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Purpose: The purpose of this paper was to determine if joining the APFP and adhering to the 

exercise prescription upon entering the program would change participants’ physical activity 

levels and VO2max, along with physiological variables measured during the testing performed at 

the Human Performance Laboratory. Methods: There are a total of 6,384 subjects in the 

database with a total of 8,037 maximal tests recorded that were retrieved from the Adult Physical 

Fitness Program (APFP) database with the subjects being members of the APFP at Ball State 

University. Adherence testing was begun within the last 10 years, so a total of 91 individuals 

completed adherence testing but only 30 subjects had complete data sets to be used for the 

analyses. Results: Significant differences (P<0.001) were seen in pre versus post resting heart 

rate, resting systolic blood pressure, resting diastolic blood pressure, total cholesterol, HDL, 

LDL,  triglycerides, glucose, body weight, body mass index (BMI), waist circumference, 

maximal oxygen uptake (VO2max), iDXA percent body fat, and iDXA total fat. Subjects also 

increased PA, as seen with significant increases in the pedometer steps per week and the IPAQ 
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vigorous minutes per week. No significant differences (P>0.05) were seen in the IPAQ moderate 

minutes per week or IPAQ walking minutes per week. Conclusion: Entering the APFP and 

adhering to the exercise prescription had an overall positive change on participants’ overall 

health. The current study, as well as previous research, demonstrates that changing just one 

modifiable risk factor, PA, can have a positive change on weight, BMI, several blood markers, 

BP, and VO2max. 

 

 

  



4 
 

INTRODUCTION 

 Chronic disease can be defined as a long-lasting condition that can be controlled but not 

cured (10). Chronic disease is the leading cause of death and disability in the United States 

which accounts for 70% of all deaths, which is 1.7 million each year (12). Cardiovascular disease 

(CVD), diabetes, and obesity are among the most common chronic diseases, with CVD alone 

responsible for 611,105 deaths (10). Several risk factors contribute to the development and 

progression of CVD. These risk factors are age, family history of CVD, sedentary lifestyle, 

cigarette smoking, obesity, hypertension, dyslipidemia, and pre-diabetes (1, 2). All but two of 

these risk factors (age and family history) are modifiable through lifestyle changes or 

medications. Lifestyle modifications include regular exercise/physical activity, smoking 

cessation, and proper nutrition. These modifications may reduce or eliminate positive risk factors 

along with the possibility of CVD and/or chronic disease diagnosis. 

 Physical activity (PA) is defined as any bodily movement, produced by skeletal muscles 

that result in energy expenditure above the basal metabolic rate (23). Exercise is a subset of 

physical activity that is planned, structured, repetitive, and purposeful in regard to maintaining or 

improving physical fitness (23). Physical activity both prevents and helps treat many established 

CVD risk factors including elevated blood pressure, insulin resistance and glucose intolerance, 

elevated triglyceride concentrations, low high-density lipoprotein cholesterol (HDL-C) 

concentrations, and obesity (23).  Given these well-known benefits, the US Department of Health 

and Human Services recommends that adults attain at least 150 minutes of moderate intensity 

(40-59% of heart rate reserve (HRR)) or 75 min/week of vigorous intensity (60-85% of HRR) 

PA per week (2). 
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 Along with these recommendations, the ACSM guidelines state that if an individual 

wants to improve their fitness, reduce their risk for chronic disease, and/or prevent unhealthy 

weight gain, exceeding the guideline’s recommendations may be of benefit (1). However, even 

though exercise and physical activity at both moderate and vigorous intensities are highly 

recommended, it has been estimated that less than 10% of Americans over the age of 20 

regularly meet physical activity recommendations (24).  Recent studies report that the number of 

individuals meeting these guidelines is declining (1, 3, 16, 22). Compounding this problem is the 

fact that participation in physical activity and exercise tends to decrease with age (24). 

Accumulating approximately 10,000 steps per day (25), as measured by an objective PA 

monitoring device such as an accelerometer or pedometer, is an alternative way that has been 

accepted as adequate energy expenditure for meeting the national PA guidelines for moderate 

intensity activity. 

 Monitoring physical activity levels is important for surveillance and for assessing the 

effectiveness of interventions or public health initiatives aimed at increasing physical activity. 

