 33% to 51 % lower than the fasting levels of healthy, premenopausal 

women reported by others (Cunningam & McKenna, 1988, Fendri et al., 1994, Hammond, 

Langley, & Robinson, 1985, and Thomas, van den Berg, & Rolland, 1986). Low levels of 

SHBG have been associated with general obesity and a preponderance of fat accumulation 

in the abdominal region. It has also been reported that in ovulatory menstrual cycles, the 

SHBG level can be 12 to 32% greater in the luteal phase thaa-in-the-follioolar-phase 

(Apter, Bolton, Hammond, & Vihko, 1984 and Plymate et al., 1985). Furthermore, oral 

contraceptive use may increase SHBG levels (Thomas, van den Berg, & Rolland, 1986). 

Differences in these variables in addition to laboratory differences may account for the 

disparity in SHBG levels between the present study and others. In the present study, the 

SHBG levels were determined during the same ovulatory menstrual cycle (follicular), and 
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oral contraceptive users were excluded from participating. The abnormally low fasting 

SHBG levels observed in two of the participants is a concern, as they may be at risk for 

developing NIDDM. Haflner et al. (1993) reported that premenopausal women (38 yrs.) 

who became diabetic over an 8 year period had 44% lower SHBG levels than 

premenopausal women who did not become diabetic. The fasting insulin of the two 

participants was within normal limits. Whether the abnormally low SHBG levels of these 

two participants are the result of an underlying health problem or due to laboratory 

differences cannot be deduced from the data provided. 

Physical Fitness and Submaximal Exercise 

The mean(± SD) VO2max (32.7 ± 5.4 ml•kg·1•min•1
), lRM bench press (34.3 ± 5.1 

kg), lRM leg press (100.8 ± 25.7 kg), and lack of exercise training for the 3 months prior 

to beginning the study confirmed that the women were not aerobically or strength trained 

(ACSM, 1995). The protocols chosen for the single aerobic (70% VO2max, 50 minutes) 

and strength (40, 55, and 75% of lRM, 3 sets, 10 repetitions each) exercises have been 

reported to significantly reduce the 

glucose-stimulated insulin level in normoglycemic, premenopausal women one day 

postexercise (Ben-Ezra et al., 1995 and Fluckey et al., 1994). The mean submaximal VO2 

of the participants during the aerobic exercise (approximately 73% ofVO2max) was 

similar to that which was desired. Likewise, the number of repetitions ( approximately 29) 

and the percent of lRM performed for each of three sets (approximately 41, 56 and 74% 

of 1 RM) during the single session of strength exercise were similar to that which were 
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Diet 
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The main dietary considerations were the maintenance of at least 150 grams of 

carbohydrate and a similar total caloric intake for the three days and single day preceding 

each OGTT. Each participant was asked to replicate their diet during the 3 days and 1 day 

prior to each OGTT to help control for possible diet fluctuations between these days. 

Each participant received a copy of their previous 3-day dietary record in order to 

replicate their diet for the 3 days prior to the next OG TT. Participants also received the 

same mixed meal following each treatment condition. Despite these attempts, the range in 

caloric and carbohydrate intake by the participants appeared to be large (Tables 16, 17 & 

20). Eight of the 27 participants consumed less than 150 grams of carbohydrate the day 

preceding one of their OGTTs, while one participant consumed less than 150 grams of 

carbohydrate the day preceding two of their OGTTs. More precisely, 5 participants 

consumed less than 150 grams of carbohydrate the day preceding the resting OGTT, 2 the 

day preceding the aerobic OGTT, and 2 the day preceding the strength OGTT. Only one 

participant averaged less than 150 grams of carbohydrate intake for the three days prior to 

the aerobic OGTT. 

It has been suggested that an exercise-induced improvement in insulin sensitivity may 

be diet dependen~ (Fell et al., 1982, Ivy et al., 1985, and LeBlanc et al., 1981 ). However, 

the changes in insulin response area from the OGTT following rest to either exercise 

session were not consistent with the diet fluctuations previously mentioned. For example, 
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2 of the 5 participants with a carbohydrate intake below 150 grams the day before the 

resting OGTT were "nonresponders" to both exercise treatments, while two were 

"responders" to both exercises. One of the 5 participants was a "responder" to the aerobic 

exercise and a "nonresponder" to the strength exercise. Of the 2 participants with a low 

carbohydrate intake prior to the aerobic OGTT, one was a "responder" while the other 

was a "nonresponder". The same trend was observed for the 2 participants with a low 

carbohydrate intake prior to the strength OGTT. In addition, 2 of the 3 participants with a 

caloric intake more than 100% greater the day prior to the strength OGTT compared to 

the resting OGTT were "responders" while one was a "nonresponder". Insulin response 

area to an OGTT would be expected to be reduced if carbohydrate or caloric intake were 

restricted the previous day (Dela et al., 1991, Fell et al., 1982, and LeBlanc et al., 1981). 

Despite the large range in caloric and macronutrient intake, and the low carbohydrate 

intakes reported here, there were no significant differences between the mean grams of 

macronutrient intake for the three days, or the mean grams of macronutrient intake for the 

single day immediately preceding each of the OGTTs in the group of women. In addition, 

the percent difference between the mean caloric intakes over the three days preceding each 

OGTT was 3% or less, while the percent difference between the mean caloric intakes for 

the single day immediately preceding each OGTT was 6% or less. Based on the 

correlation analysis, there was no association between the 3-day average or 1-day caloric 

intakes of the participants and the change in postexercise insulin response area from rest 

(Table 21). 
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Fasting Glucose, Insulin, and C-Peptide Comparisons 

Compared to rest, fasting plasma glucose was significantly reduced following the single 

session of strength training, while no significant change was observed in fasting plasma 

glucose following the single session of aerobic exercise (Table 6). Although the decrease 

in fasting glucose following the strength exercise was significant, the percent change from 

rest was only 4.2% (4.75 to 4.55 mmol/L). The physiological significance of the small, yet 

statistically significant reduction in fasting glucose in normoglycemic, premenopausal 

women is uncertain. 

The results of previous studies demonstrate that the fasting glucose response is 

typically unchanged 1 to 2 days following either aerobic or strength training, both acute 

and chronic (Ben-Ezra et al., 1995, Craig et al., 1989, Fluckey et al., 1994, Miller et al., 

1994, Miller et al., 1984, Smutok et al., 1993, and Smutok et al., 1994, and Young et al., 

1989). In a comparison between the effects of strength training ( 11 exercises, 3 

times/week, 2 sets, 12-15 RM, 20 wks.) to those of aerobic training (75-85% max. HR 

reserve, 30 min., 3 days/week, 20 wks.), Smutok et al. (1993 & 1994) reported that 

neither training program significantly influenced the fasting glucose concentration of the 

male participants. Using a similar exercise protocol as the present study, Fluckey et al. 

( 1994) also did not find a significant decrease in fasting plasma glucose ( 4. 7 ± 0.2 to 

5.0 ± 0.1 mM) 18 hours following a single session of strength exercise in young (27 yrs.), 

normoglycemic men (n = 3) and women (n = 4). The discrepancy between the present 

study and Fluckey et al. ( 1994) in regards to the impact of strength exercise on fasting 
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glucose may be related to the average total weight lifted by the participants. The average 

amount of weight lifted by the participants in the present study (206.4 kg/kg lean body 

mass) was 50% greater than the relative amount of weight lifted by the young participants 

ofFluckey et al. (1994). The greater amount of weight lifted may be due to the greater 

number of exercises performed by the participants in the present study, 11 vs. 7, and their 

lower lean body mass. The greater amount of work performed may have had a greater 

impact on glycogen use and subsequent glycogen depletion, causing a greater impact on 

fasting glucose levels the following day in comparison to the resting condition (Fell et al., 

1982, Ivy & Holloszy, 1981, and Ivy et al., 1983). The postexercise increase in non-insulin 

mediated glucose has been found to persist for several hours (Friedman, Neufer, & Dohm, 

1991, Ivy, 1987, and Mueckler, 1990). 

Why a significant decrease in fasting glucose was observed following the single session 

of strength and not aerobic exercise is interesting. Few explanations have been provided in 

the literature. Both modes of exercise can decrease muscle glycogen concentration (Devlin 

& Horton, 1985, Robergs et al., 1991, and Tesch et al., 1986). It may be that the single 

session of strength training in the present study reduced overall muscle glycogen content 

to a greater extent than the aerobic exercise. Local factors generated during muscular 

contraction have been shown to account for the increase in glycogen synthesis in the 

presence and absence of insulin (Richter, et al., 1984). Therefore, the greater muscle mass 

and intensity of muscular contraction involved in a strength training exercise may influence 

glycogen utilization or depletion, synthesis, and subsequent fasting glucose levels to a 
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greater extent than treadmill walking. However, the degree of glycogen depletion or 

utilization and postexercise glycogen synthesis as a result of either exercise session was 

not determined in the present study. Thus, it is merely speculative to suggest that the 

significant decrease in fasting glucose following the strength, but not the aerobic exercise, 

was due to greater muscle glycogen utilization or depletion following the single session of 

strength exercise. In addition, the women in the present study were adequately fed 

following each exercise session to ensure sufficient repletion of muscle glycogen (Dela et 

al., 1991, Fell et al., 1982, and LeBlanc et al., 1981). The mechanisms responsible for 

these results cannot be accurately determined from the data obtained in this study. 

Although not significant, fasting insulin was approximately 12% and 11 % lower than 

rest following the aerobic and strength exercise, respectively (Table 7). Likewise, fasting 

C-peptide was almost 7% lower than rest following each exercise session (Table 8). 

Insulin and C-peptide are secreted from the pancreas in equimolar amounts (Horwitz, 

Starr, Mako, Blackard, & Rubenstein, 1983) but only insulin is extracted by the liver 

(Lucinio-Paixao et al., 1986), so plasma C-peptide is a good indicator of pancreatic 

B-cell insulin secretion. Based on the trend of a concomitant decrease in both fasting 

plasma C-peptide and insulin reported here, their appears to be a tendency toward a 

reduction in fasting pancreatic insulin secretion following either a single session of aerobic 

or strength exercise. However, Fluckey et al. (1994) reported a 30% reduction in fasting 

insulin (35.4 ± 5.8 to 24.9 ± 4.6 pM), and a 40% increase in fasting C-peptide (0.25 ± 

0.05 to 0.35 ± 0.06 nM) following a single session of strength training, indicating an 
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increase in fasting pancreatic insulin secretion and an improvement in insulin clearance. 

Using the same aerobic exercise protocol as the present study, Ben-Ezra et al. (1995) 

corroborate the trend in postexercise fasting insulin reported here. However, LeBlanc et 

al. (1981) reported that fasting insulin was significantly reduced in a group of non-trained 

men and women one day following an hour of cycling at 70% of V02max. Fasting 

C-peptide levels have been reported to be unchanged (Mil<lnes et al., 1988), and 

significantly reduced (Devlin & Horton, 1985) following an acute aerobic exercise session. 

Smutok et al. ( 1993 & 1994) reported that fasting insulin was significantly reduced 1 

to 2 days following strength training but not aerobic training. No significant difference was 

observed when the aerobic and strength posttraining insulin values were compared. It 

should be noted, however, that separate groups of participants underwent the aerobic and 

strength training. Thus the postexercise fasting insulin values reported by Smutok et al. 

(1993 & 1994) are not from the same group of participants. Whereas in the present study, 

the insulin values following both the aerobic and strength exercises were from the same 

group of participants. 

The reasons for the inconsistent results among previous studies and those reported 

here are not apparent. Differences in the magnitude and direction of postexercise fasting 

insulin, C-peptide, or both among these studies and the present may stem from differences 

in the physical (WH, BW, %fat) or metabolic (pre-exercise insulin level or glucose 

tolerance) characteristics of the participants (Fahlen et al., 1972, Devlin & Horton, 1985 

and Krotkiewski et al., 1985), and/or caloric intake (LeBlanc et al., 1981 ). 
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Glucose, Insulin, and C-peptide Response Comparisons 

Postexercise gl~cose, insulin, and C-peptide responses to an OGTT were evaluated by 

calculating the areas under the response curves. There were no significant differences in 

the response curves for glucose, insulin, or C-peptide 15 to 18 hours following either the 

single session of aerobic or strength exercise compared to rest. 

In their comparison of strength to aerobic exercise training (three days per week for 20 

weeks), Smutok et al. (1993 & 1994) reported that strength training (2 sets, 12-15 RM, 

11 Nautilus exercises) improves glucose tolerance and reduces the insulin response to an 

OGTT to the same extent as aerobic training (30 minutes of treadmill walking and/or 

jogging at 75 to 85% of maximal heart rate reserve) in middle-aged men with normal to 

abnormal glucose tolerance. Using zero as the baseline, insulin responses to an OGTT 

decreased more than 20% one to two days following the resistance and aerobic training in 

the two studies conducted by Smutok and colleagues (1993 & 1994). Posttraining glucose 

response areas were reduced from 12% to more than 20% following both training 

programs. 

The literature generally supports the notion that a single session of either aerobic or 

strength exercise can also reduce the insulin response to an oral glucose challenge, despite 

little or no change in glucose levels (Ben-Ezra et al., 1995, Fluckey et al., 1994, Hall & 

Balon, 1992, Heath et al., 1983, and Young et al., 1989). The decrease in insulin response 

area following exercise with little to no change in glucose tolerance is consistent with an 

increase in tissue sensitivity to insulin, which has been demonstrated following a single 



exercise session (Burstein et al., 1990, Devlin et al., 1987, Devlin & Horton, 1985, and 

Milcines et al., 1988). 
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Using the same aerobic exercise protocol as the present study, Ben-Ezra et al. (1995) 

reported a significant, 15% decrease in postexercise (15-17 hours) insulin area compared 

to rest in 24 untrained, normoglycemic women. Similarly, Kendrick et al. (1995) reported 

an 18% decrease in insulin area compared to rest in lean, untrained normoglycemic men 

following 50 minutes of treadmill walking at 70% ofVO2max. Postexercise glucose area 

was unchanged compared to rest in both studies. Meanwhile, the insulin response area of 

the normoglycemic, premenopausal women of the present study increased 1 % following 

the 50-minute treadmill walk at 70% ofVO2max. Others have reported a significant 

reduction in insulin response area following 40 to 60 minutes of cycle ergometry at 70% 

to 80% VO2max in both men and women (LeBlanc et al., 1981 and Young et al., 1989). 

Insulin-dependent glucose uptake, an indicator of peripheral insulin sensitivity, improved 

17% {Q < .05) 24 hours after 60 minutes of bicycle ergometry at 75% ofVO2max in 11 

normal to moderately obese women (Marin et al., 1993). 

In light of these results, the lack of a significant decrease in the insulin response area of 

the participants in the present study is surprising. The chosen intensity, duration, and 

modality of the aerobic exercise in the present study should have been sufficient to 

enhance insulin action in the normoglycemic, premenopausal women. Likewise, the 

protocol for the single session of strength training was similar to that reported by Fluckey 

et al. (1994), who observed a significant, 22% and 21 % reduction in insulin response areas 
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to a 75-gram OGTT 18 hours postexercise in young (27 yrs.), normoglycemic and older 

(51 yrs.), NIDDM participants, respectively. The postexercise glucose response area 

reported by Fluckey and colleagues was unchanged compared to rest in both groups of 

participants. 

The reduced insulin response area and increased insulin sensitivity observed after a 

single exercise session are not, however, a universal finding (Ben-Ezra et al., 1995, 

Burstein et al., 1990, Cononie et al., 1994, and Rogers et al., 1988). There are indications 

in the literature that to achieve an insulin related exercise benefit multiple bouts or multiple 

days of exercise may be necessary. A significant decrease in insulin response area has been 

reported following 7 consecutive days of aerobic exercise, but not following the first in 

men with abnormal glucose tolerance (Rogers et al., 1988) and healthy 60 to 80 year old 

women (Cononie et al., 1994). Likewise, Shriver et al. (1993) reported a significant 

decrease (15% and 13%, respectively) in insulin area after 5 days of either low- (47% 

VO2max, 100 min/day) or high-intensity (63% VO2max, 60 min/day) cycling compared to 

five days of inactivity in normoglycemic, untrained men and women (18-30 yrs.). Using 

multiple bouts of exercise over two days, Braun et al. ( 1995) found that both insulin 

sensitivity and insulin responses after a test meal significantly improved in women with 

NIDDM (35-50 yrs.) after 5 days of exercise at 50 or 75% ofVO2max. The greater 

improvement in insulin action reported following consecutive days of exercise rather than 

a single exercise session may be due in part to an enhanced GLUT-4 protein concentration 

in the skeletal muscle. Given an adequate exercise stimulus, adaptations in skeletal muscle 
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Glut-4 protein content may occur very rapidly. Gulve and Spina ( 1995) reported a 98% 

(R < .001) increase in GLUT-4 protein concentration following 7 to 10 days of aerobic 

exercise ( cycle ergometry, 2 hours/day, 65-70% V02max) in 4 untrained men and 4 

untrained women (31 ± 2 yrs). However, an increase in the number and activity of glucose 

transporters (Glut-4 protein) at the plasma membrane have been observed following a 

single session of aerobic exercise as well (Douen et al., 1989, Fushiki, Wells, Tapscott, & 

Dohm, 1989, Goodyear et al., 1990). 

