
Florida State University Libraries

Electronic Theses, Treatises and Dissertations  The Graduate School

2009

The Effects of Resistance Training and
Ambulation on Cardiovascular Risk Factors
in African-American Women
Lyndsey M. (Lyndsey Michelle) Hornbuckle

Follow this and additional works at the FSU Digital Library. For more information, please contact lib-ir@fsu.edu

http://fsu.digital.flvc.org/
mailto:lib-ir@fsu.edu


FLORIDA STATE UNIVERSITY 
 

COLLEGE OF HUMAN SCIENCES 
 
 
 
 
 

THE EFFECTS OF RESISTANCE TRAINING AND AMBULATION 
 

ON CARDIOVASCULAR RISK FACTORS 
 

IN AFRICAN-AMERICAN WOMEN 
 
 

 
 
 

By  
 

LYNDSEY HORNBUCKLE, M.S., R.D. 
 
 
 
 

 
A Dissertation submitted to the 

Department of Nutrition, Food, and Exercise Sciences 
in partial fulfillment of the 

requirements for the degree of 
Doctor of Philosophy 

 
 
 
 
 

Degree Awarded: 
Spring Semester, 2009 



 

 ii 

The members of the Committee approve the Dissertation of Lyndsey Hornbuckle 

defended on April 13, 2009. 

 
 
  
 
                                                                            ___________________________ 

Lynn Panton 
                                                                 Professor Directing Dissertation 

                  
 
 
       ____________________________ 
       Thomas Ratliffe 

Outside Committee Member  
 
 
 
____________________________ 

       Emily Haymes 
       Committee Member 
 
 
 
       ____________________________ 
       Jenice Rankins 
       Committee Member 
 
 
 
        
 
 
 
 
Approved: 
 
______________________________________________________________ 
Bahram Arjmandi, Chair, Department of Nutrition, Food, and Exercise Sciences 
 
______________________________________________________________ 
Billie J. Collier, Dean, College of Human Sciences 

 

The Graduate School has verified and approved the above named committee 
members.  



 

 iii 

 

 

 

 

 

 

 

 

 

 

 
This Dissertation is dedicated to Lucille Stephens Hornbuckle.  I really wish you were 

here to see this day, but know that you are still looking down upon me with pride. 
I love and miss you very much. 

 

  



 

 iv 

ACKNOWLEDGEMENTS 

 
The author wishes to thank the following people for their assistance and guidance 
throughout the various stages of this project and in attaining my degree: 
 
My advisor, Dr. Lynn Panton:  I will never be able to thank you enough for all the time 
and effort that you have put into my professional development and for the support 
you have given me throughout this study.  I feel extremely lucky to have worked with 
an advisor that made my productivity a priority even when I was not focused on the 
tasks that were before me.  No matter how much was on your plate, you were always 
willing to somehow fit in whatever I needed along the way and I truly appreciate you 
for that.  And I have to say it…GO BIG ORANGE!! 
 
Dr. Jenice Rankins, Dr. Thomas Ratliffe, and Dr. Emily Haymes:  Thank you for 
taking the time to serve as members of my committee and provide your individual 
expertise to this project.  Your input was a most appreciated asset to the study.   
 
Pei-Yang Liu:  You have no idea how much your contributions have meant to me this 
past year.  I absolutely could not have completed this project without your support, 
flexibility, and patience.  Thanks for inconveniencing yourself to come in many early 
mornings and stay several late nights on all 7 days of the week!  I appreciated your 
friendship both inside and outside the lab.  I’m not sure if I will ever be able to pay 
you back, but I will make every effort to “pay it forward.” 
 
Directed Independent Study Students:  You guys and gals were an absolute 
necessity in this study’s productivity.  You allowed me to be in multiple places at once 
while you were filling in for me with subjects.  You also were key in helping with data 
entry throughout the project.  Thank you so much for your amazing attitudes and 
willingness help out. 
 
A special thank you goes out to all of the women who volunteered to participate in 
this study.  This Dissertation would not have been possible without you. 
 
Finally, an EXTRA special thank you goes out Michael Hornbuckle, Leigh Ann 
Hornbuckle, and Michael Hornbuckle, II, for your constant love and support, and to 
Benjamin Lampkin, Chevonne Brown, De’Nise McKee, and Melita Belgrave for 
putting up with me and cheering me on throughout this process.  Much love to you 
all! 
 
 

  



 

 v 

TABLE OF CONTENTS 
 

 

                           

List of Tables           viii 

List of Figures          ix 

Abstract           x 

 

1.   INTRODUCTION         1 

 Purpose          5

 Research Questions        5 

Research Hypotheses        5 

Assumptions          7 

Delimitations          8 

Limitations          8 

Definition of Terms         9 

 

2.   REVIEW OF LITERATURE        11 

 Mechanisms of Metabolic Syndrome      13 

  Central Adiposity        13 

  Insulin Resistance        16 

  Hypertension         18 

  Triglycerides & High-Density Lipoprotein Cholesterol   20 

  Inflammatory & Prothrombotic Markers     22 

 Resistance Training & Metabolic Syndrome     26 

  Central Adiposity        28 

  Insulin Resistance        35 

  Hypertension         43 

  Triglycerides         47 

  High-Density Lipoprotein Cholesterol     52 

  Inflammatory & Prothrombotic Markers     55 



 

 vi 

Metabolic Syndrome & Resistance Training      59 
in African-American Women        

The Prevalence of Metabolic Syndrome      59 
& Related Components        

African-American Females in Physical Activity Research  67 

Summary          72 

 

3.   METHODS          74 

 Subjects          74 

 Inclusion Criteria Testing – Laboratory Visit #1     75 

 Inclusion Criteria Verification - Laboratory Visit #2    78 

 Exercise Intervention        79 

 Post-Intervention Testing        80 

 Statistical Analysis         80 

 

4.   RESULTS           81 

 Subjects          81 

 Physical Activity, Strength, & Diet Changes     85 

 Body Composition Variables       89 

 Cardiovascular Disease Risk Factors      90 

 Transtheoretical Model Stage of Change      91 

 Correlations          92 

 

5.   DISCUSSION          93 

 Conclusions          104 

 

APPENDICES          106 

Appendix A: IRB Approval Letters & Informed Consent Form  106 

Appendix B: Medical History Questionnaire     114 

Appendix C: Multifactor Screener Food Frequency Questionnaire  117 

Appendix D:  Readiness to Change Physical Activity Survey   122

 Appendix E: Physical Activity Log      124 



 

 vii 

Appendix F: Diet Record Form       126 

 
REFERENCES          129 

 
BIOGRAPHICAL SKETCH         150 



 

 viii 

LIST OF TABLES 
 
1:  Descriptive characteristics of subjects who did and did not complete    84 
     the study (N=44)           
 
2:  Comparison of steps/day, strength, and dietary factors (N=32) 86 
 
3:  Comparison of 12-week step progression (N=32)     87 
 
4:  Average intensity of weight lifted based on initial 1-RM and average    89 
     number of repetitions completed (n=15)       
 
5:  Comparison of body composition variables (N=32)     90
      
6:  Comparison of cardiovascular disease risk factors (N=32)    91 
 
7:  Subjects’ stage of change (N=32)       92 
 

 

 
 
 

  



 

 ix 

LIST OF FIGURES 
 
1:  Flow diagram of subject progression through the study.    82 
 
2:  Comparison of 12-week step progression.      88 

 
  



 

 x 

ABSTRACT 

 

The purpose of this study was to evaluate the effects of an increase in daily 

walking alone and the effects of increased daily walking combined with a progressive 

resistance training (RT) program on cardiovascular disease (CVD) risk factors in 

previously low-active, obese (mean BMI: 35 ± 6 kg/m2), middle-aged (mean age: 49 ± 

5 years) African-American (AA) women.  Height, weight, waist and hip 

circumferences, body composition variables via dual-energy X-ray absorptiometry, 

resting blood pressure, fasting glucose, high-density lipoprotein cholesterol (HDL-C), 

triglycerides (TG), glycosylated hemoglobin (HbA1c), C-reactive protein (CRP), and 

fibrinogen were measured in 32 AA females before and after a 12-week exercise 

intervention.   

Subjects were randomly placed into one of two exercise training groups.  One 

group was instructed to increase their daily walking to ≥10,000 steps/day (W; n=17) 

and the other group was given the same walking prescription, but additionally 

resistance trained 2 days/week (WRT; n=15).  Subjects performed 3 sets of 

approximately 12 repetitions of 10 exercises for all of the major muscle groups.  

Strength was evaluated for the upper and lower body by performing 1-repetition 

maximum tests using the chest press and leg extension exercises, respectively.  A 

two-way repeated measures ANOVA was performed to examine changes between 

the two groups.  Significance was accepted at p<0.05.   

 Both W and WRT significantly increased daily walking (W: 5,480 ± 2,162 to 

7,528 ± 2,046 steps/day; WRT: 4,833 ± 1,820 to 7,412 ± 1,728 steps/day; p<0.01), 

however neither reached their goal of ≥10,000 steps/day.  WRT significantly 

increased upper (101 ± 13 to 118 ± 15 kg) and lower body (105 ± 20 to 123 ± 23 kg) 

strength (p<0.01) and W showed no change for either measure.  Significant 

interactions occurred for waist circumference, gynoid fat mass, and total fat mass.  

The WRT group had significant reductions in waist circumference (92.4 ± 12.2 to 90.6 

± 11.5 cm; p<0.01), fat mass (40.9 ± 11.2 to 39.9 ± 10.7 kg; p=0.01), and gynoid fat 

mass (8.0 ± 2.1 to 7.9 ± 2.0 kg; p=0.01) while the W group had no changes.  Values 

for body weight, BMI, and lean body mass did not significantly change in either group 
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after the 12-week intervention compared to baseline.  There were some time effects 

for percentage of body fat (44.8 ± 6.2 to 44.1 ± 6.0%; p=0.02), HbA1c (6.0 ± 1.3 to 5.7 

± 1.1% kg; p=0.03), and mean blood glucose calculated from HbA1c (124 ± 42 to 114 

± 34 mg/dL; p=0.03).  These variables significantly improved in the WRT and showed 

no change in the W group.  Unfavorable changes were shown for fibrinogen in the 

WRT group (472 ± 128 to 525 ± 144 mg/dL; p=0.05) and for fasting glucose in the W 

group (123 ± 33 to 132 ± 42 mg/dL; p=0.04).  Neither intervention had an effect on 

systolic or diastolic blood pressure, HDL-C, TG, total cholesterol, or CRP.   

Although both interventions elicited a significant improvement in walking 

volume, results showed that this sample of obese, middle-aged AA women was not 

compliant to a pedometer-based walking program as indicated by the failure of either 

group to obtain the prescribed 10,000 step/day goal.  These findings showed that RT 

combined with an increase in walking volume had more favorable results on body 

composition variables compared to an increase in walking alone.  The reduction in 

waist circumference may have significant health implications for other risk factors of 

CVD, particularly if an increase in ambulation is continued for a time period longer 

than 12 weeks.  It was also concluded that RT combined with a pedometer-based 

walking program may be more effective than walking alone on long-term blood 

glucose control.



 

 1 

CHAPTER 1 

INTRODUCTION 

 
The prevalence of obesity is rapidly increasing in the United States, and has 

reached epidemic proportions in recent decades.  Data from the 2003-2004 National 

Health and Nutrition Examination Survey (NHANES) show that 32.2% of the United 

States population is obese, defined as a body mass index (BMI) of ≥30 kg/m2.  In 

addition, 66.3% of the population is overweight or obese, with a BMI ≥25 kg/m2 (155).  

Although these values are disturbing on their own, even more alarming is the rate at 

which the increase has occurred.   

 From 1960 to 1980, rates of overweight and obesity in the United States 

remained relatively stable among adults ages 20 to 74 years.  During this time period, 

there were only modest increases, as overweight status went from 44.8% to 47.4% and 

obesity rose from 13.3% to 15.1%.  However, since 1980 significant overweight and 

obesity increases have occurred in both sexes and various ethnic groups.  According to 

the NHANES III data collected from1988-1994, overweight Americans accounted for 

56.0% of the population and obesity increased to 23.3%.  Another increase was 

observed in the 1999-2000 NHANES data, where 64.5% of Americans were shown to 

be overweight and 30.5% classified as obese (40, 155).  These statistics also depict 

that African-American (AA) women, in comparison to women of other ethnic and racial 

backgrounds, have considerably higher BMI values and are likely to have higher body 

fat percentages.  In fact, the most recent NHANES survey statistics show that 81.6% of 

non-Hispanic black females in the United States are overweight and 53.9% are obese, 

with 14.7% being classified as extremely obese with a BMI ≥40 kg/m2 (155).  These 

rates are far greater than those for the next highest racial or ethnic group.   

It has been established that obesity is associated with an increased risk of 

cardiovascular disease (CVD) and unfavorable values for many of the risk factors 

related to CVD.  In recent years, the term metabolic syndrome (MetS) has surfaced to 

identify the collection of abnormalities associated with insulin resistance that, in 

combination, increase the risk of CVD.  Conditions linked to MetS include 
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hyperinsulinemia, central obesity, hypertension, hypertriglyceridemia, and low levels of 

high-density lipoprotein cholesterol (HDL-C).  Previous names for this compilation of 

abnormalities have included insulin resistance syndrome, syndrome X, the Deadly 

Quartet, Cardiovascular Dysmetabolic Syndrome, and the Dysmetabolic Syndrome.  

Although each name attempted to encompass all the conditions related to this collected 

syndrome, recently, the term “metabolic syndrome” has been the most commonly used 

term as it acknowledges the varied standards used to define MetS (167). 

Both genetic and acquired behavioral factors (overweight/obesity, diet, and 

physical inactivity) play a role in the development of MetS.  It is established that weight 

reduction and increased physical activity are key strategies in treating MetS since both 

can improve all its components.  Although there may be a number of variables 

contributing to weight control among different individuals, the ultimate determinant of 

body weight and body composition is caloric balance, or the difference between caloric 

intake and caloric expenditure.  Caloric intake includes food ingested, while caloric 

expenditure includes energy used to support basal metabolic rate (BMR), the thermic 

effect of food, and physical activity (91).  Physical activity is an integral factor in energy 

balance and the fact that it may be easily manipulated has great significance for weight 

loss and control.   

Typically, ambulatory physical activities and cardiovascular exercise are the main 

focus of intervention efforts to decrease body weight.  However, since BMR makes the 

largest contribution to total energy expenditure (91), an increase in metabolically active 

lean body mass is warranted to maximize energy expenditure.  Hence, resistance 

training (RT) interventions are becoming increasingly common in the literature as a 

means to improve factors related to CVD and to increase caloric expenditure both 

during and after exercise (29, 130, 210).  In sedentary, overweight or obese individuals, 

the introduction of a progressive RT program may initially be more appealing compared 

to a program that emphasizes cardiovascular training.  This could be an effective 

strategy in the gradual introduction of physical activity into the lifestyle of a potentially 

exercise-resistant population, and hopefully will lead to a future inclusion of 

cardiovascular training.  Unfortunately, there are currently few studies in the literature 
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that examine the benefits of progressive RT specifically in AA women (3, 169, 170, 177) 

and none evaluating the effects of a progressive RT program on the components of 

MetS in this population at any age. 

Also in recent years, there has been an increasing amount of interest in objective 

measurements of physical activity, as opposed to that quantified by subjective surveys 

and questionnaires.  Questionnaires present limitations in that they rely heavily on the 

subjects’ ability to recall all physical activity.  This is less of a challenge when reporting 

planned, structured bouts of exercise, but becomes more difficult when attempting to 

evaluate light- to moderate-intensity routine activities that occur continuously throughout 

the day (141).  Pedometers provide an objective measurement of physical activity 

measured in steps per day.  They allow individuals to monitor leisure-time and 

occupational physical activity, as well as activity acquired in everyday transportation.  In 

addition to being inexpensive and noninvasive, numerous studies have shown that 

pedometers, especially specific brands, provide a valid and accurate measure of 

ambulatory activity (22, 55, 175, 176).  Pedometers have the greatest accuracy when 

measuring walking activity compared to other forms of physical activity such as 

bicycling, swimming, or weight training.  This is another advantage of pedometer use, 

as studies have shown that walking is the most prevalent form of physical activity 

among adults in the United States (65, 182).   

DiPietro et al. (65) showed that walking was the most popular form of activity 

specifically in females between the ages of 40 and 54 years.  These authors found that 

walking was also the only activity that increased in prevalence among both sexes and 

across all age groups as age increased.  Most other forms of physical activity, 

especially those of higher intensities, decreased with age.  Similarly, Simpson et al. 

(182) evaluated walking trends from the 1987 Behavioral Risk Factor Surveillance 

Survey (BRFSS) and found that 40.4% of women reported walking as one of their two 

most frequent forms of leisure-time physical activity, and that the prevalence of walking 

was 2-3 times higher than that of the next most frequently chosen form of activity which 

was aerobics.  This study also found an increase in walking prevalence by the year 

2000 with 46.9% of women choosing walking as their modality for leisure-time physical 
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activity.  Crespo et al. (53) also found that walking ranked first in age-adjusted 

prevalence among women with 49% choosing this as their most prevalent form of 

leisure-time physical activity.  It also ranked first among each investigated racial and 

ethnic groups of females including non-Hispanic blacks at 43%, non-Hispanic whites at 

52%, and Mexican Americans at 34%.   

As with RT interventions, AA females are currently an understudied population in 

regards to physical activity as it compares to body composition variables and the 

components of MetS.  This is ironic since they are the precise population in which 

overweight and obesity are most prevalent, and in which MetS is also highly prevalent.  

A number of studies using physical activity questionnaires or surveys, have shown that 

AA women are the population most likely to be classified as sedentary, meaning they 

acquire very small amounts of leisure-time physical activity, if any at all (4, 5, 54, 86, 96, 

138, 198, 201).  More recently, similar results have been found when using pedometers 

as an objective measure of ambulatory physical activity in AA women (52, 99, 195, 

205).  These findings were consistent over a 16-year span.  There have been some 

studies examining the effects of aerobic- and ambulation-based interventions on the 

components related to MetS in AA women.  In this population specifically, these 

interventions have shown improvements in waist circumference (121, 209),  abdominal 

visceral fat (14), fasting glucose (121),  blood pressure (121, 185, 209), HDL-C (14, 

121), and triglyceride (TG) levels (14, 121).  Only one of the above studies was 

pedometer-based (209), however, the improvements that were discovered in waist 

circumference and both systolic and diastolic blood pressure in this study were attained 

after only 8 weeks of a progressive walking program.  These studies’ findings provide 

further rationale to examine the impact of an increase in ambulatory activity on CVD risk 

factors in AA women. 

After reviewing the existing literature and considering the lack of research on AA 

women in the above-mentioned areas of study, it was determined that a study 

examining the effects of both RT and an increase in daily ambulation was warranted in 

this group.     
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Purpose 

The purpose of this study was to evaluate the effects of an increase in daily 

walking alone and the effects of increased daily walking combined with a progressive 

RT program on CVD risk factors in previously low-active, overweight and obese, middle-

aged (40 years and older) AA women. 

 

Research Questions 

This study will answer the following research questions: 

1.  Will increasing daily walking to ≥10,000 steps/day significantly improve CVD risk 

factors values for central adiposity, fasting blood glucose, glycosylated 

hemoglobin (HbA1c), blood pressure, HDL-C, TG, C-reactive protein (CRP), and 

fibrinogen in previously low-active, overweight and obese, middle-aged AA 

women?   

2.  Will adding a progressive RT program to an increase in daily walking to ≥10,000 

steps/day enhance the projected benefit in each of the same CVD factors in 

previously low-active, overweight and obese, middle-aged AA women? 

 

Research Hypotheses 

The hypotheses for this study included: 

1. Previously low-active, overweight and obese, middle-aged AA women who 

increase their daily walking to ≥10,000 steps/day will significantly decrease 

central adiposity, as measured by waist circumference. 

2. Previously low-active, overweight and obese, AA women who increase their daily 

walking to ≥10,000 steps/day will significantly decrease central adiposity, as 

measured by a dual-energy X-ray absorptiometry (iDXA® scanner). 

3. Previously low-active, overweight and obese, middle-aged AA women who 

increase their daily walking to ≥10,000 steps/day will significantly decrease 

fasting blood glucose. 
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4. Previously low-active, overweight and obese, middle-aged AA women who 

increase their daily walking to ≥10,000 steps/day will significantly decrease 

HbA1c. 

5. Previously low-active, overweight and obese, middle-aged AA women who 

increase their daily walking to ≥10,000 steps/day will significantly decrease blood 

pressure. 

6. Previously low-active, overweight and obese, middle-aged AA women who 

increase their daily walking to ≥10,000 steps/day will significantly increase HDL-

C. 

7. Previously low-active, overweight and obese, middle-aged AA women who 

increase their daily walking to ≥10,000 steps/day will significantly decrease TG. 

8. Previously low-active, overweight and obese, middle-aged AA women who 

increase their daily walking to ≥10,000 steps/day will significantly decrease CRP. 

9. Previously low-active, overweight and obese, middle-aged AA women who 

increase their daily walking to ≥10,000 steps/day will significantly decrease 

fibrinogen.   

10. Supplementing an increase in daily walking to ≥10,000 steps/day with a 

progressive RT program will enhance the projected decrease in central adiposity, 

as measured by waist circumference, in previously low-active, overweight and 

obese, middle-aged AA women. 

11. Supplementing an increase in daily walking to ≥10,000 steps/day with a 

progressive RT program will enhance the projected decrease in central adiposity, 

as measured by a dual-energy X-ray absorpiometry (iDXA® scanner), in 

previously low-active, overweight and obese, middle-aged AA women.  

12. Supplementing an increase in daily walking to ≥10,000 steps/day with a 

progressive RT program will enhance the projected decrease in fasting blood 

glucose in previously low-active, overweight and obese, middle-aged AA women. 

13. Supplementing an increase in daily walking to ≥10,000 steps/day with a 

progressive RT program will enhance the projected decrease in HbA1c in 

previously low-active, overweight and obese, middle-aged AA women. 
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14. Supplementing an increase in daily walking to ≥10,000 steps/day with a 

progressive RT program will enhance the projected decrease in blood pressure 

in previously low-active, overweight and obese, middle-aged AA women. 

15.  Supplementing an increase in daily walking to ≥10,000 steps/day with a 

progressive RT program will enhance the projected increase in HDL-C in 

previously low-active, overweight and obese, middle-aged AA women. 

16.  Supplementing an increase in daily walking to ≥10,000 steps/day with a 

progressive RT program will enhance the projected decrease in TG in previously 

low-active, overweight and obese, middle-aged AA women. 

17.  Supplementing an increase in daily walking to ≥10,000 steps/day with a 

progressive RT program will enhance the projected decrease in CRP in 

previously low-active, overweight and obese, middle-aged AA women. 

18.  Supplementing an increase in daily walking to ≥10,000 steps/day with a 

progressive RT program will enhance the projected decrease in fibrinogen in 

previously low-active, overweight and obese, middle-aged AA women. 

 

Assumptions 

The following assumptions for this study included: 

1. All subjects accurately reported their age, menopausal status, and current 

exercise status.   

2. All subjects wore a pedometer according to the instructions given to them and 

accurately reported the number of steps taken each day. 

3. All subjects followed the instructions given to them regarding the maintenance of 

their current dietary habits and current daily physical activity outside of the 

prescribed program. 

4. All subjects honestly and accurately reported diet when prompted to do so. 

5. All laboratory equipment yielded accurate measurements over the course of 

repeated testing. 
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Delimitations 

The delimitations for this study included: 

1. Fifty-six low-active, overweight and obese, AA women 40 years of age or older 

were recruited from Tallahassee, Florida and the surrounding communities.  

2. Subjects were excluded for any of the following conditions: uncontrolled 

hypertension (160/100 mmHg or more), active heart disease, uncontrolled 

diabetes, osteoporosis, spinal trauma, spinal instability involving neurological 

deficit, known history of cancer, endocrine disease, anticoagulant therapy, 

bleeding disorders, history of stroke, thyroid disease, pregnant or planning to 

become pregnant, or smoking during the past 6 months. 

3. Subjects were free of any physical illnesses and orthopedic disability that limited 

ambulation, daily physical activity, or the ability to complete RT exercises.   

4. During the study, subjects were asked not to change their typical physical activity 

level or diet in any way, or adopt any additional exercise programs outside of 

what was prescribed for the study.  They were also asked not to participate in or 

begin any type of weight loss regimen while participating in the study. 

5. Subjects had their blood drawn after a 12-hour fast and anthropometric 

measurements were taken on 2 occasions including once before and once at the 

completion of their prescribed 12-week exercise intervention.  One group of 

subjects increased their daily physical activity to ≥10,000 steps/day, while a 

second group increased their daily physical activity to ≥10,000 steps/day in 

combination with performing a supervised, progressive RT program 2 times per 

week.  The group who completed the RT program met for a total of 24 training 

sessions. 

6. Subjects were randomized for the assignment of their exercise prescription. 

 

Limitations 

The major limiting factors of this study included: 

1.  Since human subjects were used, it was difficult to choose a representative 

sample from the population of interest.  Subjects were recruited only from one 
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geographical area and from an overweight or obese, low-active population.  The 

subjects in this study participated voluntarily, therefore, they may have been 

more highly motivated to exercise and seek exercise benefits.  Also, subjects of 

moderate to higher levels of socioeconomic status were targeted for this study in 

an effort to maintain subject retention to the program.  These reasons suggest 

that the participants of this study may not be a true representation of the entire 

population.  

2. There was a geographical bias due to subjects being recruited only in  

Tallahassee, Florida and the surrounding areas.  Since only AA women were 

used in this study, its results cannot be generalized for other races or ethnicities 

of women or for men.  It must also be noted that this sample was not 

representative of all AA women; therefore, the results cannot be generalized to 

all AA women.  An increased level of motivation and socioeconomic status could 

have also led to bias in this study.  Conclusions from this study must take into 

account the type of individual volunteering to participate in the study. 

3.  Since subjects already had central adiposity and at least 2 other risk factors for 

CVD, the response to exercise for improving CVD risk factors or the prevalence 

of MetS may be greater than one would normally expect from individuals who 

were randomly chosen from the population.   

4.  Physical activity outside of the prescription, dietary habits, sleep, and other 

activities that occurred outside of the laboratory could not be controlled.  

However, subjects were strongly advised and frequently reminded to maintain 

their current routine of physical activity and diet throughout the duration of the 

study.  

 

Definition of Terms 

Atherogenic Dyslipidemia – Elevated TG levels and low levels of HDL-C are the 2 

primary components of a compilation of blood lipid abnormalities referred to as 

atherogenic dyslipidemia.  Atherogenic dyslipidemia also includes elevated levels of 

small, dense low-density lipoproteins (LDL-C) and remnant lipoproteins (19).   
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Central/Abdominal Adiposity – An excess of adipose tissue in the abdomen as indicated 

by waist circumference >88 cm (~35 inches) in women or >102 cm (~40 inches) in 

men (74).  Central adiposity appears to be the initial factor leading to the onset of a 

series of events that develop into MetS, as it has been independently associated 

with the cardiovascular risk factors associated with MetS (37). 

Hypertension – An elevation in arterial blood pressure equal to or exceeding a systolic 

blood pressure of 140 mmHg and/or a diastolic blood pressure of 90 mmHg (203). 

Inflammatory Markers – Blood markers that indicate a state of low-grade, chronic 

inflammation, which is associated with atherosclerosis.  Inflammatory markers have 

a critical function in the cause of CVD as they contribute to the introduction, 

development, and rupture of atherosclerotic plaques (216). 

Insulin Resistance – Phenomenon in which the insulin receptors are unable to respond 

to insulin production.  State in which greater than normal amount of insulin is 

required to maintain normal blood glucose level (140). 

Metabolic Syndrome (MetS) – The term used to identify the collection of abnormalities 

associated with insulin resistance that, in combination, increase the risk of CVD.  

Conditions linked to MetS include central obesity, hyperinsulinemia, hypertension, 

hypertriglyceridemia, and low levels of HDL-C (167).   

One Repetition Maximum (1-RM) – The maximal amount of weight that can be lifted 

during one complete dynamic repetition of a particular movement (162). 

Progressive Resistance Training/Progressive Resistance Exercise – A training program 

in which the muscles must work against a gradually increasing resistance.  An 

implementation of the overload principle (162). 

Prothrombotic Markers – Blood markers that indicate an elevated state of thrombosis, 

favoring the advancement of vascular damage and contributing to the development 

atherosclerosis (115).   



 

 11 

CHAPTER 2 

REVIEW OF LITERATURE 

 

  MetS is a serious condition in that it has been shown that females and males 

with this syndrome have a threefold increased risk for developing CVD (RR=2.96; 95% 

CI=2.36-3.72; p<0.001) (110).  In addition, the risk of total mortality (18.0 versus 4.6%, 

p<0.001) and cardiovascular mortality (12.0 versus 2.2%, p<0.001) are both significantly 

higher in subjects with the syndrome when compared to those without it (110).  The 

criteria for the specific factors associated with MetS vary according to different expert 

panels.  The World Health Organization (WHO) was the earliest organization to present 

a definition of MetS in 1998 (8).  Here, MetS was identified as impaired glucose 

tolerance, diabetes mellitus, glucose intolerance, and/or insulin resistance combined 

with two or more other components associated with CVD.  These included arterial 

pressure ≥160/90 mmHg, plasma triglycerides (TG) ≥150 mg/dL and/or HDL-C levels 

<35 mg/dL for men and < 39 mg/dL for women.  Other identified components were 

central obesity, defined as a waist-to-hip ratio >0.90 in males and >0.85 in females 

and/or body mass index (BMI) >30 kg/m2, and microalbuminuria identified as urinary 

albumin excretion rate >20 µg/min or an albumin:creatine ratio >20 mg/g.  The WHO 

also acknowledged hyperuricemia, coagulation disorders, and raised plasminogen 

activator inhibitor (PAI-1) levels as additional components of MetS, but stated that these 

were not necessary for the recognition of the conditions.   