Pedometers are relatively simple and inexpensive devices, which measure the number of steps 

taken, that provide an accurate and objective measure. Researchers are interested in walking-

based activities for several reasons: walking is one of the most popular physical activities in the 

US; walking-based activities account for a major portion of physical activity energy expenditure 

(EE) on PA questionnaires and logs, and walking is known to confer substantial health benefits 

like reducing the risk of CVD (27). The pedometer is typically a belt or waistband-worn motion 

sensor that records movement during regular gait cycles. A systematic review of the validity of 

pedometers compared with accelerometers, observation, EE and self-report concluded that they 

are a valid method for assessing physical activity when compared with measurement through 
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accelerometry (26). The use of pedometers is not only to assess physical activity but also 

motivate behavior change. 

 Another inexpensive way to track physical activity is self-reported logs. Self-reported PA 

logs have become an invaluable tool for PA research because of their minimal expense and 

scoring flexibility (27). The only equipment needed is a pencil, a data collection strategy, and a 

piece of paper. With this type of data collection it allows flexibility in providing either a 

behavioral description of PA patterns or a more quantitative summary estimate of PA 

expenditure, or both (13, 27).  A popular questionnaire used is the International Physical Activity 

Questionnaire (IPAQ) which was developed as an instrument for cross-national monitoring of 

physical activity and inactivity. The IPAQ has two versions available: the 31 item long form 

(IPAQ-LF) and the 9 item short form (IPAQ-SF). The short form records the activity of four 

intensity levels: 1) vigorous-intensity activities such as aerobics, 2) moderate-intensity activity 

such as leisure cycling, 3) walking, and 4) sitting.  The IPAQ has been addressed in several 

studies and has been proven to be valid and reliable (26, 27). Strengths of the IPAQ are that it 

was tested in both developed and developing countries, and demonstrated acceptable reliability 

and validity properties across both. The IPAQ can be used with confidence in developed 

countries or in urban samples in developing countries, but with some caution in rural or low 

literacy samples from developing countries (27).  

 Most of today’s working population has desk jobs. Going to a gym or exercise facility is 

a great way to increase PA and improve overall health.  Through the Ball State University 

(Muncie, IN) Human Performance Lab (HPL) there is the Adult Physical Fitness Program 

(APFP), which has been running for over 40 years and is the oldest university-based fitness 

program in the country. In order to begin a membership to this facility, maximal testing and non-
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exercise testing must be done. The primary purpose of this paper was to see how joining the 

APFP and adhering to the exercise prescription given upon entering the program would change 

participants’ physical activity levels and VO2max, along with physiological variables measured 

during the testing performed at the HPL. All data is collected in the HPL at Ball State University. 

Methods 

I. Study Population 

 Data for this study were retrieved from the APFP database with the subjects being 

members of the APFP at Ball State University. There are a total of 6,384 subjects in the database 

with a total of 8,037 maximal tests recorded. However, adherence testing was only begun within 

the last 10 years, so a total of 91 individuals completed adherence testing but only 30 subjects 

had complete data sets to be used for the analyses. To be included in the analysis, subjects had to 

have complete data for two time-points approximately 6 months apart.  Additionally, upon 

entering the APFP, all members are given a personalized exercise prescription with progression 

to eventually meeting physical activity guidelines.  Only those who were adherent to their 

exercise prescription were included in analysis.  Subjects were self-referred, apparently healthy 

adults from the surrounding area of Muncie, Indiana who primarily underwent testing to join the 

APFP. Subject data was stored in an electronic database (Filemaker Pro 11, Filemaker, Inc., 

Santa Clara, CA). Data was extracted by the APFP Database Administrator, and de-identified 

data was provided to researchers. 

II. Laboratory Visits 

 Each subject reported to the Ball State Human Performance Laboratory (HPL) for two 

visits. The first visit to Ball State’s HPL consisted of reviewing a health questionnaire and 
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performing baseline body composition and resting cardiovascular measurements (described 

below). The second visit consisted of a graded maximal exercise test.  