It has been suggested that nonobese, normoglycemic individuals who manifest a high 

level of insulin effectiveness may not be able to gain any additional insulin-related benefit 

from exercise (Burstein et al., 1990 and Devlin & Horton, 1985). Hence, a single session 

of exercise may have a greater influence on the insulin action of participants characterized 

as being more insulin resistant, hyperinsulinemic, or who have a more abnormal metabolic 

profile. For example, Cononie et al. (1994) reported that the participants with the greatest 

insulin response area before exercise elicited the greatest decrease in insulin area following 

1 (r = 0.83, n < .006) and 7 (r = 0.75, n < .02) consecutive days of exercise. Furthermore, 

a significant improvement in insulin sensitivity following a single session of aerobic 

exercise has been reported in obese participants with and without NIDDM, but not in lean, 

untrained participants (Burstein et al., 1990, Devlin & Horton, 1985 and Devlin et al., 

1987). Using the same aerobic exercise protocol as the present study, Jankowski (1996) 

observed that the postexercise insulin response of sedentary Mexican American women, 

who are reported to be more insulin resistant relative to the general U.S. population 



(Haffner et al., 1986), decreased 22%, whereas insulin responses increased 10% in 

nonHispanic white women (27.5 yrs). 
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Likewise, the absence of a significant reduction in the postexercise insulin response of 

the women in the present study may reflect an adequate state of insulin action prior to 

exercise. Consequently, the women may not have been able to gain any additional 

insulin-related benefit from exercise. The fasting and response area for insulin in the 

women of the present study following rest were similar to those of the participants 

reported in previous studies where a significant decrease in insulin response area following 

aerobic exercise was observed (Ben-Ezra et al., 1995 and Young et al., 1989). It may be 

that the group of women in these studies (Ben-Ezra et al., 1995 and Young et al., 1989) 

were not at an optimal state of insulin effectiveness prior to exercise and therefore were 

able to gain an additional insulin-related benefit from exercise (Burstein et al., 1990 and 

Devlin & Horton, 1985). However, others have reported a significant decrease in insulin 

response area following a single session of aerobic (LeBlanc et al., 1981) and strength 

(Fluckey et al., 1994) exercise despite participants with a lower mean fasting insulin, 

insulin response area, and body composition than the participants in the present study. In 

other words, based on the reported insulin responses and body composition, their 

participants also appeared to reflect an adequate state of insulin action prior to the single 

session of exercise. Therefore, the observation that the participants in the present study 

possessed an adequate state of insulin effectiveness prior to exercise may not fully explain 

the discrepancy in postexercise insulin responses reported here and by others (Ben-Ezra et 



155 

al., 1995 and Fluckey et al., 1994). 

LeBlanc and colleagues (1981) reported a significant correlation (r = 0.80) between the 

fasting plasma insulin and the glucose-stimulated insulin response area. They suggested 

that low levels of fasting insulin increase the tissue sensitivity to insulin and reduce 

accordingly the tissue requirements for insulin during a glucose tolerance test. Thus the 

reduction in insulin response area following exercise may be related to low, postexercise 

fasting insulin levels. Low levels of fasting insulin may contribute to increased insulin 

sensitivity by enhancing insulin binding (LeBlanc et al., 1979). Therefore, the lack of a 

significant decrease in fasting insulin following either exercise in the present study may 

have precluded a decrease in postexercise insulin response area. However, Ben-Ezra and 

colleagues ( 1995) found the nonsignificant 15% decrease in fasting insulin to be coupled 

with a significant 15% decrease in insulin response area following treadmill walking at 

70% ofVO2max. When fasting insulin decreased less than 1 % following a treadmill walk 

at 40% ofVO2max by the same participants, only a 3% decrease in insulin response area 

was observed. Likewise, Fluckey and associates ( 1994) reported a nonsignificant 3 0% 

decrease in fasting insulin and a significant 22% decrease in insulin response area 

following the single session of strength exercise. Surprisingly, the nonsignificant 11 % and 

12% decrease in fasting insulin values following the strength and aerobic exercises of the 

present study resulted in just a 2% decrease, and a 1 % increase in insulin response area 

following the strength and aerobic exercises, respectively. 

The influence of aerobic and strength exercise on insulin responses was also analyzed 



nonparametrically using a Chi square test. Insulin area data was reduced to the nominal 

categories of "responder" and "nonresponder". A "responder" was defined as any 

participant whose postexercise insulin area was less than their resting insulin response 

area. A "nonresponder" was defined as any participant whose postexercise insulin area 
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was greater than or equal to their resting insulin area. The frequency of "responders" 

following the aerobic (17) and strength (18) exercises was not significantly greater than 

the frequency of "nonresponders" following each exercise (10 and 9, respectively). 

Fourteen of the 27 participants were "responders" to both exercises while 6 were 

"nonresponders". Using the same classification scheme for insulin response and the same 

aerobic exercise stimulus (treadmill walking at 70% ofVO2max for 50 min.), Ben-Ezra et 

al. ( 1995) reported that 18 of the 24 normoglycemic, premenopausal women were 

"responders". The percentage of all participants who were "responders" in their study 

(75%), is slightly greater than the percentage of "responders" following the aerobic (63%) 

and strength (67%) exercises in the present study. Ben-Ezra and colleagues were unable to 

explain the divergent responses of their participants. There were no significant differences 

between the "responders" and "nonresponders" for variables that may impact insulin 

response, including percent body fat (Yk.i-Jarvinen and Koivisto, 1983), WH (Evans et al., 

1984), VO2max (Soman et al. 1979), and mean caloric and carbohydrate intakes (LeBlanc 

et al., 1981 ). Although the OGTT's were administered without regard to menstrual cycle 

phase (follicular, luteal), the authors reported that menstrual cycle phase did not appear to 

affect insulin responses. A statistical analysis was not performed between the variables that 
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may have influenced the postexercise insulin responses of the "responders" and 

"nonresponders" in the present study. Statistics aside, abdominal fat appeared to be the 

most distinguishable difference between the "responders" and "nonresponders" of both 

exercises. The abdominal fat mass of the "responders" to the aerobic and strength exercise 

was 30% and 34% greater than that of the "nonresponders", respectively. Compared to 

the 6 "nonresponders" to both exercises, the abdominal fat mass of the 14 "responders" to 

each exercise was also considerably larger (38%). It does not appear that the remaining 

variables, menstrual cycle, WH, maximal oxygen consumption, or diet, influenced the 

divergent insulin responses of the participants. All participants were tested during the 

follicular phase of their menstrual cycle to control for possible menstrual cycle related 

changes in insulin sensitivity or response (Bertoli et al., 1980 and Valdes & Elkind-Hirsch, 

1991 ). In addition, none of the participants were using oral contraceptives (Kasdorf & 

Kalkhoff, 1988 and Spellacy & Carlson, 1966). The WH was similar between the 

"responders" and "nonresponders" to both the aerobic (0.85 vs. 0.83, respectively) and 

strength (0.85 vs. 0.83, respectively) exercises. Although maximal oxygen consumption 

was more than 12% greater in the "nonresponders" to the strength exercise, it was only 

5% greater in the "nonresponders" to aerobic exercise. There was no distinguishable 

pattern in the intake of carbohydrate, fat, or k.ilocalories between the "responders" and 

"nonresponders" of each exercise. 

The work of King et al. (1988B) provides evidence that reduced insulin secretion, but 

not clearance, is responsible for lower insulin responses following aerobic exercise. Using 
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a hyperglycemic clamp, they found higher insulin (33%) and C-peptide (14%) responses 

after 14 days of inactivity in endurance trained men and women compared to their trained 

values. Mikines et al. (1988) also demonstrated lower insulin and C-peptide levels during a 

hyperglycemic clamp following aerobic exercise (60 min., 150 Watts, 64% ofVO2max) in 

non-obese young men. Meanwhile, based on the significant decrease in postexercise 

insulin area with a concomitant 26% increase in C-peptide response area, Fluckey et al. 

(1994) suggest that a single session of strength training increases postexercise insulin 

clearance. Based on the small, nonsignificant changes in postexercise insulin and C-peptide 

response areas in the present study, it does not appear that either exercise influenced 

insulin secretion or clearance. However, the influence of the single sessions of exercise on 

insulin secretion and clearance is more evident when the participants are separated 

according to "responder" and "nonresponder". The 20% decrease in the insulin response 

area of the 18 "responders" to the strength exercise compared to rest was coupled with 

just a 4% decrease in C-peptide response area, which may suggest an increase in insulin 

clearance, not a decrease in insulin secretion (Fluckey et al., 1994). Meanwhile, insulin 

secretion appeared to increase, while insulin clearance may have decreased in the 9 

"nonresponders" to the strength exercise. The insulin response area of the 

"nonresponders" increased 60% and the C-peptide response area increased 27% compared 

to rest (King et al., 1988B). Although it is not possible to determine the percent 

contribution of each, the reduction in insulin response area following the aerobic exercise 

may be the result of a combination of enhanced insulin clearance and reduced pancreatic 
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insulin secretion in the group of "responders" (Mikines et al., 1988). The insulin re·sponse 

area of the 17 "responders" decreased approximately 22%, which was coupled with a 10% 

decrease in C-peptide response area. Meanwhile, the insulin response area of the 10 

"nonresponders" to the aerobic exercise increased 39% while the C-peptide response area 

increased approximately 23%, suggesting an increase in insulin secretion (King et al., 

1988B, King et al., 1993, and Kirwan et al., 1991). Therefore, in the present study, the 

magnitude of the decrease in insulin response area of the "responders" to aerobic and 

strength exercise is similar (22% and 20%, respectively). However, the strength exercise 

may reduce insulin response area by enhancing insulin clearance (Fluckey et al., 1994), 

while aerobic exercise may improve insulin response area through a combination of 

enhanced insulin clearance and reduced pancreatic insulin secretion (King et al., 1988B 

and Mikines et al., 1988). The postexercise increase in insulin response area observed in 

some of the participants following the single session of aerobic and strength exercise 

appears to result from an increase in pancreatic insulin secretion and a decrease in insulin 

clearance (King et al., 1993 and Kirwan et al., 1991). 

CK, FF A and SHBG Comparisons 

The concentration of plasma CK was significantly elevated following both aerobic 

(59%) and strength (123%) exercise compared to rest, and following strength (40%) 

compared to aerobic exercise in the present study (Table 14). In light of the elevated CK 

levels and subjective reports of muscle soreness reported by the participants in the present 

study, it is possible that some level of muscle damage was induced by the single sessions 
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of aerobic and strength exercise. It has been reported that exercise-induced muscle 

damage may lead to an increase in postexercise glucose-stimulated pancreatic insulin 

secretion (King et al., 1993, Kirwan, et al., 1991, and Lash et al., 1987). If muscle damage 

is associated with impaired insulin action (King et al., 1993, Kirwan et al., 1992, Lash et 

al., 1987), and increased levels of CK an indication of muscle damage (Hess et al., 1964 

and O'Reilly et al., 1987), then the postexercise "nonresponders" would be expected to 

have a greater increase in CK levels from rest to exercise than the insulin area 

"responders". However, in the present study, the CK levels of the insulin area 

"responders" to the strength exercise increased 24 7% compared to rest, while those of the 

"nonresponders" increased 106%. 

Although not significant, plasma FF A values were approximately 18% and 16% higher 

following aerobic (0.529 ± 0.039 mEq/L) and strength (0.520 ± .049 mEq/L) exercise, 

respectively, compared to rest (0.450 ± .038 mEq/L). In addition to stimulating an 

increase in the cellular uptake of glucose, insulin inhibits the release of FF A from adipose 

tissue. Thus the decrease in circulating insulin during exercise contributes to an increased 

release ofadipocyte FFA (Campaigne & Lampman, 1994). Plasma FFA levels have been 

reported to remain elevated 24 hours after 90 minutes of bicycle ergometry at 70% of 

V02max (Maehlum, Grandmontagne, Newshohne, & Sejersted, 1986). In addition, 

McMillan et al. (1993) reported a 65% increase in plasma FFA levels 22 hours following a 

single session of strength training (5 sets, 10 reps, 3 leg exercises at 40-60% of lRM) in 

young, untrained male participants. Hence, the nonsignificant elevation of fasting FF A 
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following exercise reported here may be partly due to the increased FFA mobilization 

during exercise. Additionally, the trend for an increase in fasting FF A 12 to 15 hours after 

completion of exercise may reflect a shift toward FFA use for energy production during 

recovery from exercise (McMillan et al., 1993). 

A high-fat diet has been shown to significantly increase FFA levels (Ivy et al., 1983). 

However, it is unlikely that dietary fat intake had an influence on postexercise FFA 

because there were no significant differences between the mean grams of fat intake for the 

three days or for the single day immediately preceding each of the OGTTs. In addition, the 

mean dietary fat intake for the three days prior to the aerobic and strength OG TTs were 

3% and 6% lower, respectively, than the mean dietary fat intake for the three days 

preceding the resting OGTT. The mean dietary fat intake was also slightly lower the day 

preceding the aerobic (11 %) and strength (7%) OGTTs compared to the resting OGTT. 

It has been reported that an increased delivery ofFFA may induce a state of insulin 

resistance in peripheral tissues (Bonora et al., 1992, Ferrannini et al., 1983 and Randle et 

al., 1963) and subsequently a decrease in total glucose disposal (Bonora et al., 1992). 

Hence, increased levels of FFA may impair glucose tolerance and increase the insulin 

response to both oral and intravenous glucose loads (Goschke, 1974 and Schaich & 

Kipnis, 1965). Consistent with this, King et al. ( 1995) reported that the impaired glucose 

tolerance observed immediately after exercise may have been related to inhibition of 

glucose uptake and/or metabolism by high circulating FF A levels. 

However, the nonsignificant, postexercise increase in fasting FF A did not appear to 
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influence the insulin response areas following the single sessions of aerobic and strength 

exercise reported here. Previously, Pouliot et al. (1990) found that plasma FFA of similar 

concentration to this study (0.44 mEq/L) was not significantly correlated (r = 0.20) to 

insulin area during an OGTT in nonnoglycemic, premenopausal women (35 yrs., 15-55% 

body fat). In addition, following the aerobic exercise, FFA levels of both the "responders" 

and "nonresponders" tended to increase ( 13 .4 % and 29 .1 %, respectively), despite the 

opposing trend in postexercise insulin response areas. Meanwhile, following the strength 

exercise, FFA levels increased 19.3% in the "responders", yet decreased 4.4% in the 

"nonresponders". If an increase in FF A may induce a state of insulin resistance (Bonora et 

al., 1992, Randle et al., 1963, and Ferrannini et al., 1983), then the "nonresponders" 

would be expected to have an increase in fasting FF A the following day. Lastly, the fasting 

FFA values between the insulin area "responders" (aerobic= 0.53 and strength= 0.50 

mEq/L) and "nonresponders" (aerobic= 0.56 and strength= 0.50 mEq/L) following rest 

were similar. 

Low levels of SHBG have been associated with hyperinsulinemia, insulin resistance, 

obesity, abdominal obesity, and the associated metabolic aberrations such as NIDDM 

(Evans, Hoffinann, Kalkhoff, & Kissebah, 1983, Haffuer, Katz, Stern, & Dunn, 1989, 

Haffuer, Valdez, Morales, Hazuda, & Stern, 1993, Lindstedt et al., 1991, Peiris, Mueller, 

Struve, Smith, & Kissebah, 1987, and Preziosi et al., 1993). Haffuer et al. (1988) reported 

that low levels of plasma SHBG in premenopausal women were associated with high 

fasting insulin (r = -0.44, :g_ < .05) and insulin response area (r = -0.54, R < .001) following 
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an OGTT. Plasma SHBG has also been negatively associated to insulin area (r = -0.26, 

Q < .05) following an OGTT in premenopausal women (92-251% of ideal body weight) 

after adjusting for WH and percentage of ideal body weight (Evans et al., 1983). In 

addition to insulin concentration, Fendri et al. (1994) reported that plasma SHBG was 

negatively associated to insulin sensitivity (r = -0.64, Q < .05). 