The next year, the European Group for the Study of Insulin Resistance answered 

with a revision of that definition in an effort to simplify the criteria (18).  This group 

suggested the use of waist circumference instead of waist-to-hip ratio as an indicator of 

intra-abdominal visceral adipose tissue, as well as the complete omission of several 

components including BMI, microalbuminuria, hyperuricemia, raised PAI-1 levels, and 

coagulation disorders.  In 2001, another definition was presented by the Third Report of 

the National Cholesterol Education Program Adult Treatment Panel (NCEP-ATP III) 

specifying MetS as the presence of three out of five abnormalities including waist 

circumference >88 cm (~35 inches) in women or >102 cm (~40 inches) in men, blood 
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pressure ≥130/≥85mmHg, serum TG levels ≥150 mg/dL, HDL-C levels <50 mg/dL in 

women or <40mg/dL in men, and serum fasting glucose levels ≥110 mg/dL (74).  This 

was followed by a revision that lowered the serum glucose cut point to ≥100 mg/dL (92).  

The International Diabetes Federation (IDF) recently put forward a new definition of 

MetS that shifts to a focus on central adiposity (9).  The IDF defines MetS as central 

obesity determined by ethnic group-specific cutpoints for waist circumference plus any 

two of the abnormalities for blood pressure, serum TG, HDL-C, and fasting glucose as 

outlined by the NCEP-ATP III guidelines.  Although the numerous options and 

suggestions for the specific thresholds of the contributing components of MetS make a 

clear-cut definition less apparent, it seems that the NCEP definition has been more 

consistently used throughout recent literature. 

The IDF (9) and ATP III (166) also recognize additional components used to 

define MetS that relate to CVD including a pro-inflammatory state and prothrombotic 

state.  A pro-inflammatory state is identified by elevated levels of C-reactive protein 

(CRP).   CRP values >3.0 mg/L (153) are considered high risk for an inflammatory state.  

Excess adipose tissue releases inflammatory cytokines that can cause an increase in 

CRP levels.  There is a developing interest in pharmacological therapy, specifically lipid-

lowering drugs, to reduce the pro-inflammatory state by lowering CRP levels (92).  

Thrombosis thrives in an environment containing vascular damage.  Thrombosis leads 

to many of the complications related to atherosclerosis as it largely takes place at the 

location of a ruptured athersclerotic plaque, where it can be embedded into the vascular 

wall (115).  A prothrombotic state is recognized by a rise in fibrinogen and plasma PAI-

1.  Fibrinogen is similar to CRP in that it increases in response to a high-cytokine state.  

This suggests that the two may be metabolically interrelated (92).  Fibrinogen values 

≥350 mg/dL (108) are considered high risk.  PAI-1, also secreted by adipose tissue, 

inhibits fibrinolysis, allowing fibrin clot formation to occur more readily (143). 
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Mechanisms of Metabolic Syndrome 

 

Central Adiposity 

 It is been established that an individual’s pattern of body fat distribution is a 

significant predictor of obesity-related diseases.  Central adiposity appears to be the 

initial factor leading to the onset of a series of events that snowball into MetS.  It has 

been suggested that the distribution of abdominal fat is the key element in predicting the 

development of MetS and its related components because it is independent of body 

weight and body fat (87, 157).  Previously, the waist-to-hip ratio was often used to 

determine body fat distribution pattern.  However, as abdominal obesity is the main 

concern, waist circumference alone is also used as an indicator of health risk (203). 

Fortunately, central adiposity is a modifiable risk factor for CVD that can be altered and 

eventually eliminated by simply losing weight.   

Adipose tissue in the abdomen may be stored subcutaneously or viscerally.  

Abdominal subcutaneous adipose tissue is situated directly beneath the skin and on top 

of the abdominal muscle.  However, subcutaneous fat is more characteristically stored 

in the lower body, specifically in the gluteal and femoral regions.  Visceral adipose 

tissue is positioned more deeply in the abdomen underneath the abdominal muscles.  

This tissue is made up of mesenteric fat, that connects part of the small intestine to the 

posterior wall of the abdomen, and the peritoneum, that connects the stomach with 

other abdominal organs.  Visceral adipose tissue is less predominant behind the 

abdominal cavity.  Visceral fat typically accounts for approximately 20% of total fat in 

men and only about 5-8% of total fat in women (87).   

Abdominal obesity can present itself in a few different ways.  An individual may 

have a large proportion of subcutaneous fat, which has a flabby appearance, a firm and 

moderately enlarged waist circumference indicating excess visceral adipose tissue 

stores that have pressed the abdominal muscles out, or a combination of the two 

indicating an excess in both subcutaneous and visceral tissue depots (87).  A study by 

Carr et al. (37) discovered a significant independent association between both visceral 

(p=0.004) and subcutaneous central adiposity (p=0.012) and MetS in a sample of 218 
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healthy women and men.  This association was independent of either intra-abdominal or 

subcutaneous abdominal fat area, insulin sensitivity, sex, or age.  Also, both intra-

abdominal fat area (166.3 versus 79.1 cm2; p<0.001) and subcutaneous abdominal fat 

area (285.1 versus 179.8 cm2; p<0.001) were significantly higher in subjects having 

MetS compared to those who did not. 

Even though abdominal obesity is composed of both subcutaneous and visceral 

adipose tissue, it seems that an excess accumulation of visceral adipose tissue plays a 

more pathogenic role (87).  When compared to subcutaneous adipose cells, visceral 

adipose cells are less sensitive to the antilipolytic and re-esterification effect of insulin, 

while they are more sensitive to the lipolytic effect of catecholemines, encouraging a 

further increase of FFA flux (133).  It has also been suggested that acute increases in 

plasma FFAs promote hyperinsulinemia, while chronic FFA elevations can lead to 

lipotoxicity and pancreatic β-cell apoptosis (105). 

Adipose tissue in mammals may be found in two forms, those being brown or 

white.  Brown adipose tissue can be found in various locations of the body depending 

on the species and/or the age of the mammal.  It obtains its color from its rich 

vascularization and densely packed mitochondria.  Unlike white adipose tissue which 

serves as a substrate, brown adipose tissue releases energy directly as heat.  

Therefore, brown adipose helps utilize excess caloric intake via diet-induced 

thermogenesis and is used in heat production for non-shivering thermogenesis. In 

humans, brown adipose tissue is found in neonates as it aids in body temperature 

regulation.  White adipose tissue also helps with heat insulation, however it mainly 

functions as mechanical cushion and most importantly, serves as an energy source and 

buffer for energy imbalances (10).   

Whereas white adipose tissue in general was once considered to function mainly 

as a passive form of storage for excess energy, more recent research has focused on 

the bioactive substances that are secreted from adipose cells called adipokines.  Now, it 

appears that adipose tissue functions as an endocrine organ, significantly affecting the 

function of the vascular walls and other body organs through the secretion of these 

adipokines (145, 143).  If for no other reason, adipokines should be considered a 
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significant metabolic factor due to the fact that adipose tissue is one of the largest 

organs in the body (144).  The more common adipokines include leptin (controls satiety, 

energy expenditure, and neuroendocrine function), adiponectin (glucose and lipid 

metabolism), interleukin-6 (immune-controlling cytokine, inflammatory mediator), PAI-1 

(fibrinolysis inhibitor), tumor necrosis factor alpha (TNF-α) (pro-inflammatory), 

angiotensinogen (pro-inflammatory), and CRP (pro-inflammatory).  The accumulation of 

visceral fat leads to the dysregulated production of these adipokines (105).  The 

hyposecretion of the defensive adipokines such as adiponectin, and the hypersecretion 

of the offending adipokines such as TNF-α, PAI-1, and CRP, may be major contributors 

to the pathogenesis of the obesity-associated components of MetS and CVD including 

type 2 diabetes, hyperlipidemia, hypertension, and atherosclerosis (143).  The individual 

adipokines will be discussed in further detail throughout this review.  It has also been 

suggested that visceral fat is a major source of plasma non-esterified, FFAs.  Nielson et 

al. (154) found a positive correlation between visceral fat area and the percentage of 

FFA delivery to the liver from visceral fat in both women (r=0.49, p=0.002) and men 

(r=0.49, p=0.002).  Since FFAs come mainly from adipose tissue lipolysis, especially in 

obesity, these molecules are also considered adipokines (105).   

Sex steroid hormones have also been linked to abdominal obesity, suggesting 

that hormone replacement therapy may be a beneficial approach to obesity 

interventions (148).  In females specifically, the increase in waist circumference and 

resulting metabolic disturbances that is common at menopause suggests that estrogen 

may be a major factor in controlling visceral fat and metabolism (25).  A recent review in 

this area indicated that hormone replacement therapy has been shown to reduce central 

adiposity in both women and men (148).  Estrogen and antiandrogens elicited 

improvements in females, while increases in testosterone levels were successful for the 

men.  Central adiposity has even been linked to significantly higher muscle sympathetic 

nerve activity when compared to age-matched subjects with peripheral obesity (89).  

For reasons discussed later, this illustrates how central obesity may also facilitate the 

development of hypertension. 
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Insulin Resistance 

 Insulin resistance (IR) also plays a central role in the development of metabolic 

disorders.  IR can lead to elevated fasting glucose levels, which has been linked to 

unfavorable values for all of the components of MetS.  Aronson et al. (15) recently 

showed that when compared to women and men with normal fasting glucose levels 

(91.8 ± 8.3 mg/dL), those with impaired fasting glucose (115.2 ± 4.9 mg/dL) and 

diabetes (172.8 ± 50.4 mg/dL) had higher respective BMI values (26.8 ± 4.1, 28.9 ± 4.1, 

30.3 ± 5.2 kg/m2), TG levels (143.5 ± 88.6, 166.6 ± 87.7, 213.5 ± 150.6 mg/dL), 

percentage of hypertension prevalence (17%, 37%, 51%), and CRP levels (median: 1.9, 

2.5, 3.2 mg/L).  HDL-C levels were higher in the impaired fasting glucose group (51.9 ± 

14.7 mg/dL) compared to the normal group (47.2 ± 10.8 mg/dL), but lowest in diabetics 

(44.5 ± 9.7 mg/dL).  All values in the impaired fasting glucose and diabetes groups were 

significantly different than the normal fasting glucose group (p<0.05) except for CRP. 

IR is defined as a weakened response of an organ or target cell to insulin action.  

This description is appropriate for all insulin-responsive tissues; however, the underlying 

mechanisms for cellular resistance to insulin may not be the same.  Whereas, the 

binding and initial signaling events during insulin action are largely identical in the liver 

and peripheral tissues (adipose tissue, cardiac muscle, and skeletal muscle), 

differences have been distinguished in later effectors and the intracellular metabolic 

pathways in the liver, adipose, and muscle cells.  This indicates that IR can take 

different forms depending on the target location of its action (63). 

In obesity-related diabetes, IR occurs in both the liver and peripheral tissues.  

Differences in the tissue-specific causes and development of IR make it possible to 

identify IR early in the liver and skeletal muscle, while it arises much later in adipose 

tissue with an evident buildup of lipids in the adipocytes (63).  An increased number of 

adipocytes in obese individuals secrete substances that can stimulate IR.  Some of 

these may include the hormone resistin, several polypeptides, and FFAs (119).  Excess 

plasma FFAs cause an increase in FFA uptake and oxidation by the muscles, leading to 

inhibited insulin-stimulated muscle glucose uptake (165).  An elevated level of plasma 

FFAs are also believed to play a major role in the development of IR in the liver (63).  A 



 

 17 

higher plasma FFA concentration leads to an influx of FFA to the liver, promoting 

hepatic glucose production.  Similar to the mechanism in the muscles, the influx of FFA 

stimulates hepatic FFA oxidation and gluconeogenesis.  It is likely that this cascade is a 

critical component in the development of fasting hyperglycemia (82, 165).  Intra-

abdominal obesity in particular is linked to an upsurge in FFAs that can contribute to 

increases in gluconeogenesis and lipoprotein synthesis, while causing a decline in 

hepatic insulin removal, all contributing to IR (25, 146).  The contribution of intra-

abdominal obesity to IR and MetS will be discussed further in a subsequent section of 

this review.  Insulin action in skeletal muscle fibers can also be impaired by an inherited 

or acquired dominance of type IIB (white) muscle fibers.  These fibers are more 

resistant to insulin’s effects than type I and IIA (red) muscle fibers (119).  In fact, 

research has shown a significant inverse relationship between the ratio of type IIB 

muscle fibers and GLUT-4 protein concentration (r=-0.47; p<0.05), and a non-significant 

positive correlation between type I fibers and GLUT-4 (r=0.41; p>0.05) (100).  It is 

possible to decrease the shortening velocity of fast-twitch (type II) muscle fibers with 

endurance exercise, making type IIB fibers take on performance and metabolic 

characteristics more closely resembling type IIA and type I fibers (80).   

It is also notable that a higher levels of plasma adiponectin have been associated 

with a significantly lower HbA1c levels (p=0.008) in male diabetics even after controlling 

for medical conditions, lifestyle exposure, and variables associated with obesity (178).  

HbA1c values depict an individual’s blood glucose regulation in the preceding 5 to 6 

weeks, providing a more long-term measure of blood glucose control (191).  The 

American Diabetes Association recommends that individuals keep HbA1c values as 

close to normal as possible (<6%) without significant hypoglycemia (12).  Adiponectin is 

a bioactive protein produced and secreted by adipocytes and plays a key role in glucose 

and lipid metabolism.  It has even been suggested that adiponectin be used as a new 

marker of MetS due to its inverse relationship with IR, obesity, dyslipidemia, and CVD 

(42).  Obesity and type 2 diabetes have been associated with hypoadiponectinemia, 

which has been closely linked to IR and hyperinsulinemia (202). 
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Hypertension 

It has been shown that as individuals gain weight, the incidence of hypertension 

increases.  This association was seen in the Framingham Study where 61% of the 

hypertension in women and 70% of the hypertension in men was directly connected to 

excess adiposity (118).  In fact, there was an average increase in systolic blood 

pressure of 4.5 mmHg per every 10 pounds of weight gain.  This association has also 

been shown in a group of 82,473 women who took part in the Nurses’ Health Study 

(102).  Compared to those whose weight changed no more than 2 kg (4.4 lbs.), the 

middle-aged women of this study whose weight had increased 2.1 to 4.9 kg (~4.6-11 

lbs.) from what it was at age 18 significantly increased their relative risk of developing 

hypertension (RR=1.28; 95% CI=1.19-1.38).  In accordance with this pattern, the 

women who gained 5-9.9 kg (~11-22 lbs.) and 10-19.9 kg (~22-44 lbs.) increased their 

relative risk for developing hypertension even further (RR=1.72; 95% CI=1.61-1.84 and 

RR=2.65; 95% CI=2.48-2.82, respectively).   

  Hypertension induced by obesity has been shown to develop through the 

interaction of several mechanisms.  It has also been well established that hypertension 

occurs more often in individuals with hyperinsulinemia compared to those having normal 

insulin levels (186).  Therefore, insulin insensitivity, which as stated earlier is common in 

obesity, may have an effect on blood pressure.  Hypertension can develop from IR 

itself, or from the range of effects of hyperinsulinemia.  Whereas insulin is a potent 

vasodilator in healthy individuals, this characteristic would clearly be less effective in 

those who are insulin resistant.  Insulin typically attenuates the vasopressor effects of 

norepinephrine and angiotensin II, a vasodilatory action that can cause a small 

decrease in blood pressure.  Additionally, this action is mediated by an insulin receptor 

on the endothelial cell partly through the secretion of nitric oxide (NO) (186).  Since NO 

plays a critical role in controlling blood flow and blood pressure by relaxing the smooth 

muscle of blood vessels (171), a decrease in its production or release in insulin resistant 

individuals may partly explain a greater prevalence of hypertension and vascular 

diseases during IR (186).  A reduction in insulin-mediated vasodilation has been 

associated with diminished endothelial NO production in healthy, hypertensive, and type 
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2 diabetic individuals (44).  In addition, excess FFAs, previously stated as a common 

occurrence in obesity, are harmful in that they may also impair insulin-mediated 

vasodilation and NO production (119).   

 It has also been shown that in an overweight condition, both with and without 

hypertension, there exists a positive correlation between fasting insulin levels and rates 

of renal plasma flow and glomerular filtration.  The perfusion and high filtration rates 

have also been linked to more renal damage caused by increased albuminuria in obese 

hypertensives (168).  Insulin also increases renal sodium reabsorption resulting in 

decreases in urinary sodium excretion (93).  The mechanisms of this occurrence remain 

somewhat unclear, however, the current line of thought states that insulin decreases the 

flux of calcium into the vascular smooth muscle cells and platelets.  This is noteworthy 

since intracellular calcium is a critical player in the determination of vascular smooth 

muscle cell tension and contractility in response to vasopressor substances (186).  

Alongside all these possible complications, there are factors in hypertension that may 

induce IR.  Vasoconstriction or attenuated vasodilation may restrict insulin delivery by a 

decrease in blood flow, further perpetuating the cycle of MetS.  This is another example 

illustrating how the components of MetS are intertwined (119).   

In addition, increased rates of muscle sympathetic nerve activity have been 

found in both hypertensive and non-hypertensive, obese individuals when compared to 

lean, normotensives (90).  The same study also showed a greater impairment of 

baroreflex cardiovascular control in hypertensive obese subjects compared to those 

who had either abnormality alone.  Arterial stiffness, often caused by atherosclerosis 

and aging, contributes to both increased sympathetic outflow and blunting of the 

baroreflex.  Arterial stiffness reduces the mechanical deformation and stimulation of the 

baroreceptors, leading to baroreflex insensitivity (125).  A decrease in baroreflex 

sensitivity causes a reduction in cardiac sympathovagal tone and increase in vascular 

sympathetic tone, increasing sympathetic outflow and resulting hypertension (128).  It is 

also notable that a significant negative correlation has been shown between plasma 

adiponectin levels and systolic, diastolic, and mean blood pressure in female and male 

subjects (1).  The investigators of these findings speculate that overreactivity of the 
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sympathetic nervous system partially contributes to the pathogenesis of low adiponectin 

levels in hypertensive individuals. 

 

Triglycerides & High-Density Lipoprotein Cholesterol 

  Elevated TG levels and low levels of HDL-C are the 2 primary components of a 

compilation of blood lipid abnormalities referred to as atherogenic dyslipidemia.  

Atherogenic dyslipidemia also includes elevated levels of small, dense low-density 

lipoproteins (LDL-C) and remnant lipoproteins (19).  Unfavorable TG and HDL-C levels 

have been consistently associated with an increased risk of CVD (16, 19, 32) and the 

prevalence of atherogenic dyslipidemia is high in patients with CVD and diabetes (19).  

Atherogenic dyslipidemia is also closely linked to MetS (24). 

TG, also called triacylglycerol, are the storage form of lipids in adipose tissue and 

muscle.  As mentioned earlier, hypertriglyceridemia has clearly been associated with an 

increased risk of CVD (16, 32, 97) for many decades.  Although early research in this 

area was not able to detect a positive correlation between CVD risk and elevated TG 

levels alone (32), more recent analyses have uncovered that hypertriglyceridemia can 

increase the risk of CVD independent of additional lipid risk factors, including depressed 

HDL-C levels (16, 97).  This finding makes hypertriglyceridemia a special concern.  A 

meta-analysis showing data from population-based prospective studies showed that an 

increase in TG of 1 mmol/L (~89 mg/dL), elicited a 76% (summary RR=1.76; 95% 

CI=1.50-2.07) and 32% (summary RR=1.32; 95% CI=1.26-1.39) greater risk of CVD in 

women and men, respectively (16).  After analyzing data from the studies that adjusted 

for HDL-C and other risk factors, the risk increase was dampened, but remained 

statistically significant at 37% for women (summary RR=1.37; 95% CI=1.13-1.66) and 

14% for men (summary RR=1.14; 95% CI=1.05-1.28) (16). 

The two main sources of plasma TG are exogenous from dietary fats and carried 

in chylomicrons, and endogenous from the liver and carried in very low-density 

lipoproteins (VLDL-C) (214).  Elevated TG levels in MetS and in type II diabetes can be 

a result of several contributing factors including an increased flux of FFAs, increased 

plasma concentrations of VLDL-C with or without chylomicronemia, impaired lipoprotein 
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lipase activity, or increased cholesteryl ester transfer protein (CETP) activity.  

Secondary causes of elevated TG levels that are closely related to MetS are obesity, 

type II diabetes, diet with a positive energy balance and high fat or high glycemic 

content, and physical inactivity.  Additional contributors to hypertriglyceridemia include 

alcohol consumption, renal disease, hypothyroidism, autoimmune disorders, pregnancy, 

and several types of medications (214).   

 Excess adipose tissue can cause an increase in tissue lipolysis, resulting in an 

oversecretion of FFAs to the liver, muscle, and β cells of the pancreas.  This occurrence 

or the inability of the tissue to remove fatty acids seems to promote an increase in the 

hepatic production of TG and apo B, which can contribute to increases in small, dense 

LDL-C.  Excess fatty acids will also encourage the liver to increase VLDL-C production, 

while contributing to the degradation of HDL-C and apo A-1 (24).  VLDL-C are 

lipoprotein particles that mainly carry endogenous lipids.  The composition of these 

particles is approximately 50-65% TG.  When TG levels are high, such as in obese and 

diabetic individuals, these particles are large and less dense.  The opposite is true when 

there is a low availability of TG.  When VLDL-C enter the bloodstream, they go to the 

blood vessels of muscle and adipose tissue.  Here, lipoprotein lipase breaks down the 

VLDL-C on the luminal surface of the blood vessel’s endothelial cells, releasing FFAs to 

the tissues (94).   

Lipoprotein lipase is the major enzyme responsible for TG hydrolysis from 

chylomicrons and VLDL-C, providing fatty acids for various tissues (21, 24).  Insulin 

induces lipoprotein lipase synthesis that acts on lipids on the extracellular surface of the 

endothelial cell, not lipids stored within the adipose cell.  Here, the lipoprotein lipase 

cleaves the VLDL-C and chylomicrons into glycerol and FFAs making the FFAs 

available for uptake by the adipocytes.  The adipocytes esterify the FFAs with glycerol 

phosphate to form TG, illustrating how insulin can promote lipid storage in adipose 

tissue (21).  An increase in muscle lipoprotein lipase activity leads to an increase in TG 

uptake, increasing the probability of excessive intramuscular TG, or lipotoxicity (24).  

This condition has been linked to IR (112).  An elevation in CETP is harmful in that it 

transfers cholesterol ester from one lipoprotein to another in exchange for TG.  Being 
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that CETP is particularly drawn to HDL-C, this occurrence happens most often from 

HDL-C to VLDL-C and LDL-C, making HDL-C particles become more dense (57).  It has 

also been shown that and increase in plasma adiponectin is associated with a 

significant decrease in TG even after controlling for medical conditions, lifestyle 

exposure, and variables associated with obesity (178). 

HDL-C, often referred to as “good cholesterol,” is a major component of 

cholesterol metabolism in that it removes it from the extrahepatic tissue.  HDL-C 

detaches unesterified cholesterol from the cell plasma membranes.  The enzyme 

lecithin cholesterol acyltransferase (LCAT) then aids in the esterification of lecithin to 

cholesterol to create a cholesterol ester.  HDL-C, assisted by CETP, then transports 

these cholesterol esters to the VLDL-C, intermediate-density lipoproteins (IDL), and 

LDL-C (94). 

 Although low levels of HDL-C are common in obese and insulin-resistant 

populations, the mechanisms remain poorly understood.  Impaired lipoprotein lipase 

activity, also common in obesity and IR, can be one issue that contributes to a reduction 

in HDL-C.  As previously described, increases in CETP can contribute to low HDL-C 

levels as well.  This condition is also seen in obesity as adipose tissue secretes CETP 

(19).  It has also been shown that plasma levels of adiponectin, which are reduced in 

obesity and IR, are positively correlated with HDL-C levels in healthy (51) and diabetic 

populations (178).  Adiponectin has also been negatively correlated with TG (p<0.001) 

(178).  This relationship remained even after controlling for obesity variables and insulin 

sensitivity.  Finally, it has been discovered that endothelial lipase, a newly discovered 

lipase, may contribute to reduced levels of HDL-C (17).  In fact, Badellino et al. (17) 

have shown that levels of endothelial lipase were significantly higher in obese (BMI > 

30kg/m2) compared to lean women and men, and that there is an additive effect of 

increasing numbers of MetS components with an increase in endothelial lipase mass. 

 

Inflammatory & Prothrombotic Markers 

 Newer concepts concerning the pathogenesis of CVD show that atherosclerosis 

is now considered a state of low-grade, chronic inflammation.  Inflammatory markers 
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have a critical function in the cause of CVD as they contribute to the introduction, 

development, and rupture of atherosclerotic plaques. As a result, markers of 

inflammation and endothelial dysfunction can provide valuable information concerning 

an individual’s risk for developing CVD and could potentially become factors in 

treatment strategies (216). 

 Healthy endothelium does not typically support the binding of white blood cells.  

However, light microscopy shows that the introduction of an atherogenic diet leads to 

blood leukocyte attachment to the endothelial cells of the intima, or innermost layer of 

the arteries.  Endothelial cells, particularly vascular cell adhesion molecule-1 (VCAM-1), 

begin to adhere to various selected leukocytes forming the initial lesion of 

atherosclerosis, or a fatty streak (134, 216).  Fatty streak formation is begun by the 

recruitment of monocytes, which are then converted to macrophages, which are 

converted to foam cells (38).  After a fatty streak has been formed, the emerging 

atheroma usually progresses into a more complex lesion, typically leading to clinical 

manifestations (134).  Animal models have shown that VCAM-1 expression increases in 

areas prone to lesion formation in response to cholesterol feeding that has induced an 

atherosclerotic lesion (107).  Pro-inflammatory adipokines stimulate VCAM-1 expression 

in the endothelial cells and human atherosclerotic lesions contain these adipokines.  

Therefore, hypercholeterolemia may be connected to VCAM-1 expression through pro-

inflammtory adipokines (134).  In contrast, adiponectin has powerful antiatherogenic 

characteristics in the vascular walls as it inhibits the expression of VCAM-1 and 

suppresses the formation of foam cells (142).   

As mentioned above in the central adiposity segment of this review, the 

accumulation of visceral fat leads to the dysregulated production of pro-inflammatory 

adipokines including TNF-α, interleukin-6, and CRP.  Therefore, obesity has been 

associated with a chronic, low-grade state of inflammation which is likely stimulated by 

the secretion of these adipokines (215).  TNF-α plays a key role in promoting the 

expression of other inflammatory mediators such as interleukin-6 and leptin, while 

suppressing the expression and secretion of anti-inflammatory substances such as 

adiponectin.  TNF-α is mainly secreted from macrophages in adipose tissue and is a 
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stimulator of lipolysis.  Its expression is increased during weight gain, obesity, and IR, 

and decreased during weight loss (105, 142).  TNF-α is a strong inhibitor of adiponectin 

synthesis.  TNF-α’s excess secretion from visceral adipose tissue could be a connection 

to reduced adiponectin levels in individuals with visceral obesity (143).  Circulating 

interleukin-6 is released mostly from visceral adipose tissue, however its role in vascular 

pathology remains unclear.  It has been speculated that interleukin-6 is predictor of CVD 

development due to its stimulation of CRP and fibrinogen.  It has also been shown to 

inhibit insulin action in the liver, muscle, and adipocytes, and has been associated with 

IR and chronic inflammation (105).   

Elevated levels of circulating CRP reflect its synthesis as a result of a 

pathological process secondary to tissue damage, infection, malignant neoplasia, or 

inflammation.  CRP is an acute-phase protein with a half-life of approximately 19 hours.  

It is produced predominantly in the hepatocytes during an acute inflammatory response 

or as a result of abnormal adipokine production, particularly interleukin-6 (161).  Recent 

studies have also shown CRP expression in renal epithelial cells from inflamed kidneys 

(111), macrophages and smooth muscle cells from atherosclerotic plaques (35), and in 

adipose tissue (34).  A link between CRP and adiponectin has also been discovered.  

When divided into quartiles corresponding to adiponectin levels, it was discovered that 

higher levels of plasma adiponectin were associated with a significant trend of lower 

CRP levels (p<0.001) in male diabetics even after controlling for medical conditions, 

lifestyle exposure, and variables associated with obesity (178).  In addition, elevated 

levels of CRP have been associated with MetS and IR (88), as well as high fasting 

blood glucose levels (15).   

Thrombosis favors the advancement of vascular damage and contributes to the 

development of many of the complications related to atherosclerosis (115).  

Interestingly, there is a critical interaction between inflammation and coagulation, as 

inflammatory mechanisms can promote thrombosis in several different ways.  

Inflammatory mediators, such as interleukin-6, can trigger platelet production and 

platelet procoagulant activity.  CRP can contribute to this process with further activation, 

increasing the available procoagulant membrane surface (73).  CRP has also been 
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shown to promote PAI-1, an action that would inhibit fibrinolysis (64).  Inflammation and 

inflammatory cytokines may also suppress natural anticoagulants such as antithrombin, 

thrombomodulin, and endothelial cell protein C receptor.  Of all the natural anticoagulant 

pathways, the protein C pathway appears to be particularly susceptible to 

downregulation due to inflammatory mediators (73).   

Thrombolytic potential is largely dictated by PAI-1, a regulatory protein of the 

coagulation cascade that has a major effect on fibrin accumulation (105, 115).  This 

adipokine reduces fibrinolytic activity by inhibiting plasminogen activators, as 

plasminogen is a protein found in many body fluids and tissues that is critical in 

preventing the formation of fibrin clots (143, 191).  PAI-1, present in early fatty lesions, 

is a key contributor to thrombus formation upon rupture of unstable atherosclerotic 

plaques (184), making it a strong risk factor for vascular thrombotic diseases, such as 

acute myocardial infarction (142).  PAI-1 is mainly synthesized in the liver and 

endothelial cells and is secreted by adipose tissue.  PAI-1 is positively correlated with 

visceral fat area, and although the mechanisms are unclear, plasma levels of PAI-1 are 

elevated in individuals with hypertriglyceridemia and type 2 diabetes (144, 143).  