III. Body Composition Assessment 

a. Anthropometric Measurements: 

 Subjects were asked to remove all excess clothing including shoes and heavy jewelry 

prior to weight and height measurements. Weight and height were measured using a calibrated 

digital scale (Health o meter 349KLX, Bridgeview, IL) and a wall mounted stadiometer (SECA 

222 Birmingham, U.K.).  

 A tape measure with a spring-loaded handle was used for all circumference 

measurements. Two horizontal measurements were made on bare skin at each site and recorded 

to the nearest 0.1 cm by a trained technician. If measurements differed by more than two 

centimeters, a third measurement was taken and the outlier discarded. Waist measurements were 

made at the narrowest part of the subject’s torso between their xiphoid process and umbilicus as 

they stood with their arms at their side, feet together and abdomen relaxed. Hip measurements 

were made at the maximal circumference of the hip/proximal thigh as the subject stood with their 

feet shoulder width apart (1). 

b. Dual energy x-ray absorptiometry (DXA) scan: 

 Total and regional body adiposity was determined from a total body scan using a Lunar 

intelligent dual energy x-ray absortiometer (iDXA) (GE Healthcare, Chicago, IL) which 

performed Quality Control each morning before a subject was measured. Subjects removed 

shoes, jewelry, and any metal they had on them or in the pockets of their clothing. Each scan was 
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performed according to procedures and guidelines outlined by the manufacturer. The iDXA 

measures and gives a descriptive report on total body fat, muscle mass, and bone mineral density.  

IV. Resting Cardiovascular Measurements  

a. Resting Blood Pressure 

 Subjects were asked to sit quietly for five minutes with their feet uncrossed, feet flat on 

the ground, and sitting with their back against the chair. A trained technician took each 

measurement using a manual sphygmomanometer (Welsch Allyn, Skaneateles Falls, NY) and a 

stethoscope (Littmann, St. Paul, MN). The technician inflated the cuff to ~180 mmHg and slowly 

released the pressure 2-3 mmHg per second until both systolic and diastolic measurements were 

collected. This process was then repeated 60 seconds and if measurements differed by more than 

2 mmHg, a third measurement was made. In this instance, the outlier was discarded and the 

average of the two measurements was used. 

V. Fasted Blood Draw 

 Before arriving at the HPL for their first visit, subjects had been fasted for at least eight 

hours prior to blood draw. An 8.5 mL sample of blood was obtained from each subject using a 23 

gauge Becton Dickinson Vacutainer needle and a collection tube (Franklin Lakes, NJ). After the 

blood collection, the sample sat for 30 minutes before being spun in a Unico PowerSpin 

Centrifuge VX (Dayton, NJ) for 15 minutes. The sample then was collected by a local pathology 

lab (LabCorp, Muncie, IN) for the analysis of total cholesterol, HDL, LDL, triglycerides, and 

glucose, which were used for risk stratification assessment.  

VI. Graded Maximal Exercise Test 
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 In their second visit to the HPL, subjects performed a maximal exercise test on the 

treadmill The BSU/Bruce Ramp protocol was first used in the APFP cohort in 1991. The 

BSU/Bruce Ramp protocol has a change in workload every 20-seconds that results in a ~0.35 

MET increase every 20 second stage or 1 MET every minute. Table 1 lists the stages of the test, 

speed, grade, and corresponding test time. A small sample of individuals may have performed 

their maximal test on a cycle out of the 91 subjects pulled. This was only performed if the 

subject had difficulties walking or an injury that prevented use of the treadmill. This group was a 

very small number.  

Table 1. The time, speed, and grade changes for the BSU/Bruce Ramp Protocol. 

 

 Subjects were instructed to walk as long as possible throughout the duration of the 

exercise test but run if needed. Subject’s heart rate and rhythm were continuously monitored 

using a 12-lead ECG unit (GE Case Medical System, Milwaukee, WI). Oxygen saturation levels 
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(pulse oximeter, Nonin Medical INC. Plymouth, MN USA) were recorded every minute during 

the exercise test with blood pressure was taken every three minutes. Oxygen consumption (VO2) 

was measured with an open circuit indirect calorimetry system (Parvo Medics, Sandy UT) using 

20-second averaging. The test was terminated if the subject reached maximal effort, requested to 

stop, or met any of the ACSM indications for termination of an exercise test (1). A true maximal 

exercise effort was determined if a rating of perceived exertion (RPE) of ≥17, a respiratory 

exchange ratio (RER) >1.1, or a plateau in VO2max (failure to increase VO2 by 150 mL·min-1) 

with increased workload.  