It does not appear that SHBG influenced the fasting and response areas for insulin 15 

to 18 hours after either exercise compared to rest. First, the decrease in fasting SHBG 

following aerobic (6.2%) and strength (3.4%) exercise was not significant. Second, the 

fasting SHBG concentration of both the insulin area "responders" and "nonresponders" 

tended to decrease slightly following each exercise, despite the divergent trend in insulin 

responses. 

Prediction of Change in Insulin Response 

Based on the results of this study and others (Ben-Ezra et al., 1995, Burstein et al., 

1990, Devlin & Horton, 1985, and Jankowski, 1996), it is apparent that the 

exercise-induced improvement in glucoregulation is not a universal finding in women. It 

would be advantageous to know who will experience a reduced postexercise insulin 

response. Marin and colleagues (1993) reported that, in women, the improvement in 

insulin sensitivity following a single aerobic exercise was dependent on the body measures 

(BMI and WH) and fasting plasma variables (FFA and SHBG) associated with insulin 

resistance. Ben-Ezra et al. (1995) were unable to distinguish between "responders" and 

"nonresponders" because there were no significant differences between these groups for 
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variables that may impact insulin response. In the present study, the "responders" of each 

exercise tended to have an elevated abdominal fat mass compared to the "nonresponders". 

Several anthropometric (BMI, CI, and WH), body composition ( abdominal fat and lean 

tissue mass), fitness (VO2max), and fasting plasma variables (insulin, glucose, SHBG, 

FF A, and CK) that could potentially influence glucoregulation were measured in an 

attempt to explain the changes in postexercise insulin responses from rest. However, none 

of these variables significantly predicted the change in insulin response area between rest 

and aerobic exercise, and rest and strength exercise. The lack of a significant predictor 

may be attributed to the rather large number ( 11) of candidate predictors relative to the 

sample size ill= 23 for the aerobic analysis and N = 21 for the strength analysis after 

removal of outliers). Although fasting glucose was identified as meeting the tolerance in 

the stepwise multiple regression for strength exercise, the regression coefficient (R2 = 

0.28) failed to reach significance (Table 22). Thus fasting insulin would have predicted 

only 28% of the variation in the change in insulin response between rest and the strength 

exercise. More than 70% of the variation in insulin response area would have been due to 

the other variables measured in addition to all other possible factors. None of the 

candidate predictor variables were of sufficient magnitude to enter the stepwise multiple 

regression analysis to predict the change in insulin response area following the aerobic 

exercise. 
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Conclusion 

This is the first study to compare the effects of a single aerobic and strength training 

exercise on the insulin response to a glucose load in normoglycemic, premenopausal 

women. Reduced insulin responses have previously been demonstrated after a single bout 

of aerobic (Ben-Ezra et al., 1995) and strength (Fluckey et al., 1994) exercise. Using 

exercise protocols similar to these (Ben-Ezra et al., 1995 and Fluckey et al., 1994), neither 

exercise significantly reduced the insulin response area compared to rest in the present 

study. The cause for the failure of either exercise session to reduce the insulin response 

area is unclear, and unlikely related to diet, postexercise levels ofFFA or SHBG, or 

exercise-induced muscle trauma. It may be that these normoglycemic women maintain an 

adequate state of insulin action, and therefore are not able to gain any additional 

insulin-related benefit from a single session of exercise. Aerobic exercise decreased the 

insulin response area 22% in 17 of the 27 women ("responders"), while a 20% decrease in 

insulin response area was observed in 18 women one day following the strength exercise. 

Therefore, the aerobic and strength exercise protocols of the present study appear to be 

similarly effective at reducing the insulin response area to an oral glucose challenge in 

some, but not all normoglycemic, premenopausal women. The unexpected increase in 

postexercise insulin response area by some of the women ("nonresponders") may have 

precluded a de~rease in the mean postexercise insulin response area. Furthermore, the data 

indicate that a single session of strength exercise, but not aerobic exercise, can 

significantly reduce the fasting concentration of plasma glucose in normoglycemic, 
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premenopausal women. 

Recommendations for Further Study 

In light of these results and those reported by others, the following recommendations 

for future research are made: 

1. Repeat the protocols of this study with individuals at higher risk of developing 

NIDDM, such as older, obese, abdominally obese, glucose intolerant, or hyperinsulinemic 

men and women. A comparison between the effects of a single session of aerobic and 

strength exercise on insulin responses of NIDDM participants is also recommended. It has 

been suggested that nonobese, normoglycemic individuals who manifest a high level of 

insulin effectiveness may not be able to gain any additional insulin-related benefit from 

exercise (Burstein et al., 1990 and Devlin & Horton, 1985). The absence of a significant 

reduction in the postexercise insulin response of the present study suggests that the 

women were already in an adequate state of insulin action, and therefore were not able to 

gain any additional insulin-related benefit from exercise. Thus incorporating NIDDM 

participants, or participants at risk of developing NIDDM may be more effective in the 

study of glucoregulation following acute aerobic and strength exercise. 

2. Compare the effects of other exercises or exercise modalities on glucoregulation. 

What form of exercise is most effective at enhancing glucoregulation? The answer to this 

question would be helpful in the prevention and treatment ofNIDDM. It has been 

suggested that the enhancement in muscular insulin sensitivity is localized to the muscles 

involved in the exercise (Annuzzi et al., 1991, Richter et al., 1984 and Richter et al., 
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1989). Thus exercise which incorporates a larger proportion of total muscle mass, at an 

appropriate intensity and energy expenditure, may be more effective at enhancing insulin 

sensitivity than exercise which utilizes a smaller percentage of total muscle mass to 

perform the exercise. 

3. Compare the effects of aerobic and strength exercise on glucoregulation using 

multiple bouts or sessions of exercise instead of a single exercise session. Multiple days of 

exercise appear to be more effective at reducing postexercise insulin responses than a 

single session of exercise (Cononie et al., 1994 and Rogers et al., 1988). 

4. Examine the mechanisms responsible for the decrease in insulin responses found in 

some of the participants in this study and reported previously following a single session of 

strength exercise (Fluckey et al., 1994 and Hall & Balon, 1992). Fluckey and colleagues 

( 1994) reported that the reduction in insulin response area was the result of an increase in 

insulin clearance, however, use of the euglycemic insulinemic clamp technique in addition 

to determinations of GLUT-4 protein, enzymes, glycogen utiliz.ation, muscle fiber 

composition, and other associated variables may further explain the postexercise changes 

in glucoregulation. 

5. Continue to evaluate significant predictors of a reduced postexercise insulin 

response in men and women by combining data from comparable studies. It would be 

advantageous-for prescribing exercise to be able to identify those individuals who are 

likely to experience a reduced postexercise insulin response. Several studies from this 

laboratory (Ben-Ezra et al., 1995, Jankowski, 1996, and Kendrick et al., 1995), including 



the present study, suggest that some individuals do not obtain an exercise-induced 

improvement in insulin action. 
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6. Examine the acute and training effect of various strength exercise protocols in order 

to determine those which are most effective for the prevention and treatment ofNIDDM 

(e.g., high intensity using low reps with high weight vs. low intensity using high reps with 

low weight; multiple sets vs. single set; or circuit vs. non-circuit strength training). 

Compared to aerobic exercise, few studies have investigated the impact of strength 

exercise on insulin action. Thus information regarding the appropriate strength exercise 

protocols is limited. 
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Name Date 

PAST HISTORY 
(Have you ever had?) Yes No Explain: 
Rheumatic fever ( ) ( ) 
Heart murmur ( ) ( ) 
High blood pressure ( ) ( ) 
Any heart trouble ( ) ( ) 
Disease of Arteries ( ) ( ) 
Varicose veins ( ) ( ) 
Lung disease ( ) ( ) 
Injuries to back ( ) ( ) 
Epilepsy ( ) ( ) 
Operations ( explain) 

Other 

PRESENT SYMPTOMS REVIEW 
(Have you recently had) Yes No Explain: 
Chest pain ( ) ( ) 
Chest pain when exercising or 

under emotional stress ( ) ( ) 
Shortness of breath ( ) ( ) 
Asthma ( ) ( ) 
Irregular or rapid heart beat ( ) ( ) 
Cough on exertion ( ) ( ) 
Fainting or dizziness ( ) ( ) 
Weakness or numbness of an arm or leg ( ) ( ) 
Balance problem while walking or 

standing ( ) ( ) 
Coughing of blood ( ) ( ) 
Back pain ( ) ( ) 
Swollen, stiff or painful joints ( ) ( ) 
Do regularly awaken at night 

to urinate? ( ) ( ) 
Allergies to drugs ( ) ( ) 

Other 

FAMILY HISTORY 
(Have any of your relatives had) Yes Yes 
Heart attacks ( ) ( ) 

High blood pressure ( ) ( ) 
Too much cholesterol ( ) ( ) 
Diabetes ( ) ( ) 

Congenital heart disease ( ) ( ) 

Heart operations ( ) ( ) 

Other 



MEDICATION Yes 
Are you presently taking any medication? ( ) 

No 
( ) 

What? _______________________________ _ 

Have you ever taken any medication during the past 
year other than for common infections ( ) ( ) 

What? ______________________________ _ 

RISK FACTORS 
1. Smoking Yes No 

Do you smoke ( ) ( ) 
Cigarettes ( ) ( ) How many? __ How many years __ 
Cigar ( ) ( ) How many? __ How many years __ 
Pipe ( ) ( ) How many times/day? __ How many years __ 
How old were you when you started? __ _ 
In case you have stopped, when did you? ___ Why? ____________ _ 

2. Diet 
What is your weight now? __ _ 1 year ago? __ _ At age 21? __ _ 
Are you dieting? __ Why? ______________________ _ 

3. Exercise 
Do you engage in recreational sports or physical activity? ____ _ 
What? ______________________________ _ 
How often? ____________________________ _ 

How fast do you think you walk each day, in addition to the above? _________ _ 

Is your occupation: Sedentary 
Active 

( ) 
( ) 

Moderately Active ( ) 
Heavy work ( ) 

Do you have discomfort, shortness ofbreath, or pain with moderate exercise? ______ _ 
Specify ____________________________ _ 

Were you a school or college athlete? ___ Specify _____________ _ 

4. Exercise Test 
Have you ever had an exercise stress test? __ yes __ no 
If yes, when? ___________________________ _ 
any problems? ___________________________ _ 

BLOOD PRESSURE HISTORY 
Date _______ / __ _ 
Date _______ / __ _ 
Date _______ / __ _ 
Date _______ / __ _ 

Date of birth ________ _ Age ___ _ 
Address ______________________________ _ 

Phone _______________________________ _ 
Personal Physician ___________________________ _ 
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Physical Activity Readiness Questionnaire 

Purpose: For most people, physical activity should not pose any problem or hazard. 
PAR-Q has been designed to identify the small number of adults for whom 
physical activity might be inappropriate or those who should have medical 
advice concerning the type of activity most suitable. 
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Directions: Please read each question below. Answer each question with a "yes" or "no". 
If the answer is "yes" to any question, please explain fully the extent of the 
problem. 

__ yes __ no 

__ yes __ no 

__ yes __ no 

__ yes __ no 

__ yes __ no 

__ yes __ no 

__ yes __ no 

1. Has your doctor ever said you have heart trouble? 

2. Do you frequently suffer from pains in your chest? 

3. Do you often feel faint or have spells of severe dizziness? 

4. Has a doctor ever said your blood pressure was too high? 

5. Has a doctor ever told you that you have a bone or joint 
problem such as arthritis that has been aggravated by exercise, 
or might be made worse with exercise? 

6. Is there a good physical reason not mentioned here why you 
should not follow an activity program even if you wanted to? 

7. Are you over age 65 and not accustomed to vigorous exercise? 
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Personal Questionnaire 

Please take a few moments to complete this questionnaire. Your identity will remain confidential. 

PERSONAL AND DIET HISTORY 
1. Name ------------

Address: 
Street ------------City ________ State __ _ 
Zip ____ Phone _____ _ 

2. Date of birth: ----------
3. Weight: __________ _ 

4. Height: __________ _ 
5. Do you eat: 

meat?_ yes_ no 
poultry? _yes _ no 
fish?_ yes_ no 
milk and dairy products? _ yes _ no 

6. Are you a vegetarian?_ yes _ no 

7. Fractures?_ yes _ no 

8. History of osteoporosis?_ yes _ no 

MENSTRUAL HISTORY 
1. At what age did you start to menstruate? 

Give age including months, if known 
(e.g. 12 yrs., 3 mo.) ____ _ 

9. 

10. 

Have you ever taken birth control 
pills? _ yes _ no 

If yes, are you currently taking 
birth control pills? _ yes _ no 
If no, when did you stop? 

Do you take any vitamin 
supplements?_ yes _ no 

If yes, please list, including brand 
name and daily amount: __ _ 

2. What was the date of your last 
menstrual period? ____ _ 

3. About how many menstrual periods have you had per year during the following years? 

Absent- 0 

Age 10-12 
Age 13-15 
Age 16-18 
Age 19-21 
Age 22-24 
Age 25-27 
Age 28-30 

1-3 4-6 7-9 10-12 (1 per month) 
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Title: Effects of submaximal aerobic and resistance exercise, and body composition 
on insulin responses in Mexican American and Non Hispanic White women 

You are being asked to participate in a study involving the effect of strength training, 
treadmill walking and body composition on insulin response to the ingestion of glucose. 
Your participation in this study is completely voluntary. You have been selected as a 
participant because you are apparently healthy, do not smoke, do not have diabetes ( either 
juvenile [Type I] or maturity onset [Type II]), cardiovascular disease, and are not 
pregnant. We have determined this information from medical history forms which are 
completed by you as a part of this study. In addition, you have identified yourself as either 
a Mexican American or nonHispanic White according to the San Antonio Heart Study 
algorithm which is also completed as a part of this study. 

If you agree to participate you should be aware of the time involved in this study: 1.5 
hr for the maximal treadmill test; the submaximal treadmill test will take approximately 1 
hr; 1 hr for the strength assessment; 1 hr for the strength training session; each glucose 
tolerance test (there are three) will take approximately 3.0 hours; body composition 
measurements will take approximately 1 hr. Total time commitment to complete the study 
is approximately 14.5 hrs. In order to ensure your complete comprehension of the study, a 
bilingual research assistant will be available should you so request. 

1. Procedures 

Completion of Acculturation and Physical Activity Questionnaires 

You will be asked to complete an acculturation rating scale which measures the degree 
to which you consider yourself a Mexican American or Anglo. You will also be asked to 
participate in an interview concerning your lifetime physical activity. 

Blood Glucose Screening 

A finger tip blood sample will be drawn on two separate mornings after a 12 hour fast. 
A lab technician will use a small lancet to prick the tip of your finger. A drop of blood will 
be used to measure the amount of glucose (blood sugar) in your blood. 

Skinfold Measurement 

A skinfold caliper will be used to estimate distribution of body fat. This entails 
measuring the thickness of your skin in four areas of the body: the back of the upper arm, 
on the upper back near the scapula (shoulder blade), above the hip, and on the front of the 
thigh. These measurements will be taken prior to any other testing by female laboratory 
personnel. 
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Waist to Hip Measurement 

Your waist and hip circumference will be measured by a female lab personnel using a 
tape measure. 

Visceral Fat Measurement 

Your visceral (internal) fat will be measured by a machine called a dual-energy x-ray 
absorptiometer (DXA). For this measurement, you will lay down, fully clothed, on a 
padded bed for about 15 minutes. Registered technicians will be performing the test, and 
you will feel no pain or any other sensations due to the testing. 

Maximal Oxygen Uptake and Strength Assessment 

You will undergo a maximal oxygen uptake test on a Quinton Q65 motor driven 
treadmill. The treadmill protocol will start at 3.5 mph and 0% elevation, and increase 5% 
every two minutes until maximal oxygen consumption (VO2max) is reached. This means 
that you cannot keep pace the treadmill. During this max test your heart rate will be 
continuously monitored using a Quinton Q4000 12 lead ECG. Your heart rate will be 
recorded during the last 10 seconds of each workload, as well as in the recovery cool 
down. You will be monitored until your heart rate returns to 120 beats per minute or less. 
Your expired air will be collected continuously during this test using an Ametek OCM-2 
Oxygen Uptake System. To collect expired respiratory gas you will be fitted with a rubber 
mouthpiece attached to a Rudolph R2700 two way valve and you must have your nose 
closed with a noseclip throughout this test. The valve will be supported by a headgear 
arrangement that keeps the valve reasonably stationary during exercise. 

Your strength will be tested using approximately 10 different machines located in the 
Wellness Center. Following a warm up and stretching period, an exercise professional will 
demonstrate proper lifting technique for each of the machines. The exercise professional 
will then test your maximal strength (lRM) at each machine. This will involve lifting a 
progressively heavier weight one time only until you are unable to perform the lift. It will 
generally take 5-6 trials at each machine to find your 1 RM. 