Hyperglycemia, angiotensin II, VLDL-C, and obesity all contribute to elevated levels of 

PAI-1 (137).  One study even showed that inducing a combination of hyperinsulinemia, 

hyperglycemia, and hypertriglyceridemia led to a significant increase in PAI-1 from 

baseline in healthy women and men 6 hours after the infusion.  PAI-1 levels remained 

elevated for 6 hours after discontinuation of the infusion (36).   

Fibrinogen, also known as factor I, is a protein synthesized in the liver that, after 

being converted into fibrin, is the basis for blood clotting.  This conversion process takes 

place through the action of thrombin and in the presence of calcium ions.  After its 

transformation, fibrin is deposited as thin, interlacing strands containing red blood cells, 

white blood cells, and platelets that have been intertwined.  The result is a coagulum, or 

clot (191).  A meta-analysis of six prospective epidemiological studies showed that 

fibrinogen was clearly associated with subsequent stroke or myocardial infarction, 

indicating an unquestionable link between fibrinogen and atherothrombogenesis (72).  

This analysis also showed that higher levels of fibrinogen were associated with 
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unfavorable lipid parameters (total cholesterol, TG, LDL-C, and HDL-C) and patients 

with hypertension.  It was also shown that smoking was the strongest determinant of 

fibrinogen levels in healthy subjects.  These findings reveal that an individual’s risk for 

developing a thrombotic arterial occlusion is likely increased under these conditions, 

especially if they exist concurrently.   

Imperatore et al. (108) found that in a population of middle-aged men, those with 

hyperfibrinogenemia, had significantly higher BMI values, waist-to-hip ratio, and fasting 

plasma insulin levels and significantly lower HDL-C levels.  In addition, those having 

MetS had significantly higher fibrinogen levels compared to those who did not (285.1 ± 

1.9 versus 300.5 ± 3.0; p=0.0001).  Research has also indicated a possible link between 

adiponectin and fibrinogen.  Higher levels of plasma adiponectin have been associated 

with a significant trend of lower fibrinogen levels (p<0.001) in male diabetics even after 

controlling for medical conditions, lifestyle exposure, and variables associated with 

obesity (178).  

 

 

Resistance Training & Metabolic Syndrome 

 

RT has been well established as an effective means for increasing muscular 

strength, endurance, power, and muscle mass (129).  Although cardiorespiratory 

training has traditionally been considered the predominant method for producing 

favorable modifications in CVD risk factors, more recently, studies have discovered the 

benefits of muscular fitness in relation to all-cause mortality (81) and the benefits of RT 

on several individual CVD risk factors (29, 45).  In fact, evidence exists suggesting that 

RT alone can improve all components of MetS including central adiposity, insulin 

resistance and its related factors, hypertension, TG levels, HDL-C levels, and 

inflammatory and prothrombotic markers (29, 95, 159, 194).  An analysis of the Health 

Professionals’ Follow-up Study that assessed potential risk of coronary heart disease in 

44,452 U.S. men uncovered that those who participated in ≥30 minutes of RT per week 

had a significant 23% risk reduction compared to men who did not participate in RT 
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(RR=0.77; 95% CI=0.61-0.98; p=0.003).  This analysis was controlled for other types of 

physical activity (189).   

Studies have also shown an inverse relationship between muscular strength and 

the prevalence of MetS that is independent of cardiorespiratory fitness (116, 117, 207).  

Jurca et al. (117) examined a large sample of 8,570 men ages 20-75 years and 

measured their age-specific cardiorespiratory fitness and muscular strength.  After 

adjusting for age and smoking, investigators discovered significant inverse relationships 

between both cardiorespiratory fitness (β=-1.2; p<0.0001) and muscular strength (β=-

0.37, p<0.0001) and MetS.  The significant relationship between strength and MetS 

remained even after controlling for cardiorespiratory fitness (β=-0.08, p<0.01).  

Subsequently, this group of investigators compared the development of MetS in men 

20-80 years of age over a mean follow-up period of 6.7 ± 5.2 years (116).  This study 

included 3,233 participants who were initially free of MetS and were divided into four 

different strength categories based on their one repetition maximum (1-RM) for bench 

and leg press exercises.  After adjusting for age, examination date, smoking, alcohol 

intake, number of MetS risk factors at baseline, and family history of hypertension, 

diabetes, and premature coronary disease, there was a 34% lower risk (p=0.002) of 

developing MetS in men in the highest strength category compared to those in the 

lowest.  After adjusting for cardiorespiratory fitness, there was still a 24% lower risk of 

MetS development (p<0.05) in high versus low strength categories.  A total of 480 men 

developed MetS during the mean follow-up period.  Wijndaele and colleagues (207) 

showed similar findings in a sample of 1019 (448 women, 571 men) Flemish adults 

aged 18-75 years.  These investigators found an inverse relationship between strength 

and MetS risk in women (β=-0.190, p<0.001) and men (β=-0.086, p<0.05) even after 

adjustments were made for age, smoking status, dietary intake, education level, and 

height.  After additional adjustment for aerobic fitness, this inverse association remained 

significant and was almost equally as strong in women (β=-0.168, p<0.0001), however 

the relationship was reduced to a non-significant level in men (β=-0.047, p>0.05).  

It has also been suggested that RT can enhance the risk factor reduction of a 

cardiovascular training program.  Wallace et al. (199) designed a study comparing the 
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effects of a 14-week endurance training program versus a cross-training program that 

integrated endurance training and RT.  The 60-minute endurance training protocol 

included 30 minutes of cycling and 30 minutes of treadmill walking at 60-70% of heart 

rate reserve.  The group that cross-trained completed the same endurance training 

program with the addition of RT on the same day with a 10-20 minute rest period 

between the two modalities.  The total body RT program included 4 sets of 8-12 

repetitions for 8 exercises with intensity adjusted biweekly as to remain at 75% of the 

subject’s 1-RM.  Each RT session took 50-60 minutes to complete.  Endurance training 

alone significantly decreased fasting insulin by 3.04 ± 1.34 μU/mL (p<0.05) and fasting 

glucose by 5.88 ± 2.60 μU/mL (p<0.05).  However, the cross-trained group showed 

enhanced improvements in these parameters with an 8.45 ± 2.67 μU/mL (p<0.05) 

decrease in fasting insulin and an 11.12 ± 2.90 μU/mL (p<0.01) decrease in fasting 

glucose.  Interestingly, endurance training alone did not significantly improve HDL-C, 

TG, or blood pressure, however these measures did become more favorable with the 

addition of RT.  HDL-C increased by 5.13 ± 1.33 mg/dL (p<0.05), while TG and systolic 

blood pressure both decreased by 43.75 ± 13.55 mg/dL (p<0.05) and 14.62 ± 5.54 

mmHg (p<0.05), respectively.  Findings such as this make it logical to infer that RT in 

isolation may also be beneficial to the reduction of CVD risk factors.  However, one 

must also consider that this study was not time controlled between the 2 interventions 

meaning the cross-trained group had a total training duration that was 2 times greater 

than that of the endurance-trained group.  This suggests the possibility that the reason 

for the greater improvements after cross-training may not have been completely 

attributed to the RT itself but perhaps the overall greater duration of activity.  Future 

studies comparing these training modalities may benefit from standardizing the caloric 

expenditure between the 2 groups. 

 

Central Adiposity 

 Although a bout of RT typically does not expend as many calories as a 

comparable bout of aerobic training for a given length of time (203), there is evidence 

suggesting that individuals can obtain improvements in overall body composition and 
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more specifically, central adiposity, with RT alone (29).  One contributing factor to a 

reduction in adipose tissue may be the increase in resting metabolic rate caused by 

training-induced gains in more metabolically active lean tissue mass.  It has also been 

shown that excess post-exercise oxygen consumption is greater following bouts of RT 

compared to bouts of aerobic training of similar exercising VO2 and similar estimated 

energy cost (27).  Further, the resting metabolic rate after an acute bout of moderate- to 

high-intensity RT may remain elevated for as much as 48 hours due to the excess post-

exercise oxygen consumption response (27).  Therefore, it is logical to infer that chronic 

RT performed independent of aerobic training may contribute to favorable changes in 

body composition. 

Treuth et al. (192) implemented a 16-week total body RT program in healthy, 

older females (67 ± 1 year) to monitor its effects on regional and total body composition 

changes.  The program included 1-hour sessions 3 times each week.  Subjects 

completed no more than 12 repetitions of up to 2 sets at 50-67% of their 1-RM for each 

of the 12 exercises.  Compliance for the exercise sessions was >90%.  Regional body 

composition was assessed by a computed tomography scan.  Comparing pre- and post-

RT data, investigators found significant decreases (p<0.05) in intra-abdominal adipose 

tissue (143.9 ± 13.3 to 130.0 ± 12.4 cm2), total abdominal adipose tissue (443.1 ± 34.0 

to 411.8 ± 34.7 cm2), abdominal area (647.8 ± 36.0 to 607.0 ± 39.7 cm2), and thigh 

subcutaneous fat (141.7 ± 11.5 to 133.6 ± 10.8 cm2).  Although not statistically 

significant, there was also a decrease in abdominal subcutaneous tissue (299.2 ± 25.3 

to 281.8 ± 27.1 cm2).  These authors also performed a diet analysis via 3-day food 

records to compare pre- and post-intervention values and found no significant changes 

in daily caloric intake or the percentage of calories consumed from protein, fat, or 

carbohydrates. 

Hunter et al. (104) also used computed tomography scanning to examine the 

effects of a 25-week RT protocol on intra-abdominal adipose tissue in postmenopausal 

women (65.9 ± 4.4 years) and older men (67.9 ± 4.4 years).  The RT sessions took 

place 3 times per week, each lasting approximately 45 minutes.  Participants completed 

2 sets of 10 exercises for the total body for 10 repetitions or to failure.  Average 



 

 30 

adherence was >90% for both women and men.  Intra-abdominal adipose tissue was 

measured at the level of the 4th and 5th lumbar vertebrae (L4 and L5), as this site has 

previously been shown to be the most highly correlated with the total volume of intra-

abdominal adipose tissue (131).  The women lost a significant amount of intra-

abdominal (131.2 ± 52.3 to 115.8 ± 45.8 cm2) and subcutaneous adipose tissue (253.6 

± 85.6 to 238.8 ± 97.8 cm2), while the men did not show significant changes for either 

intra-abdominal (143.4 ± 68.5 to 152.3 ± 74.6 cm2) or subcutaneous adipose tissue 

(165.4 ± 56.0 to 165.2 ± 84.4 cm2).  Overall percent body fat significantly decreased for 

both women (40.1 ± 8.7 to 38.0 ± 6.3%) and men (24.4 ± 6.3 to 21.7 ± 6.8%), and fat-

free mass significantly increased in men (58.8 ± 6.4 to 61.6 ± 6.4 kg), but not in women 

(38.9 ± 3.9 to 39.9 ± 6.4 kg).   

Tsuzuku et al. (194) looked at the effects of 12 weeks of RT on a sample of 

previously untrained older women and men, ages 65-82 years.  The RT program 

consisted of 7 exercises, 5 using body weight only and 2 using a rubber tube, designed 

to stimulate all major muscle groups.  Subjects performed 2 sets of 10-14 repetitions for 

each exercise and sessions took place 3 times per week.  One session each week was 

performed under supervision at the training facility and the other 2 sessions were 

completed independently at home.  The average attendance at the supervised training 

session was 91% and according to subject training logs, all participants completed the 2 

at-home training sessions each week.  Pre-peritoneal and subcutaneous fat distribution 

was assessed by ultrasonography below the xiphoid process.  Pre-peritoneal fat 

thickness was used as an equivalent to visceral fat area.  The RT group significantly 

decreased their BMI (-0.3 ± 0.6 kg/m2; p<0.05), fat mass (-0.7 ± 0.9 kg; p<0.001), waist 

circumference (-1.3 ± 1.3 cm; p<0.001), pre-peritoneal fat thickness (-1.2 ± 1.3 mm; 

p<0.001), and subcutaneous fat thickness (-0.7 ± 1.5 mm; p<0.005), while controls 

showed a less pronounced but significant decrease in fat mass (-0.5 ± 0.7 kg; p<0.05).  

Fat free mass significantly increased in the RT group (0.5 ± 0.8 kg; p<0.01), but showed 

no change in controls.  Total energy intake did not change for either group.  These 

results show that favorable body composition effects may be achieved following a RT 

program using predominantly body weight as a stimulus. 
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Ibanez et al. (106) discovered a significant reduction in abdominal fat in older 

men (66.6 ± 3.1 years) with type 2 diabetes after 16 weeks of supervised RT twice per 

week.  This training program included a combination of heavy resistance and 

“explosive” types of RT exercises in order to elicit gains in both strength and power.  

These men performed 3-5 sets of 5-15 repetitions for 7-8 machine exercises covering 

all major muscle groups.  Intensity loads progressed from 30-80% of the subjects’ 1-

RM.  The average attendance at the exercise sessions was 99.3%.  Body fat distribution 

was measured via computed tomography.  Pre- to post-intervention measures showed 

that visceral fat (249.5 ± 97.9 to 225.4 ± 96.6 cm3; p<0.001) and subcutaneous fat 

(356.0 ±127.5 to 308.6 ± 118.8 cm3; p<0.05) both significantly decreased, along with 

percent body fat calculated using skinfold measurements (23.7 ± 4.0 to 22.4 ± 3.9%; 

p<0.001).  Diet records indicated that caloric intake significantly increased at the end of 

the training period by 15.5% (2,287.1 ± 354.7 to 2,619.0 ± 472.1 kcal/day; p<0.05).  

There was no significant change in accelerometer-measured physical activity, indicating 

no contribution of habitual physical activity on caloric expenditure. 

Janssen et al. (113) compared the combination of diet restriction and RT (n=14) 

to the same diet restriction combined with aerobic exercise (n=11) to examine the 

effects of each 16-week treatment on metabolic risk factors in obese, premenopausal 

women.  The aerobically trained group exercised 5 days per week for an average 

duration of 34 ± 6 minutes at 77 ± 4% of their maximum heart rate, for a total energy 

expenditure average of 19,167 ± 4,461 kilocalories (kcal).  The RT group exercised 3 

days per week performing 1 set of 7 exercises for all major muscle groups with their 

sessions lasting approximately 30 minutes.  Specific body composition was determined 

using a whole-body magnetic resonance imaging scanner.  It was estimated that this 

group had a total average energy expenditure of only 5,348 ± 318 kcal.  Attendance for 

the exercise sessions was very similar averaging 94% (range 79-100%) and 92% 

(range 85-98%) for the RT and aerobic groups, respectively.  All subjects received 

weekly counseling to assist in the success of their instructed daily caloric intake 

reduction of 1,000 kcal less than their estimated energy requirement for weight 

maintenance.  No differences in body composition variables existed between the groups 
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at baseline.  When looking at the respective effects of diet plus RT versus diet plus 

aerobic training, investigators found that waist circumference (-8.5 ± 2.3 versus -7.3 ± 

5.4 cm), visceral fat at L4-L5 (-0.42 ± 0.21 versus -0.61 ± 0.41 cm2), abdominal 

subcutaneous fat at L4-L5 (-1.7 ± 0.7 versus -1.6 ± 0.8 cm2), and intermuscular fat (-

0.12 ± 0.14 versus -0.38 ± 0.40 kg) all significantly decreased.  There was no significant 

change in skeletal muscle or waist-to-hip ratio using either training modality.  Although 

not significant, these results also showed a greater percentage of improvement when 

comparing the RT to the aerobically trained group in waist circumference (9 ± 2 versus 

7 ± 5%) and abdominal subcutaneous fat at L4-L5 (29 ± 11 versus 22 ± 10%).  These 

results are interesting and somewhat counterintuitive considering the substantial 

difference in overall energy expenditure between the two protocols.   

Fenkci et al. (77) found improvements in waist circumference after 12 weeks of 

RT (44.0 ± 10.2 years) and aerobic training (41.7 ± 6.9 years) in obese women with 

severe eating disorders who could not adhere to a calorie-restricted diet.  The RT 

women completed 1 to 3 sets of 6 exercises for the upper and lower body.  Subjects 

completed 10 repetitions of each set with the intensity progressing from 40-80% of their 

1-RM.  The RT protocol was completed 3 times per week.  Waist circumference was 

significantly improved from 96.2 ± 8.1 to 93.5 ± 7.7 cm.  The group that trained 

aerobically was instructed to walk briskly for 15 minutes then to exercise on a leg cycle 

ergometer progressing from 50-85% of their heart rate reserve.  Days exercised per 

week and amount of exercise bout time were also progressed from 3 days for 12-15 

minutes to 5 days for 30-45 minutes.  This group also had significant decreases in waist 

circumference at the completion of training program going from 94.6 ± 9.1 to 92.7 ± 8.0 

cm.  The RT had a greater improvement in waist circumference, however baseline 

measurements in this group were slightly higher.  There was not a significant 

improvement in waist circumference in the control group. 

Banz et al. (20) found a significant decrease in waist-to-hip ratio in middle-aged, 

android-obese men after 10 weeks of RT (48 ± 6 years) and aerobic training (47 ± 7 

years).  The RT protocol included 3 sets of 8 exercises including muscle groups in the 

upper and lower body for 10 repetitions.  The aerobic training was done on ski exercise 
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machines for 40 minutes at 60-85% of their predicted maximal heart rate.  Both training 

protocols took place on 3 nonconsecutive days per week.  All subjects had to complete 

≥80% of their training sessions to be included in the final statistical analysis.  The RT 

improved waist-to-hip ratio from 1.03 ± 0.03 to 0.99 ± 0.03 (p<0.05) and the aerobic 

training improvement was slightly less at 1.01 ± 0.04 to 0.99 ± 0.04 (p<0.05).  Waist 

circumferences alone were not reported. 

Compared to a group of controls, Schmitz et al. (173) showed only an 

insignificant decrease in waist circumference in middle-aged women (30-50 years) after 

15 weeks of supervised RT twice a week (-1.35 ± 0.80 cm; p=0.09).  These women 

completed 3 sets of 9 exercises for the upper and lower body using as much weight as 

they could lift for 8-10 repetitions.  The participants then completed 39 additional weeks 

of unsupervised RT at the same training facility with 2 or 3 sets of the same 9 exercises 

using the same or a greater weight load as lifted during the last week of the supervised 

training.  Adherence was 92 and 83% for the supervised and unsupervised portions of 

the program, respectively.  At the completion of 39 weeks, the waist circumference 

improvement was slightly attenuated but remained lower than baseline (-1.15 ± 0.80 

cm; p=0.15).  However, there were fairly small but significant improvements in body 

composition after both phases of this intervention compared to baseline.  Percent body 

fat was significantly decreased at the completion of both the 15-week supervised (-1.63 

± 0.58%; p=0.006) and 39 week unsupervised segments (-1.67 ± 0.58%; p=0.005), 

while fat-free mass was increased at the end of both respective data collection points as 

well (+0.95 ± 0.34 kg; p=0.05 and +0.89 ± 0.33 kg; p=0.009).   

Shaw et al. (181) looked at the effects of an 8-week RT program in young, 

previously untrained South African men (28.6 years).  Subjects performed 3 sets of 15 

repetitions of exercises for the upper and lower body 3 times per week at 60% of their 1-

RM.  In the RT individuals, investigators saw significant decreases in body fat 

percentage (1.4%, p=0.000) and fat mass (12.1%, p=0.000) with significant increases in 

lean mass (5.1%, p=0.000) and overall body mass (0.6%, p=0.000).  However, there 

was no change in BMI and only a non-significant decrease in waist-to-hip ratio (0.3%, 

p=0.101).  Perhaps the lack of changes in these areas was contributed to the fact that 
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these subjects were already at normal weight with pre- and post-intervention BMI values 

of 24.2 and 24.5 kg/m2, respectively.  Waist circumference alone was not reported.  No 

changes were found in the control group for any parameters.  Dietary intake was also 

monitored pre- and post- intervention for both groups and showed no significant 

changes in either group, indicating that body composition changes were likely 

contributed to the RT regimen. 

Joseph et al. (114) carried out a 12-week RT program on overweight and obese 

(BMI 26 to 36 kg/m2) men and women ages 54-71 years.  The program included 3 sets 

of 5 exercises including the upper and lower body with 8-12 repetitions per set.  Training 

was performed twice weekly with a minimum of 2 days rest between sessions at 80% of 

the subjects’ 1-RM.  Hydrostatic weighing was used to measure body composition.  

When comparing pre- and post-intervention data, the women had no significant 

changes in percent body fat, fat mass, or fat-free mass.  However, men showed 

significant (p<0.05) decreases in percent body fat (34.5 ± 1.2 to 32.4 ± 1.0%) and fat 

mass (32.3 ± 1.7 to 30.3 ± 1.3 kg), and a significant increase in fat-free mass (60.9 ± 1.7 

to 63.0 ± 1.7 kg).  There were no significant changes in BMI, waist circumference, or 

waist-to-hip ratio for either men or women.  This study illustrates that there may be 

some gender-specific responses to RT when looking at changes in overall body 

composition.  The authors feel that the larger decreases in adipose tissue may have 

been achieved in males because it has been shown previously in endurance training 

that epinephrine stimulated lipolysis in fat cells is more sensitive to changes in energy 

expenditure in men when compared to women (61, 62).  These authors also speculate 

that the increase in fat-free mass that was observed in men but not women may be 

attributed to the higher concentration of circulating anabolic hormone in men.  Dietary 

consumption was not controlled during the intervention, therefore, it is unknown whether 

or not a discrepancy between men and women existed that would have elicited the 

differences in body composition change. 

After examining several methods for measuring central adiposity and body 

composition, the overall research has shown that chronic RT can significantly decrease 

central adiposity and percent body fat in adult women and men.  Although it is possible 
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that diet alterations could have had an influence on body composition, many of the 

studies monitored diet to ensure that there were no significant changes in caloric 

consumption in order to better isolate the effects of RT.  A change in free-living physical 

activity is another factor that could have had an effect on body composition.  Although 

this seemed to be measured less often than diet, a couple of the studies did monitor 

subjects to ensure that pre- and post-intervention free-living physical activity remained 

the same and many instructed subjects not to implement any new physical activity or 

exercise besides that given by the investigators. 

 

Insulin Resistance 

Since insulin-stimulated glucose disposal occurs mainly in the muscle, it is logical 

to consider RT as a form of treatment and/or prevention for IR.  An early study by Yki-

Jarvinen and Koivisto (213) showed that percent muscle mass was directly proportional 

to glucose metabolism (r=0.54; p<0.01), while percent body fat was inversely related to 

glucose metabolism (r=-0.72; p<0.001).  This suggests that a shift in body composition 

from adipose tissue to muscle can improve total body glucose disposal.  Increasing lean 

body mass in order to minimize adipose tissue, and more specifically visceral fat, is 

another rationale for RT as adipose tissue contributes to higher levels of circulating 

adipocytes that can release substances that stimulate IR.  RT can improve IR by 

stimulating the recruitment of GLUT-4, which is the chief insulin-sensitive transporter of 

glucose (98).  RT has also been shown to increase GLUT-4 receptors in skeletal muscle 

of both healthy individuals and diabetics (98), a mechanism that is a likely contributor to 

the enhancement of insulin sensitivity and glucose tolerance after RT interventions.  In 

addition, Ebeling et al. (68) discovered a 93% (p<0.01) greater GLUT-4 concentration 

and 33% greater muscle glycogen synthase activity (p<0.05) in a sample of male 

athletes when compared to sedentary controls.  Additionally, studies performed in adult 

populations have shown that alterations in the quality and quantity of skeletal muscle 

proteins are the key mechanisms in the enhancement of glucose regulation (31, 98).  It 

has been suggested that muscle quality, or the maximum force produced per unit of 

muscle mass, is a better indicator of muscle function compared to strength alone.  
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Muscle size, fiber composition, innervation, capillary density, metabolic capacity, 

contractile properties, fatigue characteristics, and fiber type all play roles in muscle 

quality (67).  Research has shown reductions in muscle quality in older individuals 

compared to those who are younger (136), and also in diabetics compared to non-

diabetics (160).  In fact, Park et al. (160) showed that poor glycemic control (HbA1c>8%) 

and longer durations of diabetes (≥6 years) were associated with the lowest muscle 

quality regardless of muscle groups or gender.  The hypertrophy of type I muscle fibers 

that can occur after RT also has a notable influence on IR in that these fibers have a 

greater capillary density, greater mitochondria and oxidative capacity, and are more 

insulin sensitive (122).  It has also been established that the skeletal muscle is the 

target tissue where most insulin-stimulated glucose uptake occurs (58).  These findings 

have lead researchers to investigate the effects of RT interventions on factors related to 

IR and type II diabetes. 

A study by Smutok et al. (183) compared a 20-week RT program to an aerobic 

training program of the same duration in previously untrained men (mean age 50 ± 9 

years).  The program, performed on 3 nonconsecutive days each week, consisted of 2 

sets of 12 exercises covering the total body using the maximum weight that could be 

lifted for 12-15 repetitions.  The aerobic training included 30 minutes of treadmill walking 

and/or jogging 3 days per week with a progressing intensity of 50-85% of the subject’s 

maximum heart rate reserve.  VO2max improved by 19% in the aerobically trained group 

(p<0.001) but did not change in the RT group or in controls. The RT group increased 

upper (50%) and lower body strength (36%) but strength was not improved in the 

control group.  Strength measures for the aerobically trained group were not reported.  

RT resulted in significant decreases in plasma glucose levels at 60, 90, and 120 

minutes (p<0.05) after glucose ingestion, as shown by an oral glucose tolerance test.  

The aerobically trained group only showed reductions at 90 and 120 minutes.  The 

reductions at 90 and 120 minutes in both training groups were significantly different than 

in the control group.  Fasting insulin levels were significantly decreased in the RT group 

(p<0.05) but not in the group that was trained aerobically.  Subjects in both groups also 

had lower plasma insulin concentrations at 90 and 120 minutes (p<0.01) after glucose 
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ingestion.  No significant glucose or insulin responses were detected in the controls.  

This study supported the notion that both strength and aerobic training protocols can 

have comparable effects on the risk factors for CVD.  

Holten (98) found that RT for only 6 weeks increased insulin action in the skeletal 

muscle in both a group of type II diabetic men (62 ± 2 years) and a group of healthy 

control men (61 ± 2 years).  All subjects performed 3 sets of 8-12 repetitions for the leg 

press, knee extension, and hamstring curl exercises at 50-80% of their 1-RM in only 

one, randomly selected leg while the other leg remained sedentary.  Training sessions 

took place 3 times per week, lasting no longer than 30 minutes each.  Post-training 

muscle strength was significantly higher (p<0.05) in the trained leg compared to the 

sedentary leg for both diabetics (knee extension, +42 ± 8; leg press, +75 ± 7%) and 

controls (knee extension, +29 ± 1; leg press, +77 ± 15%).  There was also a significant 

increase in GLUT-4 density in the trained vs. untrained muscle by 40% in the diabetics, 

compared to a more modest increase of 13% in the controls which did not reach 

significance.  Protein content of the insulin receptor (21 ± 6 and 19 ± 7%), glycogen 

synthase (13 ± 5 and 12 ± 9%), and total glycogen synthase activity (21 ± 4 and 9 ± 3%) 

all significantly increased in diabetics and controls, respectively.  In addition, leg glucose 

clearance was significantly increased for both diabetics and non-diabetics with training. 

Shaibi et al. (180) found an increase in insulin sensitivity in adolescent Latino 

males (15.1 ± 0.5 years) after a 16-week, progressive RT program compared to 

controls.  Subjects performed 10 exercises for all major muscle groups at approximately 

62-97% of their baseline 1-RM on 2 nonconsecutive days each week.  Five exercises 

were performed on day 1 and five different exercises were performed on day 2.  One to 

three sets of 3-15 repetitions were completed for each exercise and sessions did not 

exceed 1 hour.  The attendance rate for the exercise sessions was 96%.  At the 

conclusion of the training period, the RT participants significantly improved (p<0.05) 

their 1-RM for bench press (26.1 ± 4.5%) and leg press (28.0 ± 3.7%), and interestingly 

the controls also significantly improved their 1-RM for bench press (8.5 ± 2.9%).  

Despite this, the RT group was significantly stronger after training when compared to 

the controls.  Ninety one percent of the RT subjects showed improved insulin sensitivity, 
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while 60% of the control group showed a decline in insulin sensitivity.  No significant 

changes in fasting insulin, fasting blood glucose, acute insulin response, or disposition 

index (a measure of pancreatic β-cell function) were discovered.  There were no 

significant differences between groups at baseline for any measures of insulin 

dynamics.   

A study by Brooks et al. (31) showed that 16 weeks of RT in older Hispanic 

males and females with type II diabetes also showed a significant improvement in 

insulin resistance, along with improved muscle quality when compared to controls.  

These subjects, mean age 66 years, completed a 35-minute progressive RT routine 3 

times per week that included 5 exercises for the total body at 60-80% of their baseline 

1-RM.  Muscle quality was calculated from leg 1-RM strength in kg divided by leg lean 

mass in kg excluding bone mineral content as measured by dual x-ray absorptiometry 

(DXA).  Fiber type and cross-sectional area were analyzed via percutaneous needle 

biopsies in a sub-set of the sample that agreed to the procedure.  Compared to controls, 

the RT group had significant improvements in HbA1c concentrations (RT: 8.7 ± 1.8 to 7.6 

± 1.5%, control: 7.8 ± 1.6 to 8.3 ± 1.3%; p<0.001) and IR (RT: 7.1 to 5.3 units, control: 

6.7 to 6.4 units; p=0.05).  Median values were given for IR, as this variable was not 

normally distributed.  RT did not significantly change fasting glucose or insulin levels.  

Results also determined that the RT group had significant cross-sectional area 

increases in both type I and type II fibers when compared to controls.   

Ibanez et al. (106) revealed glucose and insulin sensitivity changes in older men 

(66.6 ± 3.1 years) with type 2 diabetes after 16 weeks of supervised RT twice per week.  