VII. Physical Activity Assessment and Monitoring 

 Each subject was issued a Lifecorder pedometer (Suzuken Co LTC Higashi, Japan) on 

their initial visit to the laboratory to objectively monitor physical activity and exercise over a 

~seven day time period. Each subject was instructed on when and how to wear the device; they 

were also given an instruction sheet re-iterating what was initially verbalized to them. The 

pedometer was placed on the right hip at the waist, on a belt or waistband, at the midline of the 

front of the thigh. The subjects were encouraged to do their normal activities while wearing the 

monitors.  The pedometer was worn during all waking hours except when bathing or swimming. 

The subjects also filled out an exercise log to record any periods of time when the monitor was 

removed, bouts of exercise, and/or any atypical activities were performed. Subjects were also 

asked to document the mode and duration of each exercise session throughout the one-week 

observation period. This information was used to determine if the activities performed were 

ambulatory. If participants had more than seven days of pedometer data, the first valid seven 

days of exercise and physical activity were assessed and analyzed on each subject.  Total daily 
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steps as well as time spent in moderate-to-vigorous activity intensity (as determined by the 

pedometer’s proprietary software) were used as physical activity outcome variables. 

b. International Physical Activity Questionnaire (IPAQ) 

 Subjects were given the IPAQ short form following the ~seven day wear time of the 

Lifecorder. Subjects had to record the time, in hours, spent in vigorous and moderate activity, 

along with time spent walking and sitting. Data was analyzed for amount of time in each 

intensity recorded.  

VIII. Data Analysis 

 All results are reported as mean ± SD. Using SPSS 22 software, paired T-Tests were 

performed to determine the differences between the pre and post 6 month data with significance 

set at P <0.05. A Pearson Correlation was performed to see if there was relationship between the 

change in physical activity and the change in other physiological variables with significance set 

at P <0.05. 
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Results 

 Table 2 provides the subject characteristics for the group (n=30). Table 3 provides the pre 

versus post means and standard deviation (SD) for the group of subjects. There were significant 

differences (P<0.05) seen in the physiological variables and the physical activity components 

from pre to post. The significance in the pre versus post physiological data had a positive 

direction in favoring how physical activity has a benefit on one’s health. The significance  was 

seen in resting heart rate, resting systolic blood pressure, resting diastolic blood pressure, total 

cholesterol, HDL, LDL,  triglycerides, glucose, body weight, body mass index (BMI), waist 

circumference, maximal oxygen uptake (VO2max), iDXA percent body fat, and iDXA total fat. 

Subjects also increased PA, as seen with significant increases in the pedometer steps per week 

and the IPAQ vigorous minutes per week. No significant differences were seen in the IPAQ 

moderate minutes per week or IPAQ walking minutes per week.  

 The Pearson correlations are shown in Table 4. No significant differences were seen in 

the correlation with the change in PA verse the change in VO2max, iDXA percent body fat, waist 

circumference, BMI, total cholesterol, LDL, HDL, triglycerides, and glucose.  

Table 2 Subject characteristics of the group analyzed (n=30). 

 
Males Females 

Number (n) 14 16 

Age (yrs) 62.6 ± 3.7 56.5 ± 10.5 

Height (in) 70.7 ± 2.4 65.0 ± 2.5 

Weight (lbs) 193.9 ± 38.5 172.5 ± 42.7 
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Table 3 Paired samples t-tests to compare pre vs. post for each variable. 