Submaximal Treadmill Exercise and Strength Training 

After completing the max tests you will return to the lab for the submaximal treadmill 
exercise, strength training, and resting session. Each treatment will be administered to you 
during the fifth to twelfth day after the first day of the onset of menstruation. The 3 
treatments will take place between 3:00-7:00 PM. 

The submaximal treadmill exercise treatment will be at 70% of your maximum capacity 
(VO2) and will last for 50 minutes. The actual workload will be determined based on the 
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maximal treadmill test information. To verify that the workload is appropriate, you will be 
given practice workloads during which oxygen consumption will be measured to assure 
the desired work intensity (70% VO2 max). 

For the strength training session, you will perform the 3 sets of 10 repetitions at 
each weight machine. Each set will be performed at 40, 55, and then 75% of your lRM. 
You will be allowed a 1 minute rest period between each weight training exercise. An 
exercise professional will supervise this session. 

Glucose Tolerance Tests and Blood Sampling 

There are a total of three oral glucose tolerance tests (OGTT). You should understand 
that all OGTTs will take place between 7:30 AM and 12:00 PM the day after each of the 
rest and exercise treatments. The procedure is as follows: You will arrive at the lab having 
fasted for the previous 12 hours. You will lay down in a supine position so that a catheter 
may be inserted into an antecubital vein) a vein near your elbow) by trained medical 
personnel. After resting for 10 minutes, a 5 ml blood sample ( about a teaspoonful) will be 
drawn into a purple topped Vacutainer tube. You will then drink a commercially prepared 
solution consisting of75 grams of glucose in 215 ml (approximately 8 ounces) of fluid. 
Blood samples (5 ml) will be drawn from you via the catheter and Vacutainer at 15, 30, 
60, 90, 120, and 150 minutes after you drink the glucose solution. You will be lying down 
or sitting quietly for approximately 2.5-3.0 hours in order to complete the OGTT. 

Dietary Considerations 

For three days prior to the exercise or resting sessions as well as after each session, 
you will consume a similar diet. You will keep a dietary record to insure that food intake 
in terms of total calories and composition (percentages of fat, carbohydrate, and protein) 
are similar prior to each of the exercise and rest sessions. You will come to the exercise 
session without having eaten for two hours. Following the exercise session, dietary intake 
will be managed so as no more than 75-100 grams of carbohydrate, and no more than 
400-800 total calories will be ingested for the evening meal (this meal will be provided to 
you). You will take the OGTT 12-14 hours after your last meal the night before. You will 
receive counseling on how to keep the dietary record as well as information about keeping 
a similar diet. 

2. The procedures outlined above have been explained to me by Dr. Vic Ben-Ezra, Kathy 
Jankowski, Kevin Kendrick, or other project personnel------~ and I 
understand that I can contact them during office hours at 817-898-2632 or 817-898-2575 
if any questions arise. 
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3. (A). I understand that the procedures, or investigations described in 1 above involve the 
following possible risks or discomforts: 

1. Possible cardiac or cardiovascular event (heart attack) may occur during the 
maximal treadmill test, the submaximal treadmill exercise session, the strength 
testing, or strength training session. To reduce the potential risk: all participants will 
be 18-40 years of age, non-smoking and screened via medical history questionnaire for 
cardiovascular risk factors and any other metabolic abnormalities (e.g. diabetes) that 
would preclude me from the study. In addition, a 12 lead electrocardiograph will 
continuously monitor my heart rate throughout the max and submax testing. Blood 
pressure screening will take place prior to my participation in the study, and will be 
measured during every fourth minute of exercise. 

2. I know that there is a slight risk of tripping or falling off the treadmill. There will be 
a trained lab technician next to the treadmill at all times to assist me if I should need 
help. 

3. I realize that a hematoma may result from the blood collection procedures, and that 
I may experience some local pain associated with the insertion of the catheter, and as 
a result of the finger tip blood sampling. To reduce the potential risks of discomfort, 
trained medical personnel will insert the catheter and draw all the blood samples. 

4. I may experience delayed onset of muscle soreness for a period ofup to three or 
four days following the strength testing and/or strength training. This soreness is 
common with individuals who are not accustomed to strength training, and is 
temporary. 

5. At the end of the glucose tolerance test I may experience a headache, light
headedness or dizziness from drinking the glucose solution. I understand that these 
feelings are temporary and will pass after I eat something. I understand that I will be 
monitored carefully to make sure that I have no feelings of dizziness or light
headedness before I leave the lab. I have been told that I will be given food to help 
alleviate the symptoms should they arise. 

6. In case of a medical emergency, the fire department's Emergency Medical Team 
will be alerted. Telephones are available in the testing labs and the Wellness Center. 

7. The risk from the exposure to radiation from the x-ray during the visceral fat 
measurement is minimal. The amount of radiation from the dual energy x-ray 
absorptiometer scan (less than 5 mR) is far less than the 100 mR of a chest x-ray and 
the 600 mR of a lumbar (lower back) x-ray. This scan will be performed by a license 
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technician. If you are pregnant, you may not undergo this procedure. 

8. To reduce the possibility of improper disclosure my name will be kept confidential 
and will never be associated with the data in any presentation of results. All 
participants will be given a code number. My data will be kept on file for a maximum 
of 5 years after the data are published. All data files will be kept in a locked cabinet 
and access to the files will be limited to Dr. Ben-Ezra. All data will be destroyed 
after the five year period. 

9. There is a risk that I may not understand all written forms and instructions provided 
in the English language. Should I desire, a bilingual research assistant will be 
available to properly translate any information to me in the Spanish language. 

3. (B). I understand that the procedures and investigations described in Paragraph 1 have 
the following potential benefits to myself and/or others: 

The results of this study will help answer questions regarding the effect of exercise on 
reducing the insulin response to the ingestion of glucose. The information is helpful 
because: Mexican American women are at high risk of developing non-insulin dependent 
diabetes mellitus; exercise may represent a low cost method of preventing the 
development of non-insulin dependent diabetes in this population; understanding the 
effects of exercise on insulin response in this high risk population may benefit other 
populations as well. 

3. (C). Efforts will be made to prevent any complication that could result from this 
research. Medical services and compensation for injuries incurred as a result of your 
participation in the research is not available. The investigators are prepared to advise you 
in case of adverse effects, which you should report to them promptly. Phone numbers 
where the investigators may be reached are listed in the heading of this form. 

4. An offer to answer all of my questions regarding the study has been made and I have 
been given a copy of the dated and signed consent form. If alternative procedures are 
more advantageous to me, they have been explained. A description of the possible 
attendant discomfort and risks reasonably expected have been discussed with me. I 
understand that I may terminate my participation in the study at any time. 
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I understand that my participation in this study is completely voluntary. 

5. If you have any questions about the research or about your rights as a participant, we 
want you to ask us. If you have any questions later, or if you wish to report a research
related complication (in addition to notifying the investigator) you may call the Office of 
Research and Grants Administration during office hours at 817-898-3375. 

Participant's Signature Date 

Witness Date 
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. : . . .. . .. ... "'. ...... .. _., ,,. . . . . - .... 

TEXAS WOl'v'LA.N'S 
UNIVERSITY 

OENTON/OAlLAS/KOUSTON 

HUMA.-4 SUBJECTS UV1EW COMMI'ITEE 

August 11, 1994 

Kevin H. Kendrick 
P.O. Box 22065 
Denton, T:c 76204 

Dear Kevin H. Kendrick: 

OFFICE OF 
W-cA!tC-i .-i... '1D 
crv .. NTS AD~.\ TION 
P.O.Sox22939 
Denton. TX ;"6'°4-C939 
Phone: a17/698-33i3 

Your study entitled ''Effects of a Subma:cimal Aerobic and Resistance Exercise and 
Body Composition on I:nsulin Responses in Mexican American and Non-Hispanic White 
Women" has bee:i reviewed by a commit~ of the Hu.man Subjects Review Commit~ and 
appeirs to meet our requirements in regard to protection of individuals' rights. 

Be reminded that both the University and the Department of He3.lth and Human s~rvices 
(HHS) regulations typically require that agency approval letters and signatures indicating 
in.formed consent be obtained from all human subjects in your study. These are to be filed 
with the Human Subjects Review Committee. Any exception to chis requirement is noted 
below. This approval is valid oae year from the date of this letter. Furthermorey according 
to HHS regulations, another review by the Committee is required if your project changes. 

Special provisions pcrtain.ing to your study a.re noted bciow: 

Toe filing ofsignacurcs of subjects with the HumanSubjectS Review Committee is not 
required. 

Other: 

_x_ No special provisions apply. 

cc: Graduate School 
Dr. Vic Be:i-E~ Kinesiology 
Dr. Jean Pyfer. Kinesiology 

• S i.ncerc1 y, 

/0 _' 
~~ 

Chair 
Human Subjec:s Review Committee - Denton 
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Name: ----------
Week of: ---------
This form should be filled out to the best of your knowledge for activities that you 
participated in during the past week. We need this information to accurately report the 
activity/exercise status of our participants (YOU) when we publish or present the findings 
to the scientific community. 

Please check any of the following that you participated in during the past week: 
Which day ( s) How long How hard 

(min) (lite, moderate, heavy) 
Jogging _________________________ _ 

Swimming __________________________ _ 

Cycling __________________________ _ 

Walking ___________________________ _ 

Tennis ----------------------------
Basketball ---------------------------
Soccer ----------------------------
Volleyball ________________________ _ 

Weight Training _______________________ _ 

Aerobic Dance. _________________________ _ 

Aqua Aerobics _________________________ _ 

Step Aerobics _________________________ _ 

Stairmaster __________________________ _ 

OTHER? _________________________ _ 

Please do not interpret this as our wish that you become regularly active during the study. 
We just want to make sure that you are not doing anything that will influence your/our 
results. 
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NAME: IRM: RT: 

EXERCISE RM 40% actual reps 55% actual reps 75% actual reps 

BENCH PRESS 

LEG PRESS 

LONG PULL 

LEG EXTENSION 

LAT PULLDOWN 

LEG CURL 

PUSHDOWN 

BICEP CURL 

CALF RAISE 

BACK EXTENSION 

OVERHEAD PRESS 

Note. IRM = date of repetition maximum determination. RT= date of strength training 
session. 
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Twenty-four hours after exercise the participants were asked to rate soreness using the 
following scale: 

0 - complete absence 

1 - light pain felt only by palpation 

2 - moderate, some stiffuess and/or weakness, especially during movement 

3 - severe, distressing pain which limits the range of motion 

Adapted from Abraham (1977), Medicine and Science in Sports and Exercise .{21, 11-20. 
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Farmos Sex Hormone Binding Globulin Immunoradiometric Assay Procedure 

1. All reagents are brought to room temperature. 

2. In ordinary test tubes, dilute standards, controls, and samples 1: 101, by mixing 10 
microliters of serum with 1 ml Spectra SHBG buffer. 

3. Pipette 100 microliters of diluted SHBG standards, controls, and samples into 
duplicate antibody coated tubes. Pipette 100 microliters of buffer into duplicate 
antibody coated tubes for NSB. 
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4. Add 200 micro liters of SHBG (1251) reagent to all tubes plus two plain polypropylene 
tubes for total counts. Mix the contents by gently shaking. 

5. Incubate at 3 7° C for three hours. 

6. Decant, being consistent in speed and manner. 

7. Rinse the tubes by dispensing 1 ml distilled water into each tube. Decant and tap the 
heads of the tubes firmly against absorbent paper. 

8. Count the gamma emission of each tube using a gamma counter. 

9. Spline function curve fitting is recommended for the automatic calculation of results. 

ImmuChem™ Double Antibody Insulin illRIA procedure 

1. Set up assay in consecutively numbered 10 x 7 5 mm glass test tubes. 

2. Add solutions in the order indicated. Pipet all reagents directly from shipping vials. 

3. Bring reagents to room temperature prior to use. 

4. Add 0.4 ml Insulin Diluent to tubes 1 and 2. 

5. Add 0.2 ml Insulin Diluent to tubes 3 and 4 (0 tubes). 

6. Add 0.2 ml Insulin Standards (2.5-300 uIU/ml) to tubes 5-20 ( each standard in 
duplicate). The 300 uIU/ml standard is created by using 0.3 ml of the 200 uIU/ml 
standard. 



213 

7. Add 0.2 ml of the participants' samples to tubes 21 to end of assay ( each sample in 
duplicate). 

8. Add 0.2 ml Anti-Insulin (yellow reagent) to tubes 3 to end of assay. 

9. Add 0.2 ml Insulin-125 (blue reagent) to all tubes. 

10. Vortex all tubes thoroughly and incubate at 37° C for one hour. 

11. After incubatio°' add 0.1 ml Insulin 2nd Antibody (red reagent) to all tubes. 

12. Vortex all tubes thoroughly and incubate at room temperature for one hour or more. 

13. Centrifuge all assay tubes at 2,300-2,500 rpm for 15 minutes. Aspirate the 
supernatant. 

14. Count the precipitate of each tube in a gamma counter. 

15. The logit-log method of curve fitting is recommended for the automatic calculation 
of results. 

Wako Non-Esteri:fied Fatty Acid (FFA) C procedure (ACS-ACOD Method) 

The reagent solutions for the FF A analysis were prepared as follows: 

1. Color Reagent A Solution; sufficient for 10 tests. Add exactly 10 ml of Diluent for 
Color Reagent A to one vial of dry Color Reagent A. Mix gently by inverting the vial 
until the contents are completely dissolved. See notes below. 

2. Color Reagent B Solution; sufficient for 10 tests. Add exactly 20 ml of Diluent for 
Color Reagent B to one vial of dry Color Reagent B. Mix gently by inverting the vial 
until the contents are completely dissolved. See notes below. 

Notes on preparation of the reagent solutions: 

1. Color reagent solutions should be stored between 2 and 10 degrees Celsius under 
which conditions they are stable for five days after preparation. 

2. Be sure to return all reagent solutions and diluents to the refrigerator promptly after 
use. 
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3. Reagent solutions must not be frozen. 

4. Reagent solutions must not be exposed to direct sunlight. 

5. If more than 10 tests are to be performed in a run, two ( or more) vials of each reagent 
solution will have to be prepared. It is recommended to combine the Color Reagent A 
solutions in a separate glass or plastic bottle and mix gently prior to starting the run. It 
is recommended that the Color Reagent B Solutions be similarly combined. 

The procedure for the FFA analysis was conducted as follows: 

1. Label a series of glass test tubes as follows: 
Specimen: #1, #2, #3, etc. 
Specimen Blanks: #lB, #2B, #3B, etc. 
Standard: STD 
Reagent Blank: B 

Note: Specimen blanks are used for visibly hemolyzed or lipemic specimens only. 

2. Accurately pipette 50 uL of the appropriate participant or quality control serum into 
the appropriate Specimen Tubes (#1, #2, #3, etc.). Introduce no samples into the 
Specimen Blank Tubes at this time. Accurately pipette 50 uL of reagent grade water 
into the Reagent Blank Tube (B). 

3. Accurately pipette 1.0 ml of Color Reagent A Solution into all test tubes. 

4. Mix all test tubes well and place them in a 37° C incubator bath for ten 
minutes. 

5. Accurately pipette 2.0 ml of Color Reagent B Solution into all test tubes. If any 
specimen blanks have been set up, accurately pipette 50 uL of the appropriate 
participant serum in the appropriate Specimen Blank Tubes (#lB, #2B, #3B, etc.). 

6. Mix all tubes well and place them in a 3 7° C incubator bath for again for ten minutes. 

7. Remove the test tubes from the incubator and allow them to equilibrate with room 
temperature for five minutes. Then read the optical density of all tubes at 550 nm 
versus the Reagent Blank (B). Also, record the optical density of the Reagent Blank 
(B) versus water at 550 nm. 
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The FFA values were obtained from the calibration curve or the following calculations: 

1. From the calibration curve: The FF A content corresponding to the measured 
absorbance can be read directly from the prepared calibration curve. 

2. By calculation: 

A Sample x C Standard (mEq/L) = C Sample (mEq/L) 
A Standard 

Where: A= Absorbance at 550 nm 
C = FFA Concentration (mEq/L) 

Sample Calculation: 

1. For normal serum: 

Absorbance of sample (As) is 0.184 

Absorbance of the FFA standard solution (~ui) is 0.262 

Value of the standard solution is 1.0 (mEq/L) 

FFA value (mEq/L): 

Csample= 0.184 X 1.0 (mEq/L) = 0.70 (mEq/L) 
0.262 

Sigma Diagnostics Creatine Kinase {CK) Assay Procedure No. 47-UV 

1. Reconstitute CK reagent with volume of deionized water indicated on vial. Stopper 
vial and immediately mix several times by inversion. Do not shake. 