The details of this training protocol were reviewed above in the Central Adiposity section 

of this review.  Pre- to post-intervention measures showed significant improvements in 

both fasting plasma glucose (146.6 ± 28.3 to 135.0 ± 29.3 mg/dL; p<0.05) and insulin 

sensitivity index (2.0 ± 1.2 to 2.8 ± 1.6 . 104 . min-1 . µU-1 . mL-1; p<0.001).  Insulin 

sensitivity increased by 46.3% in the strength trained men.  There was a decrease in 

HbA1c levels that was approaching significance at the mid-point of the study (6.2 ± 0.9 to 

5.8 ± 1.2%; p=0.06), however, at the completion of the full 16 weeks, HbA1c levels had 

returned to baseline levels.  Eriksson et al. (71) found a significant increase in glucose 
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disposal in males (60 ± 5 years) after 10 weeks of circuit-type RT 3 times/week.  These 

subjects completed 3 sets of 8 different exercises at 50-60% of their maximum power.  

Baseline values increased from 3.94 ± 0.43 to 4.84 ± 0.47 mg/kg. min-1 at the 

completion of the RT program.  Fenkci et al. (77) showed improvements in fasting 

glucose and postprandial glucose in 2 groups of obese women with severe eating 

disorders who were not restricting calories.  After 12 weeks of training, the RT group 

and aerobic group significantly decreased fasting glucose from 106.8 ± 13.9 to 99.4 ± 

10.7 mg/dL and from 109.0 ± 14.3 to 96.3 ± 13.0 mg/dL, respectively.  The RT and 

aerobic groups also both significantly decreased postprandial glucose from 130.0 ± 39.0 

to 105.7 ± 18.4 mg/dL and 107.1 ± 20.7 to 94.9 ± 13.2 mg/dL, respectively.  Details on 

the training protocols used in this study can be found in the Central Adiposity section 

above. 

Janssen et al. (113) compared the combination of diet restriction and RT to the 

same diet restriction combined with aerobic exercise to examine the effects of each 16-

week treatment on metabolic risk factors in obese, premenopausal women.  The full 

description of this protocol was included previously in the Central Adiposity section.  

When looking at the respective effects of diet plus RT versus diet plus aerobic training, 

investigators found that fasting insulin (-4.75 ± 5.6 versus –2.45 ± 5.6 µU/mL) and 

insulin sensitivity index (40 ± 36 versus 36 ± 39 mL.m-2.min-1) both significantly improved 

after diet plus RT group and not in the diet plus aerobic training group.  There was no 

significant change in fasting glucose using either training modality.  Although not 

significant, results also showed a greater percentage of improvement when comparing 

the RT to the aerobically trained group for fasting insulin (19 ± 29 versus 5 ± 36%) and 

insulin sensitivity index (12 ± 11 versus 11 ± 12%).  

Schmitz et al. (172) studied a group of previously untrained, middle-aged women 

(30-50 years) participating in a 15-week RT class held 2 times a week at a local 

recreation center.  Although published separately, the particulars of this protocol were 

the same as those previously mentioned in the Schmitz et al. study (173) in the Central 

Adiposity section.  At baseline, 15 weeks, and 39 weeks, the RT group had only small 

shifts in insulin (from 5.18 to 4.89 to 5.23 μU/mL) and glucose (90.1 to 88.18 to 86.55 
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mg/dL) and there were no significant differences between the RT group and controls for 

fasting insulin or glucose levels at any of these collection points.  These minor changes 

may have been due to the seemingly non-aggressive nature of the intensity progression 

for this program.  It is also important to note that baseline measures showed that the RT 

group was fairly young (41 ± 6 years), just barely classified as overweight (BMI=25.4 ± 

4.3) and android obese (waist circumference=88.5 ± 2.11 cm), and with normal insulin 

and glucose levels. 

Dunstan et al. (66) examined a group of sedentary, overweight women and men 

with type 2 diabetes (60-80 years) for the effects of a high-intensity progressive RT in 

combination with moderate weight loss on their glycemic control.  In this 6-month 

intervention, a control group was placed on a healthy eating plan to induce a weekly 

weight loss of about 0.55 pound and participated in 30-minutes of static stretching 

exercises on 3 nonconsecutive days each week.  The RT group adopted the same 

healthy eating plan as the controls and additionally participated in a 45-minute RT 

protocol also on 3 nonconsecutive days each week.  The RT program consisted of 9 

exercises for all major muscle groups.  Subjects performed 3 sets of 8-10 repetitions for 

each exercise at a progressive intensity of 50-85% of their 1-RM.  The average 

adherence to the exercise sessions was 88% in the RT group and 85% in the control 

group.  The RT group had significant changes in HbA1c at both 3 and 6 months with 

respective decreases of 0.6 ± 0.7% and 1.2 ± 0.9% (p<0.01 for both).  The baseline 

measure for this group was 8.1 ± 1.0%.  The control group did not have significant 

decreases in HbA1c levels at either the 3- or 6-month measurements.  This finding 

seems to be independent of the weight loss factor as body mass and percent body fat 

were similar between the 2 groups.  Fasting glucose and insulin levels had no 

significant change in either group throughout the 6-month intervention.  The authors 

speculate that this may have been due to having sample sizes too small to detect 

significance (RT: n=19 and control: n=17).   

Cauza et al. (39) showed a significant improvement in glycemic control when 

comparing pre- and post-training values in type 2 diabetic men and women (56.2 ± 1.1 

years) after 4 months of progressive RT.  These subjects completed 1 to 3 sets of 10 
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exercises covering all major muscle groups on 3 nonconsecutive days of the week.  The 

weight load was adapted in order to keep the repetition range between 10 and 15.  This 

group was compared to an endurance-trained group also exercising on 3 

nonconsecutive days each week.  The endurance training was performed at 60% of the 

subjects’ VO2max and progressed from 15-30 minutes over the 4-month period.  HbA1c 

levels improved from 8.2 ± 1.7 to 7.1 ± 0.2%, (p=0.001), blood glucose improved from 

204 ± 16 to 147 ± 8 mg/dL (p<0.001), and IR scores improved from 9.1 ± 1.5 to 7.2 ± 

1.2 units (p=0.04).  The IR score was calculated by dividing fasting glucose in mmol/L 

and fasting insulin in µU/mL by 22.5.  The endurance trained group showed no 

significant changes for any of these measures.  It is notable that baseline blood glucose 

was significantly higher in the RT group, offering a greater extent to which it may 

improve.  Insulin levels did not change in either group. 

Tsuzuku et al. (194) also showed improvements in HbA1c after 12 weeks of RT 

that used only body weight and  rubber tubing as the load in a sample of previously 

untrained older women and men, ages 65-82 years.  The details of the RT program are 

included above in the Central Adiposity section.  The RT group significantly decreased 

HbA1c by 0.5 ± 0.5% (p<0.001), bringing their post-intervention mean value to 4.9%, 

while controls showed no significant change.  Fasting plasma glucose showed only a 

non-significant decrease in the RT group and a non-significant increase in the control 

group.  The lack of change in fasting glucose may be explained by the exclusion of 

diabetics with fasting glucose >125 mg/dL.  Higher fasting levels may have elicited a 

greater response to RT. 

Olson et al. (159) found only small, non-significant improvements in variables 

related to IR after 1 year of RT in younger, overweight women aged 25-44 years.  Twice 

weekly RT sessions included 3 sets of 8-10 repetitions for exercises including all major 

muscles groups.  Although not determined by percent of 1-RM, intensity was 

progressed on an individual basis by increasing weight.  All RT sessions during the first 

16 weeks were supervised, while participants completed the remaining sessions on 

their own with the exception of meeting twice every 12 weeks for supervised sessions.  

During the entire 1-year intervention, participants completed an average of 90% of the 
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RT sessions.  Participants were asked not to alter their current diet or usual physical 

activity for the duration of the study period. At the completion of the RT program, fasting 

glucose decreased from 88.2 ± 7.2 to 86.4 ± 7.2 mg/dL, fasting insulin decreased from 

23.1 ± 14.2 to 21.8 ± 13.1 μU/mL, and IR decreased from 1.5 ± 0.9 to 1.3 ± 1.0 units.  

The fact that the baseline levels for these parameters were within normal ranges may 

be the reason for such small changes in this population. 

Banz et al. (20) saw no change in fasting plasma glucose (RT: 145.1 ± 52.2 to 

145.2 ± 52.8 mg/dL; aerobic training: 112.2 ± 25.8 to 116.6 ± 23.3 mg/dL) or insulin 

levels (RT: 20.3 ± 9.9 to 20.6 ± 8.1 pM; aerobic training: 22.5 ± 6.8 to 20.1 ± 8.8 pM) 

after 10 weeks of RT or aerobic training in middle-aged, android obese men.  The 

authors offered no possible explanation as to why this may have occurred.  The 

intensity of both training modalities seemed consistent with other studies that have 

shown improvements in glucose and/or insulin.  However, both RT and aerobic training 

elicited significant improvements in performance.  In fact, there was a 153% increase in 

submaximal weight lifted for 10 repetitions for the three exercises used to determine 

performance changes (bench press, lateral pull-down, and leg extension) and a 277% 

increase in the average estimated caloric expenditure in the final week of exercise 

versus the first week.  In addition, there was a significant increase in the total distance 

traveled during each training session.  Although the group doing the aerobic training 

had lower initial glucose levels, both groups were above normal at the onset of the 

intervention.  Although there are no defined cut-points for fasting insulin levels indicating 

IR, the normal range can be anywhere from 3 to 32 µU/mL.  The specific study designs 

determine what insulin level is used to represent IR (150). 

 In summary, the majority of evidence shows that several of the elements related 

to IR are positively affected by a long-term RT program.  Although there seem to be 

mixed results as to the effects of RT on fasting glucose and fasting insulin levels, RT 

has consistently been shown to lower HbA1c levels and increase insulin sensitivity when 

these parameters were examined.  As expected, it seems that RT may have a greater 

effect on the factors contributing to IR in subjects with less favorable baseline levels as 

they have more room for improvement.  Training intensity and/or duration may also 
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influence the effect of RT on IR and its related components.  However, the variability in 

the outcome measures assessed and the protocols themselves currently make it difficult 

to identify a pattern for the influence of different protocols on any one measure of IR. 

 

Hypertension  

Although the literature is somewhat varied as to whether or not RT can play a 

significant role in the reduction of blood pressure, there seems to be no evidence that 

RT will cause chronic elevations in blood pressure (49, 75, 123, 179), which was once a 

common notion.  Few studies have dealt with the underlying mechanisms related to 

decreased blood pressure in response to a RT program.  Those that attempt to explain 

these mechanisms confirm that this area remains poorly understood.  After chronic 

aerobic training, a decrease in autonomic nervous system activity is likely involved in 

the resulting reduction in vascular resistance, and therefore a reduction in blood 

pressure.  This is concluded by the lower levels of plasma norepinephrine that exist in 

aerobically trained individuals when compared to those who are untrained (50).  Van 

Hoof et al. (197) used spectral analysis of heart rate and beat-to-beat blood pressure 

variability to monitor alterations in sympathetic tone, but found no changes after 16 

weeks of RT.  This indicated that neural control of heart rate and blood pressure were 

not affected by the RT program.  One meta-analysis also showed no changes in resting 

heart rate after RT, indicating no changes in sympathetic activity (75).  Cononie et al. 

(46) found no changes in resting plasma adrenaline or norepinephrine levels after 6 

months of RT also suggesting that these factors may not contribute to a decrease in 

blood pressure.  Consequently, more research is needed to identify the blood-pressure 

lowering mechanisms of RT. 

 Fenkci et al. (77) discovered significant decreases in both systolic (123.5 ± 14.6 

to 114.7 ± 10.7 mmHg) and diastolic blood pressure (81.8 ± 8.1 to 74.4 ± 9.0 mmHg) 

after 12 weeks of RT in obese women with severe eating disorders not adhering to a 

calorie-restricted diet.  Protocol details were previously reviewed in the Central 

Adiposity section.  These changes were consistent with the changes found in the group 

who completed an aerobic training protocol, which also had significant decreases in 
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both systolic (125.0 ± 17.7 to 117.4 ± 14.2 mmHg) and diastolic blood pressure (82.6 ± 

9.7 to 77.6 ± 10.3 mmHg).  There were no changes in either systolic or diastolic blood 

pressure in controls.  

Tsuzuku et al. (194) showed blood pressure improvements after 12 weeks of RT 

that used only body weight and rubber tubing as the load in a sample of previously 

untrained older women and men, ages 65-82 years.  The details of the RT program 

were reviewed previously in the Central Adiposity section.  Compared to controls, which 

showed non-significant increases for both systolic and diastolic blood pressure, the RT 

group significantly decreased diastolic blood pressure by 5.1 ± 14.3 mmHg (p<0.05), 

bringing their post-intervention mean value to 67.3 mmHg.  Systolic blood pressure 

decreased by 5.1 ± 17.2 mmHg, bringing their post-intervention mean value to 126.4 

mmHg, however, this decrease was not statistically significant.  Cauza et al. (39) also 

found significant improvements (p<0.001) in both systolic  (138 ± 3 to 119 ± 3 mmHg) 

and diastolic blood pressure (84 ± 2 to 76 ± 2 mmHg) in type 2 diabetic men and 

women after 4 months of progressive RT.  The specifics of the RT protocol were 

discussed previously in the Insulin Resistance section of this review.   

Klimcakova et al. (126) discovered significant (p=0.002) improvements in both 

systolic (140.0 ± 10.8 to 127.7 ± 19.4 mmHg) and diastolic blood pressure (92.5 ± 9.2 to 

81.3 ± 9.8 mmHg) after 12 weeks of RT in middle-aged (50.4 ± 2.3 years), obese males.  

These subjects completed 17 different single- and multi-joint exercises involving large 

muscle groups at 60-70% of their 1-RM.  Initially only one set of 12-15 repetitions was 

completed, but the number of sets was progressed based on the individual’s fitness 

level.  Training sessions took place 3 times per week. 

Katz et al. (120) conducted a 6-week low-intensity, circuit RT program to 

examine whether or not it would increase blood pressure in young, normotensive 

females ages 18-28 years who were previously untrained.  The program was performed 

3 times per week and included one set of 13 exercises covering all major muscle 

groups.  Subjects executed 11-12 repetitions for upper body exercise and 14-15 for 

lower body exercises at an intensity of only 30% of their 1-RM.  These authors found 

that the RT program did not increase blood pressure in these women and that it 
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significantly decreased both systolic (113 to 99 mmHg) and diastolic blood pressure 

(70.9 to 62.0 mmHg), even though their baseline values were already well below 

normal. 

Tsutsumi et al. (193) also found significant improvements in blood pressure after 

12 weeks of RT 3 times per week in a sample of older women and men (68.8 ± 5.7 

years).  Subjects completed 2 sets of 12 exercises using all major muscle groups.  The 

sample was randomly divided into a high intensity RT group that completed 8 to 12 

repetitions at 75-85% of their 1-RM and a low intensity group that performed 12-16 

repetitions at 55-65% of their 1-RM.  Subjects in the high intensity group reduced their 

systolic blood pressure (109.8 to 103.7 mmHg), however they experienced an 

insignificant increase in diastolic blood pressure.   Those in the low intensity group 

reduced both their systolic (124.2 to 110.8 mmHg) and diastolic blood pressure (72.6 to 

70.5 mmHg).  The control group showed no significant changes. 

TAAffe et al. (188) conducted a pilot study in healthy older men and women (69.6 

± 4.7 years) participating in a 20-week high-intensity RT program twice per week.  

These subjects performed 1-3 sets of 7 upper and lower body exercises at their 8-

repetition maximum.  These investigators found significant decreases in central systolic 

(125 ± 10 to 119 ± 12 mmHg) and diastolic blood pressure (78 ± 6 to 75 ± 9 mmHg) 

after RT.  Brachial systolic blood pressure was not significantly reduced (134 ± 11 to 

129 ± 14 mmHg), however, brachial diastolic blood pressure was (77 ± 6 to 74 ± 9 

mmHg).  These improvements occurred without significant changes in arterial stiffness 

or resting heart rate. 

Unlike the more traditional dynamic RT protocols, Wiley et al. (208) even found 

significant improvements in blood pressure after isometric RT.  These investigators 

used two different protocols.  The first segment of the study used healthy subjects aged 

20-35 years who completed 8 weeks of RT 3 times per week.  During each training 

session, these subjects performed 2-minute isometric handgrip contractions with 3 

minutes of rest between each contraction.  This was performed only in the dominant 

arm until 4 repetitions had been completed at 30% of each subject’s maximum voluntary 

contraction for each day.  These subjects had a significant decline (p<0.05) in both 
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systolic (134.1 ± 0.95 to 121.4 ± 1.34 mmHg) and diastolic blood pressure (86.5 ± 2.01 

to 71.6 ± 3.50 mmHg) when comparing their pre- and post-RT values.  There was no 

change in matched controls.  In the second segment of this study, investigators 

examined healthy subjects aged 29-52 years who completed 5 weeks of RT 5 times per 

week.  These subjects performed 45-second isometric handgrip contractions at 50% of 

their maximum voluntary contraction with 1 minute of rest between the sets.  Subjects 

alternated arms until they had completed 4 repetitions on each arm.  Both protocols 

included 24 sessions, however the second protocol took less time per session and 

overall.  Similar to the subjects in the first protocol, these subjects also had significant 

decreases in both systolic (127.0 ± 2.28 to 117.5 ± 2.23 mmHg) and diastolic blood 

pressure (86.2 ± 1.85 to 77.4 ± 1.49 mmHg) after the RT program.  These researchers 

also looked at the effects of detraining and discovered that 5 weeks of detraining with 

no isometric RT led to the values returning to those not different from their pre-training 

status for both systolic (126.8 ± 1.84 mmHg) and diastolic blood pressure (86.6 ± 1.34 

mmHg). 

Elliot et al. (70) showed that 8 weeks of RT in previously sedentary 

postmenopausal women had a non-significant improvement on systolic and diastolic 

blood pressure and an attenuation of these improvements with 8 weeks of detraining.  

Respective baseline, post-training, and post-detraining values were 133 ± 20, 118 ± 15, 

and 129 ± 14 mmHg for systolic and 72 ± 11, 66 ± 10, and 67 ± 11 mmHg for diastolic.  

Controls showed virtually no changes at any of the 3 stages of data collections.  

Although baseline levels were already below normal, Olson et al. (159) showed a fairly 

large, yet non-significant decrease in both systolic (118 ± 9.5 to 105 ± 25.8 mmHg) and 

diastolic blood pressure (69 ± 10.1 to 60 ± 16.6 mmHg) after 1 year of RT in younger, 

overweight women.  Protocol details were previously reviewed in the Insulin Resistance 

section above.   

Wood et al. (211) found non-significant decreases in resting systolic (129.1 ± 

22.5 to 124.1 ± 16.3 mmHg) and diastolic blood pressure (75.1 ± 10.3 to 72.6 ± 10.6 

mmHg) in older men and women after 12 weeks of RT.  The Smutok et al. study 

mentioned in the Insulin Resistance section above (183) showed only small, non-
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significant decreases from baseline for both systolic (137 ± 17 to 135 ± 15 mmHg) and 

diastolic blood pressure (85 ± 6 to 83 ± 7 mmHg) after 20 weeks of RT in previously 

untrained men.  Van Hoof et al. (197) also found only small, non-significant decreases 

in systolic (129 ± 8 to 125 ± 6 mmHg) and diastolic blood pressure (81 ± 10 to 76 ± 5 

mmHg) in healthy male subjects after 16 weeks of RT.  White et al. (204) also showed a 

non-significant decrease in systolic blood pressure (120 ± 14 to 118 ± 13 mmHg) and 

essentially no change in diastolic blood pressure (79.4 ± 8 to 78.8 ± 8 mmHg) after 8 

weeks of lower-extremity RT in women diagnosed with multiple sclerosis.  These 

women were normotensive at baseline.  Cononie et al. (46) found no change in either 

systolic or diastolic blood pressure after 6 months of RT in older women and men.  A 

10-week RT program conducted by Banz et al. (20) showed no significant change in 

systolic, diastolic, or mean arterial blood pressure in middle-aged, android-obese males.   

Although some studies show no significant changes in blood pressure after long-

term RT, overall, there is sufficient evidence to conclude that RT can improve both 

systolic and diastolic blood pressure.  More importantly, chronic RT does not appear to 

have an adverse effect on blood pressure.  This suggests that perhaps RT may be used 

as a nonpharmacological intervention for blood pressure improvement.  The literature 

may be split due to a lack of methodological control in the timing of resting blood 

pressure measurements.  The amount of time that investigators give an individual to 

rest prior to a measurement can certainly affect blood pressure.  If this factor is not 

consistent between all subjects pre- and post-intervention, the results being compared 

may be inaccurate. 

 

Triglycerides 

 It is established that endurance training can improve lipid profiles, however 

research reporting the effects of RT on lipid profiles is much less consistent.  One 

probable reason for inconsistencies in this area of literature is likely poor control 

measures.  It has been shown that acute bouts of aerobic exercise can positively affect 

blood lipid profiles and the enzymes that can alter blood lipids (78).  Wallace et al. (200) 

also showed a non-significant decrease in TG 24 hours after an acute bout of RT when 
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compared to baseline values (103 ± 46 to 91 ± 40 mg/dL).  These findings suggest that 

the timing of the final bout of RT exercise in a particular study and the final blood draw 

may similarly influence results.  Dietary control is another methodological oversight that 

may contribute to varying study results, as acute dietary consumption can influence 

blood lipid levels (30).  

One suggested mechanism for RT-induced modifications in blood lipid levels are 

changes in the enzyme activity used in lipoprotein metabolism (23).  Acute bouts of 

aerobic exercise have been shown to increase lipoprotein lipase activity for up to 48 

hours after the bout’s completion (78).  This puts forth a perception that long-term RT 

may produce a chronic increase in lipoprotein lipase.  Lipoprotein lipase is a key factor 

in the breakdown of TG and it supplies substrate material for HDL-C production.  Also, 

since excess adipose tissue has been associated with less favorable blood lipid profiles 

(24), it is logical to deduct that an exercise-induced adipose tissue reduction may 

account for blood lipid alterations upon the completion of an RT program.  More 

specifically, it has been suggested that improvements in fasting serum TG 

concentrations can be elicited by RT due to an increase in lean body mass and changes 

in trunk adipose mass (212).  These investigators suggested that muscle hypertrophy 

may elevate TG clearance.                  

When Kohl et al. (127) divided a sample of men and women into tertiles for low, 

moderate, and high strength categories, they found a direct association between TG 

levels and upper (p=0.03) and lower body strength (p=0.0001) in men while the this 

direct association was not significant in the women.  These results suggest that the 

implementation of a RT program to increase strength may have a positive effect on 

certain blood lipids. 

Fenkci et al. (77) found significantly lower TG levels after 12 weeks of RT in 

obese women with severe eating disorders who could not adhere to a calorie-restricted 

diet.  Protocol details were included in the Central Adiposity section above.  Baseline to 

post-training values improved from 118.0 ± 56.1 to 102.4 ± 40.3 mg/dL in the RT group, 

which was comparable to the significant change found in an aerobically trained group 

from 124.1 ± 38.2 to 110.7 ± 45.1 mg/dL.  Both were significantly different from the 
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control group, which showed no significant TG changes.  Fahlman et al. (76) showed a 

significant TG improvement in elderly women after 10 weeks of RT.  The RT protocol 

was completed 3 times per week at the subject’s 8-RM as determined by the 

investigators prior to the beginning of the study.  These women performed 3 sets of 8 

repetitions for 7 lower body exercises only.  The aerobic training was also completed 3 

days per week and included walking at 70% of the subjects’ heart rate reserve for 20-50 

minutes.  Compliance was >95% for both programs.  Pre- to post-intervention values 

after RT decreased from 113.5 ± 12.9 to 84.6 ± 12.9 mg/dL.  The aerobically trained 

group in this study also significantly decreased their TG levels from 149.8 ± 10.9 to 

128.9 ± 15.2 mg/dL, while the control group ended the 10 weeks with significantly 

higher TG values. 

Yarasheski et al. (212) examined the effects of a 16-week progressive RT 

program in a sample of stable, asymptomatic, male HIV patients undergoing 

antiretroviral therapy.  The subjects completed 7 exercises for the upper and lower body 

in sessions lasting 1 to 1.5 hours 4 times per week.  Intensity progressed from 50-85% 

of the subjects’ 1-RM for 2-3 sets of 10 repetitions.  When comparing pre- to post-

intervention values, investigators did find a significant TG decrease of 281 to 204 mg/dL 

(p=0.022).  Half of these subjects were hypertriglyceridemic, defined here as TG>200 

mg/dL, at baseline.  Not surprisingly, the greatest TG improvements were uncovered in 

those who had the highest baseline values.  Macronutrient and caloric intakes were not 

significantly different at baseline versus the end of the training period. 

Tsuzuku et al. (194) revealed a significant decrease in TG levels after 12 weeks 

of RT in a sample of previously untrained older women and men, ages 65-82 years.  

The details of the RT program were reviewed previously in the Central Adiposity 

section.  Compared to controls, which showed a significant increase in TG, the RT 

group significantly decreased TG levels by 31.8 ± 45.2 mmHg (p<0.001), bringing their 

post-intervention mean value to 107.9 mg/dL.  White et al. (204) discovered significant 

improvements in TG levels in middle-aged women (47.3 ± 4.7 years) diagnosed with 

multiple sclerosis after 8 weeks of individualized, progressive RT 2 times per week.  

These previously inactive subjects completed 5 lower-extremity exercises of up to 15 
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repetitions on weight machines.  Weight loads were increased once the individual could 

complete successfully complete 15 repetitions.  Number of sets completed was not 

reported, however, each session was approximately 30 minutes.  TG levels significantly 

improved from 347.31 ± 177.2 to 317.19 ± 161.25 mg/dL.  

Several studies have also shown fairly large, yet non-significant trends of TG 

level decreases with the adoption of a RT program, although their results are not 

statistically significant.  Elliot et al. (70) saw non-significant improvements in TG in 

previously sedentary postmenopausal women (49-62 years of age) after 8 weeks of RT 

(n=8) when compared to controls (n=7).  The training group completed 3 sets of 8 

repetitions for 5 upper and lower body exercises at 80% of their 10-RM, in addition to a 

warm-up set for each exercise at 50% of their 10-RM.  This protocol was followed 3 

days a week for 8 weeks.  This study design was unique in that it also examined the 

effects of 8 weeks of detraining after the RT ceased.  Respective baseline, post-RT, and 

post-detraining TG values were 160.4 ± 136.4, 148.9 ± 67.3, and 121.4 ± 41.6 mg/dL in 

the trained women and 135.6 ± 70.9, 170.1 ± 101.0, and 165.7 ± 112.5 mg/dL in 

controls.  

Prabhakaran et al. (163) showed a non-significant 14% decrease in TG in 

premenopausal women after 14 weeks of RT compared to controls who had a 2% 

increase.  These women completed 8 exercises for the upper and lower body at 85% of 

their 1-RM.  Training sessions took place 3 days per week and subjects completed 2 

sets of 8 repetitions and a third set to exhaustion for each exercise.  Pre- to post-

training values were 93.0 ± 11.4 to 79.0 ± 8.8 mg/dL in the RT group and 86.8 ± 8.8 to 

88.7 ± 8.8 mg/dL in the control group.   

Erikkson et al. (71) showed a non-significant decrease in TG from 174.48 ± 21.26 

to 133.74 ± 31.0 mg/dL.  Smutok et al. (183) showed a non-significant decrease in pre- 

to post intervention TG levels (168 ± 110 to 154 ± 114 mg/dL) in previously untrained 

men who participated in RT for 20 weeks.  This was comparable to the non-significant 

decrease also observed after 20 weeks of aerobic training (187 ± 163 to 172 ± 153 

mg/dL).  Protocol details for both of these studies were reviewed in the Insulin 

Resistance section.  Janssen et al. (113) found only a non-significant improvement in 
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TG after a 16-week treatment of an energy-reduced diet plus RT in obese, 

premenopausal women (-31.01 ± 72.65 mg/dL).  However, when these authors 

compared the effects of this diet plus RT to the effects of the same diet plus aerobic 

training (-23.04 ± 43.41 mg/dL), they discovered a greater percentage of improvement 

in those who participated in the RT (15 ± 30 versus 11 ± 31%), although the differences 

between the groups were also non-significant.  Treuth et al. (192) also observed a non-

significant decrease in TG following a 16-week total-body RT program in healthy, older 

women (138 ± 20 to 130 ± 19 mg/dL).  The complete protocols for both of these studies 

were included in the Central Adiposity section.  Olson et al. (159) also found a non-

insignificant reduction in TG after 1 year of RT in younger, overweight women (97.5 ± 

44.3 to 88.6 ± 53.2 mg/dL). 

Additionally, there have been studies that have shown smaller improvements in 

TG levels after chronic RT or no positive change at all.  Boyden et al. (28) found a 

small, non-significant change in TG levels in a sample of premenopausal women after 5 

months of RT (80.7 ± 6.2 to 76.7 ± 4.4 mg/dL).  Joseph et al. (114) found a non-

significant TG decrease in men (172.9 ± 18.9 to 162.3 ± 16.5 mg/dL) but a non-

significant increase in women (122.9 ± 12.4 to 131.2 ± 13.80 mg/dL) after 12 weeks of 

RT.  After the completion of a 6-week RT program, Holten et al. (98) showed a slight TG 

reduction in diabetic men (132.9 ± 26.58 to 124.04 ± 8.86 mg/dL) and no positive impact 

on TG in healthy control men (79.74 ± 8.86 to 88.6 ± 26.58 mg/dL).  Bemben and 

Bemben (23) also saw no positive TG changes in postmenopausal women after training 

for 16 weeks with elastic resistance bands (183.8 ± 12.5 to 187.7 ± 16.7 mg/dL).       

 To summarize, the overall research on the effects of RT on TG shows a wide-

range of results.  In evaluating studies in this area, one must take into account the 

previously mentioned methodological inconsistencies that may exist and consider 

results accordingly.  TG have specifically been shown to remain elevated after an acute 

bout of RT (200), making the timing of the data collection a factor that needs to be 

standardized.  Unfortunately, the sources of inconsistency, such as dietary control and 

timing of the blood collection, often go unmentioned in a given study’s methodology 

making it difficult to interpret the significance of the results.  Seemingly significant 
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changes could simply reflect acute effects of the last training bout and/or acute dietary 

effects.  Additionally, blood lipid profiles that are within normal limits at baseline may 

require a greater exercise training stimulus than is achieved by some RT protocols in 

order to achieve significant improvements.  Nevertheless, there seems to be a sufficient 

amount of evidence supporting a positive effect of RT on TG levels and none showing 

an adverse effect, making RT a reasonable option to consider in the effort to control or 

reduce TG levels. 

