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ABSTRACT 

An examination of the effects of a structured activity program on resting metabolic rate 

(RMR), physical activity, and dietary behavior is essential in gaining a better understanding of 

potential strategies that may be used in future exercise training programs. PURPOSE: To 

explore whether endurance training alters energy balance via changes in resting metabolic rate 

(RMR), daily energy expenditure (EE) and energy intake (EI). METHODS: Twenty-four 

subjects (17 females, 7 males; 21 + 0.3 years old) were assigned to one of two groups: 1) 

endurance (E; n = 12), or 2) active control (AC; n = 12).  The E group completed 15 weeks of 

marathon training and the AC group maintained their usual exercise routine. Primary outcomes 

were measured pre- and post-training and included: anthropometric indices, RMR, EI, EE, and 

time to complete 1.5 miles (in minutes). Dietary intake and energy expenditure were also 

measured mid-training.  RESULTS: Differences present among the groups at baseline included:  

the E group had significantly higher estimated VO2max values (as measured by the time to 

complete 1.5 miles) and higher energy expenditure rates (measured via accelerometer data) than 

the AC group. Analyses revealed that both the E and AC groups significantly increased daily 

energy expenditure from baseline measures (p = 0.005) and decreased time to complete 1.5 miles 

(p = 0.022). During training, the E group significantly increased energy expenditure during the 

tenth week of training (p = 0.009). No significant changes or group differences were observed in 

body weight, resting metabolic rate, or energy intake.  CONCLUSION:  The results of the study 

suggest individuals following an intensive, marathon training program may experience an 

increase in EE without a concomitant increase in EI. They may also fail to see improvements in 

body weight or RMR. Additionally, the parallel changes in EE and EI, and the increase in 

VO2max observed in the AC, when compared with the E group, may indicate that an 

uncontrollable factor may have been involved. 
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CHAPTER 1 – INTRODUCTION 

The incidence of overweight and obese adults is rising at a rapid rate in the United States 

costing on average 147 billion dollars per year in health care costs (1).  Recent data indicate an 

estimated 33% of the adults are overweight, 34% are obese and 6% are extremely obese (2).  

Lack of daily physical activity and exercise coupled with poor dietary habits, including excess 

caloric intake have been directly related to the development of this epidemic (3,4). An important 

factor in weight maintenance and weight loss is energy balance, or the state in which energy 

going into the body matches the energy being used to maintain the body and complete physical 

activities (5). In order to maintain weight or prevent weight gain, an individual should create a 

neutral energy balance. Neutral energy balance occurs when the calories consumed equal the 

calories expended. Thus, positive energy balance is associated with weight gain, and negative 

energy balance is associated with weight loss (5,6). An individual can achieve a negative energy 

balance by creating a calorie deficit through reduced caloric intake or increased physical activity 

and exercise (5,6).  

Maintenance of energy homeostasis implies a long-term regulation of energy balance (5). 

When physical activity levels are increased, energy intake should increase proportionally to 

maintain energy balance at an increased level of energy turnover (7); however this particular 

energy state depends on the goal of the activity program. If weight loss is expected, then there 

needs to be a calorie deficit; though if weight maintenance is the goal, then calories consumed 

should equal calories expended each week (6). While there is no consistent definition in the 

literature for “overcompensation”, it will be interpreted as the consumption of excess calories 

than those expended (8) for the remainder of this document. Overcompensation can lead to a 

positive energy balance if the calories are consumed but not expended through exercise. It is 

possible that individuals tend to overcompensate by increasing energy intake (EI) when 
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following in an intensive endurance training program thus creating a positive energy balance that 

could result in weight gain or attenuate weight loss. Westerterp, et al. examined the effects of 

long-term physical activity on energy balance and body composition in 16 males and 16 females, 

aged 28-41 years, and body mass index 19.4-26.4 kg/m
2
. The subjects prepared to run a half-

marathon after 44 weeks of training. Body composition was measured via hydrodensitomery and 

isotope dilution, and EI with 7-day diet records. Energy expenditure was measured overnight in a 

respiration chamber and in a number of subjects over 2-week intervals with doubly labeled 

water. The study concluded that body composition changes were more pronounced in men and 

that women are more likely than men to compensate for the increased energy expenditure (EE) 

induced by exercise with an increased EI, resulting in a smaller effect of body mass and fat mass 

compared with men (9). Overcompensation may also be linked to psychological factors. For 

instance, an individual who chronically exercises may feel as though they are entitled to eat 

higher calorie foods as a reward for exercise (10). Another contributing factor to a positive 

energy balance is compliance to the exercise-training program. Byrne et al. (11) showed that 

most individuals complete less than the prescribed amount of exercise for a given training 

program. Additionally, Wallace et al. (12) also found that on average, only 50% of an exercise 

prescription is completed. These data were derived when investigating exercise adherence to a 

12-month training program comparing single individuals with those whom enrolled with a 

spouse, and resulted in single individuals being less compliant to the exercise training (12). 