 Pre Post P value 

Resting Heart Rate (bpm) 69.37 ± 9.7* 65.73 ± 9.5 P<0.001 

Resting Systolic BP (mmHg) 120.20 ± 13.5* 114.40 ± 13.6 P<0.001 

Resting Diastolic  BP (mmHg) 75.60 ± 7.6* 70.20 ± 9.9 P<0.001 

Total Cholesterol (mg·dL
-1

) 177.07 ± 34.4* 167.60 ± 29.5 P<0.001 

HDL (mg·dL
-1

) 60.73 ± 15.9* 58.93 ± 12.7 P<0.001 

LDL (mg·dL
-1

) 95.37 ± 25.5* 89.80 ± 28.2 P<0.001 

Triglycerides (mg·dL
-1

) 104.47 ± 43.6* 94.43 ± 34.0 P<0.001 

Glucose (mg·dL
-1

) 97.97 ± 10.3* 95.73 ± 15.6 P<0.001 

Body Weight (lbs) 182.50 ± 41.4* 178.23 ± 39.4 P<0.001 

Body Mass Index (kg/m
2
)  28.00 ± 5.9* 27.27 ± 5.3 P<0.001 

Waist Circumference (cm) 93.00 ± 16.4* 89.23 ± 14.1 P<0.001 

iDXA Region Percent Fat (%) 36.97 ± 8.3* 34.83 ± 8.3 P<0.001 

iDXA Total Fat (grams) 31295.00 ± 12974.4* 28886.70 ± 12136.3 P<0.001 

VO2max (ml/kg/min
-1

) 25.43 ± 6.2* 28.67 ± 6.8 P<0.001 

Pedometer (steps/week) 7734.80 ± 3680.1* 8945.07 ± 3384.7 P<0.001 

IPAQ Vigorous (minutes) 541.33 ± 1169.6* 1728.00 ± 2144.9 P<0.001 

IPAQ Moderate (minutes) 886.90 ± 1085.7 1025.52 ± 1491.9 P=.525 

IPAQ Walking (minutes) 2137.40 ± 5319.5 1229.27 ± 2137.9 P=.657 

   *Denotes significant differences (p<.05) compared to post data.  

 

Table 4 Pearson correlations between the changes in PA verse the change in other physiologic 

variables. 

 
Physical Activity (PA) P value 

VO2max 0.110 P>0.05 

Percent Body Fat (iDXA) 0.015 P>0.05 

Waist Circumference  -0.088 P>0.05 

Body Mass Index 0.240 P>0.05 

Glucose -0.102 P>0.05 

HDL -0.213 P>0.05 

LDL -0.036 P>0.05 

Triglycerides -0.040 P>0.05 

Total Cholesterol  -0.205 P>0.05 
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Discussion 

 The primary purpose of this paper was to see how adherence to an exercise program over 

6 months would affect PA and VO2max, along with physiological variables measured during the 

testing performed at the HPL. The subjects were self-referred, apparently healthy adults from the 

surrounding area of Muncie, Indiana. Ninety-one total subjects completed the adherence testing 

but only 30 had complete datasets. It is well known that physical inactivity and poor 

cardiorespiratory fitness (CRF) are associated with an increased risk of chronic disease, 

including Type II diabetes (18) and cardiovascular disease (7, 11). There is evidence that being 

physically inactive and having a poor CRF are as important predictors of mortality as 

conventional modifiable risk factors; such as hypercholesterolemia, hypertension, and smoking 

(4). In addition to this, Owen et al. found that in recent decades the affluent populations have 

become increasingly sedentary, with many adults spending 70% or more of their walking hours 

sitting (21). This shows the importance of being physically active and having a good CRF as the 

worldwide epidemic of sedentary lifestyle and obesity is rising.   

  Aerobic capacity decreases approximately ~9% every decade after the age of 25 years in 

inactive individuals which ultimately leads to increased risk for CVD and mortality (6, 17). The 

decline in VO2max with age is largely caused by an intrinsic reduction in maximal heart rate as 

well as increases in fat mass, decreases in muscle mass, and lower activity levels (8, 14).  In this 

study, there was a significant difference seen (p<0.001) with the pre (25.4 ± 6.2) versus post 

(28.7 ± 6.8) maximal oxygen uptake.  This finding supports that with an increase in daily 

physical activity, an individual can most likely see an increase in VO2max. Increases in VO2max 

alone can counteract other risk factors and reduce risk of mortality from CVD by ~38% (20). 

Aerobic exercise and PA are known to increase VO2max. The rate of decline in VO2max in 
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individuals that have exercised their entire lives is about half that of inactive individuals (17). 

Thus, lifelong exercise and being physically active encourages a large physiological reserve that 

may promote independent living and healthy aging. The Pearson correlation analysis showed that 

there is not a linear association between the change in PA and the change in the other 

physiologic variable we looked (Table 4). This could be due to the small sample size (n=30) or 

the retest occurring at 6 months, which may not be long enough to observe associations between 

change in PA and change in other variables. Correlations are viewed as a secondary statistic most 

often and even though this statistical analysis showed no significance, there was a strong 

significance seen in the paired samples t-test analysis.  