 

High-Density Lipoprotein Cholesterol 

Similar to their findings with strength and TG, the Kohl et al. study mentioned 

above (127) further indicated that RT could be an approach used to improve certain 

blood lipids when they found a positive association between muscular strength and 

HDL-C.  When these investigators divided a sample of men and women into tertiles for 

low, moderate, and high strength categories, they found a direct association between 

HDL-C levels and upper (p=0.008) and lower body strength (p=0.0001) in men.  This 

direct association was also significant for upper (p=0.0001) and lower body strength 

(p=0.005) in women. 

Joseph et al. (114) conducted a 12-week RT program in overweight and obese 

(BMI 26 to 36 kg/m2) men and women to examine blood lipid profile changes.  The 

specifics of this protocol were reviewed earlier in the Central Adiposity section.  When 

comparing pre- and post-intervention data, the men showed significant increases in 

HDL-C (35.6 ± 1.4 to 37.6 ± 1.6 mg/dL), while the women’s values significantly 

decreased (53.2 ± 2.8 to 49.9 ± 2.6 mg/dL).  This could be in part due to the men having 

a significant decrease in percent body fat and significant increase in fat-free mass, while 

the women had no significant body composition changes.  It is also important to note 

that the men in this study started the training with much lower HDL-C values, offering 

more room for improvement.  Compliance was an amazing 100%, for the women as 

they all completed every session and was nearly 100% in the men with only one man 

missing one session. 
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 In the study by Eriksson et al. (71), significant increases in HDL-C were 

discovered with respective pre- and post-study values of 40.6 ± 3.09 to 45.24 ± 3.87 

mg/dL in older males after 10 weeks of circuit-type resistance training 3 times/week.  

Cauza et al. (39) also showed a significant increase in HDL-C (p=0.004) when 

comparing pre- and post-training values in type 2 diabetic men and women after 4 

months of systematic RT.  HDL-C values improved from 43 ± 3 to 48 ± 2 mg/dL.  

Interestingly, no HDL-C changes were found in a comparative group of endurance-

trained individuals.  Further information on both of these protocols is located in the 

Insulin Resistance section.   

Fahlman et al. (76) compared the effects of a 10-week RT program to those of an 

aerobic training program of the same duration in elderly women to find favorable HDL-C 

changes after both programs.  The specifics of this program were previously included in 

the Serum Triglycerides section.  HDL-C increased significantly in both the RT group 

(47.1 ± 3.3 to 57.4 ± 2.0 mg/dL, p<0.05) and the aerobically trained group (45.4 ± 3.5 to 

54.4 ± 2.9 mg/dL, p<0.05).  HDL-C levels in the control group showed a slight, non-

significant increase from baseline values. 

Bemben and Bemben (23) found significant improvements in HDL-C in 

sedentary, Caucasian postmenopausal women (72.9 + 1.6 years) following a 16-week 

RT program exclusively using elastic bands.  The bands were color-coded for varied 

resistances in order to progressively increase the subjects’ intensities.  The protocol 

included 1 set of 8 different exercises for all major muscle groups performed for 10-15 

repetitions 3 times per week.  After the training period, the total sample had a significant 

13% increase in HDL-C from 40.2 ± 2.7 to 45.6 ± 2.8 mg/dL (p=0.001).  These findings 

held even after excluding individuals taking hormone replacement therapy.  In order to 

examine the effects of BMI, results were analyzed separating the subjects into 2 

subgroups of BMI <27 (n=7) or >27 kg/m2 (n=11), both of which showed significant 

HDL-C increases of 42.4 ± 3.4 to 48.3 ± 3.9 mg/dL and 38.8 ± 4.0 to 43.9 ± 4.0 mg/dL, 

respectively.  There was also a significant negative correlation between post-training 

waist-to-hip ratio and HDL-C (r=-0.52, p=0.03).  There was no significant correlation 

between body weight and any measured blood lipid variable. 
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Tsuzuku et al. (194) looked at the effects of a 12 week RT program that only 

used body weight and rubber tubing as the load on a sample of previously untrained 

older women and men, ages 65-82 years.  The details of this protocol are included 

above in the Central Adiposity section.  While the control group showed no significant 

change, the RT group significantly increased HDL-C levels by 4.1 ± 6.6 mg/dL (p<0.05), 

bringing their post-intervention mean value to 64.2 mg/dL.   

In contrast, there are several studies showing that RT is not as effective in 

altering HDL-C levels.  White et al. (204) discovered only a non-significant increase in 

HDL-C after 8 weeks of lower-extremity RT in women diagnosed with multiple sclerosis 

(53.41 ± 12.38 to 57.66 ± 17.80 mg/dL).  Prabhakaran et al. (163) revealed only a small, 

non-significant increase in HDL-C in premenopausal women after 14 weeks of RT (46.2 

± 3.8 to 48.8 ± 3.8 mg/dL).  Boyden et al. (28) also found non-significant changes in 

HDL-C in a sample of premenopausal women after 5 months of RT (53.4 ± 1.8 to 54.3 ± 

2.0 mg/dL).  Olson et al. (159) showed no change in HDL-C after 1 year of RT in 

younger, overweight women (50.3 ± 11.6 to 46.4 ± 7.7 mg/dL).  Treuth et al. (192) 

observed no significant change in HDL-C following a 16-week total-body RT program in 

healthy, older women (56 ± 4 to 55 ± 3 mg/dL).  Yarasheski et al. (212) showed no 

HDL-C changes after 16 weeks of RT in men infected with HIV being treated with 

antiretroviral therapy (37 ± 3 to 36 ± 2 mg/dL).  Holten et al. (98) saw no change in HDL-

C in either diabetic (58.1 ± 0.39 to 54.2 ± 0.39 mg/dL) or healthy control men (54.3 ± 

0.39 to 50.3 ± 0.39 mg/dL) after a 6-week RT protocol. 

In studies that compared RT to aerobic endurance training, Banz et al. (20) 

reported only a non-significant increase in HDL-C after 10 weeks of RT (31.7 ± 8.4 to 

32.0 ± 7.8 mg/dL), however they did see a significant improvement after aerobic training 

(29.8 ± 7.0 to 33.7 ± 4.0 mg/dL) in middle-aged, android-obese men.  Smutok et al. 

(183) found no change in HDL-C in previously sedentary men who completed a 20-

week RT regimen (37 ± 7 to 37 ± 10 mg/dL) and only a non-significant increase after 

aerobic training (41 ± 9 to 43 ± 7 mg/dL).  Fenkci et al. (77) showed no significant 

changes after 12 weeks of RT (53.4 ± 12.3 to 52.1 ± 9.48 mg/dL) and a non-significant 
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increase after aerobic training (51.0 ± 13.6 to 53.6 ± 15.3 mg/dL) in obese women with 

severe eating disorders who were not restricting calories.   

In conclusion, the overall research on the effects of RT on HDL-C is varied.  As 

with the TG data, one must take into account the methodological inconsistencies that 

may exist and consider results accordingly.  It has been shown that HDL-C levels can 

remain elevated for as much as 48 hours after acute bouts of aerobic exercise (78) and 

24 hours after an acute bout of RT (200), suggesting that the timing of blood collection 

should be considered.  It should also be noted that in the studies presented above that 

did not see a significant change in HDL-C after RT had baseline HDL-C levels that were 

already above the cut points set for MetS (<50 mg/dL in women and <40 mg/dL in men).  

However, optimistically speaking, the existing evidence supporting the positive effects of 

RT on HDL-C levels may warrant its use as a method of modifying this lipoprotein.   

 

Inflammatory & Prothrombotic Markers 

Currently, research investigating the effects of RT on inflammatory and 

prothrombotic markers is limited.  Hence, the mechanisms behind any changes in these 

markers as a result of RT have not been established.  It is speculated that the decrease 

in fat mass, especially visceral fat, that may be induced by RT can decrease the amount 

of circulating adipocytes that release inflammatory adipokines (43).  Lower muscle mass 

and muscular strength have been associated with higher levels of TNF-α and 

interleukin-6 (198).  Additionally, there is evidence that aerobically trained and 

physically active individuals have lower levels of CRP (103), TNF-α (2), interleukin-6 (2), 

PAI-1 (60), and fibrinogen (60) levels than their untrained, sedentary counterparts.  

Therefore, this theory appears reasonable as endurance-trained and physically active 

individuals typically have lower amounts of adiposity when compared to those who are 

inactive.   

BruunsgAArd et al. (33) studied the effects of a 12-week RT program on frail 

nursing home residents ages 86-95 years, of which 90% were women.  Training 

sessions occurred 3 times per week and were designed to train the knee flexors and 

extensors from a seated position.  The program consisted of 3 sets of 8 repetitions both 
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muscle groups performed at 50-80% of the participants’ 1-RM.  The average 

participation of the RT group was 84%.  Although there were significant strength 

increases for both the knee flexors and extensors (p<0.0005), this training program did 

not elicit a change in circulating plasma levels of either TNF-α or interleukin-6.  

However, after RT there was a significant inverse relationship between combined flexor 

and extensor strength and soluble TNF receptor-1 (r=0.72; p=0.03).  These results were 

consistent with those of ConrAAds et al. (47) who looked at the effects of a 4-month 

intervention that combined RT and endurance training in patients with chronic heart 

failure.  The trained group was 70% male with a mean age of 57 years, while the 

untrained group was 67% male with a mean of age of 70 years.  The training protocol 

took place 3 times per week and included 30 minutes of RT and 20 minutes of aerobic 

exercise alternating between cycling and jogging.  The RT was performed as a circuit of 

nine exercises involving muscle groups from the upper and lower body at 50% of the 

patients’ 1-RM.  Two sets of 10 repetitions were completed for each exercise.  These 

authors found no improvements in either TNF-α or interleukin-6 after the training period, 

however, they did find a significant decrease in soluble TNF-α receptor-1 (p=0.01).  The 

results of these studies indicate that RT may have the potential to favorably change 

TNF-α in some populations and that further research in this area may be beneficial. 

Compared to controls, Rall et al. (164) showed no significant changes in TNF-α 

or interleukin-6 in young healthy (25.8 ± 2.5 years), elderly healthy (70.3 ± 5.0 years), or 

those with rheumatoid arthritis (41.8 ± 12.6 years) after a 12-week RT program.  These 

female and male subjects completed 3 sets of 8 repetitions for 5 exercises covering all 

major muscle groups.  Training sessions occurred twice each week and intensity was at 

80% of their 1-RM.  Klimcakova et al. (126) examined middle-aged, obese males and 

also found no significant improvements in TNF-α or interleukin-6 after 12 weeks of RT.  

The protocol followed was explained in the Hypertension section above.  However, 

these authors found no improvement in CRP after RT, which is inconsistent with other 

studies in this area. 

Olson et al. (159) found changes in inflammatory markers after 1 year of RT in 

younger, overweight women ages 25-44 years.  CRP levels were significantly lower (3.3 
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± 0.4 to 3.0 ± 0.4 mg/L; p<0.01) and adiponectin levels were significantly higher (3.8 ± 

0.2 to 3.9 ± 0.2 µg/mL; p<0.01) after RT.  There were no changes in these measures in 

the control group.  There was no significant change in interleukin-6 for either the RT or 

control group in this study.  Protocol details were mentioned in the Insulin Resistance 

section.  Brooks et al. (31) also showed a reduction in CRP levels in strength trained 

Hispanic women and men after a 16-week RT program.  Compared to the control group, 

median CRP levels in the RT group decreased from 3.5 to 2.8 mg/L (p=0.05).   

Cheema et al. (43) examined the effects of a 12-week high-intensity, progressive 

RT program in a sample of women and men receiving hemodialysis for the treatment of 

end-stage renal disease, as muscle wasting is common in this population.  These 

patients were older in age (62.6 ± 14.2 years) and had been on dialysis for 0.3 to 16.7 

years.  Two sets of 10 exercises targeting all major muscle groups of the upper and 

lower body were completed for 8 repetitions each.  Intensity was monitored using the 

rating of perceived exertion scale that ranges from 6 to 20, with a goal intensity of 15 to 

17.  This supervised RT program was performed 3 times per week.  Compliance to the 

RT was 85.1% in the patients who completed both the pre- and post-intervention 

assessments.  These authors found a significant 0.08 unit decrease in log CRP (p=0.02) 

in the RT group and no change in the control group.   

As for prothrombotic markers, Banz et al. (20) actually found a significant 

increase in fibrinogen after 10 weeks of RT (156 ± 7 mg/dL to 200 ± 10 mg/dL) in 

middle-aged, android-obese men.  These authors speculate that this may have been 

due to taking the measurement too soon after the last exercise session (~72 hours), 

eliciting an acute elevation.  Even so, the post-intervention values are still well within the 

normal range for fibrinogen, therefore, this increase may not be noteworthy.  These 

investigators also found a significant decrease in microalbuminuria in this population 

(34.4 ± 3.3 mg/24 hours to 25.6 ± 1.5 mg/24 hours; p<0.05).  Microalbuminuria has 

been linked to elevated fibrinogen and CRP levels in nondiabetic and type II diabetic 

men and women including Hispanics, blacks, and whites (79). 

Improvements in PAI-1 were detected by deJong et al. (59) after an acute bout of 

RT in middle-age, overweight men (57.6 ± 9 years) with known CVD.  Subjects 
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performed only 1 set of 10 repetitions at their 10-RM for 8 machine exercises covering 

the total body.  Compared to pre-exercise values (18.02 ± 0.29 AU/mL), investigators 

discovered that PAI-1 activity was significantly lower both immediately after (16.03 ± 

0.49 AU/mL; p<0.05) and 1 hour after the exercise bout (17.58 ± 0.58 AU/mL; p<0.05).  

This discovery was consistent with that of El-Sayed et al. (69) who also reported a 

decrease in PAI-1 activity after acute RT in a sample of young, healthy subjects (25 ± 3 

years).  These predominantly male subjects completed a high volume session, low 

volume session, and a control session with no exercise that were 38, 37, and 38 

minutes in duration, respectively.  Subjects performed 5 sets of nine exercises including 

the major muscle groups of the upper and lower body for both the high volume (8-12 

repetitions at 70-80% of 1-RM with <30 seconds of rest between sets) and low volume 

training sessions (1-5 repetitions at 90-100% of 1-RM with <60 seconds of rest between 

sets).  Pre- to post-training values for PAI-1 activity decreased significantly (p<0.05) 

after both the high (~12 to 1 AU/mL) and low volume sessions (~14 to 5.5 AU/mL), while 

there was no change after the control session.  In addition, the response to the high 

volume training was significantly lower than that of the low volume training.  Although 

PAI-1 was not measured after a long-term RT program, these results suggest the 

potential for a fibrinolytic response to RT over a longer span of time.   

Hayase et al. (95) showed a significant decrease in PAI-1 after 10 weeks of 

combined aerobic water exercise and RT in both premenopausal (41 ± 5 years) and 

postmenopausal healthy females (54 ± 4 years).  The water exercise was performed 

twice each week for 60 minutes at 60% of the subjects’ maximum heart rates.  The RT 

consisted of only one set of 8 exercises including muscle groups of the total body.  

Intensity was not specifically reported, but 8-12 repetitions were completed based on 

the individual’s point of fatigue.  When comparing pre- and post-training values, 

investigators found that PAI-1 was significantly lower (p<0.05) in both the 

premenopausal (23.5 ± 12.4 to 14.9 ± 4.0 ng/mL) and postmenopausal subgroups (23.4 

± 11.4 to 13.8 ± 6.3 ng/mL).  There was no statistical difference between groups.  

Interestingly, there was no significant correlation between PAI-1 levels and visceral fat 

mass, subcutaneous fat mass, or total fat mass, suggesting that exercise may be 
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associated with a decrease in PAI-1 secretion from cells other than adipocytes such as 

endothelial cells or hepatocytes.  Although it cannot be clearly concluded that RT 

contributed to these results of this study, RT may have played a role in the decrease in 

PAI-1.  To this author’s knowledge, there are currently no published data on the long-

term effects of RT alone on PAI-1.  Further research in this area may be worthwhile to 

see if changes in PAI-1 can occur after a chronic RT program.       

Given the research currently available, it appears that RT may have a significant, 

positive impact on CRP, but seemingly no effect on TNF-α or interleukin-6 as markers of 

inflammation.  The lack of research on the effects of RT on prothrombotic markers 

makes it difficult to draw a definitive conclusion as to whether or not long-term RT may 

be beneficial.  In fact, the sparse research on the effects of RT on both inflammation 

and thrombosis indicates that further studies should be performed in this area in order 

to confirm the findings that are currently presented. 

 

 

Metabolic Syndrome & Resistance Training  

in African-American Women 

 

The Prevalence of Metabolic Syndrome & Related Components 

NHANES data from 1988-1994 showed that 23.7% of Americans met the criteria 

of MetS.  Of these, there was only a small difference in the percentages for MetS in 

women and men at 23.4% and 24.0%, respectively.  However, AA women have a 

higher prevalence than their white counterparts at 25.7%, while the white women were 

at 22.8%.  In addition, AA women have a 9.3% higher prevalence than AA men, 

whereas white men have only a 2% greater prevalence than white women (83).  As 

expected, the subsequent NHANES data in 1999-2000 showed that the prevalence of 

MetS in adults in the United States increased to 30.6%.  Of these, 32.9% were women 

and 31.8% were men.  This analysis did not include specific race/ethnicity categories 

(84).  Data for both of these NHANES surveys included adults ≥20 years and were 

adjusted for age. 
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Morrison et al. (152) provide longitudinal evidence that an increased prevalence 

of MetS in AA women begins as early as adolescence.  In a sample of black (N=584 in 

year 1; N=567 in year 10) and white girls (N=608 in year 1; N=511 in year 10), they 

found that only one girl (0.2%) of each race had ≥3 factors related to MetS at ages 9 

and 10 years.  However, by ages 18 and 19 years, 20 black girls (3.5%) and 12 white 

girls (2.3%) had MetS.  At baseline, black girls had significantly higher values for BMI, 

insulin, glucose, IR, systolic blood pressure, and waist circumference (p<0.03), while 

white girls had significantly less favorable levels for HDL-C and TG (p<0.01).  The 

comparison values for black versus white girls at ages 9 and 10 years were:  BMI, 19.3 

± 4.4 versus 17.6 ± 3.2 kg/m2; insulin, 14.7 ± 9.6 versus 9.8 ± 6.8 μU/mL; glucose, 94 ± 

6.8 versus 93 ± 6.1 mg/dL; homeostasis model assessment IR, 3.5 versus 2.3 units; 

systolic blood pressure, 102 ± 8.8 versus 101 ± 8.9 mmHg; waist circumference, 66.7 ± 

10.0 versus 62.6 ± 8.0 cm; HDL-C, 55 ± 13.1 versus 53 ± 11.4 mg/dL; and TG, 72 ± 

30.3 versus 81 ± 38.9 mg/dL.  There was no difference between the groups for diastolic 

blood pressure at baseline.  After 10 years, diastolic blood pressure became 

significantly higher (p<0.03) in black girls while all the previous racial differences 

remained and in most categories became even more evident.  Also notable was that the 

18- and 19-year old black girls had a mean BMI of 27.5 kg/m2, categorizing them as 

overweight at an early age, whereas the white girls at that age had a mean BMI of 23.7 

kg/m2. 

In 1999 Okosun et al. (158) used NHANES data from 1988-1994 to examine 

8,488 black, Hispanic, and white women and found that black women had the highest 

BMI values, waist circumferences, and prevalence of hypertension compared to both 

the other groups.  In addition, when analyzed in 10-year increments, black women had 

the highest waist circumference values for every decade of life from 20 to 79 years of 

age.  Age-adjusted percentages equated to 56% of black women having abdominal 

obesity compared to the 55% and 43% of Hispanic and white women, respectively.  

This study also found the abdominal obesity was associated with a two to three-fold 

increased risk of hypertension.  In black women, this meant an increased odds ratio of 

2.11 (95% CI=2.10-2.12).  In 2006 Okosun et al. (156) used updated NHANES data 
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from 1999-2002 only to discover similar results.  Compared to Mexican American and 

white women, black women had significantly higher BMI values, abdominal obesity, 

truncal obesity, the coexistence of abdominal and truncal obesity, systolic blood 

pressure, diastolic blood pressure, and the prevalence of hypertension (p<0.001).  

Waist circumference in black women was higher than both the other groups, however, it 

was only significantly higher than the Mexican American women.  This analysis also 

showed that the coexistence of abdominal and truncal obesity greatly increased the 

odds of hypertension in both women and men of all races.  The highest increase in odds 

of all sub-groups was in black women at 4.07 (95% CI=3.45-5.56).   

In a different study, Okosun et al. (157) found that waist circumference was 

positively correlated with plasma glucose, fasting insulin, TG levels, systolic and 

diastolic blood pressures, total cholesterol, and total cholesterol/HDL-C ratio in black 

and white women and men.  These data also showed that compared to white women, 

black women had significantly higher BMI values (28.8 ± 6.8 versus 26.7 ± 5.9 kg/m2; 

p<0.01), diastolic blood pressure (71.7 ± 12.6 versus 69.5 ± 10.3 mmHg; p<0.01), and 

hypertension prevalence (31.4 versus 21.2%; p<0.01).  No significant differences were 

found for systolic blood pressure.  Although not statistically significant, waist 

circumferences were higher in black women compared to whites (93.4 ± 15.9 versus 

90.3 ± 14.4 cm; p=0.112).  This study also showed significantly higher serum insulin 

levels (14.1 ± 11.8 versus 12.1 ± 10.6 µU/mL; p<0.01) and a greater prevalence of type 

2 diabetes (13.6 versus 6.5%; p<0.01) in black women compared to whites.  No 

significant differences were detected for plasma glucose.   

Howard et al. (101) examined postmenopausal women to find the greatest mean 

waist circumference in black women (92 ± 13.1 cm) compared to Hispanic/Latino (88 ± 

12.2 cm), white (88 ± 13.7 cm), and Asian/Pacific Island women (80 ± 10.5 cm).  Black 

women also had the highest BMI values (31.6 ± 6.5 kg/m2) compared to the same three 

sub-groups with respective values of 29.7 ± 5.4 kg/m2, 28.5 ± 5.6 kg/m2, and 25.6 ± 4.5 

kg/m2.  In addition, these investigators showed the highest IR and fasting insulin levels 

in black women.  In the same order as above, respective IR values were 2.8 ± 1.5, 2.7 ± 

1.6, 2.2 ± 1.2, and 2.1 ± 1.2 units, while fasting insulin values were 11.6 ± 5.5, 11.2 ± 
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5.6, 9.3 ± 4.4, and 8.8 ± 4.1 µU/mL.  Fasting blood glucose was least favorable in 

Asian/Pacific Island women (98.5 ± 14.3 mg/dL), followed by Hispanic/Latino (96.9 ± 

17.5 mg/dL), black (96.4 ± 15.2 mg/dL), and white women (94.9 ± 12.2 mg/dL).  In 

contrast, Conway et al. (48) showed lower fasting insulin levels in a sample of obese 

black women compared to obese whites with respective values of 17.6 ± 7.2 and 26.9 ± 

8.3 µU/mL.  Also, glucose levels were significantly lower in the black women at 85.0 ± 

5.9 mg/dL compared to 94.9 ± 11.9 mg/dL in white women (p=0.05), which were similar 

to the findings of Howard et al. (101) previously mentioned. 

Matthews et al. (147) examined healthy premenopausal women to observe the 

highest median waist circumferences and the only values placing any sub-group at risk 

in AA women (90.4 cm), when compared to their Hispanic (85.0 cm) and white (81.5 

cm) peers.  In addition, 48.9% of AA women in this study were also obese, classified as 

BMI ≥ 30 kg/m2, compared to 32.7% of Hispanic, 28.9% of white, 4.5% of Japanese, 

and 4.4% of Chinese women.  There was also a larger percentage of AA women who 

were on hypertensive medication (19%) compared to Hispanic (9%), white (7.3%), 

Japanese (5.7%), and Chinese women (4%). 

Research using methodologies besides waist circumference measurements have 

shown that AA women distribute a smaller proportion of their body fat as adipose tissue.  

Conway et al. (48) examined a sample of obese black and white women (BMI >30 

kg/m2) participating in a weight-loss study.   Data were collected at baseline, after a 12-

week very low calorie diet, and after a 12-week refeeding period.  A computed 

tomography scanner was used to measure each subject using a lateral view of the 

lower lumbar spine at the L2-L3 and L4-L5 levels.  The areas for visceral, 

subcutaneous, and total adipose tissue were calculated showing that all three areas 

decreased in a similar fashion in both races with weight loss.  Black females had 

significantly less visceral adipose tissue at all three measurement points in the L2-L3 

area and there was no significant racial difference in subcutaneous and total adipose 

tissue in this area.  In the L4-L5 region, blacks again had less visceral adipose tissue, 

however this difference was not significant.  There was also no significant difference 
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between subcutaneous and total adipose tissue between the two groups in the L4-L5 

area.   

A different investigation by Albu et al. (11) showed again that black women had 

less visceral adipose tissue when compared to white women in a sample of nondiabetic, 

overweight or obese females ages 26-49 years.  Visceral and subcutaneous adipose 

tissue was measured in most participants by magnetic resonance imaging, but four 

subjects were measured via computed tomography scans due to claustrophobia and/or 

weight in excess of 295 pounds.  Measurements were taken at the midpoint between 

the last rib and the iliac crest, which for most subjects, was also the L2-L3 level of the 

lumbar spine.  The two groups of women were closely matched by age, body fat, fat-

free mass, BMI, and waist circumference.  After adjusting for total body fat mass, results 

showed that black women had significantly less visceral adipose tissue and lower 

visceral/subcutaneous adipose tissue ratio compared to the white women.  In both 

groups, waist circumference was significantly correlated to visceral and subcutaneous 

adipose tissue.   

In a more recent study, Lovejoy et al. (135) compared fat distribution and health 

risk factors in middle-aged white and AA women.  This investigation did not show as 

clearly that visceral adipose tissue was less in AA women, however it did show that 

visceral adipose tissue is the strongest predictor of metabolic and CVD risk factors in 

both racial groups.  Body composition was measured by DXA, and abdominal fat 

distribution was determined using a computed tomography scan at the level between 

the L4 and L5 vertebrae.  After adjustments were made for age and total body fat, 

results showed that subcutaneous and superficial subcutaneous adipose tissue were 

significantly higher in AA women, with only a slight and non-significant trend for this 

population to have less visceral adipose tissue than their white counterparts.  There 

were no significant racial differences in total or deep subcutaneous tissue.  It was also 

shown that visceral adipose tissue was the strongest independent predictor of fasting 

blood glucose, fasting insulin, HDL-C, LDL-C, and total cholesterol in AA women.  

Visceral adipose tissue was also the strongest predictor of most of these factors in 
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whites, with the exception fasting glucose.  These results further support that visceral 

adipose tissue is generally a good predictor of health risk in both populations. 

In contrast to the findings for other components of MetS, blood lipids have 

actually been shown to be more favorable in AA women when compared to other races 

and ethnicities.  As mentioned earlier, this is even evident in girls and adolescents 

(152).  Researchers have discovered evidence of a genetic influence on HDL-C levels 

(56) and An et al. (13) even found a major dominant gene effect that accounted for 

account for 45% of the variance in HDL-C in an AA population.  This suggests that AA 

women are perhaps predisposed to higher HDL-C levels than other races and 

ethnicities.  Okosun et al. (157) showed that black women had significantly more 

favorable TG (100.2 ± 77.3 versus 140.1 ± 117.3 mg/dL) and HDL-C (56.7 ± 17.0 

versus 53.8 ± 14.7 mg/dL) levels when compared to white women.  The TG and HDL-C 

values for black women were also more favorable than those found in both black (TG: 

118.8 ± 103.4 mg/dL, HDL-C: 51.5 ± 16.5 mg/dL) and white men (TG: 157.1 ± 147.3 

mg/dL, HDL-C: 45.0 ± 12.7 mg/dL).  Consistent with these findings, Conway et al. (48) 

found that obese AA women had significantly lower TG levels (82.4 ± 31.9 versus 141.8 

± 72.7 mg/dL; p<0.01) and significantly higher HDL-C levels (56.9 ± 10.8 versus 44.1 ± 

8.9 mg/dL; p<0.001) when compared to a sample of age-matched, obese white women.  

Metcalf et al. (149) also discovered that middle-aged, AA women had significantly lower 

TG levels than white females (102.5 mg/dL, SE=1.63 versus 121.0 mg/dL, SE=0.93; 

p<0.001) of similar age.  TG levels in AA women were also lower than both AA men 

(112.8 mg/dL, SE=2.67) and white men (141.5 mg/dL, SE=1.29).  Additionally, this 

study showed highest HDL-C levels among AA women (59.2 mg/dL, SE=0.42), although 

these values were not significantly different from white women (58.3 mg/dL, SE=0.24).  

AA men were next with values of 51.5 mg/dL, SE=0.42, followed by white men at 43.1 

mg/dL, SE=0.20. 

Albert et al. (6) found that median TG levels among middle aged women of 

different ethnicities were lowest among black women (103.0 mg/dL) when compared to 

Asians (116.0 mg/dL), whites (119.0 mg/dL), and Hispanics (126.5 mg/dL).  HDL-C 

levels were most favorable in Asian women (54.5 ± 14.4 mg/dL), followed by whites 
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(53.8 ± 15.1 mg/dL), blacks (53.7 ± 15.4 mg/dL), and Hispanics (51.3 ± 15.0 mg/dL).  