2. To cuvette labeled TEST, add 1.0 ml CK reagent and bring to incubation temperature 
(30°C). 

3. Add 0.02 ml sample and mix by inversion. 

4. Incubate TEST cuvette for 3 minutes. 
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5. Read and record absorbance [A] of TEST at 340 run versus water as reference. This is 
initial A. 

6. Continue incubation at 30°C and record absorbencies at 30-second intervals for a 
period of 120 seconds. The absorbance reading at 120 seconds is Final A. 

7. Calculate ~A per minute by subtracting INITIAL A from FINAL A and dividing by 

2. 

8. Determine CK activity as follows: 

CK (U/L) = ~A per minx TV x 1,000 

6.22 xLP x SV 

Where: 

~Aper min 
TV 
sv 
6.22 
LP 
1,000 

CK(U/L) 

-
-
= 
= 
-
= 

= 

Change in absorbance per minute at 340 run 

Total volume (ml) 
Sample volume (ml) 
Millimolar absorbance of NADH at 340 run 
Lightpath 
Conversion of units per ml to units per Liter 

~A per minx 1.02 x 1,000 

6.22 X 0.02 

= ~A per min x 8,200 

One unit of activity is defined as the amount of enzyme which produces one umole of 
NADH per minute under the conditions of the assay procedure. 

Sample Calculation: 

The following absorbance values were obtained at 30°C, using a cuvette with a 1-cm 
lightpath. 

INITIAL A 
FINAL A 

~Aper min 

= 
= 

= 

0.210 
0.430 

0.430 - 0.210 = 0.110 

2 
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CK activity (U/L) of sample= 0.110 x 8,200 = 902 

Diagnostic Products Corporation C-Peptide Double Antibody Assay 

All components except the Precipitating Solution must be at room temperature (18-27°C) 
before use. 

1. Label 18 tubes in duplicate: T (total counts), NSB (nonspecific binding), A 
(maximum binding) and C through H. Label additional tubes, also in duplicate, for 
participant samples and controls. Note that in the Basic Procedure the B calibrator is 
omitted. 

2. Pipet 25 uL of the zero calibrator A into the NSB and A tubes, and 25 uL of each of 
the remaining calibrators C through H into correspondingly labeled tube. Pipet 25 uL 
of each patient sample and control into the tubes prepared. 

3. Add 100 uL of 1251 C-Peptide (Yellow) to all tubes. Shake the rack. 

4. Add 100 uL of C-peptide Antiserum (Red) to all tubes except the NSB and T tubes. 
Vortex. 

All tubes except the NSB and T tubes should be red. 

5. Incubate for 4 hours at room temperature (18-27°C). 

6. Add 1.0 mL of cold Precipitating Solution (Green) to all tubes, except T tubes. 
Vortex. 

7. Centrifuge for 15 minutes at 3,000 x g. 

8. Aspirate the supinatant, retaining the precipitate for counting. 

9. Count each tube for 1 minute in a gamma counter. 

10. The logit-log method of curve fitting is recommended for the automatic calculation 
of results. 
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1. Record your food intake for the three days prior to your chosen exercise (or rest) day. 

2. Record all foods and liquids that are consumed. List EVERYTIIlNG that you eat or 
drink (including water). Be sure to record anything eaten or drank between meals (even if 
it is just a piece of candy). 

3. Indicate the location of the meal or snack (home, cafeteria, restaurant). If it is a 
restaurant, give the name (McDonald's, Pizzli Hut, Chile's). 

4. Describe your food thoroughly: 

Indicate as closely as possible the correct quantity (weight, size, ounces, portion) of 
the food or beverage consumed. Hints: a piece of meat the size of your hand is 
approximately 3-4 ounces. Compare the size of your meat with a fast food 1 \4 pound 
(4 oz.) hamburger. Give relative size of fruit: medium banana, small apple. 

Whenever possible indicate brand names (Kellogg's Rice Krispies, Campbell's 
chicken noodle soup). 

Indicate the method of cooking (boiled, baked, fried, grilled) and if anything was 
added while cooking (microwaved com with 1 teaspoon of butter). 

Include processing information ( fresh, canned, frozen, dehydrated) 

Describe the components of combination foods: sandwich: 2 slices of whole wheat 
bread, 2 ounces ofham, 1 slice of American cheese, 1 slice of tomato, 1 teaspoon of 
mayonnaise; or casserole: beef, egg noodles, tomato sauce, carrots. 

Be as specific as possible. Examples: list 2% low-fat milk, not just "milk"; list Jello 
Brand instant vanilla pudding, not just "pudding". 

5. If you have no idea how to record a food you eat, just do the best you can. 

6. Try to record what you eat immediately after you ate it. It is amazing how easy it is to 
forget what you ate for breakfast by lunchtime. 
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Abbreviations 

ABF AT abdominal fat (g) 

B:rvtl body mass index (kg/m2
) 

C0l ... ClS0l C-peptide (nmol/L) during rest OGTT 

C02 ... C1502 C-peptide (nmol/L) during aerobic OGTT 

C03 ... Cl503 C-peptide (nmol/L) during strength OGTT 

CAI C-peptide area (nmol/L • min) during rest OGTT 

CA2 C-peptide area (nmol/L • min) during aerobic OGTT 

CA3 C-peptide area (nmol/L • min) during strength OGTT 

CHOI carbohydrate intake (g) for 3 days prior to rest OGTT 

CHO2 carbohydrate intake (g) for 3 days prior to aerobic OGTT 

CHO3 carbohydrate intake (g) for 3 days prior to strength oGrT 

CH2 insulin area rest minus insulin area aero hie; a negative sign ( -) indicates 
"nonresponders"; a positive sign(+) indicates "responders" 

CH3 insulin area rest minus insulin area strength; a negative sign (-) indicates 
"nonresponders"; a positive sign(+) indicates "responders" 

CI centrality index 

CKI creatine kinase (U/L) during rest OGTT 

CK2 creatine kinase (U/L) during aerobic OGTT 

CK3 creatine kinase (U/L) during strength OGTT 

FAT total body fat (g) 

%FAT Percent body fat as determined by DXA 



FATI 

FAT2 

FAT3 

FFAI 

FFA2 

FFA3 

G01. .. Gl501 

G02 ... G1502 

G03 ... G1503 

GAl 

GA2 

GA3 

HIPFAT 

HT 

HRMAX 

%HRMAX 

101. .. 11501 

102 ... 11502 

103 ... 11503 

IAI 

IA2 

fat intake (g) for 3 days prior to rest OGTT 

fat intake (g) for 3 days prior to aerobic OGTT 

fat intake (g) for 3 days prior to strength OGTT 

free fatty acid (mEq/L) during rest OGTT 

free fatty acid (mEq/L) during aerobic OGTT 

free fatty acid (mEq/L) during strength OGTT 

glucose (mmol/L) during rest OGTT 

glucose (mmol/L) during aerobic OGTT 

glucose (mmol/L) during strength OGTT 

glucose area (mmol/L • min) during rest OGTT 

glucose area (mmol/L • min) during aerobic OGTT 

glucose area (mmol/L • min) during strength OGTT 

hip fat (g) 

height (cm) 

maximum heart rate (beats• mm·1
) 

percent ofHRMAX during aerobic exercise treatment 

insulin (pmol/L) during rest OGTT 

insulin (pmol/L) during aerobic OGTT 

insulin (pmol/L) during strength OGTT 

insulin area (pmol/L • min) during rest OGTT 

insulin area (pmol/L • min) during aerobic OGTT 
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IA3 

KCALl 

KCAL2 

KCAL3 

LEAN 

PCHOl 

PCHO2 

PCHO3 

PFATl 

PFAT2 

PFAT3 

PKCALI 

PKCAL2 

PKCAL3 

%~ 

PPROl 

PPRO2 

PPRO3 

RELVO2 

RELVOL 

insulin area (pmol/L • min) during strength OGTT 

average kilocalorie intake for 3 days prior to rest OGTT 

average kilocalorie intake for 3 days prior to aerobic OGTT 

average kilocalorie intake for 3 days prior to strength OGTT 

total lean mass (g) 

carbohydrate intake (g) for the single day prior to the rest OGTT 

carbohydrate intake (g) for the single day prior to the aerobic OGTT 

carbohydrate intake (g) for the single day prior to the strength OGTT 

fat intake (g) for the single day prior to the rest OG TT 

fat intake (g) for the single day prior to the aerobic OGTT 

fat intake (g) for the single day prior to the strength OGTT 

kilocalorie intake for the single day prior to the rest OGTT 

kilocalorie intake for the single day prior to the aerobic OGTT 

kilocalorie intake for the single day prior to the strength OGTT 

percent change from rest 

protein intake (g) for the single day prior to the rest OGTT 

protein intake (g) for the single day prior to the aerobic OGTT 

protein intake (g) for the single day prior to the strength OGTT 

relative maximal oxygen consumption (ml• kg·1 
• mm·1

) 

relative volume of weight (kg) lifted during strength exercise 
( weight x set x rep )/kg body weight 
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REP 

%RMI 

%RM2 

%RM3 

SHBGl 

SHBG2 

SHBG3 

SOREI 

SORE2 

SORE3 

SUMSF 

SUBHR 

SUBV02 

V02 

%V02 

VOL 

WH 

WT 

average number of repetitions performed per strength training exercise 
and set rounded to the nearest whole number 
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average percent of repetition maximum for first set of lifts during strength 
exercise 

average percent of repetition maximum for second set of lifts during 
strength exercise 

average percent of repetition maximum for third set of lifts during 
strength exercise 

sex hormone binding globulin (nmol/L) during the rest OGTT 

sex hormone binding globulin (nmol/L) during the aerobic OGTT 

sex hormone binding globulin (nmol/L) during the strength OGTT 

muscle soreness reported following rest 

muscle soreness reported following aerobic exercise 

muscle soreness reported following strength training exercise 

sum of the skinfold measures (mm) 

heart rate during aerobic exercise (beats • min-I) 

oxygen consumption during aerobic exercise (ml • min-I) 

maximal oxygen consumption (ml• min-I) 

percent of maximal oxygen consumption during aerobic exercise 

volume of weight (kg) lifted during strength exercise ( weight • set • rep) 

waist to hip ratio 

body weight (kg) 
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PARTICIPANT GLUCOSE Til\ffi POINT VALUES (mmol/L) 

Case# GOI GISI G301 G601 G901 Gl201 Gl501 

1 4.62 7.56 8.04 6.80 5.88 4.74 2.34 
2 4.26 6.22 6.44 4.64 4.42 3.58 3.48 
3 4.88 6.25 7.59 6.71 6.80 6.28 4.58 
4 4.96 7.06 8.24 7.32 6.00 5.58 5.84 
5 4.74 4.61 5.18 4.85 4.02 3.84 4.16 
6 4.82 7.76 10.20 7.30 6.84 5.84 3.31 
7 4.26 5.98 7.72 5.42 5.24 4.91 4.51 
8 4.71 6.84 6.68 5.50 4.38 5.03 3.68 
9 5.30 6.66 7.32 6.10 6.71 5.46 4.06 

10 5.03 6.90 7.56 7.40 5.51 6.20 6.66 
11 5.08 7.27 8.52 8.46 7.28 6.41 5.02 
12 4.68 6.26 6.66 7.84 7.94 7.14 4.90 
13 4.07 6.66 6.96 7.90 7.27 6.62 5.12 
14 4.76 5.44 7.48 9.00 8.00 5.68 5.81 
15 4.94 5.94 7.44 6.22 4.76 6.16 5.54 
16 5.24 6.70 8.09 7.56 6.62 6.39 5.62 
17 5.14 5.88 8.54 10.10 8.12 6.77 5.46 
18 4.66 6.46 6.86 4.03 5.04 4.19 4.05 
19 4.92 6.14 8.45 7.02 6.20 5.38 5.52 
20 5.12 8.03 9.31 9.50 7.38 6.96 4.50 
21 4.50 6.40 6.08 7.12 6.40 5.64 4.74 
22 4.51 7.21 8.11 6.84 5.42 5.04 4.64 
23 4.36 5.62 4.61 3.82 5.12 5.80 4.34 
24 4.86 6.23 7.86 6.98 4.14 6.10 6.02 
25 4.84 5.79 6.28 6.58 5.02 5.04 4.68 
26 4.72 6.73 6.76 5.70 5.16 4.48 6.66 
27 4.70 5.97 6.64 4.80 3.77 5.14 4.35 

M 4.77 6.47 7.39 6.72 5.91 5.57 4.80 
SE 0.06 0.14 0.23 0.30 0.25 0.18 0.19 
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PARTICIPANT GLUCOSE TI:rvffi POINT VALUES (mmoVL) 

Case# 002 0152 0302 0602 G902 Gl202 01502 

1 4.76 7.71 10.20 11.20 7.19 6.92 4.88 
2 4.46 7.42 7.26 5.19 3.17 4.29 3.98 
3 4.58 6.12 7.72 6.60 5.56 5.00 3.95 
4 4.82 7.55 9.78 9.28 7.76 6.28 5.64 
5 4.49 4.79 5.55 5.41 2.62 3.55 3.64 
6 4.98 7.22 9.34 6.96 5.13 5.72 3.50 
7 4.30 7.30 8.08 6.34 5.20 4.90 4.02 
8 4.56 6.28 7.26 5.52 5.49 5.44 4.64 
9 5.16 6.66 7.95 6.01 · 5.40 5.78 5.58 

10 5.30 8.34 9.32 8.24 7.31 6.08 5.36 
11 4.36 5.75 6.62 5.86 4.65 4.70 3.50 
12 4.61 6.06 6.88 7.18 6.71 6.20 6.09 
13 3.93 6.14 8.03 6.26 5.62 5.38 3.86 
14 4.61 6.75 6.82 7.20 5.46 5.54 4.10 
15 4.56 6.66 6.17 5.35 5.90 6.14 4.77 
16 5.04 6.02 7.48 8.19 7.06 6.77 6.36 
17 4.63 6.54 8.46 9.38 7.40 5.31 5.40 
18 4.58 7.58 6.92 4.76 5.52 4.73 3.54 
19 4.88 5.92 7.88 7.85 6.44 5.55 5.16 
20 5.47 7.58 8.32 7.79 5.92 6.92 5.88 
21 4.48 6.98 7.95 7.26 6.70 5.64 4.20 
22 4.56 8.00 9.39 9.67 6.55 5.18 3.40 
23 4.33 6.03 5.25 3.44 4.60 5.09 4.44 
24 4.58 5.46 5.78 5.40 4.58 4.90 4.56 
25 5.08 5.34 6.69 7.52 5.82 4.42 4.80 
26 4.52 6.39 6.26 5.22 5.28 4.82 4.86 
27 4.36 5.58 4.85 3.79 3.90 4.61 4.16 

M 4.67 6.60 7.49 · 6.77 5.66 5.40 4.60 
SE 0.06 0.17 0.27 0.35 0.24 0.16 0.16 

%~ - 2.10 



227 

PARTICIPANT GLUCOSE TIME POINT VALUES (mmoVL) 

Case# GO3 G153 G303 G603 G903 G1203 G1503 

l 4.88 7.34 8.16 8.48 5.68 3.80 2.82 
2 4.33 8.07 6.14 5.86 5.35 4.66 4.27 
3 5.14 6.74 6.72 5.04 4.56 4.40 4.10 
4 4.64 6.12 8.11 6.59 5.10 5.02 4.64 
5 4.44 4.85 6.26 5.18 5.20 4.58 4.14 
6 4.46 6.52 8.63 7.38 7.44 4.88 3.85 
7 4.49 7.14 8.20 7.03 5.78 5.88 4.42 
8 4.57 6.85 6.32 4.67 4.14 5.40 4.28 
9 5.52 7.34 9.00 6.76 5.79 5.34 5.80 

10 4.48 7.10 7.85 7.03 5.64 5.61 5.02 
11 4.87 6.13 7.54 6.58 6.68 5.95 6.36 
12 4.08 5.62 5.94 6.32 5.64 4.84 5.12 
13 3.78 5.16 6.32 5.00 4.12 5.38 3.44 
14 4.50 7.05 8.10 7.28 6.04 5.48 4.23 
15 4.84 5.36 7.00 7.68 6.99 6.59 6.95 
16 5.08 7.02 8.72 8.70 7.42 7.02 7.10 
17 4.58 5.95 7.50 6.64 4.96 5.82 4.78 
18 4.64 6.06 7.97 6.12 6.81 4.30 4.52 
19 4.98 7.36 8.86 9.38 8.16 6.70 5.90 
20 4.68 6.71 7.10 7.20 5.73 5.57 4.78 
21 4.66 5.82 6.84 9.34 7.85 6.09 4.62 
22 4.48 9.07 9.88 7.71 4.94 5.24 3.45 
23 4.26 5.16 3.61 2.85 3.07 3.71 3.40 
24 4.74 5.42 6.56 6.65 4.85 4.76 3.93 
25 4.88 5.67 7.06 5.70 5.5,2 4.26 3.28 
26 4.58 6.28 6.82 4.73 3.70 4.12 4.30 
27 4.09 5.72 4.34 2.56 4.47 3.64 4.93 