 Physical activity and exercise alone have been shown to improve the levels of modifiable 

CVD risk factors in all individuals, including older adults (15, 19). Physical activity both 

prevents and helps treat many established CVD risk factors including elevated blood pressure, 

insulin resistance and glucose intolerance, elevated triglyceride concentrations, low HDL 

concentrations, and obesity (23).  Our results support the findings that participation in PA has a 

positive influence on blood markers, resting blood pressures, and resting heart rate. Significance 

was seen (P<0.001) in pre versus post resting heart rate, systolic BP, diastolic BP, blood glucose, 

triglycerides, cholesterol, HDL and LDL (Table 3).  It is especially encouraging that promoting 

subjects to increase physical activity, without attempting to have subjects modify diet or other 

lifestyle factors, still resulted in improved cardiovascular variables. This finding is encouraging 

and supportive of the importance of being physically active.  

 An individual with a BMI of ≥25 kg/m
2 

is classified as being overweight, and obesity is 

classified as having a body mass index (BMI) of ≥ 30 kg/m
2 

(1). Obesity is influenced by 

genetics, metabolism, lifestyle, and environment (1, 5) and currently affects 34.9% (or 78.6 
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million) Americans today (23). Obesity-related conditions include heart disease, stroke, type II 

diabetes, and certain types of cancer which are some of the leading causes of preventable death 

(9).  Waist circumference and iDXA have been used to risk stratify an individual based on fat 

distribution. A waist circumference of 88cm for women and 102cm for men is classified as a 

negative risk factor by the ACSM guidelines. The results of this study showed a significant 

decrease post versus pre in waist circumference (89.23 ± 14.1) and iDXA percent fat (34.83 ± 

8.3).  The average amount of centimeters lost in pre versus post in women was 3.6cm and 4.6 in 

men. This caused several subjects to no longer be classified as ‘high risk’ according to ACSM. 

This study supports that body composition and weight status are additional variables where being 

physically active can play a positive role on one’s overall health.  

 ACSM classifies sedentary behavior as <30 minutes of moderate intensity exercise for <3 

days per week for <3 months (1). It is also defined as <5,000 steps per day (25). Overwhelming 

evidence supports the notion that reductions in daily physical activity are primary causes of 

chronic diseases/conditions and that physical activity/exercise is rehabilitation therapy from 

inactivity-caused dysfunctions (19). In this study, the pedometer and IPAQ allowed us to see the 

amount of time the subjects were being physically active, both at pre and post. The average 

steps/week increased from pre (7734 steps/week) to post adherence testing (8945 steps/week). 

The amount of time the subject reported participating in vigorous activity (MET-minutes) had a 

significant increase from pre (541 MET-minutes) to post (1728 MET-minutes) as well. 

 Overall, every physiological variable we examined improved at post compared to pre 

testing, except two. No significance was seen with the Pearson correlations. Again, this analysis 

shows that there is not a linear association between the change in PA and the change in the other 

PA variables. This finding could be due to the small sample size and the short amount of time the 
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follow-ups occurred. Even though this statistical analysis showed no significance, there was such 

a strong significance seen in the paired samples t-test which shows the positive association PA 

has on many physiological variables.  

Strengths and Limitations 

 Strengths on this study included use of a database that offered thousands of true maximal 

tests with health histories, iDXA scans, and objective PA monitors. The limitations are that only 

91 subject having completed the adherence testing, and 30 having complete datasets. The 

adherence (post 6 month) testing is a new concept the lab has adopted within the last 10 years for 

new members. It would be beneficial to use this dataset again once more adherence tests are 

completed.  

Conclusion 

  Changing from being physically inactive to physically active can have a positive change 

on someone’s overall health. The current study, as well as previous research, demonstrates that 

changing just one modifiable risk factor, PA, can have a positive change on weight, BMI, several 

blood markers, BP, and VO2max. This study utilized a small sample size and still was able to see 

significant improvement after 6 months participation in the APFP. These findings revealed, and 

helps support the statements/previous research on the importance of PA and its role in promoting 

and maintaining health. 
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