Howard et al. (101) had similar results in postmenopausal females with black women 

having lowest TG levels (107 ± 44.2 mg/dL) compared to white (136 ± 59.0 mg/dL), 

Asian/Pacific Island (142 ± 60.7 mg/dL), and Hispanic/Latino women (145 ± 58.7 

mg/dL).  HDL-C values were best in the Asian/Pacific Island women (58 ± 14.2 mg/dL), 

followed by black (57 ± 13.8 mg/dL), white (57 ± 14.6 mg/dL), and Hispanic/Latino 

women (53 ± 12.1 mg/dL).  Khera et al. (124) showed that black women were the least 

likely sub-group to have elevated TG levels with only 6.5% compared to white women 

(12.2%), black men (12.3%), and white men (18.7%).  However in this study, black 

women were the most likely to have low HDL-C levels (46.1%) compared to white men 

(43.6%), white women (41.2%), and black men (26.0%).  

Khera et al. (124) uncovered racial and gender differences in CRP levels of 2, 

749 black and white subjects aged 30 to 65 years, as they found that women had 

significantly higher CRP levels than men (median=3.3 versus 1.8 mg/L; p<0.001), and 

blacks had significantly higher levels than whites (median=3.0 versus 2.3 mg/L; 

p<0.001).  When compared to all the other sub-groups, black women also had the 

greatest percentage of subjects with CRP values above 3.0 mg/L at 54%.  They were 

followed by white women (44%), black men (38%), and white men (32%).  All groups 

were significantly higher than white men and these data were controlled for weight, 

statin use, and estrogen use.  Black women in this sample also had the highest 

prevalence of hypertension (42.4%) and low HDL-C levels (46.1%), and the highest BMI 

values (mean=33 kg/m2).   

Albert et al. (6) recently compared CRP levels among middle-aged women of 

different ethnicities and found that median levels were highest among black women 

(2.96 mg/L) when compared to Hispanics (2.06 mg/L), whites (2.02 mg/L), and Asians 

(1.12 mg/L).  These differences remained after controlling for age and estrogen 

replacement therapy.  However, after controlling for BMI, there was an attenuation in 

the differences among ethnic groups, which was most prominent in black women.  

These authors used white women as the reference category to show that black women 

went from having CRP values 44.6% greater than white women (p<0.001) to values 
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only 10.6% greater (p=0.03).  This indicated that black women having the highest BMI 

category of all the groups likely played a role in their elevated CRP levels and is 

encouraging as it suggests that weight management will help control CRP.  Even after 

full adjustment for age, BMI, history of hypertension, smoking status, diabetes, alcohol 

use, exercise, family history of myocardial infarction, estrogen use, education, TG, HDL-

C, and LDL-C, black women had CRP levels 12.3% higher than white women.  Black 

women in this study also had the highest incidence of all the groups of diabetes (7.2%) 

and hypertension (44.6%), and were the group with the lowest percentage currently on 

hormone replacement therapy (37.9%), which increased CRP levels for all groups. 

Ford et al. (85) used NHANES 1999-2000 data to find that 52.8% of AA women 

had CRP levels >3 mg/L.  This was higher than the 44.4% of white women with elevated 

CRP, but actually put AA women second highest to the 55.6% of Mexican American 

women with high CRP levels.  Except for white women who decreased to 40.7%, these 

percentages did not change when analyzing only women not using hormone 

replacement therapy.  Matthews et al. (147) also showed the highest median CRP 

levels in AA women (3.0 mg/L) compared to Hispanic (2.4 mg/L) and white (1.4 mg/L) 

healthy, postmenopausal women.   

Albert et al. (7) recently analyzed four sub-groups of healthy, postmenopausal 

women to find that median fibrinogen levels were also significantly higher in AA women 

(395.7 mg/dL) when compared to Hispanics, Asian, and white women.  The authors 

used white women as a reference to show that age-adjusted fibrinogen was 12.5 and 

3.7% higher in AA and Hispanic women, respectively, and 0.9% lower in Asian women.  

Fibrinogen levels in Asian and white women were not significantly different, however the 

levels of AA and Hispanic women were different from each other and from those of 

Asian and white women (p=0.05).  These trends were attenuated, but similar after 

controlling for age, BMI, physical activity and exercise, smoking status, diabetes, history 

of hypertension, alcohol use, estrogen use, education, blood lipid profiles, and family 

history of myocardial infarction.  Fibrinogen levels were significantly higher in women 

not on hormone replacement therapy compared to those who were replacing hormones 

(p<0.001), however AA women remained with the highest levels of any sub-group.   
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In a meta-analysis of six prospective epidemiologic studies, Ernst and Resch (72) 

found that black race was associated with higher fibrinogen levels.  Additional 

controllable and non-controllable factors that were associated with high fibrinogen levels 

included advanced age, menopause without hormone replacement, oral contraceptive 

use, hypertension, smoking, stress, physical inactivity, and a high carbohydrate diet.  

Although not at levels placing them at high risk, Howard et al. (101) showed highest 

mean fibrinogen levels in black women (319 ± 63.1 mg/dL) compared to Hispanic/Latino 

(312 ± 67.1 mg/dL), white (301 ± 57.5 mg/dL), and Asain/Pacific Island women (294 ± 

55.8 mg/dL).  Similarly, Matthews et al. (147) found that median fibrinogen levels were 

highest in a group of healthy, premenopausal AA women (306 mg/dL) when compared 

to Hispanic and white women (both 282 mg/dL).  These authors showed that PAI-1 

levels were highest in Hispanic women at 27.2 mg/dL, with AA and white women 

following at 21.5 and 18.7 mg/dL, respectively. 

 With the exception of blood lipids, which seem to be consistently more favorable 

in AA women when compared to other races and ethnicities, these data show that AA 

women of all ages are a sub-group that is more likely to be obese and have less 

favorable values for many of the contributing factors to MetS.  This consequently places 

them at higher risk for developing MetS, as well as the comorbidities that go along with 

MetS.  These findings should place AA females as a top priority for intervention 

research. 

 

African-American Females in Physical Activity Research 

As stated previously, AA females are currently an understudied population in 

regards to physical activity as it compares to body composition variables and the 

components of MetS.  This is ironic and unfortunate since they are the particular 

population in which overweight and obesity are most prevalent, and in which MetS is 

also highly prevalent.  A 16- year span of research has shown that AA women are the 

population most likely to be classified as sedentary, meaning they acquire very little 

leisure-time physical activity, if any at all.  Previous studies of this nature have used 

physical activity questionnaires or surveys to assess physical activity levels in this 
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population (4, 5, 54, 86, 96, 138, 198, 201).  More recently, similar results were found 

using pedometers as an objective measure of ambulatory physical activity in AA women 

(52, 99, 195, 205).  

There are some studies examining the effects of aerobic-based interventions on 

the variables related to MetS in AA women.  In this population specifically, aerobic- and 

ambulation-based interventions have shown improvements in waist circumference (121, 

209),  abdominal visceral fat (14), fasting glucose (121),  blood pressure (121, 185, 

209), HDL-C (14, 121), and TG levels (14, 121).  Katzmarzyk et al. (121) found that 20 

weeks of supervised aerobic training on a cycle ergometer 3 times  per week decreased 

the prevalence of high waist circumference (100 to 91%), high fasting glucose (35 to 

30%), high blood pressure (87 to 65%), low HDL-C (100 to 96%), and high TG levels 

(26 to 13%).  Although not an intervention study, LaMonte et al. (132) used a maximal 

treadmill test to show that women with the lowest cardiovascular fitness levels had 

higher CRP levels.  In this study, 70.5% of AA women had CRP levels >2.0 mg/L and 

this population was the least fit compared to Native American and Caucasian women.  

In addition, Irwin et al. (109) conducted a cross-sectional study to show that AA women 

who performed 30 minutes of moderate-intensity physical activity per day had lower 

fasting insulin levels. 

Currently, few studies exist that examine the benefits of progressive RT 

specifically in AA women (3, 169, 170, 177) and none evaluating the effects of an 

isolated progressive RT program on the components of MetS in this population at any 

age.  Adams et al. (3) examined the effects of an 8-week progressive RT program in 

healthy, sedentary AA women.  The sample included 12 randomly selected women in 

the RT group (50.7 ± 7.0 years) and 7 control women (52.0 ± 8.0 years).  The RT group 

performed total body strength exercises 2 days per week using free weights and plate 

loaded machines at 70-89% of their 1-RM.  The RT group had significant increases in 

upper (34.4 ± 17.1%; p=0.000) and lower body strength (99.8 ± 36.6%, p=0.000), upper 

(221.1 ± 104.4%; p=0.000) and lower body absolute muscular endurance (112.3 ± 

43.2%; p=0.000), flexibility (8.2 ± 0.1%; p=0.017), and upper body power (4.6 ± 3.9%; 

p=0.002).  The training group also had a small, non-significant increase in lower body 
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power.  Controls had no significant changes in the above-mentioned variables.  Percent 

body fat did not change in either group.  This study did not measure any components of 

MetS. 

In another study, Rogers et al. (170) used elastic resistance bands and 

dumbbells to look at the effects of a 4-week RT intervention on strength and 

functionality in an older population of AA women.  Sixteen exercisers (74.8 ± 8.8 years) 

and 6 controls (74.7 ± 4.5 years) participated in a 50 minute class 3 days per week that 

included chair-based exercises for the lower body using the bands, and for the upper 

body using bands and dumbbells.  Three sets of each exercise were performed for 8 to 

15 repetitions and the order of the exercises was varied.  Lower body strength and 

endurance were assessed using the number of stands from a chair that could be 

completed in 30 seconds, as well as the time needed to complete 5 stands from a chair.  

Upper body strength and endurance was measured by the number of times the subject 

could curl a 5-pound dumbbell in 30 seconds using their dominant arm.  In the 

exercising group, investigators found significant improvements (p<0.05) in lower body 

(20%), upper body (24%), and grip strength (5.4%), as well as their test for agility, 

mobility, and balance (10%).  There was no change in flexibility or pre- to post-training 

BMI for the exercise group (24.4 ± 2.3 versus 24.3 ± 2.0 kg/m2), and no change for any 

variable in the control group.  These two studies reveal that even RT interventions of 

shorter duration can have beneficial effects on strength and functionality in sedentary 

AA women.  No components of MetS were measured in this study. 

Rimmer et al. (169) found significant improvements in strength and body 

composition in a sample of middle-aged (54.1 years), previously sedentary subjects of 

which was predominantly AA women (RT group: 77% AA, 81% female; control group: 

92% AA, 92% female).  All subjects had 2 or more chronic health conditions including 

obesity (91%), type 2 diabetes (100%), hypertension (64%), hyperlipidemia (43%), heart 

disease (21%), arthritis (52%), and back pain (48%).  Unfortunately, this intervention did 

not isolate RT as each training session included 30 minutes of cardiovascular training, 

20 minutes of RT, and 10 minutes of flexibility work performed 3 days per week.  

Compared to controls, the RT group had significant improvements in both upper and 
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lower body strength and in body composition (p<0.01).  The combination of different 

exercise modalities in this study makes it difficult to pinpoint which specific component 

had the greatest effect on body composition, however, it is likely that strength gains 

were attributed to the RT portion of the training.  87% of the exercise sessions were 

attended by the participants.  The researchers did not measure any parameters of MetS 

in this investigation.   

Schuler et al. (177) conducted a 5-week intervention in a sample of older AA 

adults (67.9 ± 5.4 years), of which 75% were female.  Participants completed 2 training 

sessions per week, each composed of 40 minutes of RT and 20 minutes of stretching.  

The RT portion included 1-2 sets of 8-12 repetitions for 20 exercises working all major 

muscle groups.  Adherence to the training program was >80%.  Pre- to post-intervention 

performance measures for upper (19.3 ± 3.2 versus 22.5 ± 4.6 curls) and lower body 

strength (10.8 ± 4.8 versus 15.0 ± 4.6 stands) and lower body flexibility (-0.1 ± 3.9 

versus 0.9 ± 4.2 inches) were all significantly improved (p<0.05).  The number of arm 

curls and chair stands completed in 30 seconds were used to measure upper and lower 

body strength, respectively.  A modified sit-and-reach test was used to measure lower 

body flexibility.  Although women were classified as pre-hypertensive (systolic blood 

pressure: 134.7 ± 17.6; diastolic blood pressure: 80.9 ± 8.2) and men were hypertensive 

(systolic blood pressure: 150.0 ± 21.7; diastolic blood pressure: 85.0 ± 11.6) at the 

onset of the study, these authors did not report post-intervention blood pressure values.  

No other MetS components were measured. 

To this author’s knowledge there are no studies in the current literature 

examining the effects of RT on CVD risk factors specifically in AA women, however, 

there are positive findings in certain studies that lead one to believe that similar effects 

may be found in a sample of AA women.  When Park et al. (160) showed that poor 

glycemic control (HbA1c>8%) and longer durations of diabetes (≥6 years) were 

associated with the lowest muscle quality regardless of muscle groups or gender, a 

large portion of their female sample was black (40% of the non-diabetics, 69% of the 

diabetics).  This suggests that glycemic control, and possibly other factors related to 

diabetes, may be improved by RT in AA women.  Visser et al. (198) also showed that 
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lower muscle mass and muscle strength were associated with a high proinflammatory 

status, as marked by elevated levels of TNF-α and interleukin-6, in AA women. 

Other female-exclusive studies mentioned earlier in this review have also shown 

favorable changes in many MetS components after chronic RT.  Few specify the race or 

ethnicity of the sample being examined, therefore, it is assumed that most participants 

are likely not of a minority population.  Schmitz et al. (173) discovered favorable body 

composition changes in women 30-50 years of age after 15 weeks of supervised RT 

followed by 6 months of unsupervised RT compared to controls.  Six out of the 60 

women participating in this study (10%) were classified as non-white, with only 3 being 

AA.  Fencki et al. (77) showed significant improvements in BMI, waist circumference, 

fasting glucose, systolic and diastolic blood pressure, and TG after 12 weeks of RT in 

middle-aged, obese women.  Janssen et al. (113) found improvements in waist 

circumference, fasting insulin, insulin sensitivity, abdominal subcutaneous fat, and TG 

after 16 weeks of RT and diet restriction in premenopausal, obese women.  Elliott et al. 

(70) observed only modest, non-significant decreases in systolic and diastolic blood 

pressure after 8 weeks of RT in previously sedentary, postmenopausal women.  

Fahlman et al. (76) discovered significantly more favorable HDL-C and TG levels in 

elderly women after 10 weeks of RT.  Bemben and Bemben (23) examined 

postmenopausal Caucasian women to find a significant increase in HDL-C following a 

16-week RT exclusively using elastic bands.  White et al. (204) showed significant TG 

improvements in inactive, middle-aged women diagnosed with multiple sclerosis.  Olson 

et al. (159) observed significant improvements in CRP after one year of RT in 

overweight women ages 25-44 years.   

 These findings show that RT can have a positive effect on several components of 

MetS non-minority women of various ages, suggesting that similar benefits may also 

occur in comparable samples of AA women.  Future research should focus on methods 

for decreasing and preventing MetS in AA women, and ultimately CVD, as this is clearly 

a population at high risk.  The implementation of RT interventions in AA women is 

currently an untapped area of research that needs to be explored further. 
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Summary 

  

The individual components of MetS increase risk of CVD, therefore when 

presented in a cluster, they are obviously much more influential.  The nature of MetS 

requires aggressive and simultaneous intervention and treatment of multiple factors.  As 

the prevalence of CVD risk factors and MetS continue to climb in the United States, it is 

important to uncover new and diverse ways to treat and prevent these chronic 

conditions.  This review has shown that chronic RT can be beneficial in the prevention 

and treatment of MetS and should be considered as a form of non-pharmacological 

treatment for this condition. 

The American College of Sports Medicine recommends RT on 2 to 3 

nonconsecutive days per week as part of a well-rounded exercise program.  These 

guidelines suggest a minimum of one set of 8 to 10 separate exercises involving all the 

major muscle groups of the body using a mode that is comfortable and pain-free 

throughout the full range of motion.  Individuals should perform at least 1 set of 

approximately 8 to 12 repetitions for each exercise, however, the number of sets and 

repetitions may vary depending on the exercise intensity.  In healthy individuals, each 

exercise set should be performed to the point of volitional fatigue while maintaining 

good form (203).  This general recommendation is the minimum suggestion and 

intensity should be progressed periodically in order to stimulate further adaptation 

toward specific training goals and to achieve the greatest health benefits.  

Recommendations may vary slightly for special populations.  Optimally, the features of 

any RT program will include both concentric and eccentric muscle contraction as well as 

both multiple- and single-joint exercises.  It is also recommended that a RT protocol 

follow a sequence that will promote the highest quality in the routine’s intensity.  For 

example, an individual should aim to work large before small muscle groups, multiple-

joint before single-joint exercises, and higher before lower intensity exercises (129).   

Recent research has now shown health professionals that RT can be an effective 

intervention for the prevention of CVD and several of its related components.  In fact, 

studies comparing the effects of a RT program to an aerobic training program have also 
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shown that the favorable changes in several CVD risk factors achieved by both 

modalities are quite similar.  RT may be more readily accepted in overweight and/or 

obese individuals as it is less aerobically demanding and may even serve as a gateway 

for this population to adopt other forms of ambulatory physical activity.  Aging 

individuals or those with orthopedic limitations and disabilities may also find that RT is a 

more attractive, and perhaps less painful mode of exercise, as it requires virtually no 

impact and little ambulation.  For sedentary individuals attempting to take up an 

exercise program, RT may promote a greater feeling of success compared to a 

cardiovascular-based training program, as this population is likely stronger than they are 

aerobically fit.  Additionally, improvements in maximal strength typically occur faster 

than those in maximal aerobic capacity.   

AA women should be a population of interest in future intervention research as 

they already have a high prevalence of MetS.  This population may also be particularly 

vulnerable to development of the MetS in that they seem to be more susceptible to 

many of the individual factors comprising MetS.  In addition to all this, AA women as a 

whole continue to be shown in the research as an inactive group.  The continuation of 

physical inactivity needs to be seriously addressed in AA women, as it is a critical 

contributor to the development of obesity and many of the separate components that 

make up MetS.  Fortunately, daily physical activity and exercise are factors that are 

easily modifiable and should perhaps be considered before pharmacological 

interventions take place.   

Therefore, the purpose of the present study is to evaluate the effects of an 

increase in daily walking alone and the effects of increased daily walking combined with 

a progressive RT program on CVD risk factors in previously low-active, overweight and 

obese, middle-aged (40 years and older) AA women. 
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CHAPTER 3 

METHODS 

 

Subjects 

This study included pre- and post-menopausal (age 40 years or older), self-identified 

AA women who were currently overweight or obese (BMI ≥25.0 kg/m2).  Participants were 

classified as low-active (averaging <7,500 steps/day per pedometer measurement) (196).  

Subjects were excluded for any of the following conditions:  uncontrolled hypertension 

(160/100 mmHg or more), active heart disease, uncontrolled diabetes, osteoporosis, spinal 

trauma, spinal instability involving neurological deficit, known history of cancer, endocrine 

disease, anticoagulant therapy, bleeding disorders, history of stroke, thyroid disease, 

pregnant or planning to become pregnant, smoking during the past 6 months, or any 

physical illnesses/orthopedic disability that may limit ambulation, daily physical activity, or 

the ability to complete RT exercises.  Participants were also not permitted into the study if 

they were currently participating in a RT program, walking program, special diet, or weight 

loss program, nor were they permitted to begin any programs of this nature for the duration 

of the 12-week intervention. 

A power analysis to determine effect size was calculated for fasting blood glucose 

using the following formula: 

Effect size  =  (Control Mean – Experimental Mean) 

                     Largest Standard Deviation 

         =  118.0 mg/dL – 99.4 mg/dL 

     33.7 mg/dL 

         =  0.55 

 

With alpha set at 0.05, this calculation predicted that 21 subjects/group were needed for a 

power of 70% and 26 subjects/group were needed for a power of 80%.  Subjects were 

recruited for this study using posted announcements in various public venues, newspaper 

advertisements, visiting churches, attending social network meetings, and e-mail distribution 

lists of various civic and social networks catering to the target population.  Upon initial 
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contact from interested individuals, the nature of the study was thoroughly explained and 

potential subjects were invited to pose questions about any aspects of the study that were 

unclear or required further detail.  The interested participants then underwent a brief phone 

screening for age, estimated height and weight, smoking status, and current exercise status.  

If still qualified, potential subjects were scheduled for their 1st laboratory visit. 

 

Inclusion Criteria Testing – Laboratory Visit #1 

Subjects visited the laboratory for orientation to the study and inclusion criteria 

testing.  During this visit, subjects were required to review and sign an informed consent 

form approved by the Florida State University Institutional Review Board (Appendix A) that 

stated the nature of the study and its potential risks.  They also completed a medical history 

questionnaire (Appendix B) to provide written confirmation that they met the inclusion 

criteria and the National Cancer Institute®’s Multifactor Screener food frequency 

questionnaire (Appendix C) to quantify the subjects’ typical dietary content.  Next, subjects 

were verbally administered a short Readiness to Change Physical Activity Survey that was 

scored using the Transtheoretical Model (Appendix D).  The Multifactor Screener and the 

Physical Activity Readiness Questionnaire were both repeated on subjects who completed 

the 12-week intervention in order to detect changes in diet and/or physical activity habits.  

All testing procedures were reviewed and approved by the Institutional Review Board at 

Florida State University. 

Resting blood pressure was then taken in duplicate for all participants according 

to the standard guidelines outlined by the American Heart Association.  This was an 

indirect digital measurement obtained by placing a cuff around the subject’s upper arm, 

then the cuff was inflated with air and slowly deflated (Omron Healthcare Inc.; 

Bannockburn, IL).  If the two systolic and two diastolic values differed by more than 6 or 

4 mmHg, respectively, a third blood pressure measurement was taken.  The two closest 

systolic and diastolic measures were averaged.   

Height was measured by a wall-mounted stadiometer and weight using a digital 

scale (Seca Corporation; Hanover, MD).  BMI was calculated by dividing weight in 

kilograms by height in meters squared.  Waist circumference was measured at 3 
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different locations using a Gulick fiberglass measuring tape with a tension handle 

(Creative Health Products, Inc.; Ann Arbor, MI).  During each measurement, the subject 

stood erect with the abdomen relaxed while the investigator was positioned in front of 

the subject at eye-level to the waist.  The tape measure was placed horizontally (parallel 

to the floor) around the smallest circumference of the torso, usually 1-2 cm below the 

last rib.  Hip circumference was measured at the largest circumference around the hips 

or buttocks, above the gluteal fold, while subjects were standing erect with their feet 

together.  The investigator was kneeling at the subject’s side, eye-level to the tape 

measure. 

Next, fingerstick and venous blood samples were collected.  The fingerstick 

samples were collected into a heparin-treated microcapillary tube and immediately 

screened using a Cholestech LDX® analyzer (Cholestech Corporation; Hayward, CA) 

for blood glucose, TG, and HDL-C.  Individuals were only eligible to participate in the 

study if they were classified as centrally overweight (waist circumference >88 cm) and 

had at least 2 other risk factors for CVD including fasting glucose levels ≥100 mg/dL, 

blood pressure ≥130/≥85 mmHg, TG levels ≥150 mg/dL, and HDL-C levels <50 mg/dL.  

The collection of a venous blood sample followed using a standard venipuncture 

procedure into Vacutainer tubes.  Sodium citrate treated plasma was used for 

fibrinogen, sodium fluoride treated plasma was used for fasting blood glucose, sodium 

heparin treated plasma was used for HDL-C, and EDTA treated plasma was used for 

HbA1c, total cholesterol, TG, and high-sensitivity CRP.  Whole blood was centrifuged for 

15 minutes at 3200 rpm and aliquots of plasma were separated then stored at -80ºC 

until further analyses.  Total cholesterol, HDL-C, TG, fasting blood glucose, and high 

sensitivity CRP were quantified using colormetric reagents and standards in a Sirrus 

Clinical Chemistry Analyzer (Stanbio Laboratory; Boerne, TX).  HbA1c  was analyzed 

using an A1CNow+® kit (Bayer HealthCare; Sunnyvale, CA).  Fibrinogen was 

determined using a BBL® Fibrometer coagulation analyzer (BD Diagnostic Systems; 

Franklin Lakes, NJ).  All blood variables were measured in duplicate.  All participants 

came to the laboratory after a 12-hour overnight fast. 
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Following the blood collection, body composition and body fat distribution were 

measured by the iDXA® scanner (GE Healthcare Inc.; Madison, WI).  The areas of 

interest for fat distribution included the android (central) and gynoid (hip and thigh) 

regions.  The lower boundary for the android obesity measurement was the top of the 

iliac crest, while the upper boundary was located at 20% of the distance between the 

iliac crest and the clavicle.  For the gynoid obesity measurement, the upper boundary 

was located at the femoral neck and the lower boundary was marked at the point 

allowing the height of the gynoid region to equal 2 times the height of the android 

region.  All participants came into the laboratory after a 12-hour overnight fast no later 

than 10:00 am in an effort to control for physical activity prior to body composition 

measurements.  Using the iDXA® scanner, the computer calculated the body's 

absorption of radiation to determine body density (the ratio of fat to muscle mass) and 

body composition was calculated from this value.  Very low doses of radiation were 

used, however this test was non-invasive.  For this procedure, subjects were asked to 

remove all metal from the body (jewelry, eyeglasses, etc.), and to wear clothing that 

was free of metal objects (snaps, zippers, etc.).  Subjects then rested in the supine 

position on a padded table for approximately 7-12 minutes while the scan was being 

completed.  Testing was completed according to the manufacturer’s instructions and 

specifications by a certified X-ray technician.   

Next, both upper and lower body strength were assessed using the chest press 

and leg extension exercises (MedX™; Orlando, FL), respectively.  After a warm-up, 

participants were progressed towards the maximum weight that they were able to lift 

one time through a full range of motion, also called a 1-repetition maximum (1-RM).  All 

measurements were recorded within approximately 5 attempts.   

Upon completion of the testing, subjects received a New Lifestyles Digi-Walker 

SW-200 pedometer (New Lifestyles, Inc.; Lees Summit, MO) and instructions on 

completing a one-week pedometer-assessed activity measurement to identify their 

physical activity classification.  Subjects were instructed to record the total number of 

steps taken each day for 7 days on the activity log that was distributed to them 

(Appendix E).  For this one-week period of monitoring, participants were instructed not 
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to make any changes to their typical daily routine of work and leisure activity.  Subjects 

were eligible to enter the intervention if they accumulated an average of <7,500 

steps/day.   

Participants were also given a food log (Appendix F) and instructed by a 

Registered Dietitian on how to record their complete dietary consumption for 3 non-

consecutive days, including 2 weekdays and 1 weekend day.  The record included each 

specific food item consumed, its method of preparation, and the amount eaten.  

Subjects were strongly encouraged to remain consistent with their typical dietary habits 

and record each item and its amount as accurately and specifically as possible.  The log 

was returned at the following laboratory visit.  The subjects’ diet for each day was 

analyzed using Nutritionist Pro™ nutrition analysis computer software (Axxya Systems; 

Stafford, TX).  Average caloric intake for the 3-day span was calculated to provide an 

estimate of each subject’s typical daily caloric consumption.  If they entered the 

intervention, all subjects were encouraged to make no changes to their typical dietary 

habits during the 12-week intervention period in order to better isolate the influence of 

the exercise interventions on CVD risk factors.  Pre- and post-intervention caloric 

averages were compared to monitor any differences in caloric intake.  The first 

laboratory visit took 1.5-2 hours.   

 

 Inclusion Criteria Verification - Laboratory Visit #2 

After approximately 1 week, participants were asked to return to the laboratory 

for a 2nd visit to receive the results from the fingerstick blood samples and to verify 

eligibility based on the presence of risk factors and their physical activity classification.  

Resting blood pressure measurements were repeated during this visit and the average 

measurement from the 1st and 2nd visits were used for the dependent variable in data 

analysis.  Subjects then submitted their Physical Activity Log and 3-day Diet Record 

from the previous week.  Also during the 2nd laboratory visit, 1-RMs were verified by 

repeating the strength tests.  The highest measurement for the upper and lower body 

from the two days of testing was considered the 1-RM.  If deemed eligible to enter the 
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intervention, subjects were randomized, by picking a number out of a bag, into one of 

two groups.  This visit took 30-45 minutes.   

 

Exercise Intervention 

Eligible women were randomly assigned to one of two groups.  One group was 

asked to increase their daily ambulation to ≥10,000 steps/day and one group was asked 

to increase their daily ambulation to ≥10,000 steps/day in combination with a 

progressive RT program.  Throughout the study, all participants were asked to wear a 

pedometer to monitor daily ambulatory activity.  Subjects were instructed on appropriate 

pedometer placement on the waistband at hip level, while its precise alignment was 

individually determined based on a 20-step walking test for accuracy.  Before putting the 

monitor on each morning, subjects were instructed to make sure it was set to zero and 

to record the time at which it was placed on the waistband.  Each night before retiring, 

the subject recorded the number of steps on the pedometer for that day, noted the time 

at which the pedometer was taken off, and briefly reported the specific activities 

engaged in during that day.  All subjects recorded data each day on a provided log 

worksheet (Appendix E) and were asked to submit them weekly. 

If randomly selected for the RT group, subjects completed all training sessions 

under the supervision of a Certified Personal Trainer on 2 non-consecutive days each 

week for 12 weeks.  Subjects performed 3 sets of 8-12 repetitions of 10 resistance 

exercises for the lower and upper body.  Machine exercises included the chest press, 

seated row, overhead press, biceps curl, triceps extension, leg press, leg extension, leg 

curl, and abdominal crunch.  Low back extensions were performed using body weight.  

A 30-second rest period was given between each exercise set.  Training load was 

systematically progressed throughout the 12 weeks to keep the number of repetitions 

between 8 and 12 for a training intensity of approximately 60-80% of each subject’s 1-

RM.  Once 12 repetitions were completed with proper form, the weight was increased 

by 6 pounds for upper body exercises and by 10 pounds for lower body exercises.  

Before and after the RT sessions, subjects performed 5 minutes of warm-up and 

stretching, respectively.  The duration of each RT session was approximately 45 
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minutes.  RT was performed in combination with an increase in daily walking to ≥10,000 

steps/day.  The strength tests previously described were repeated after the completion 

of weeks 4, 8, and finally at the end of the 12-week intervention.  Strength gains were 

monitored in order to prescribe the appropriate intensity progression and provide 

motivation.   