M 4.62 6.43 7.24 6.46 5.62 5.15 4.61 
SE 0.07 0.19 0.27 0.32 0.24 0.17 0.21 

%.6. - 3.14 



228 

PARTICIPANT INSULIN TI:rvt:E POINT VALVES (pmoVL) 

Case# 101 1151 1301 1601 1901 11201 11501 

1 65.5 364.6 357_5· 369.7 328.7 193.4 75.5 
2 89.2 553.6 545.5 388.4 402.0 310.4 323.8 
3 75.5 320.4 519.1 368.4 421.3 409.6 232.2 
4 78.2 301.3 458.7 567.6 362.1 345.4 440.4 
5 125.2 126.7 321.4 333.9 387.6 211.8 429.5 
6 52.9 350.4 597.7 312.9 266.5 231.5 82.6 
7 76.9 507.8 694.5 446.7 543.0 579.1 454.4 
8 51.2 354.8 577.4 283.0 222.0 283.1 259.0 
9 186.5 923.7 1088.4 1583.3 1626.4 1319.6 341.3 

10 207.2 928.0 1831.1 1453.1 624.5 1189.3 1078.9 
11 99.6 313.2 297.9 401.2 507.4 475.2 208.6 
12 99.3 395.5 308.2 595.6 930.2 503.4 260.0 
13 28.3 112.5 182.7 259.8 307.5 302.7 167.8 
14 99.7 240.8 509.6 696.1 1095.0 456.4 366.2 
15 186.7 461.9 1155.6 686.1 448.0 710.8 727.6 
16 84.4 343.8 565.8 413.6 368.2 388.0 344.0 
17 101.8 212.8 387.2 615.7 655.0 552.3 385.9 
18 133.9 922.2 2049.5 417.4 1010.0 393.6 197.6 
19 66.7 207.0 482.2 574.0 407.2 345.5 407.9 
20 109.6 438.3 502.6 726.9 824.9 704.3 263.6 
21 75.6 275.5 261.5 549.5 596.6 431.5 214.2 
22 46.7 439.0 497.0 737.6 469.0 329.2 630.1 
23 90.2 520.0 342.0 116.2 201.6 357.6 221.0 
24 88.5 319.0 661.8 622.8 162.6 280.0 283.8 
25 81.2 387.4 363.7 786.2 471.8 461.2 403.9 
26 57.3 327.7 426.3 283.4 272.9 134.5 264.1 
27 66.6 301.8 437.5 246.5 174.6 318.2 206.3 

M 93.l 405.5 608.2 549.4 521.7 452.5 343.3 
SE 8.2 41.4 85.0 63.4 63.7 52.1 39.8 
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PARTICIPANT INSULIN TIME POINT VALUES (pmol/L) 

Case# 102 1152 !302 1602 1902 11202 11502 

1 61.6 400.4 542.9 1210.l 369.7 457.7 177.0 
2 106.3 928.7 1242.9 620.8 192.4 424.3 393.6 
3 80.8 306.4 514.8 492.2 461.9 314.0 105.5 
4 84.9 405.3 651.5 684.7 687.5 428.6 339.8 
5 86.9 243.5 553.3 1482.8 173.0 290.3 252.2 
6 48.1 259.2 346.1 250.5 194.8 218.8 67.2 
7 79.7 1012.2 1047.7 751.6 465.4 569.8 240.1 
8 53.0 271.2 411.6 239.0 301.8 301.4 205.9 
9 172.0 533.8 1674.3 299.6 455.1 670.3 540.6 

10 215.0 1539.3 3355.4 2558.2 1438.0 827.3 581.7 
11 77.9 243.4 356.0 314.4 291.1 278.2 129.2 
12 81.6 192.0 309.1 328.6 345.7 298.8 255.5 
13 25.1 151.2 228.9 201.2 204.3 167.2 71.2 
14 97.4 584.4 650.0 867.7 706.9 453.7 161.7 
15 174.3 1071.0 815.0 410.6 718.3 689.4 479.8 
16 66.0 185.8 355.8 598.9 407.4 363.3 261.8 
17 84.8 288.2 416.3 751.0 681.0 508.8 364.2 
18 120.9 1202.0 1089.0 556.4 644.3 609.3 117.6 
19 75.0 200.0 381.3 436.6 382.1 263.5 210.8 
20 91.0 370.8 396.6 515.1 443.8 487.7 344.0 
21 57.8 356.3 402.9 670.6 573.0 434.2 190.0 
22 46.5 253.8 583.8 881.5 780.2 748.1 216.5 
23 67.6 508.4 830.4 125.3 577.1 241.6 252.2 
24 70.3 227.4 305.0 231.1 208.7 256.4 194.7 
25 74.4 196.7 284.9 409.8 580.4 423.3 452.8 
26 60.0 341.4 218.4 304.3 194.0 196.6 143.0 
27 55.1 301.9 282.6 219.3 146.6 268.0 201.2 

M 85.7 465.7 675.8 607.8 467.5 414.4 257.4 
SE 8.0 69.5 122.8 96.7 52.93 34.2 26.5 

%Li - 8.0 



230 

PARTICIPANT INSULIN Tlf\IB POINT VALUES (pmoVL) 

Case# 103 I153 1303 1603 1903 Il203 I1503 

1 63.3 454.8 303.8 594.8 275.4 141.3 85.7 
2 92.7 1386.8 569.7 587.5 591.8 429.5 347.2 
3 64.3 370.3 434.1 275.5 315.0 295.1 149.4 
4 77.4 256.5 513.2 542.9 330.4 323.3 199.4 
5 87.5 144.4 416.5 299.2 320.6 206.6 190.8 
6 43.6 249.4 305.6 434.1 356.4 261.2 101.4 
7 80.5 793.0 986.5 1155.3 711.7 1559.3 396.2 
8 71.7 324.9 319.4 191.0 223.9 296.8 208.2 
9 144.6 586.3 1226.2 1027.3 666.4 440.5 565.2 

10 190.4 959.2 1666.8 1748.1 1407.6 774.3 402.2 
11 76.9 264.5 266.3 371.9 308.6 282.4 242.6 
12 78.4 246.5 387.2 542.6 412.3 288.4 431.2 
13 22.3 87.0 139.2 221.2 194.4 201.4 · 84.l 
14 126.0 893.2 890.2 1070.5 734.9 675.5 367.7 
15 169.0 325.5 716.3 712.7 724.4 674.1 875.0 
16 61.7 240.0 404.7 521.0 443.4 287.9 354.7 
17 84.8 287.8 476.8 473.4 342.3 437.7 379.1 
18 116.5 641.3 1170.0 835.7 656.2 270.0 206.6 
19 94.5 756.1 1269.4 2426.3 2485.0 3765.6 1092.2 
20 89.3 461.0 488.7 506.4 459.2 435.9 225.7 
21 62.8 187.3 287.9 576.3 533.1 354.2 231.5 
22 36.8 731.2 846.1 1031.4 386.1 526.3 184.0 
23 58.7 589.2 588.1 241.4 210.9 183.6 203.0 
24 87.5 304.7 387.9 420.5 333.3 218.2 143.0 
25 112.2 390.5 722.6 398.7 614.6 531.3 330.0 
26 40.2 276.6 344.5 202.9 166.4 210.5 243.9 
27 48.0 428.4 291.8 121.3 259.4 141.9 214.0 

M 84.5 467.9 607.8 649.2 535.6 526.4 313.1 
SE 7.5 57.2 72.5 98.1 89.7 136.0 43.7 

%~ - 9.3 
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PARTICIPANT C-PEPTIDE TIME POINT VALUES (nmol/L) 

Case# C0l C151 C301 C601 C901 C1201 C1501 

1 425.7 1429.9 1911.7 2265.1 2132.5 1733.0 679.1 
2 510.0 1725.8 2255.0 2243.1 1950.5 1781.4 1892.3 
3 751.5 1359.7 1889.7 2051.2 2437.0 2163.3 1689.2 
4 414.9 1133.0 1379.9 2703.1 2340.9 1964.9 1903.4 
5 793.3 747.4 1373.0 2113.4 1750.6 1677.7 2086.7 
6 508.5 1725.6 2473.2 2115.6 2124.7 1887.9 906.1 
7 803.4 1886.6 2734.6 2600.2 2855.7 3097.9 2757.2 
8 225.9 1100.7 1889.9 1752.3 827.0 1385.9 998.7 
9 1216.5 2454.8 3077.0 3558.6 4408.5 3992.4 2540.5 

10 1187.5 2889.1 3521.8 4258.9 2619.2 3169.8 3823.1 
11 703.2 1301.1 1866.8 2096.2 2638.8 2872.0 1961.5 
12 444.8 1272.8 1374.4 2346.5 2524.8 2369.0 1918.3 
13 320.8 622.2 975.3 1641.8 2151.5 1710.4 1511.3 
14 778.9 980.9 1617.4 2447.9 3492.3 2104.9 1756.6 
15 1365.4 2371.4 4119.9 3795.1 3058.5 4532.0 3581.8 
16 576.4 1478.3 2151.7 2244.8 2339.8 2442.3 2207.8 
17 849.6 1101.1 1746.3 2593.9 2948.1 2700.4 2552.7 
18 954.0 2796.3 4184.0 2596.3 3576.7 2954.3 1843.7 
19 423.6 896.2 1975.8 2636.4 2316.9 1944.3 2217.9 
20 774.3 1987.9 2375.7 2396.1 2928.6 3021.7 1547.3 
21 599.7 1450.1 1574.7 2983.2 3063.8 2743.4 1957.2 
22 613.1 1724.0 2060.8 3027.1 2692.4 2257.1 2857.4 
23 699.1 1842.3 1991.8 1326.4 1427.8 2036.4 1941.2 
24 654.5 1822.0 3447.2 4417.4 1770.8 2064.7 2543.0 
25 881.5 1707.8 2265.6 3978.8 3552.7 3130.7 2862.1 
26 410.0 1293.8 1981.6 2160.5 2036.9 1656.6 2097.0 
27 525.2 1583.1 2309.5 1912.1 1502.9 1911.3 1888.2 

M 681.9 1582.3 2241.6 2602.3 2498.9 2418.7 2093.6 
SE 53.1 109.5 156.0 151.4 146.8 143.8 137.4 
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PARTICIPANT C-PEPTIDE TIME POINT VALUES (nmol/L) 

Case# CO2 C152 C302 C602 C902 C1202 C1502 

1 394.5 1292.6 2507.6 4877.5 2510.1 2329.40 1718.7 
2 607.4 2831.1 3555.3 3269.0 1606.0 2231.20 2562.6 
3 701.3 1437.7 2086.0 2390.1 2135.5 2048.30 1285.5 
4 443.4 1322.1 2759.8 2911.2 2855.5 2329.90 2152.4 
5 645.9 900.6 1995.2 3644.0 1341.6 1401.30 1582.4 
6 501.2 1324.4 1783.9 2079.0 1794.9 1777.10 855.6 
7 680.5 2568.2 3232.0 3467.9 3001.5 3022.50 2062.1 
8 241.8 824.0 1388.7 1191.8 1138.2 1336.90 1292.8 
9 1243.8 2023.7 3890.2 3496.3 2911.7 3048.50 2976.9 

10 1426.5 3494.5 4049.0 5801.4 5154.3 4353.30 3116.9 
11 615.4 1131.4 1575.3 1894.7 1864.4 1761.80 1382.9 
12 466.5 1012.4 1404.7 1824.2 1973.2 1892.40 1879.3 
13 348.9 803.1 1309.7 1583.3 1547.9 1544.90 1039.0 
14 810.8 1702.9 2183.7 2807.1 3046.4 2417.00 1468.6 
15 1427.2 3816.9 3705.8 2734.6 3181.5 3643.00 3327.3 
16 506.7 1011.1 1758.3 2869.0 2598.5 2559.60 2285.4 
17 743.2 1484.5 1819.0 2373.3 2537.6 2369.40 2121.2 
18 932.9 2963.0 3285.8 2815.0 3341.7 2856.30 1527.5 
19 525.9 1125.3 1887.6 2204.9 2419.6 1875.90 1795.2 
20 560.7 1219.7 2012.6 3011.8 2490.7 2503.60 1108.0 
21 733.7 2179.4 2768.5 3249.6 3109.7 2788.20 2410.2 
22 552.5 1479.8 2136.4 4080.3 3292.7 3217.30 1991.2 
23 677.3 2295.7 4070.8 2003.4 2899.7 2525.50 2314.6 
24 562.7 1158.7 1464.8 2298.5 1881.8 1936.90 1675.6 
25 687.1 1190.0 1502.1 2993.4 3832.1 3709.20 3453.0 
26 461.7 1466.3 1652.9 2023.6 1641.2 1477.70 1580.4 
27 472.6 1502.4 1884.9 1727.7 1501.7 1896.90 1971.5 

M 665.2 1687.5 2358.1 2800.8 2504.0 2402.00 1960.6 
SE 56.3 157.0 172.0 195.5 170.2 144.36 132.1 

%~ - 2.4 
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PARTICIPANT C-PEPTIDE TIME POINT VALUES (nmoVL) 

Case# C03 C153 C303 C603 C903 C1203 C1503 

1 402.2 1507.4 1808.7 3640.0 2233.3 1534.9 861.9 
2 555.0 2708.9 2393.3 2801.1 2318.3 2153.8 1860.9 
3 762.2 1552.5 1936.1 1667.9 1992.0 1806.0 1393.9 
4 330.7 767.4 2257.9 2575.5 1820.7 1250.5 1017.8 
5 631.5 912.6 2067.5 1782.2 1838.5 1666.9 1674.6 
6 462.4 1229.9 1701.1 2487.1 2593.4 2152.2 1243.1 
7 822.2 3154.1 4315.3 4687.7 4345.2 6018.2 3221.5 
8 223.8 1350.3 1047.7 1501.9 1111.5 1397.1 1427.9 
9 1107.8 2278.5 3077.7 3727.6 2936.4 2715.1 2989.5 

10 1137.7 3257.3 4571.8 4608.1 3916.7 3331.7 2683.7 
11 687.9 975.3 1479.7 1862.1 1947.7 2062.6 1701.0 
12 531.2 986.2 1589.0 2236.1 2119.6 1729.0 1990.9 
13 273.5 696.4 947.3 1433.8 1727.9 1462.2 1063.0 
14 945.8 2316.9 2633.6 2716.0 2901.8 2617.8 2420.3 
15 1501.9 2316.5 3302.5 3910.7 3661.7 3511.8 3673.3 
16 459.2 1108.3 2037.8 2854.4 2846.4 2673.5 2569.2 
17 836.6 1362.5 5088.2 9004.9 2055.4 2079.0 2011.4 
18 803.3 2258.9 3612.3 3583.1 3660.1 2469.7 1965.1 
19 808.3 2392.9 3161.5 4718.6 4886.3 4733.2 4212.8 
20 469.5 1412.9 2393.3 2567.8 2129.0 2116.0 1479.3 
21 537.2 1129.4 1583.1 3168.9 3142.3 2811.9 2202.8 
22 552.6 2280.2 3090.3 3281.4 2542.9 2730.3 1641.5 
23 474.3 2154.1 3030.0 1659.2 1820.0 1587.2 1798.4 
24 673.1 1152.2 1898.0 2808.0 1906.8 1730.1 1650.7 
25 974.5 1568.0 3356.9 2722.2 4048.4 3583.8 2387.4 
26 405.5 1389.8 2239.0 1807.9 1164.6 1564.3 2045.9 
27 576.9 2006.4 1932.3 1701.9 1723.0 1457.8 1897.8 

M 664.6 1712.0 2539.2 3019.1 2569.0 2405.4 2040.2 

SE 56.2 137.6 200.4 297.8 187.7 209.9 153.2 

%~ - 2.5 
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PARTICIPANT GLUCOSE AREAS (mmoVL x min) 

Case# GAi GA2 GA3 

1 886.65 1213.35 911.40 
2 701.55 747.30 831.83 
3 963.53 873.90 772.35 
4 983.10 1153.65 879.98 
5 664.95 632.40 757.80 
6 1031.10 942.60 974.18 
7 830.10 877.05 952.28 
8 790.73 854.85 769.73 
9 913.35 916.88 977.70 