 

Post-Intervention Testing 

No less than 72 hours after the completion of the intervention, all subjects 

returned to the laboratory to repeat all testing procedures.  These included the 

Multifactor Screener food frequency questionnaire, the Readiness to Change Physical 

Activity Survey, all anthropometric measurements, resting blood pressure, the collection 

of a venous blood sample, an iDXA® body composition scan, and strength testing.  

Subjects were also asked to submit another 3-day diet record during this visit that was 

distributed at a previous visit or sent to them via e-mail.  At this time, subjects were 

given a gift card as an incentive prize for completing the 12-week intervention. 

 

Statistical Analysis 

A one-way analysis of variance (ANOVA) was used to analyze baseline 

measures between the two groups.  A two-way repeated measures ANOVA (group by 

time) was used to analyze dependent variables with repeated measures on the last 

factor.  One-way ANOVA analyses were used to determine the location of significant 

findings.  Pearson product moment correlations were used to evaluate relationships of 

change of some of the dependent variables.  Significance was accepted at p≤0.05.  All 

statistical analyses were performed using the SPSS software, version 15.0 (SPSS Inc.; 

Chicago, IL). 
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CHAPTER 4 
RESULTS 

 

Subjects 

 Figure 1 illustrates the progression of the subjects through the study.  Ninety-two 

women contacted the Principle Investigator to obtain information about the study design and 

qualifications.  Fifty-six women visited the laboratory for the initial assessment to identify 

whether or not they were qualified to enter the intervention.  Four women did not return to 

the laboratory for their 2nd visit for reasons unidentified despite multiple attempts to contact 

these individuals after the initial assessment.  Seven women were not eligible to enter the 

intervention, as they did not meet the inclusion criteria.  Of the 7 ineligible women, 4 were 

too active and 3 did not have enough CVD risk factors.  Only one woman declined the 

opportunity to participate in the intervention.  This left 44 participants that were randomized 

into 1 of the 2 intervention groups.   

Twenty five women were randomly assigned to the walking group (W), with 8 of them 

discontinuing the study (32% dropout rate).  This included 3 women who acquired an illness 

that prevented them from completing the study, 3 who had time/scheduling conflicts, and 2 

who discontinued for unidentified reasons.  Five women discontinued the study in the first 4 

weeks, 2 in the 2nd 4 weeks, and 1 during the last week of the study.  Nineteen women 

entered the study in the walking plus RT group (WRT) and 4 discontinued their participation 

(21% dropout rate).  Two women discontinued due to time/scheduling conflicts, 1 woman 

acquired an illness that prevented her from completing the study, and 1 woman did not 

enjoy strength training.  Three of these women dropped out within the 1st 4 weeks and one 

dropped out within the 2nd 4 weeks.  These women completed between 1 and 7 weeks of 

the intervention.  Of the 44 women who entered the study, 17 completed the W intervention 

and 15 completed the WRT intervention (27% dropout rate for the entire sample).   
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Figure 1:  Flow diagram of subject progression through the study. 
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Table 1 presents the descriptive characteristics and the baseline CVD risk factors of 

the women who did and did not complete the study.  The completers and non-completers 

were not significantly different for any variable at baseline, although both BMI (p=0.08) and 

weight (p=0.09) were both approaching significance.  Though not statistically significant, 

those who dropped out of the study generally had less favorable body composition variables 

than those who completed the intervention.  The subjects who completed the study were 

middle-aged (49 ± 5 years) and obese (BMI: 35 ± 6 kg/m2; % body fat: 45.1 ± 5.7) with low 

activity levels (average steps/day 5,277 ± 1,910).  The sample was categorized as having 

MetS since subjects had at least 3 of the CVD risk factors that make up MetS (waist 

circumference: 96 ± 12 cm; diastolic blood pressure: 86 ± 8 mmHg; fasting blood glucose: 

118 ± 28 mg/dL; HDL-C: 37 ± 10 mg/dL).  Systolic blood pressure was elevated nearly to 

the threshold for MetS (129 ± 14 mmHg), while TG levels were well within normal values (88 

± 41 mg/dL).   
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Table 1:  Descriptive characteristics of subjects who did and did not complete the study 
(N=44). 
 
              Did Not Complete (n=12)             Completed (n=32) 

Variables Mean ± SD Range Mean ± SD Range 

Age (years) 49 ± 6 40 - 56 49 ± 5 39 - 61 

Height (m) 1.63 ± 0.05 1.55 – 1.75 1.64 ± 0.05 1.53 – 1.78 

Weight (kg) 104.4 ± 14.7
$
 59.9 – 139.0 93.5 ± 14.7 61.5 – 130.7 

BMI (kg/m
2
) 38.8 ± 7.7

£
 25.1 – 48.4 34.7 ± 6.4 24.6 – 55.8 

Waist Circumference (cm) 101.3  ± 13.8 78.3 – 120.3 95.6  ± 11.6 73.3 – 121.5 

Hip Circumference (cm) 126.7 ± 17.7 93.0 – 150.5 120.3 ± 13.7 98.0 – 152.3 

Body Fat (%) 47.9 ± 6.2 36.0 – 56.0 45.1 ± 5.7 35.0 – 54.0 

Android Fat (%) 57.7 ± 6.7 46.0 – 66.0 54.6 ± 7.1 41.0 – 67.0 

Systolic BP (mmHg) 128 ± 13 117 - 155 129 ± 14 105 - 156 

Diastolic BP (mmHg) 86 ± 9 74 – 105 86 ± 8 74 - 109 

HDL-C (mg/dL) 37 ± 10 19 – 61 37 ± 10 19 - 61 

TG (mg/dL) 94 ± 55 37 – 232 88 ± 41 36 - 229 

Fasting Glucose (mg/dL) 129 ± 81 96 – 386 118 ± 28 92 - 200 

HbA1c (%) 5.7 ± 0.5 4.8 – 6.7 6.1 ± 1.3 4.7 – 9.1 

CRP (mg/L) 5.1 ± 2.7 1.0 – 8.8 4.1 ± 3.0 0.6 – 10.1 

Fibrinogen (mg/dL) 485 ± 176 44 – 663 444 ± 119 165 – 643 

Average Steps/Day 5191 ± 1981 2056 - 7934 5177 ± 2004 1839 - 8523 

Upper Body Strength (kg) 103.2 ± 20.4 76.4 – 140.9 100.5 ± 14.0 72.7 – 126.4 

Lower Body Strength (kg) 103.0 ± 20.6 70.9 – 140.9 104.0 ± 22.8 50.0 – 140.9 

         
Values are mean steps/day ± SD.   
$
Significant difference from those who completed the study (p=0.09).  

£
Significant difference from those who completed the study (p=0.08). 

BMI=body mass index; BP=blood pressure; HDL-C=high density lipoprotein cholesterol; TG=triglycerides; 
HbA1c=glycosylated hemoglobin; CRP=C-reactive protein. 
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Physical Activity, Strength, & Diet Changes 

Table 2 compares changes in daily physical activity measured in steps/day, 

strength measures, and dietary factors before and after the intervention.  Subjects in the 

2 groups were similar on their baseline measures of steps/day, strength measures, and 

each of the dietary factors except for daily fiber intake.  The W group had a significantly 

higher fiber intake compared to the WRT group.  Both groups significantly increased 

their steps/day and advanced their activity categories as outlined by Tudor-Locke and 

Bassett (196).  The W group advanced from “low active (5,000-7,499 steps/day)” to 

“somewhat active (7,500-9,999 steps/day),” while the WRT group improved from a 

“sedentary lifestyle (<5,000 steps/day)” to the “low active (5,000-7,499 steps/day)” 

category.  The intervention resulted in the W group increasing their activity by 2,048 

steps/day, while the WRT group increased their activity by 2,579 steps/day, however, 

neither group reached the ultimate goal of the intervention which was ≥10,000 

steps/day.  Only 3 subjects in the W group and 1 subject in the WRT met or passed the 

10,000 steps/day threshold.  There was a significant interaction effect for both upper 

(F(30,1)=39.369, p≤0.05, ES=0.57) and lower body strength (F(30,1)=15.180, p≤0.05, 

ES=0.57) between the 2 groups.  Upper and lower body strength significantly increased 

in the WRT group by 16.8% and 17.1%, respectively.  Adherence to the RT program, 

defined as the completed percentage of the prescribed exercise sessions per week, 

was a remarkable 96%.  No individual missed more than 3 of her 24 training sessions.  

Neither upper nor lower body strength changed in the W group over the 12-week 

intervention.   

Based on the Multifactor Screener food frequency questionnaire scores, neither 

the W nor the WRT group showed a significant change in their percentage of daily 

intake from fat or their daily fiber intake.  Data from the 3-day diet recall also showed no 

differences in average daily caloric intake or percentage of daily intake from fat for 

either group.  There were significant time effects for the percentage of carbohydrate (F(1, 

29)=4.393, p≤0.05, ES=0.13) and protein intake (F(1, 29)=5.369, p≤0.05, ES=0.16) in the 2 

groups.  When analyzing the data from the individual groups, the W group had a 

significant decrease in the percentage of daily intake from carbohydrate, whereas the 
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WRT group showed no change.  The WRT had a significant increase in the percentage 

of daily intake from protein and the W did not have a change in protein consumption.    

 
 
Table 2:  Comparison of steps/day, strength, and dietary factors (N=32). 

 
                    W (n=17)          WRT (n=15) 

Variables PRE POST PRE POST 

Steps/Day 5480 ± 2162 7528 ± 2046* 4833 ± 1820 7412 ± 1728* 

Upper Body Strength (kg)
¥
 100 ± 15 100 ± 14  101 ± 13 118 ± 15* 

Lower Body Strength (kg)
¥
 103 ± 25 103 ± 27 105 ± 20 123 ± 23* 

Daily Intake from Fat (%)
a
 35.4 ± 5.5 34.9 ± 3.9 34.3 ± 2.6 35.0 ± 3.9 

Daily Fiber Intake (g)
a
 16 ± 7

#
 14 ± 9 12 ± 2 11 ± 4 

Average Intake (kcal/day)
b
 2078 ± 580 2078 ± 557 1827 ± 493 1596 ± 501 

Daily Intake from Fat (%)
b
 36.6 ± 6.8 39.3 ± 7.5 36.5 ± 5.0 35.1 ± 8.8 

Daily Intake from 

Carbohydrate (%)
b
 

50.8 ± 10.0 44.6 ± 10.5* 48.3 ± 7.4 46.9 ± 9.5 

Daily Intake from Protein (%)
b
 16.3 ± 3.5 18.1 ± 5.6 15.7 ± 2.9 18.3 ± 4.0* 

 
Values are mean ± SD.   
¥
Significant interaction between groups (p≤0.05). 

*Significant change from pre- to post-intervention (p≤0.05). 
# 
Significantly different from baseline values of WRT (p≤0.05). 

a
Data from Multifactor Screener food frequency questionnaire.   

b
Data from 3-Day Diet Recall.  

W=walking group; WRT=walking plus resistance training group. 

 
  

Table 3 presents the average number of steps/day achieved for both groups 

throughout the 12-week intervention.  There were no significant differences between 

groups for average steps taken for any week.  A significant increase in steps/day 

occurred between week 1 and week 2, however after week 2 subjects reached a 

plateau in their step progression after which they only maintained their initial step 

increase.  Figure 2 provides an illustration of this data. 
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Table 3:  Comparison of 12-week step progression (N=32). 
 
Week W (n=17) WRT (n=15) 

Baseline 5480 ± 2162* 4833 ± 1820* 

Week 1 6481 ± 2412
$
 6562 ± 2297

$
  

Week 2 7568 ± 2281 7390 ± 2819 

Week 3 7118 ± 2305 7261 ± 2178 

Week 4 8155 ± 2234 7208 ± 2228 

Week 5 7797 ± 2107 7657 ± 2356 

Week 6 7526 ± 2811 7602 ± 2162 

Week 7 7666 ± 2757 7682 ± 2494 

Week 8 8258 ± 2135 7884 ± 2151 

Week 9 7349 ± 2433 7448 ± 1641 

Week 10 7869 ± 2231 7755 ± 2388 

Week 11 7448 ± 2156 8170 ± 1578 

Week 12 7027 ± 3060 7111 ± 1974 

12-week Average 7528 ± 2046 7412 ± 1728 

   
Values are mean steps/day ± SD.   
*Significantly different from weeks 1 through 12 (p≤0.0042). 
$
Significantly different from weeks 2 through 12 (p≤0.0045). 
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Figure 2:  Comparison of 12-week step progression. 
 

 
Table 4 presents the intensities and number of repetitions achieved by the WRT 

subjects over the 12-week intervention.  Although the RT intensity was progressed 

incrementally over the 12 weeks, on average subjects trained at 56.0 ± 5.7% of their 

initial 1-RM for upper body and 60.7 ± 8.2% of their initial 1-RM for lower body.  This 

indicated that subjects achieved a lower intensity than the 60-80% of 1-RM which was 

the goal in the study design.  Twelve repetitions were completed for both the chest 

press and leg extension exercises throughout the intervention. 
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Table 4:  Average intensity of weight lifted based on initial 1-RM and average number of 
repetitions completed (n=15). 
 

    Upper Body                                     Lower Body 

Weeks Intensity (%)  Repetitions Intensity (%) Repetitions 

1-4 50.9 ± 6.1 11.9 ± 0.1 51.7 ± 6.5 12.0 ± 0.03 

5-8 55.9 ± 6.3 12.0 ± 0.1 61.1 ± 8.7 12.0 ± 0.8 

9-12 60.6 ± 5.7 12.0 ± 0.02 68.6 ± 10.4 12.0 ± 0.02 

Total 56.0 ± 5.7 12.0 ± 0.04 60.7 ± 8.2 12.0 ± 0.02 

 
Values are mean ± SD. 
Upper body strength measured using chest press exercise. 
Lower body strength measured using leg extension exercise. 

 
 
Body Composition Variables 

 Table 5 presents the effects of the 2 exercise interventions on body composition 

variables.  Again, subjects’ baseline measures were not different between the 2 groups.  

There were 3 group by time interactions after the 12-week intervention for the body 

composition variables.  Significant interactions occurred for waist circumference 

(F(1,30)=10.977, p≤0.05, ES=0.16), gynoid fat mass (F(1,30)=6.833, p≤0.05, ES=0.19), and 

total body fat mass (F(1,30)=4.076, p≤0.05, ES=0.12) calculated by the iDXA® scanner.  

Waist circumference, gynoid fat mass, and total fat mass significantly decreased by 

19.5%, 1.3%, and 2.4%, respectively, in the WRT group.  In the W group, waist 

circumference, total fat mass, and gynoid fat mass did not change.  Although there were 

no interactions, there were time effects for hip circumference (F(1,29)=5.111, p≤0.05, 

ES=0.15) and percent total body fat (F(1,30)=7.942, p≤0.05, ES=0.21).  The WRT group 

had a significant decrease in percent total body fat with no change in the W group.  

Although there was a time effect for hip circumference, when analyses were completed 

on the W and WRT groups no significant differences were obtained.  
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Table 5:  Comparison of body composition variables (N=32). 
 

               W (n=17)                    WRT (n=15) 

Variables PRE POST PRE POST 

Weight (kg) 96.5 ± 15.2 96.5 ± 14.6 90.2 ± 13.8 89.8 ± 13.3 

BMI (kg/m
2
) 35.5 ± 7.0 35.5 ± 6.9 33.7 ± 5.6 33.6 ± 5.4 

Waist Circumference (cm)
¥
 98.4 ± 10.5 98.4 ± 10.0 92.4 ± 12.2 90.6 ± 11.5* 

Hip Circumference (cm) 123.1 ± 13.8 122.1 ± 12.6 115.6 ± 12.4 114.5 ± 11.5 

Body Fat (%) 45.3 ± 5.4 45.0 ± 5.6 44.8 ± 6.2 44.1 ± 6.0* 

Android Fat (%) 55.8 ± 5.8 55.6 ± 5.9 53.4 ± 8.3 53.4 ± 8.2 

Gynoid Fat (%) 53.3 ± 7.9 53.4 ± 7.8 55.0 ± 5.0 54.5 ± 4.7 

Trunk Fat (%) 48.8 ± 6.1 48.6 ± 6.2 47.1 ± 7.8 46.7 ± 7.4 

Fat Mass (kg)
¥
 43.9 ± 11.5 43.8 ± 11.5 40.9 ± 11.2 39.9 ± 10.7* 

Android Fat Mass (kg) 4.2 ± 1.5 4.2 ± 1.4 3.6 ± 1.6 3.6 ± 1.6 

Gynoid Fat Mass (kg)
¥ 

8.1 ± 2.4 8.2 ± 2.5 8.0 ± 2.1 7.9 ± 2.0* 

Trunk Fat Mass (kg) 24.1 ± 8.0 24.2 ± 8.2 21.0 ± 7.6 20.3 ± 6.7 

Lean Mass (kg) 48.8 ± 4.8 49.4 ± 4.2 46.3 ± 4.4 46.6 ± 4.4 

Android Lean Mass (kg) 3.1 ± 0.6 3.2 ± 0.5 2.9 ± 0.4 2.8 ± 0.4 

Gynoid Lean Mass (kg) 6.6 ± 0.8 6.7 ± 0.8 6.2 ± 0.7 6.2 ± 0.7 

Trunk Lean Mass (kg) 23.3 ± 2.9 23.6 ± 3.2 21.6 ± 2.4 21.4 ± 2.0 

 
Values are mean ± SD.   
¥
Significant interaction between groups (p≤0.05). 

*Significant change from pre- to post-intervention (p≤0.05). 
W=walking group; WRT=walking plus resistance training group; BMI=body mass index. 

 
 
Cardiovascular Disease Risk Factors 

 Table 6 presents the effects of both interventions on blood pressure and the 

blood parameters of the CVD risk factors.  There were no differences in the subjects’ 

baseline values for any of the CVD risk factors.  There were also no interactions for any 

of these measures. However, there were time effects for HbA1c (F(1,29)=4.479, p≤0.05, 

ES=0.13), mean blood glucose calculated from HbA1c (F(1,29)=4.479, p≤0.05, ES=0.13),  

fasting blood glucose (F(1,30)=7.901, p≤0.05, ES=0.21), and fibrinogen (F(1,30)=4.273, 

p≤0.05, ES=0.13).  When the groups were analyzed separately, the WRT group 

significantly decreased in their pre- to post-intervention measures of HbA1c and for 

mean fasting blood glucose calculated from HbA1c.  There were no changes in those 2 
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parameters for the W group.  Fasting glucose significantly increased in the W group, 

while fibrinogen significantly increased in only the WRT group.  Neither intervention had 

a significant effect on systolic or diastolic blood pressure, HDL-C, TG, total cholesterol, 

or CRP. 

 
 
Table 6:  Comparison of cardiovascular disease risk factors (N=32). 
                                              

             W (n=17)                     WRT (n=15) 

Variables PRE POST PRE POST 

Systolic BP (mmHg) 126 ± 12 127 ± 16 131 ± 16 132 ± 24 

Diastolic BP (mmHg) 84 ± 8 85 ± 11 88 ± 8 85 ± 11 

HDL-C (mg/dL) 35 ± 10 35 ± 10 39 ± 10 40 ± 10 

TG (mg/dL) 99 ± 50 101 ± 42 74 ± 24 85 ± 40 

Total Cholesterol (mg/dL) 204 ± 22 206 ± 35 208 ± 35 214 ± 51 

Fasting Glucose (mg/dL) 123 ± 33 132 ± 42* 112 ± 21 117 ± 26 

HbA1c (%) 6.2 ± 1.3 6.0 ± 1.4 6.0 ± 1.3 5.7 ± 1.1* 

Mean Glucose (mg/dL) 130 ± 43 125 ± 46 124 ± 42 114 ± 34* 

CRP (mg/L) 4.2 ± 3.0 4.3 ± 2.9 3.9 ± 3.1 4.1 ± 3.2 

Fibrinogen (mg/dL) 419 ± 112 453 ± 138 472 ± 128 525 ± 144* 

 
Values are mean ± SD.   
*Significant change from pre- to post-intervention (p≤0.05). 
W=walking group; WRT=walking plus resistance training group; BP=blood pressure; HDL-C=high density 
lipoprotein cholesterol; TG=triglycerides; HbA1c=glycosylated hemoglobin; CRP=C-reactive protein. 

 
 
Transtheoretical Model Stage of Change 

Table 7 reports where the subjects were categorized among the 5 stages of 

change as outlined by the Transtheoretical Model.  The stages of change include 

Precontemplation (denial of the need to change or having no intent to change within the 

next 6 months), Contemplation (seriously considering change within the next 6 months), 

Preparation (has taken small steps to facilitate change and intends to do so within the 

next 30 days), Action (actively engaged in behavior change for < 6 months), and 

Maintenance (continuation of successful change for > 6 months) (139, 206).  This 

concept can be valuable when suggesting health behavior changes as it is designed to 
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convey the psychological willingness and readiness of an individual to change a 

specified behavior at a given point in time (139).  After the current intervention, most 

subjects progressed to a stage indicating that they had increased their readiness to 

incorporate physical activity into their lifestyle. 

 
 
Table 7:  Subjects’ stage of change (N=32). 
                                              

    W (n=17)     WRT (n=15) 
Stage PRE POST PRE POST 

Precontemplation 0 0 0 0 

Contemplation 17.6 (3) 0 26.7 (4) 0 

Preparation 52.9 (9) 29.4 (5) 60.0 (9) 26.7 (4) 

Action 17.6 (3) 47.1 (8) 6.7 (1) 53.3 (8) 

Maintenance 11.8 (2) 23.5 (4) 6.7 (1) 20 (3) 

 
Values are % of sample (# of subjects). 

 
 
Correlations 

When Pearson product moment correlations were completed on selected 

variables that had a significant time effect for the entire sample (N=32), there was a 

significant positive relationship between the calculated change in steps/day and the 

change in upper body strength (r=0.37).  In addition, there was a negative correlation 

between the change in upper body strength and the change in waist circumference (r=-

0.369), as well as a positive correlation between the change in waist circumference with 

a change in gynoid fat measured by the iDXA® scanner (r=0.53).  In the WRT group 

(n=15), there was a significant positive correlation between the change in upper body 

strength and the change in steps/day (r=0.60).  There was also a significant inverse 

correlation between the change in lower body strength and the change in hip 

circumference (r=-0.66), as well as a significant positive correlation in the change in 

waist circumference with the change in gynoid fat mass (r=0.56).   
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CHAPTER 5 

DISCUSSION 

 

The current study was the first study to evaluate the combined effects of RT and 

pedometer use on CVD risk factors in AA women.  All the subjects of the study 

significantly increased their steps/day during the 12-week intervention, however, neither 

the W group nor the WRT group met the 10,000 step/day goal for the study.  The WRT 

program significantly increased upper (16.8%) and lower body (17.2%) strength, 

however, compared to other studies using similar training protocols, it was a relatively 

modest change.  Even with the significant increases in steps and strength, there were 

very few changes in CVD risk factors.  There were significant improvements in the waist 

circumference measures and in the measures of total fat mass and gynoid fat mass 

measured by the iDXA® scanner.  There were also small, but significant pre- to post-

intervention improvements in HbA1c, the mean blood glucose calculated from HbA1c, and 

percentage of body fat in the WRT group.  However, even though there were significant 

reductions in waist circumference and total body fat mass in the WRT group, this did not 

cause significant improvements in blood pressure, fasting glucose, HDL-C, TG, CRP, 

and fibrinogen in either the W or WRT group after the 12-week intervention.  The only 

research hypothesis that was supported by the study was that WRT would enhance the 

decrease in central adiposity, as measured by waist circumference, in previously low-

active, overweight and obese, middle-aged AA women. 

The subjects in the current study did increase their steps, but not to the threshold 

that has been recommended for health benefits (10,000 steps/day).  Perhaps if the 

subjects had attainted their intervention goal of 10,000 steps/day, more benefits would 

have been observed.  Studies that have evaluated steps/day and CVD risk factors have 

found improvements with higher step counts in overweight and obese subjects.  Chan et 

al. (41) observed improvements in BMI, waist circumference, and resting heart rate in a 

sample of overweight (BMI: 29.5 ± 5.94 kg/m2), middle-aged women and men, that was 

87% female during a 12-week walking intervention.  These subjects started out at a 

baseline of 7,029 ± 3,100 steps/day and by week 4 of the intervention had reached a 



 

 94 

plateau of 10,480 ± 3,224 steps/day.  Moreau et al. (151) conducted a 24-week walking 

intervention to increase current daily steps by a number that corresponded to 

approximately 3 kilometers/day in overweight (BMI: 28.9 kg/m2; body fat: 43.4 ± 2.0%), 

postmenopausal, borderline to stage 1 hypertensive women.  After 12 weeks, 

investigators found significant decreases in body weight and resting systolic blood 

pressure that were both significantly reduced further at the end of 24 weeks.  Subjects 

significantly increased their walking from 5,400 ± 500 to 9,700 ± 400 steps/day.   

Schneider et al. (174) found that previously sedentary, overweight and obese 

(BMI: 33.5 ± 5.0 kg/m2), women and men who completed a 10,000 step/day walking 

intervention experienced significant improvements in body weight, BMI, percentage of 

body fat, fat mass, waist and hip circumferences, and HDL-C.  Except for waist 

circumference and HDL-C which did not show improvements until the completion of the 

36-week intervention, all variables improved significantly after 20 weeks.  Adherers 

significantly increased their walking volume from 5,115 ± 1,308 to 10,390 ± 556 

steps/day.  Swartz et al. (187) found significant improvements in both systolic and 

diastolic blood pressure, as well as glucose tolerance in previously inactive, obese 

(BMI: 35.0 ± 5.1 kg/m2), middle-aged women after only 8-weeks of a  walking 

intervention where subjects were prescribed to obtain ≥10,000 step/day.  These 

subjects significantly increased their walking from a baseline of 4,491 ± 2,269 steps/day 

to 9,213 ± 362, but showed no improvements in body weight, percentage of body fat, or 

waist circumference.   

Wilson et al. (209) found improvements in systolic blood pressure, body weight, 

BMI, waist and hip circumferences, and percentage of body fat in a sample of middle-

aged, obese (BMI: 32.9 kg/m2) female breast cancer survivors after an 8-week walking 

intervention.  Their participants significantly increased their steps from 4,791 to 8,297 

steps/day, an improvement lower than that of the previously mentioned studies, yet 

more closely matched to the step improvement of the current study.  This may suggest 

some consistency in the reaction of AA women to the 10,000 step/day prescription.  A 

couple of the studies mentioned above had subjects with mean BMI values that were 

lower than those of the current study.  This, paired with the fact that the dropouts of the 
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current study were approaching significance for higher weight and BMI values 

compared to those who remained in the study, suggests that weight may predict the 

success of a walking intervention.  On the other hand, some of the studies above had 

subjects with similar mean BMI values, suggesting that physical and/or mechanical 

difficulties cannot be used solely as a reason for the current sample to not accumulate a 

greater number of steps/day.  It is possible that if the current intervention was longer in 

duration, higher step counts may have been obtained gradually.  However, the Swartz 

study was only 8 weeks using subjects of almost an identical BMI and their subjects 

reached a greater number of steps/day, indicating that the intervention duration may not 

have been the reason for the current subjects falling short of 10,000 steps/day. 

 The Transtheoretical Model of behavior change is a tool commonly used in 

physical activity research to quickly identify an individual’s stage of change using a short 

survey (139).  It has been suggested that a key factor in helping individuals make an 

effective behavior change is by making recommendations that cater to that person’s 

current stage of change.  Since the stage of change indicates the individual’s readiness 

to change, the motivational approaches used by the health professional should be 

appropriately matched to their particular level of readiness (206).  The majority of the 32 

participants who completed the current study (56%) identified themselves as being in 

the Preparation Stage upon entry into the study.  Even the majority of the women who 

dropped out of the study (67%) were in the Preparation Stage.  The majority after the 

intervention (50%) identified themselves as being in the Action Stage.  Moreover, upon 

completion of the intervention, 72% of the women reported a positive stage change in 

that they progressed to a more active stage compared to baseline, 19% reported no 

change, and 9% reported a negative stage change, digressing to a less active stage 

compared to their initial assessment.  Even though these subjects did not reach the 

prescribed level of activity, the results showed that the intervention was successful in 

initiating a physical activity behavior change in AA women.  The significant increase in 

steps/day could be attributed to most subjects entering the study already in the 

Preparation Stage and therefore ready to make a change in their physical activity levels.   



 

 96 

However, the method of providing a pedometer and step goal was not effective in 

getting previously sedentary subjects to reach the recommended 10,000 steps/day.  

Perhaps the subjects’ inability to achieve the recommended 10,000 steps/day could 

have been more effectively facilitated by a gradual increase over a longer period of 

time.  Although step goal prescriptions were progressed individually based on each 

participant’s baseline activity level, all subjects were prescribed the 10,000 steps/day 

goal no later than the beginning of week 5.  This meant that subjects with lower baseline 

step measures may have had to increase their activity as much as 8,000 steps/day 

within 4 weeks.  Although participants were encouraged to obtain extra steps in their 

typical activities of daily living and were given strategies to do so, this magnitude of 

increase in ambulation would likely require a purposeful walking bout at some point 

during the day.  Review of the subjects’ daily walking logs indicated that most did not 

seek out this leisure time physical activity.  The steps that were recorded were what 

participants had accumulated while carrying out their typical daily activities.   

The study by Schneider et al. (174) was also somewhat unsuccessful in getting 

subjects to adhere to the 10,000 steps/day goal of their walking intervention, but found 

that those who did had a marked effect on their outcome measures, particularly body 

composition variables.  Similar to the participants of the current study, their non-

adherers still significantly increased their steps from 5,133 ± 1,268 to 7,605 ± 1,290 

steps/day. Only 33% of the Schneider at al. participants who initiated the study, and 

50% of those who completed it were able to adhere to the 10,000 steps/day 

prescription.  Adherence was defined as attaining an average ≥9,500 steps/day from 

week 4 to the end of the 36-week study.  These and the results of the current study 

suggest that even though 10,000 steps/day seems to be the threshold for significant 

CVD benefits, it may not be immediately feasible for previously sedentary, overweight 

and obese adults to increase their steps.  Future interventions using overweight and 

obese AA women may be more successful in getting participants to achieve the daily 

goal of 10,000 steps by introducing the step increases more gradually over a longer 

period of time, and by incorporating more accountability into the program such as 
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requiring a weekly laboratory check-in or holding scheduled, supervised group walks to 

ensure that leisure-time physical activity is built into the daily routine. 

There are barriers to physical activity that are often mentioned in studies with AA 

women, however they are not limited only to AA women.  Some of these barriers 

include a level of obesity that makes physical activity difficult, a lower self-efficacy for 

exercise, placing caregiving as a higher priority than self-care, attitudes that resting 

rather than being physically active is a method for restoring health balance, a lack of 

positive social support, lack of knowledge, and a lack of physically active role models 

(26, 206).  The built environment may also play a role in physical inactivity and obesity, 

particularly in more urban neighborhoods.  A recent study in urban, minority women 

(mean age 58.7 years) of low income levels showed a need for neighborhood 

improvements to promote physical activity (190).  This sample, 76% AA, was asked to 

provide recommendations for environmental changes to increase physical activity.  

Increased police protection, cleaner streets, removing drugs from the streets, more 

street lights, forming walking groups, and the availability of free gyms were the top 

recommendations, many of which were related simply to safety.  Other high-scoring 

recommendations were neighborhood programs for children, neighbors that were more 

friendly /respectful to exercisers, and more bicycle paths.   

The subjects in the WRT group had significant improvements in both upper and 

lower body strength.  However, after 12 weeks of RT the respective increases of 16.8% 

and 17.1% are somewhat low.  In a study by Cauza et al. (39), subjects trained 3 

days/week for 15 weeks, performing 1-2 sets of 10 total body exercises for 10-15 

repetitions until severe fatigue or failure.  These authors reported a 28.9% and 47.8% 

increase in bench press and leg press 1-RM values, respectively, and showed a 

significant improvement in HbA1c, blood glucose, insulin resistance, total cholesterol, 

HDL-C, TG, and LDL-C in a sample of diabetic, obese (BMI: 31.3 ± 0.9 kg/m2) women 

and men.   However, it should be mentioned that baseline values for HbA1c, blood 

glucose, and TG were notably higher in these subjects compared to the current study.  

Fencki et al. (77) showed significant improvements in BMI, waist circumference, fasting 

glucose, systolic and diastolic blood pressure, and TG after 12 weeks of RT 3 
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times/week in middle-aged, obese women.  These women performed 3 sets of 10 

repetitions for 6 total body exercises at 75-80% of their 1-RM, however specific strength 

increases were not reported.  All CVD risk factor variables in this population at baseline 

were similar to those of the current study except for TG which were higher in the Fencki 

et al. study. 

Janssen et al. (113) found improvements in waist circumference, fasting insulin, 

insulin sensitivity, abdominal subcutaneous fat, and TG after 16 weeks of RT, in 

premenopausal, obese women.  These subjects had a significant increase in upper 

(38%) and lower body (29%) training load, however, they were required to reduce their 

caloric intake by 1,000 kcal/day, in addition to completing their RT prescription.  

Fahlman et al. (76) discovered significantly more favorable HDL-C and TG levels in 

elderly women after 10 weeks of RT 3 days/week.  These women performed 1-3 sets of 

8 repetitions until volitional fatigue.  Leg extension and leg curl 1-RM loads improved by 

54.3% and 95.9%, respectively in these women.  Upper body strength was not 

measured as their training protocol included 8 exercises for the lower body and core 

only.   

In contrast to the studies above of longer durations and greater intensities, Elliott 

et al. (70) observed only modest, non-significant decreases in systolic and diastolic 

blood pressure and no effects on TG, HDL-C, LDL-C, or total cholesterol after 8 weeks 

of low-intensity RT 3 days/week in previously sedentary, postmenopausal women.  

These subjects performed 3 sets of 8 repetitions at 80% of the subjects’ 8-RM.  

Isokinetic leg strength was not significantly improved by this training regimen (leg 

extension, 2.8-6.7%; leg flexion, -1.7-4.7%).  Olson et al. (159) conducted an 

intervention where overweight women ages 25-44 years participated in RT 2 

times/week that produced only modest increases in bench press (6.9%) and leg press 

strength (8.1%).  However, at the conclusion of this 1-year intervention, significant 

improvements in CRP were reported.  These women performed 3 sets of 10-12 

repetitions for exercises including all the major muscle groups. 

The current study met for RT only 2 days/week.  This was chosen in an effort to 

minimize the time commitment and therefore, dropout rate, being that subjects were 
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asked to adopt a walking program into their week as well.  RT 2 days/week is also the 

minimum recommended frequency given by the American College of Sports Medicine 

(203).  Subjects completed an average of 12 repetitions for the exercises prescribed.  

The successful completion of 12 repetitions indicates that the individual is lifting 

approximately 60% of their 1-RM.  Post-intervention analyses confirmed that subjects 

were lifting 56.0 ± 5.7% and 60.7 ± 8.2% of their 1-RM for the chest press and leg 

extension exercises, respectively, which were the 2 exercises used to measure upper 

and lower body strength.  These intensities are lower than those used in the studies 

previously mentioned which found significant improvements in several of the same CVD 

risk factors that were measured in the current study.  Due to the lower intensity and 

higher repetitions, the current study’s strength increases were not as great as those 

achieved in other investigations.  This evidence suggests that the RT stimulus of the 

current study did not appear to be large enough to promote changes in many of the 

CVD risk factors that were measured.  It seems that a threshold of strength gains or 

improvement of muscle quality is needed before changes in CVD risk factors are 

altered. 

 Although the current study did not find reductions in blood pressure or for most of 

the blood markers for CVD risk, it did find significant reductions in waist circumference 

measures and total fat mass.  These reductions that occurred with only moderate 

increases in steps/day and strength could have significant health implications if these 

measurements continue to decrease with time.  There was also a significant reduction 

in gynoid fat mass in the WRT group, however, this finding is somewhat less notable 

when focusing on CVD risk factors being that fat stored in the lower body is 

characteristically subcutaneous fat, which has not been shown to have the harmful 

endocrine function of visceral fat which is stored deep in the abdomen (87).   

There were, however, significant pre- to post-intervention decreases in HbA1c 

and mean blood glucose calculated from HbA1c in the WRT group, but not in the W 

group.  This aligns with previous studies where HbA1c was improved by RT (31, 39, 66, 

194).  In fact, HbA1c seemed to be the only CVD risk factor variable of those reviewed 

above and investigated in the current study that was consistently improved by RT.  
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Although the W group’s HbA1c  did not decrease significantly, both groups did show 

improved HbA1c values  (W: 6.2 ± 1.3 to 6.0 ± 1.4%; WRT: 6.0 ± 1.3 to 5.7 ± 1.1%) 

despite the low intensity of the current study’s RT program.  Baseline values were just 

above normal (<6%) as defined by the American Diabetes Association (12) for both 

groups.  Based on previous studies, an even greater improvement in HbA1c may have 

been shown if baseline values were further deviated from normal.  Women in the 

present study were also excluded if they had uncontrolled diabetes, so the majority of 

the women’s glucose levels were being monitored.  Tsuzuku et al. (194) also had 

subjects that were below normal at baseline, however their 12-week intervention that 

met 3 days/week using only body weight and rubber tubing did not result in substantial 

improvements compared to other studies (5.4 ± 0.6 to 4.9 ± 0.5%).  Although not 

reported and difficult to quantify, the nature of the training modalities of this study likely 

provoked less pronounced strength gains. 

There also seems to be evidence that greater intensity, duration, and/or 

frequency of RT resulting in greater strength gains may bring forth a greater HbA1c 

response.  This was indicated by Brooks et al. (31) and Cauza et al. (39) where subjects 

trained 3 days/week for 15-16 weeks with HbA1c improvements from 8.7 ± 1.8 to 7.6 ± 

1.5% and 8.2 ± 1.7 to 7.1 ± 1.2%, respectively.  The subjects in the Brooks study had 

upper and lower body strength improvements of 36.4% and 68%, respectively, while the 

participants in the Cauza study had respective strength improvements of 28.9% and 

47.8%.  However, it should be noted that both these samples had subjects with above 

normal HbA1c values at baseline.  Results by Dunstan et al. (66) support this dose-

response speculation as they found significant HbA1c decreases after both 3 and 6 

months of RT 3 days/week at 50-85% of 1-RM.  In this study, HbA1c fell significantly 

more in subjects who participated in an RT program plus a diet-based weight loss 

program (8.1 ± 1.0 to 7.5 ± 0.7 to 6.9 ± 1.0%) compared to a control group who was 

only participating in the diet-based weight loss program.  Even though the strength 

gains of the current study were modest and the baseline values of the current 

population were near normal, it is an important finding that significant decreases in 

HbA1c still occurred. 
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Fasting blood glucose became less favorable for both the intervention groups of 

the current study, and was significantly less favorable in the W group.  Although 

subjects were asked to fast for 12-hours prior to having their blood drawn and confirmed 

having done so upon arrival to the laboratory, this measure could have been altered 

pending a deviation from the 12-hour fast.  For this reason, the mean blood glucose 

value calculated from HbA1c was also used in the analyses to provide a more 

comprehensive indication of the subjects’ blood glucose control over the time span of 

the intervention. 

This study showed no significant changes in systolic or diastolic blood pressure, 

TG, or HDL-C.  Previous studies on the effects of RT on all of these variables were 

varied in their results, none of which looked at the effect of RT on blood pressure in AA 

women.  However, a few aerobic training studies have shown blood pressure 

improvements in AA women (121, 185) and RT has shown improvements in other 

obese female populations (77).  Some of the variability with blood pressure 

measurements in the previous literature is due to the timing of the blood pressure 

measurement and the amount of time a subject is given to rest prior to the 

measurement.  Subjects of the current study were given at least 10 minutes to rest prior 

to their measurement while they completed written questionnaires and surveys.  As an 

additional control measure, blood pressure measurements were taken on these 

subjects at a consistent time of day (in the morning). 

TG levels in the current population were well within normal limits which aligns 

with previous studies also showing that TG in AA women are consistently normal (6, 48, 

157).  After observing that the current baseline TG values were normal, obtaining a 

significant response in TG to the intervention seemed less likely, however the 

hypotheses of the current study included an anticipated post-intervention improvement 

in TG because this area is currently understudied in the AA female population.  

Improvements in TG levels after cardiovascular training have been shown in AA women 

(121) and after RT in other female populations (76, 77, 113), but no studies have 

examined the effects of RT on TG in AA women. Therefore it was unknown what an RT 

intervention would do to TG levels.  HDL-C also did not change in either intervention 
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group, despite the fact that baseline levels were below the recommended levels for 

women.  Similar to TG, HDL levels are typically found to be more favorable in AA 

women when compared to other races and genders (48, 149, 157).  Also like TG, 

cardiovascular training has shown an improvement in HDL-C in AA women (121), 

however, no one has yet evaluated the effects of RT on HDL-C in this population even 

though significant improvements after RT interventions have been discovered in other 

female populations (23, 76). 

CRP was the chosen inflammatory marker for the current study.  There were no 

changes in CRP in either training group despite the fact that baseline measures for both 

groups were above normal.  Fibrinogen was used as a prothrombotic marker in the 

current study.  Both groups had increases in fibrinogen, however, the increase observed 

in the WRT group was significant.  These results are noteworthy due to the fact that 

research on the effects of exercise, particularly RT, on fibrinogen is lacking overall and 

non-existent in AA women.  More studies are needed to evaluate whether or not a 

fibrinogen increase occurs consistently after RT exercise.  Banz et al. (20) found similar 

results showing a significant increase in fibrinogen after 10 weeks of RT (156 ± 7 mg/dL 

to 200 ± 10 mg/dL) in middle-aged, android-obese men.  Those authors speculated that 

one reason for this increase may have been due to taking the measurement too soon 

after the last exercise session (~72 hours), eliciting an acute elevation.  This was not 

likely a factor in the current study as all subjects underwent post-testing no earlier than 

72 hours after their final RT session, with most post-tests occurring within 5-7 days.  

The significant fibrinogen increase in the current study is more bothersome than that 

found by Banz et al. because the AA women in the current study had initial values that 

were already above the recommended values placing them at a higher risk for CVD at 

baseline.     

The lack of research on the effects of RT on inflammatory and prothrombotic 

markers makes it difficult to draw a definitive conclusion as to whether or not the current 

findings are typical for AA women, or whether or not RT of a greater intensity and/or 

occurring longer than 12 weeks may eventually lead to improvements in either factor.  
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Further research is needed in order to confirm the findings that are currently presented 

and to identify any patterns that may exist in inflammatory and prothrombotic markers. 

  This study had some limitations.  The power analysis calculated prior to the 

study indicated that an effect size of 0.55 was needed.  The calculation also indicated 

that 21 subjects/group were needed for a power of 70% and 26 subjects/group were 

needed for a power of 80%.  Due to the small number of participants in each group, the 

effect size was not reached and may have hindered some potential results.  If everyone 

who entered the intervention groups (W: n=25; WRT: n=19) would have completed the 

study, more significant results may have been detected.   The results of this study were 

also limited because only 4 out of the 32 subjects who completed either intervention 

actually reached the 10,000 step daily goal. This made it difficult to clearly define the 

potential benefits of the intervention and likely decreased the CVD risk improvements 

that were outlined in the hypotheses.  This study also lacked a non-exercise control 

group, however  previous RT and walking studies that did  include a non-exercise 

control group showed no significant change in CVD risk factors for the non-exercising 

controls (77, 151).  This study did not have a group that performed RT alone, but the 

lack of walking in both the W and WRT groups plus the fact that the steps/day 

accumulated in each group were not statistically significant, means that essentially the 

W group served as controls while the WRT showed the changes after adopting a RT 

program.  

Ideally, combining healthy dietary changes and exercise should be the method 

used to most effectively encourage weight loss and consequently, reduce CVD risk 

factors.  However, the goal of the current study was to evaluate the effects of the 

exercise interventions, therefore to make this separation, it was important for the 

subjects not to change their dietary intake over the 12-week intervention period.  

Although subjects were asked to continue their own typical diet habits for the duration of 

the 12-week intervention, a lack of stringent dietary control could have potentially 

affected this study’s results.  The Multifactor Screener food frequency questionnaire and 

the 3-day diet recall performed before and after the intervention were used to monitor 

any significant dietary changes, of which none were detected for daily caloric intake, 
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percentage of kilocalories from fat, or dietary fiber intake.  The W group did have a 

significant decrease in percentage of kilocalories from carbohydrate while the WRT 

group had a significant increase in kilocalories from protein.  The consistency in the self-

reported caloric intake before and after the study indicates that any body composition 

and CVD risk factor changes that may have occurred were likely due to the exercise 

intervention.  

 

Conclusions 

The increases in strength and physical activity of the current study were not 

associated with large improvements in CVD risk factors, and in the cases of fasting 

glucose in the W group and fibrinogen in the WRT group, significant unfavorable 

changes occurred.  The risk factors that did significantly respond to the WRT treatment 

but not the W treatment were waist circumference, total fat mass, gynoid fat mass, 

percent body fat, HbA1c, and mean blood glucose calculated from HbA1c.  Since there 

was no significant difference between the 2 intervention groups in physical activity 

measured in steps/day at baseline and both groups increased their steps by a similar 

margin, these results suggest that the incorporation of RT was a factor in the reduction 

of abdominal obesity in AA women.   

Even though the blood variables for CVD risk were not affected by a 12-week, 

low-intensity RT program, these results did show that more favorable body composition 

variables can be achieved in 12 weeks.  The improvement in body composition 

variables, particularly waist circumference, will likely lead to eventual improvements in 

CVD risk factor blood variables over time.  The lack of response of these obese, AA 

women and other overweight and obese populations to a 10,000 step/day physical 

activity prescription may indicate that this recommendation is too aggressive initially for 

previously sedentary individuals.  In contrast, the results presented here and the 

excellent adherence of the current sample of AA women to the RT portion of the 

intervention may be an effective method to improve CVD risk factors over time and 

could lead to a greater amount of ambulation in the future.  Combining diet and exercise 

interventions to enhance and accelerate weight loss may be an important focus for 
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future studies in the event that body weight is hindering obese individuals from taking up 

ambulatory activities.  Future research on the effects of RT combined with pedometer-

based ambulation on CVD risk factors in AA women should focus on the attainment of 

the 10,000 step/day threshold and include a high-intensity RT protocol for maximum 

benefits.  However, obese populations may benefit from adopting a RT program first to 

stimulate positive body composition changes, and then gradually take up walking and 

other ambulatory activities later to maximize CVD risk factor improvements. 
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Office of the Vice President For Research 
Human Subjects Committee 
Tallahassee, Florida 32306-2742 
(850) 644-8673 . FAX (850) 644-4392 
 
APPROVAL MEMORANDUM 
 
Date: 12/17/2007 
 
To: Lyndsey Hornbuckle 
 
Address: 110 Dixie Drive - Apt. C2 - Tallahassee, FL  32304 
Dept.: NUTRITION FOOD AND MOVEMENT SCIENCES 
 
From: Thomas L. Jacobson, Chair 
 
Re: Use of Human Subjects in Research 
The effects of resistance training and ambulation on cardiovascular risk factors 
 
The application that you submitted to this office in regard to the use of human subjects 
in the research proposal referenced above has been reviewed by the Human Subjects 
Committee at its meeting on 11/14/2007 2:30:00 PM.  Your project was approved by the 
Committee. 
 
The Human Subjects Committee has not evaluated your proposal for scientific merit, 
except to weigh the risk to the human participants and the aspects of the proposal 
related to potential risk and benefit. This approval does not replace any departmental or 
other approvals, which may be required. 
 
If you submitted a proposed consent form with your application, the approved stamped 
consent form is attached to this approval notice.  Only the stamped version of the 
consent form may be used in recruiting research subjects. 
 
If the project has not been completed by 11/12/2008 you must request a renewal of 
approval for continuation of the project. As a courtesy, a renewal notice will be sent to 
you prior to your expiration date; however, it is your responsibility as the Principal 
Investigator to timely request renewal of your approval from the Committee. 
 
You are advised that any change in protocol for this project must be reviewed and 
approved by the Committee prior to implementation of the proposed change in the 
protocol.  A protocol change/amendment form is required to be submitted for approval 
by the Committee.  In addition, federal regulations require that the Principal Investigator 
promptly report, in writing any unanticipated problems or adverse events involving risks 
to research subjects or others. 
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By copy of this memorandum, the Chair of your department and/or your major professor 
is reminded that he/she is responsible for being informed concerning research projects 
involving human subjects in the department, and should review protocols as often as 
needed to insure that the project is being conducted in compliance with our institution 
and with DHHS regulations. 
 
This institution has an Assurance on file with the Office for Human Research Protection. 
The Assurance Number is IRB00000446. 
 
Cc: Lynn Panton, Advisor 
HSC No. 2007.831 
Office of the Vice President For Research 
Human Subjects Committee 
Tallahassee, Florida 32306-2742 
(850) 644-8673 · FAX (850) 644-4392 
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RE-APPROVAL MEMORANDUM 
 
Date: 10/24/2008 
 
To: Lyndsey Hornbuckle 
 
Address: 110 Dixie Drive - Apt. C2 - Tallahassee, FL  32304 
Dept.: NUTRITION FOOD AND MOVEMENT SCIENCES 
 
From: Thomas L. Jacobson, Chair 
 
Re: Re-approval of Use of Human subjects in Research 
The effects of resistance training and ambulation on cardiovascular risk factors 
 
Your request to continue the research project listed above involving human subjects has 
been approved by the Human Subjects Committee. If your project has not been 
completed by 10/21/2009, you are must request renewed approval by the Committee. 
 
If you submitted a proposed consent form with your renewal request, the approved 
stamped consent form is attached to this re-approval notice.  Only the stamped version 
of the consent form may be used in recruiting of research subjects. You are reminded 
that any change in protocol for this project must be reviewed and approved by the 
Committee prior to implementation of the proposed change in the protocol.  A protocol 
change/amendment form is required to be submitted for approval by the Committee. In 
addition, federal regulations require that the Principal Investigator promptly report in 
writing, any unanticipated problems or adverse events involving risks to research 
subjects or others. 
 
By copy of this memorandum, the Chair of your department and/or your major professor 
are reminded of their responsibility for being informed concerning research projects 
involving human subjects in their department.  They are advised to review the protocols 
as often as necessary to insure that the project is being conducted in compliance with 
our institution and with DHHS regulations. 
 
Cc: Lynn Panton, Advisor 
HSC No. 2008.1805 
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APPENDIX B 

MEDICAL HISTORY QUESTIONNAIRE 
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MEDICAL HISTORY QUESTIONNAIRE 
 

1.  Have you ever been diagnosed with or treated for (by a physician or health 
professional) any of the following conditions?  If so, please check all that apply in the 
appropriate column and explain below: 
 
____Asthma    ____Gout    ____Liver Problems 
____Back Pain   ____Heart Attack   ____Metal in the Body 
____Bronchitis (chronic)  ____Heart Disease/Problems ____Osteoarthritis 
____Bleeding Disorders  ____Hernia    ____Osteoporosis 
____Cancer    ____High Blood Pressure             ____Rheumatoid Arthritis 
____Diabetes    ____High Cholesterol  ____SpinalTrauma/Instability  
____Emphysema   ____Hypoglycemia   ____Stroke 
____Endocrine Disorders  ____Kidney Problems  ____Thyroid Disease 
____Epilepsy   
 
______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

 
2.  Do you have any other physical conditions or orthopedic disabilities that may limit 
your ability to be physically active or would limit your ability to participate in resistance 
training exercises?  If so, please describe: 
______________________________________________________________________ 

______________________________________________________________________

______________________________________________________________________ 

 
3.  Are you currently taking any medications?  ____ Yes ____ No 

If yes, please list the medication and indicate the condition for which you are taking the 
medication: 
______________________________________________________________________

______________________________________________________________________ 

______________________________________________________________________ 

 
4.  Are you currently pregnant or are you planning to become pregnant within the next 4 
months?    ____ Yes        ____ No 
 
5.  Do you currently smoke or have you quit within the last 6 months?  ___ Yes   ___ No 
If yes, what type of tobacco products and how many per day? 

______________________________________________________________________ 

______________________________________________________________________ 
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6.  Of the following members of your family, please describe any cardiovascular 

disease, stroke, or diabetes, along with the age of onset: 

Father________________________________________________________________ 
Mother________________________________________________________________ 
Brother________________________________________________________________ 
Sister_________________________________________________________________ 

 
7.  What is your current menstrual status? (check one) 

____ Premenopausal  (still having regular menstrual periods) 
____ Perimenopausal  (having irregular menstrual periods)   
____ Postmenopausal  (menstrual periods have ceased for 12 months or more) 

  
8.  Are you periods typically regular?   ____ Yes ____ No  
    If no, please explain:  __________________________________________________ 
 
 _____________________________________________________________________ 
 
______________________________________________________________________ 
 
9.  What was the 1st day of your last menstrual period? _____________________ 
 
10.  Have you had a hysterectomy?   ____ Yes ____ No 
       If yes, did it include the removal of your ovaries? ____ Yes ____ No 
 
11.  Are you currently on hormone replacement therapy (estrogen)?   

____ Yes   ____ No 
 If yes, at what age did you start?  _____   
 How long have you been on the therapy? ___________ 

 
 
12.  Have you had any recent surgeries?   ____ Yes ____ No 
       If yes, please give date and explain:  _____________________________________ 
        
    ____________________________________________________________________ 
 
    ____________________________________________________________________ 
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APPENDIX C 

MULTIFACTOR SCREENER 

FOOD FREQUENCY QUESTIONNAIRE 
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APPENDIX D 

READINESS TO CHANGE PHYSICAL ACTIVITY SURVEY 
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READINESS TO CHANGE 

PHYSICAL ACTIVITY SURVEY 
 
 
1.  Are you accumulating at least 30 minutes of moderate-intensity physical activity on 
most (5 or more) days per week?    

______ No = go to question 3      
______ Yes = go to question 2 

 
 
2.  If you answered Yes to question 1, have you been doing this on a regular basis for 
the last 6 months?    

_____ No = If you’re doing this consistently for less than 6 months, you are in the  
         Action Stage.  End of survey. 

_____ Yes = If you have maintained the new habit for 6 months, you are in  
           Maintenance Stage.  End of survey. 
 

 
3.  If you answered No to question 1, are you accumulating at least 30 minutes of 
moderate-intensity physical activity at least one day per week?     

_____ No = go to question 4   
_____ Yes = If you’re doing physical activity irregularly, you’re in the  

           Preparation Stage.   End of survey. 
 

 
4.  If you answered No to 3, do you intend to increase your physical activity?    

_____ No = If you’re not even thinking about it, you are in the Precontemplation  
         Stage.  End of survey. 

_____ Yes = If you’re giving it a thought now and then but not doing it, you are in  
           the Contemplation Stage.  End of survey. 

 
 

 
 
 
 
 
 
 
 
 
 
*** Moderate-intensity physical activities are equal in effort to a brisk walk and walking a mile in 
15 to 20 minutes.  Other examples include:  bicycling (10-12 mph), dancing, gardening and yard 
work, golfing (without a cart), raking leaves, vacuuming a carpet, playing volleyball, and hiking. 
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APPENDIX E 

PHYSICAL ACTIVITY LOG
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PHYSICAL ACTIVITY LOG 

 
 
Phone:  (850) 645-2541 
Fax:       (850) 645-5000 
Subject ID #: _________     
 
 

 
 

MONTH:  ___________________ 2008 

 
 
 
 

Sunday 
Date: 
 
Time On: 
_____ 
 
Time Off: 
_____ 
 
Total  
Steps: 
_______ 
 

Monday 
Date: 
 
Time On: 
_____ 
 
Time Off: 
_____ 
 
Total  
Steps: 
_______ 
 

Tuesday 
Date: 
 
Time On: 
_____ 
 
Time Off: 
_____ 
 
Total  
Steps: 
_______ 
 

Wednesday 
Date: 
 
Time On: 
_____ 
 
Time Off: 
_____ 
 
Total  
Steps: 
_______ 
 

Thursday 
Date: 
 
Time On: 
_____ 
 
Time Off: 
_____ 
 
Total  
Steps: 
_______ 
 

Friday 
Date: 
 
Time On: 
_____ 
 
Time Off: 
_____ 
 
Total  
Steps: 
_______ 
 

Saturday 
Date: 
 
Time On: 
_____ 
 
Time Off: 
_____ 
 
Total  
Steps: 
_______ 
 

Brief 
description of 
your activities 
 
 
 
 
 
 
 

Brief 
description of 
your activities 

Brief 
description of 
your activities 

Brief 
description of 
your activities 

Brief 
description of 
your activities 

Brief 
description of 
your activities 

Brief 
description of 
your activities 

 
 
 

 The pedometer should be worn at all times except when swimming, showering, or 
sleeping. 

 As soon as you wake up each morning, put the pedometer on your belt or waistband and 
write down the time that you put it on. 

 Before you go to bed each night, remove the pedometer and write down your steps, 
activities for that day, and the time at which you take the pedometer off.  Then, re-zero 
the pedometer. 
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APPENDIX F 

DIET RECORD FORM 
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DIETARY RECORD INSTRUCTIONS 

 
1. Use the Dietary Record Forms provided to record everything you eat or drink for 

3 consecutive days – two weekdays and one weekend day. 
2. Indicate the name of the FOOD ITEM, the AMOUNT eaten, how it was 

PREPARED (fried, boiled, etc.), and the TIME the food was eaten.  If the item 
was a brand name product, please include the name.  Try to be accurate about 
the amounts eaten.  Measuring with measuring cups and spoons is best, but if 
you must make estimates, use the following guidelines: 

* Fist is about 1 cup 
* Tip of Thumb is about 1 teaspoon 
* Palm of the hand is about 3 ounces of meat (about the size of a deck of     
   cards) 
* Tip of Thumb is about 1 ounce of cheese 

3. Try to eat what you normally eat and record everything.  The project will only be 
useful if you are HONEST about what you eat.  The information you provide is 
confidential. 

4. MILK:  Indicate whether milk is whole, low fat (1 or 2%), or skim.  Include 
flavoring if one is used. 

5. VEGETABLES and FRUITS:  One average serving of cooked or canned fruits 
and vegetables is about a half cup.  Fresh whole fruits and vegetables should be 
listed as small, medium, or large.  Be sure to indicate if sugar or syrup is added 
to fruit and list if any margarine, butter, cheese sauce, or cream sauce is added 
to vegetables.  When recording salad, list items comprising the salad separately 
and be sure to include salad dressing used. 

6. EGGS:  Indicate method of preparation (scrambled, fried, poaches, etc.) and 
number eaten. 

7. MEAT / POULTRY / FISH:  Indicate approximate size or weight in ounces of the 
serving.  Be sure to include any gravy, sauce, or breading added. 

8. CHEESE:  Indicate kind, number of ounces or slices, and whether it is made from 
whole milk, part skim, or is low calorie. 

9. CEREAL:  Specify kind, whether cooked or dry, and measure in terms or cups or 
ounces.  Remember that consuming 8 oz. of cereal is not the same as 
consuming one cup of cereal.  1 cup of cereal generally weighs about 1 ounce. 

10. BREAD and ROLLS:  Specify kind (whole wheat, enriched wheat, rye, etc.) and 
number of slices. 

11. BEVERAGES:  Include every item you drink excluding water.  Be sure to record 
cream and sugar used in tea and coffee, whether juices are sweetened or 
unsweetened and whether soft drinks are diet or regular. 

12. FATS:  Remember to record all butter, margarine, oil, and other fats used in 
cooking or on food. 

13. MIXED DISHES / CASSEROLES:  List the main ingredients and approximate 
amount of each ingredient to the best of your ability. 

14. ALCOHOL:  Be honest.  Record amounts in ounces.  Specify with “light” or 
“regular” beer. 
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DIETARY RECORD FORM 

 
Day of the Week:  _________________ 
Date:  ____________________ 
 
 

FOOD ITEM AMOUNT TIME 
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   

 
 
 Express approximate measures in cups (C), tablespoons (T), teaspoons (t), 

grams (g), ounces (oz.), pieces, etc. 
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