10 984.53 1103.85 943.12 
11 1078.65 776.70 969.83 
12 1039.95 974.33 829.35 
13 1017.53 877.95 734.55 
14 1053.15 896.78 949.20 
15 890.85 866.18 1016.25 
16 1023.23 1052.40 1140.30 
17 1150.50 1066.88 886.65 
18 744.75 807.15 889.73 
19 959.93 975.30 1162.80 
20 1151.03 1049.03 922.20 
21 912.45 968.18 1043.85 
22 913.05 1058.48 980.40 
23 729.08 701.55 530.48 
24 913.65 761.10 811.20 
25 833.85 873.53 794.10 
26 848.55 803.10 720.75 
27 750.75 656.93 608.17 

M 917.06 906.70 880.00 
SE 25.50 28.50 27.90 

%~ - 1.13 -4.04 
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PARTICIPANT INSULIN AREAS (pmol/L x min) 

Case# IAl IA2 IA3 

1 41890.50 82442.25 45750.75 
2 59154.75 85722.01 81187.51 
3 56514.00 56410.50 44613.00 
4 60285.75 80496.01 54864.00 
5 44512.50 78934.51 39847.50 
6 44667.00 32967.00 44016.00 
7 77700.01 96559.50 143400.00 
8 46225.50 42081.00 37071.75 
9 180700.00 97827.75 110000.00 

10 170900.00 253600.00 177300.00 
11 56790.75 40694.25 43062.00 
12 78320.25 43472.25 56764.50 
13 34627.50 25855.50 24375.75 
14 88743.75 87396.01 114300.00 
15 100600.00 97455.75 98727.76 
16 58774.50 56302.50 56058.00 
17 73146.01 78012.75 58969.50 
18 118500.00 99503.25 92774.26 
19 60374.25 47769.75 317300.00 
20 90342.00 63726.00 64011.00 
21 61124.25 68027.25 56936.25 
22 73643.25 92832.76 91355.25 
23 39748.50 58920.00 44632.50 
24 56558.25 34607.25 45259.50 
25 72237.76 59115.75 74245.50 
26 39622.50 33477.00 33254.25 
27 40143.75 33335.25 32239.50 

M 71327.70 71390.50 77367.30 
SE 6987.20 8353.40 11569.00 

%b. + 0.09 + 8.50 
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PARTICIPANT C-PEPTIDE AREAS (nmol/L x minx 105) 

Case# CAI CA2 CA3 

1 2.618 3.961 3.015 
2 2.881 3.786 3.448 
3 2.934 2.903 2.575 
4 2.900 3.604 2.495 
5 2.456 2.786 2.487 
6 2.828 2.461 2.958 
7 3.938 4.320 6.504 
8 1.947 1.748 1.872 
9 5.121 4.556 4.379 

10 4.903 6.602 5.562 
11 3.244 2.434 2.548 
12 2.993 2.492 2.669 
13 2.221 2.000 1.885 
14 3.246 3.509 3.845 
15 5.338 4.880 5.079 
16 3.188 3.336 3.557 
17 3.477 3.190 5.655 
18 4.447 4.187 4.420 
19 3.013 2.852 6.064 
20 3.627 3.246 3.051 
21 3.548 4.111 3.633 
22 3.590 4.220 3.891 
23 2.506 3.886 2.830 
24 3.955 2.632 2.831 
25 4.460 4.247 4.530 
26 2.741 2.406 2.411 
27 2.678 2.519 2.528 

M 3.363 3.440 3.582 
SE 0.169 0.202 0.248 

%~ - 2.29 - 6.51 



Case# 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
E 

PARTICIPANT CHANGE IN INSULIN AREA (pmoVL x min) 
FROM REST TO AEROBIC AND STRENGTH EXERCISE 

CH2 CH3 

- 40551.75 - 3860.25 
- 26567.26 - 28632.76 
+ 103.50 + 11901.00 
- 20210.25 + 5421.75 
- 34422.01 + 4665.00 
+ 11700.00 + 651.00 
- 18859.49 - 65726.99 
+ 4144.55 + 9153.75 
+ 82914.02 + 70769.27 
- 82764.75 - 6387.75 
+ 16096.50 + 13728.75 
+ 34848.00 + 21555.75 
+ 8772.00 + 10251.75 
+ 1347.74 - 25571.26 
+ 3135.00 + 1862.99 
+ 2472.00 + 2716.50 
- 4866.74 + 14176.51 
+ 19041.75 + 25770.74 
+ 12604.50 -256900.00 
+ 26616.00 + 26331.00 
- 6903.00 + 4188.00 
- 19189.51 - 17712.00 
- 19171.50 - 4884.00 
+ 21591.00 + 11298.75 
+ 13122.01 - 2007.74 
+ 6145.50 + 6368.25 
+ 6808.50 + 7904.25 

62.80 - 6039.60 

237 
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PARTICIPANT FFA (mEq/L), SHBG (nmol/L), AND CK (U/L) VALUES 

Case# FFAl FFA2 FFA3 SHBGl SHBG2 SHBG3 CKl CK2 CK3 

1 0.613 0.816 0.555 57.5 59.7 55.4 28.7 28.7 34.8 
2 0.376 0.712 0.554 29.1 27.2 20.2 8.2 16.4 45.1 
3 0.698 0.478 0.547 20.9 24.6 24.0 28.7 30.8 39.0 
4 0.372 0.796 0.806 32.6 25.8 35.1 8.2 51.2 41.0 
5 0.261 0.227 0.251 21.9 22.6 27.5 18.4 16.4 22.6 
6 0.370 0.921 0.306 42.1 36.2 45.1 26.6 . 20.5 32.8 
7 0.534 0.463 0.678 10.9 11.4 14.0 18.5 30.8 49.2 
8 0.490 0.524 0.281 116.3 81.1 89.8 32.8 41.0 49.2 
9 0.824 0.549 0.547 33.7 34.6 32.1 14.4 51.2 69.7 

10 0.464 0.638 0.601 42.6 30.0 38.6 14.4 28.7 24.6 
11 0.549 0.482 0.771 41.6 38.1 36.5 12.3 30.8 86.1 
12 0.656 0.881 0.332 43.9 44.9 49.2 39.0 39.0 461.9 
13 0.388 0.413 0.315 28.8 27.3 27.1 53.3 43.1 86.1 
14 0.328 0.429 0.571 12.8 10.5 9.9 34.9 103.5 90.2 
15 0.280 0.343 0.554 19.4 21.6 16.6 49.2 63.6 104.6 
16 0.616 0.520 0.552 25.6 35.2 20.1 43.0 77.9 270.6 
17 0.157 0.472 0.289 46.7 55.0 61.1 10.2 10.2 6.2 
18 0.358 0.677 0.668 36.5 40.3 29.5 8.2 20.5 30.8 
19 0.394 0.606 NA 27.5 46.2 37.9 NA NA NA 
20 0.478 0.561 0.605 58.6 42.0 47.3 24.6 28.7 61.5 
21 0.134 0.346 NA 47.1 43.0 39.4 NA NA NA 
22 0.773 0.611 0.188 64.5 58.2 69.2 8.2 10.2 4.1 
23 0.650 0.511 0.263 65.9 55.2 56.6 30.8 67.6 49.2 
24 0.439 0.593 1.124 54.1 57.5 50.5 18.4 28.7 84.0 
25 0.416 0.246 0.557 31.3 25.4 22.0 18.4 16.4 36.9 
26 0.424 0.447 0.520 40.6 39.6 43.8 36.9 61.5 61.5 
27 0.155 0.255 0.161 67.1 62.4 67.5 20.5 22.6 36.9 

M 0.452 0.538 0.504 41.5 39.2 39.5 24.3 37.6 75.1 

SE 0.035 0.035 0.044 4.2 3.2 3.7 2.6 4.6 19.1 

%L1 +19.0 +11.5 -5.5 -4.8 +54.7 +209.1 
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PARTICIPANT AGE, HEIGHT, WEIGHT, AND BODY :MEASURES 

Case# AGE HT WT RMI WH CI SUMSF 

1 23 162.6 59.6 22.5 0.76 0.45 70.67 
2 19 154.9 59.9 25.0 0.77 0.90 83.50 
3 19 165.1 69.4 25.5 0.82 0.63 79.33 
4 21 154.9 63.0 26.3 0.79 0.64 85.17 
5 26 175.3 78.0 25.4 0.92 0.74 98.34 
6 32 169.8 65.8 23.1 0.89 0.63 96.67 
7 18 175.3 74.8 24.3 0.87 0.93 83.16 
8 25 152.4 48.3 20.8 0.75 0.71 56.00 
9 35 167.6 102.1 36.3 0.98 0.65 136.33 

10 42 162.6 81.5 30.8 0.96 0.98 113.00 
11 39 162.6 65.8 24.9 0.91 0.61 102.33 
12 20 160.0 71.2 27.8 0.73 0.64 83.33 
13 20 165.1 54.0 19.8 0.81 0.63 44.44 
14 18 163.8 76.7 28.6 0.83 0.82 107.50 
15 29 157.5 88.5 35.7 0.96 0.95 108.16 
16 34 165.1 70.3 25.8 0.92 1.17 91.66 
17 18 167.6 52.2 18.6 0.86 0.61 66.66 
18 19 172.7 82.8 27.8 0.80 0.70 130.50 
19 36 149.9 48.5 21.6 0.85 0.74 78.17 
20 40 165.1 76.4 28.0 0.94 1.03 101.67 
21 22 160.0 45.8 17.9 0.75 0.67 47.00 
22 18 160.0 51.7 20.2 0.81 0.70 61.66 
23 32 158.8 54.9 21.8 0.82 0.66 56.33 
24 25 152.4 49.9 21.5 0.84 0.90 71.51 
25 19 167.6 50.3 17.9 0.82 1.00 43.84 
26 31 152.4 46.3 19.9 0.76 0.68 58.66 
27 32 157.5 59.0 23.8 0.89 0.67 96.33 

M 26.4 162.2 64.7 24.5 0.84 0.76 83.4 
SE 1.5 1.3 2.8 0.9 0.01 0.03 4.8 · 
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PARTICIPANT DXA TOT AL AND REGIONAL 
BODY COMPOSITION MEASURES 

Case# %FAT FAT ABFAT HIPFAT LEAN 

1 29.3 17330 1208 2946 39435 
2 42.5 24957 2364 4120 31619 
3 35.4 23932 2580 3870 41051 
4 41.7 25752 2837 4718 33799 
5 44.6 34077 3494 4740 39893 
6 36.4 23616 2259 3238 38776 
7 39.4 29696 3495 4558 42969 
8 27.9 12955 872 2196 31737 
9 57.3 57692 12329 8537 40473 

10 43.7 33974 4005 4184 41470 
11 44.5 30710 3096 3910 35720 
12 44.1 29603 2746 4507 35225 
13 26.4 14010 1000 2453 37033 
14 43.0 31794 2974 4515 39672 
15 48.2 41301 3750 5336 41789 
16 41.7 28622 3704 4929 37840 
17 32.3 16582 1687 2932 32606 
18 42.9 34502 2940 5085 44159 
19 36.0 16922 2055 3101 28356 
20 44.9 33409 3957 4851 38780 
21 20.0 9044 662 2007 34086 
22 32.9 16742 1326 2955 32229 
23 30.3 16189 1315 2897 35004 
24 33.4 17075 1348 2843 31615 
25 23.8 11866 769 2351 35800 
26 25.0 11466 944 2356 32601 
27 37.9 21437 2159 3464 32880 

M 37.2 24639 2662 3837 36541 
SE 1.6 2097 425 264 800 
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PARTICIPANT MAXIMAL AND SUBMAXIMAL AEROBIC EXERCISE 

Case# VO2 RELVO2 HRMAX SUBVO2 %VO2 SUBHR %SUBHR 

1 2457 41.2 204 1762 72 184 90 
2 2286 38.2 200 1631 71 162 81 
3 2679 38.6 200 1974 74 176 88 
4 2045 32.4 202 1623 79 186 92 
5 2069 26.5 185 1706 82 144 78 
6 2254 34.2 183 1619 71 158 86 
7 2907 38.9 211 1877 65 189 90 
8 1743 36.l 190 1144 66 172 90 
9 2248 22.0 185 1645 73 158 85 

10 2041 25.0 184 1479 72 155 84 
11 1948 29.6 195 1322 68 143 73 
12 2525 35.5 205 1733 69 178 87 
13 2029 37.6 196 1465 72 167 85 
14 3136 40.9 200 2177 69 188 94 
15 2150 24.3 190 1628 76 172 90 
16 1898 27.0 185 1413 74 154 83 
17 1901 36.4 200 1330 70 169 84 
18 2523 30.5 195 1695 67 158 81 
19 1400 28.9 189 1176 84 174 92 
20 2066 27.0 180 1436 70 145 81 
21 1474 32.2 189 1193 81 171 90 
22 1853 35.8 201 1477 80 180 90 
23 1711 31.2 196 1184 67 160 82 
24 1710 34.3 196 1276 75 181 92 
25 1523 30.3 185 1085 71 145 78 
26 1863 40.2 186 1413 76 162 87 
27 1698 28.8 191 1191 70 163 85 

M 2079 32.7 193 1506 73 166 86 
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PARTICIPANT MAXIMAL AND SUBMAXIMAL STRENGTH EXERCISE 

Case# VOL REL VOL REP %RMI %RM2 %RM3 SOREI SORE2 SORE3 

I 8484 142.3 29 40 55 73 0 0 0 
2 7535 125.8 29 42 57 74 0 0 0 
3 9702 139.8 30 41 55 75 0 0 2 
4 7898 125.4 29 41 56 75 0 2 0 
5 7974 102.2 29 42 56 75 0 2 1 
6 6995 106.3 29 42 56 71 0 0 2 
7 9045 120.9 30 42 55 75 0 0 0 
8 6159 127.5 29 41 55 73 0 I 1 
9 7357 72.1 29 41 56 75 0 0 2 

10 9804 120.3 29 41 56 76 0 0 0 
11 7636 116.0 29 41 56 74 0 0 2 
12 8642 121.4 29 40 56 75 0 0 2 
13 7127 132.0 29 42 57 77 0 0 1 
14 9857 128.5 29 40 55 73 0 0 2 
15 9169 103.6 30 40 55 75 0 0 0 
16 7655 108.9 29 41 55 75 0 1 3 
17 5839 111.9 29 42 57 76 0 0 2 
18 8935 107.9 29 41 57 76 0 0 0 
19 5964 123.0 29 41 55 75 0 1 0 
20 7574 99.1 29 42 56 74 0 0 2 
21 5300 115.7 28 41 55 76 0 0 1 
22 6182 119.6 29 42 58 76 0 0 2 
23 6868 125.1 29 43 56 72 0 0 2 
24 6388 128.0 29 42 57 75 0 0 2 
25 6434 127.9 29 41 55 72 0 0 1 
26 6393 138.1 29 42 56 74 0 0 1 
27 6477 109.8 30 42 56 73 Q Q i 

M 7533 118.5 29 41 56 74 0.0 0.3 1.2 
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AVERAGE NUMBER OF REPS COMPLETED PER PARTICIPANT FOR EACH 
STRENGTH EXERCISE DURING EACH SET 

Exercise Setl Set2 Set3 

Bench Press 10.0 10.0 9.6 

Leg Press 10.0 10.0 , 10.0 

Long Pull 10.0 10.0 9.5 

I 

Leg Extension 10.0 10.0 9.0 

Lat Pulldown 10.0 10.0 9.9 

Leg Curl 10.0 10.0 9.8 

Pushdown 10.0 10.0 9.7 

Bicep Curl 10.0 9.9 9.6 

Calf Raise 10.0 10.0 9.2 

Back Extension 10.0 10.0 10.0 

Miltary Press 9.9 9.2 8.2 
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PARTICIPANT lRM FOR EACH STRENGTH EXERCISE (lbs.) 

Case# Bench Press Leg Press Long Pull Leg Ex. Lat Pull. Leg Curl 

1 100 239 95 155 90 100 
2 75 211 75 150 80 85 
3 85 314 90 225 85 100 
4 80 211 80 185 80 95 
5 65 263 80 160 80 85 
6 85 220 85 100 80 80 
7 80 246 90 200 85 100 
8 70 194 75 120 70 75 
9 70 211 90 175 80 90 

10 95 297 90 225 95 100 
11 75 211 90 150 90 80 
12 65 349 90 200 65 90 
13 65 160 75 180 65 80 
14 95 331 90 225 95 90 
15 85 320 100 200 85 105 
16 75 230 65 180 80 80 
17 65 160 70 130 70 60 
18 70 211 85 210 75 110 
19 70 177 65 120 50 60 
20 90 211 90 170 80 80 
21 60 165 55 105 45 60 
22 55 153 65 145 60 70 
23 75 160 75 150 80 85 
24 75 194 70 120 75 70 
25 70 177 65 120 65 70 
26 65 170 75 115 70 65 
27 75 187 85 115 75 80 

M (lbs.) 75 221 79 160 75 83 
(kg) 34 101 36 73 35 38 
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PARTICIPANT lRM FOR EACH STRENGTH EXERCISE CONTINUED 

Case# Push-down Bicep Curl Calf Raise Back Ex. Military Press 

1 80 32 150 50 50 
2 65 30 135 45 37 
3 73 33 140 55 44 
4 70 33 155 50 44 
5 70 33 105 55 37 
6 70 28 125 45 44 
7 90 43 120 55 50 
8 60 35 90 37 
9 70 28 85 65 42 

10 100 48 125 65 62 
11 80 28 95 45 50 
12 60 28 105 50 44 
13 60 28 100 40 44 
14 90 43 115 65 56 
15 100 33 110 55 50 
16 70 38 125 37 
17 50 23 70 35 30 
18 80 28 180 60 44 
19 30 23 90 45 44 
20 80 38 100 60 50 
21 45 23 85 40 26 
22 45 23 85 45 30 
23 70 28 110 40 44 
24 60 33 85 40 37 
25 60 30 90 37 
26 60 32 95 35 44 
27 70 42 90 35 30 

M (lbs) 69 32 110 49 42 
(kg) 31 15 50 22 19 
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PARTICIPANT AVERAGE 3-DAYKILOCALORIE INTAKE 

Case# KCALI KCAL2 KCAL3 

I 2038 2340 2540 
2 1534 1693 1755 
3 2209 2312 2032 
4 1789 1724. 1591 
5 2448 1656 1777 
6 2398 2459 3606 
7 2505 2288 1772 
8 990 1383 1158 
9 2936 2247 2208 

10 2369 2450 1698 
11 1716 1831 2370 
12 1258 1386 1684 
13 2320 2572 1980 
14 2025 2261 2357 
15 1889 2363 2495 
16 1672 3091 1636 
17 1532 976 1435 
18 2005 1387 1684 
19 1771 2183 2204 
20 1819 1638 1705 
21 1974 1513 1203 
22 1490 1529 1510 
23 2435 · 1540 2451 
24 1194 1139 1134 
25 1687 1610 2251 
26 2540 2109 1640 
27 2725 2118 2427 

M 1972 1918 1937 
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PARTICIPANT 3-DAY AVERAGE MACRONUTRIENT INTAKE 

Case# CHOI CH02 CHO3 PROl PRO2 PRO3 FATl FAT2 FAT3 

1 302.1 199.3 443.4 55.6 80.0 72.3 66.9 90.8 48.8 
2 181.6 224.1 206.5 64.4 72.4 90.5 62.1 61.3 63.5 
3 174.1 317.8 229.5 108.4 96.0 77.0 120.8 73.4 90.6 
4 233.9 209.9 234.1 108.6 89.8 83.7 50.5 60.2 40.7 
5 276.8 205.4 303.9 78.5 55.6 44.0 90.8 71.7 38.8 
6 265.3 307.5 515.5 93.8 102.0 97.5 110.0 97.0 117.0 
7 335.2 280.1 234.8 88.6 83.1 74.3 92.5 92.7 63.9 
8 117.7 168.7 161.9 34.3 67.1 32.9 43.1 50.6 45.1 
9 404.7 321.4 337.4 85.0 76.4 64.7 110.0 76.3 72.9 

10 239.8 259.2 179.8 109.4 107.2 88.3 112.8 114.7 74.9 
11 232.2 232.9 183.9 59.0 80.5 81.2 39.2 68.0 103.9 
12 171.9 214.8 259.4 65.7 59.7 73.8 35.5 33.5 39.7 
13 395.4 464.1 355.2 104.5 96.5 85.1 41.3 45.4 33.1 
14 361.5 414.2 336.8 44.7 74.6 -69.8 50.5 55.8 86.7 
15 319.4 372.5 410.5 62.2 53.8 67.3 45.8 71.6 70.6 
16 232.0 350.1 291.7 59.1 11.4 38.5 60.4 144.9 40.7 
17 247.5 137.8 152.2 40.2 39.1 61.2 46.8 33.0 62.2 
18 247.8 168.0 195.9 69.1 55.9 66.0 87.6 58.3 79.7 
19 239.0 268.1 313.7 72.3 84.0 94.8 55.0 96.8 92.4 
20 240.7 230.4 217.8 76.4 65.5 66.2 58.1 49.4 65.8 
21 240.1 180.9 158.6 61.9 49.5 46.4 84.2 53.0 38.7 
22 181.7 207.1 201.3 47.4 46.9 40.2 66.7 56.9 62.7 
23 337.1 191.2 305.3 68.4 49.4 65.5 90.3 63.5 113.1 
24 193.6 178.9 198.6 47.2 37.4 37.9 28.9 28.1 19.7 
25 285.9 213.5 297.5 48.6 56.1 78.9 46.0 91.7 83.1 
26 368.6 306.0 254.3 96.4 92.4 69.1 83.6 62.9 42.1 
27 297.6 262.9 272.0 97.2 86.1 111.7 136.1 84.9 102.3 

M 263.8 258.8 268.6 72.0 72.9 69.6 70.9 68.8 66.4 
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PARTICIPANT 1-DAYKILOCALORIE INTAKE 

Case# PKCALI PKCAL2 PKCAL3 

1 2119 1634 3243 
2 1411 2017 1605 
3 558 1700 1455 
4 1581 1903 1581 
5 2542 1905 1844 
6 2325 2155 4740 
7 1623 1405 1227 
8 756 1473 1180 
9 3326 2460 2267 

10 2446 2169 2046 
11 1622 2492 1837 
12 1257 1303 1536 
13 2125 2252 1459 
14 1748 2484 1988 
15 1798 2938 2546 
16 1428 1378 1819 
17 1884 898 1604 
18 1775 1332 1087 
19 3260 1521 2534 
20 1573 1946 1361 
21 2288 1574 1234 
22 1243 1899 1393 
23 3123 1842 3272 
24 1007 1606 1443 
25 750 778 1877 
26 2707 2055 1444 
27 2713 2315 2469 

M 1899 1830 1929 
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PARTICIPANT ONE DAY MACRONUTRIENT INTAKE 

Case# PCHOl PCH02 PCHO3 PPROl PPRO2 PPRO3 PFATl PFAT2 PFAT3 

1 333.0 167.3 593.9 64.7 101.0 127.4 54.2 62.2 46.3 
2 148.9 285.5 200.8 73.8 80.4 83.8 56.9 72.2 53.1 
3 59.1 209.5 304.5 31.4 82.5 56.5 23.4 61.8 85.2 
4 239.5 287.0 242.9 92.8 104.2 83.5 34.7 39.6 35.7 
5 274.9 225.9 286.8 63.7 65.0 50.9 123.4 87.6 57.4 
6 243.5 251.0 625.2 118.5 113.5 113.5 100.6 84.9 154.8 
7 234.1 167.3 115.1 75.7 70.6 83.1 79.8 53.0 50.1 
8 101.6 193.3 158.9 36.4 65.8 36.4 24.7 50.6 44.8 
9 449.4 319.2 335.8 98.2 88.3 87.3 127.3 93.7 66.6 

10 204.9 234.2 185.2 141.1 121.1 125.1 122.7 88.4 95.9 
11 183.3 356.0 217.3 65.9 101.6 77.4 73.2 78.3 80.8 
12 204.5 222.5 276.7 57.3 52.6 56.3 24.3 22.4 21.9 
13 354.3 351.9 243.5 104.9 97.1 65.7 40.0 57.9 30.3 
14 271.2 431.8 341.9 69.4 81.3 58.8 51.2 61.1 49.1 
15 332.0 446.2 404.4 58.2 83.6 84.3 32.2 97.8 72.2 
16 200.8 194.1 327.1 63.4 62.6 58.5 45.2 42.7 36.3 
17 299.2 144.6 185.5 56.4 43.4 64.5 63.0 21.0 71.4 
18 233.8 204.6 146.2 59.7 46.2 65.0 73.1 44.3 30.0 
19 424.8 150.1 310.7 170.1 85.4 121.0 100.2 67.4 90.9 
20 235.8 253.1 187.0 52.7 85.1 53.5 49.5 59.8 47.0 
21 297.4 223.4 178.9 72.2 63.2 55.2 91.9 50.0 35.2 
22 132.7 244.7 167.6 36.8 44.8 35.1 67.3 87.2 72.6 
23 336.9 251.9 434.2 95.2 53.4 71.6 144.2 73.9 145.8 
24 173.8 287.7 215.4 44.0 62.0 56.4 20.0 29.2 25.7 
25 117.9 107.4 220.1 41.2 35.6 90.8 15.1 25.2 73.6 
26 353.0 318.6 206.7 118.7 101.3 81.8 98.7 46.9 34.9 
27 390.7 273.1 277.9 55.8 106.2 102.5 118.7 92.9 110.4 

M 253.0 251.8 273.7 74.7 77.7 75.8 68.8 61.2 63.6 
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Table Kl 

Glucose Values (mmol/L) at Each Time Point of the OGTT Following Rest2 Aerobic 
Exercise2 and Strength Exercise W = 27) 

Treatment 0 15 30 60 90 120 150 

Rest 
M 4.77 6.47 7.39 6.72 5.91 5.57 4.80 

. SD 0.30 0.74 1.19 1.57 1.29 0.93 1.01 
SEM 0.06 0.14 0.23 0.30 0.25 0.18 0.19 

Aerobic 
M 4.67 6.60 7.49 6.77 5.66 5.40 4.60 
SD 0.34 0.89 1.39 1.83 1.25 0.82 0.85 
SEM 0.06 0.17 0.27 0.35 0.24 0.16 0.16 

Strength 
M 4.62 6.43 7.24 6.46 5.62 5.15 4.61 
SD 0.36 0.98 1.38 1.68 1.27 0.91 1.07 
SEM 0.07 0.19 0.27 0.32 0.24 0.17 0.21 
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Table K2 

Insulin Values (:gmoVL) at Each Time Point of the OGTT Following Rest~ Aerobic 
Exercise~ and Strength Exercise W = 27) 

Treatment 0 15 30 60 90 120 150 

Rest 
M 93.2 405.5 608.2 549.5 521.8 452.5 343.3 
SD 43.0 215.4 441.8 329.8 331.0 270.7 207.0 
SEM 8.3 41.4 85.0 63.5 63.7 52.1 39.8 

Aerobic 
M 85.7 465.7 675.8 607.8 467.6 414.4 257.4 
SD 42.0 361.6 638.4 502.5 275.0 177.8 137.9 
SEM 8.1 69.6 122.9 . 96.7 52.9 34.2 26.5 

Strength 
M 84.5 468.0 607.8 649.3 535.7 526.4 313.1 
SD 39.0 297.5 376.7 510.2 466.5 707.1 227.3 
SEM 7.5 57.2 72.5 98.2 89.8 136.1 43.7 



253 

Table K3 

C-:ge:gtide Values (nmol/L) at Each Time Point of the OGTT Following Rest2 Aerobic 
Exercise2 and Streng!h Exercise Ct;! = 27) 

Treatment 0 15 30 60 90 120 150 

Rest 
M 681.9 1582.3 2241.6 2602.3 2498.9 2418.7 2093.6 
SD 276.0 569.3 810.6 786.7 763.2 747.4 714.0 
SEM 53.1 109.6 · 156.0 151.4 146.9 143.8 137.4 

Aerobic 
M 665.3 1687.5 2358.2 2800.8 2504.1 2402.0 1960.6 
SD 293.0 816.1 894.1 1015.9 884.6 750.1 686.6 
SEM 56.4 157.1 172.1 195.5 170.2 144.4 132.1 

Strength 
M 664.7 1712.1 2539.3 3019.1 2570.0 2405.4 2040.2 
SD 292.2 715.2 1041.4 1547.6 975.3 1091.1 796.1 
SEM 56.2 137.6 200.4 297.8 187.7 210.0 153.2 

Table K4 

MANOV A Summarv Table of Glucose2 Insulin. and C-nentide Time Points (li = 27) 

Source ss df MS E n 

Glucose 
Treatment 4.5830 2 2.2915 1.14 .33 
Error 1.0497 X 102 52 2.0186 

Insulin 
Treatment 1.1391 X 105 2 5.6955 X 104 0.24 .72 
Error 1.2272 X 107 52 2.3599 X 105 

C-peptide 
Treatment 1.3962 X 106 2 6.9809 X 105 0.77 .46 
Error 4.6916 X 107 52 9.0224 X 105 
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Table K5 

Glucose~ Insulin. and C-QeQtide Areas W = 27) 

Variable M SEM RANGE %Ll 

Glucose (mmol/L•min) 
Rest 917.l 25.5 664.9 - 1,151.0 
Aerobic 906.7 28.5 632.4 - 1,213.4 -1.1 
Strength 880.0 27.9 530.5 - 1,162.8 -4.0 

Insulin (pmol/L•min) 
Rest 71,327.7 6,987.2 34,627.5 - 180,700.0 
Aerobic 71,390.5 8,353.4 25,855.5 - 253,600.0 +0.1 
Strength 77,367.3 11,569.0 24,375.8 - 317,300.0 +8.5 

C-peptide (nmol/L•min) 
Rest 336,288.9 16,922.4 194,661.8 - 533,804.3 
Aerobic 343,977.8 20,159.6 174,818.3 - 660,200.0 +2.3 
Strength 358,229.6 24,831.3 187,239.8 - 650,427.8 +6.5 

Note. % b. = percent change from rest. 

Table K6 

MANOV A Summary Table of Glucose~ InsulliL and C-QeQtide Areas W = 27) 

Source ss df MS E R 

Glucose 
Treatment 1.9738 X 104 2 9.8689 X 103 1.09 .34 
Error 4.7066 X 105 52 9.0512 X 103 

Insulin 
Treatment 6.4928 X 108 2 3.2464 X 108 0.27 .70 
Error 6.2425 X 1010 52 1.2005 X 109 

C-peptide 
Treatment 6.6999 X 109 2 3.3499 X 109 0.82 .44 

Error 2.1133 X 1011 52 4.0640 X 109 



Table K7 

Fasting Free Fatty Acid, Sex Hormone Binding Globulin, and Creatine Kinase 
Concentrations (ti = 25) 

Variable M SEM Range %.6. 

FFA(mEq/L) 
Rest 0.452 0.035 0.134 - 0.824 
Aerobic 0.538 0.035 0.227 - 0.921 +19.0 
Strength 0.504 0.044 0.161 - 1.124 +11.5 

SHBG (nmol/L) 
Rest 41.48 4.17 10.90 - 116.30 
Aerobic 39.21 3.21 10.50 - 81.10 -5.5 
Strength 39.48 3.65 9.90 - 89.80 -4.8 

CK(U/L) 
Rest 24.27 2.64 8.20 - 53.30 
Aerobic 37.60 4.59 10.20 - 103.50 +54.9 
Strength 75.14 19.08 4.10 - 461.90 +209.6 
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Note. FFA = free fatty acid; SHBG = sex hormone binding globulin; CK= creatine kinase; 

% .6. = percent change from rest. 
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Table K8 

MANOV A Summarv Table of Fasting Free Fany Acid2 Sex Hormone Binding Globulia 
and Creatine Kinase Concentrations W: = 25) 

Source ss df MS E n 

FFA 
Treatment 7.1908 X 10-2 2 3.5954 X 10-2 1.15 .33 
Error 1.5066 48 3.1387 X 10-2 

SHBG 
Treatment 1.3127 X 102 2 6.5633 X 101 2.11 .13 
Error 1.4964 X 103 48 3.1174 X 101 

CK 
Treatment 3.4793 X 104 2 1.7396 X 104 6.32 .02 
Error 1.3208 X 105 48 2.7517 X 103 

Note. FFA = free fatty acid; SHBG = sex hormone binding globulin; CK= creatine kinase. 



Table K.9 

Summary of Stepwise Regression for Variables Predicting Change in Insulin Response 
from Rest to Aerobic Treatment (li = 27) 

Variable B SEB B 

Step 1 
Abdominal Fat 5.96 2.53 0.44 

Step2 
Fasting Insulin -378.19 156.86 -0.55 

Note. R2 = .19 for Step 1; R2 = .36 for Step 2. 

Table KIO 

Summary of Stepwise Regression for Variables Predicting Change in Insulin Response 
from Rest to Strength Treatment (li = 27) 

Variable B SEB B 

Step 1 
Fasting Glucose 36,469 13,470 0.53 

Step 2 
CI -56,536 21,562 -0.41 

Step 3 
VO2max (ml•kg·1•min-1

) -1,947 745 -0.46 

Note. R2 = .32 for Step 1; R2 = .48 for Step 2 (p<.05); R2 = .61 for Step 3 (p<.05). 
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