Therefore, adherence has the potential to greatly affect outcomes related to body composition 

and body weight. This may be especially true for those participating in marathon-training 

program. In these programs, the mileage increases week but also includes a period of reduced 

mileage (reduced mileage weeks, “rest weeks” or taper) to allow for the body to recover prior to 
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the marathon event. As training progresses, individuals increase their mileage each week, which 

increases required energy intake. If an individual runs fewer miles than recommended for that 

particular week due to either fatigue or injury, she or he may still increase their energy intake, 

which could result in weight gain or prevention of weight loss, if weight loss is the target goal. 
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CHAPTER 2 – REVIEW OF LITERATURE 

Physical Activity and Exercise 

Physical activity and exercise are two terms that describe different concepts, though they 

are often used interchangeably. Physical activity is defined as any bodily movement, produced 

by skeletal muscles, that results in energy expenditure (13). Activities that constitute physical 

activity are typically categorized into occupational, sports, household and other activities (13). 

Physical activity can vary among individuals and for a given individual over time (13). A 

decrease in physical activity, or increased time spent engaging in sedentary behaviors, 

independent of physical exercise, is correlated with the progression of type 2 diabetes, 

cardiovascular disease, and metabolic syndrome (14,15). Furthermore, prolonged inactivity, or 

sedentary behavior, is correlated with impaired glucose metabolism, obesity, high blood pressure 

(14), decreased HDL concentrations, and reductions in lipoprotein lipase activity (15). To 

promote a healthier and more active lifestyle, in addition to structured exercise programs, it is 

recommended that individuals supplement daily lifestyle activities with non-exercise physical 

activities, such as taking the stairs rather than an elevator (15). 

Physical exercise is a subset of physical activity; however it is defined as activity that is 

planned, structured and repetitive and has a final or an intermediate objective to improve or 

maintain physical fitness (13). Exercise has clearly been shown to benefit health and improve 

cardiometabolic risk factors (15,16); however, it is reported that adults in the United States spend 

approximately 70% of their waking hours sitting, 30% in light activities, and little to no time in 

exercise (16). While physical exercise among individuals has shown a steady decline, it has been 

noted that physical activity has also declined throughout recent years thereby further promoting a 

decline in energy expenditure among individuals (14,17). According to the ACSM Guidelines, 

individuals should participate in moderately intense cardiovascular exercise for thirty minutes a 
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day, for five days a week, or do vigorous cardiovascular exercise for twenty minutes a day for 

three days a week, and resistance training twice a week (18) and it is evident that these 

guidelines are not being met by the vast majority of the US population (16,17).  

Non-exercise Activity Thermogenesis  

The exact role of non-exercise activity thermogenesis (NEAT) in human energy balance 

is difficult to determine as it is variable both within and between subjects. NEAT is defined as 

physical activity separate from voluntary exercise and intended for activities of daily living (19). 

Spontaneous physical activity (SPA) is another subset of activity, separate from NEAT and is 

more reflective of energy expended due to fidgeting and postural changes (20). SPA can 

contribute to as little as 8% percent of total daily energy expenditure in very sedentary 

individuals, and as high as 15% in very active individuals (21). It is also reported that individuals 

with low NEAT and SPA levels are more likely to develop obesity than those with higher levels 

of NEAT and SPA (5). Technology has made sedentary lifestyles quite feasible with the 

invention of cars, elevators and electric dishwashers for domestic purposes and televisions, 

iPhones, and computers for entertainment purposes (15,17,22). By promoting individuals to 

increase daily NEAT as an addition to structured exercise, individuals will have a higher 

likelihood of losing weight, as well as maintaining weight loss.  

There are now commercially available tools to measure NEAT in free-living conditions, 

such as accelerometers and pedometers, in a non-invasive nature and with relative ease (22). 

While accelerometers are a justifiable means for measuring movement, movement intensity is 

not accounted for through accelerometry. The use of accelerometry in interventions provides a 

more objective measurement of activity than self-reported exercise logs. Furthermore, with self-

reported logs, individuals have the tendency to experience a change in physical activity levels as 
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a result of increased attention to physical activity behaviors (22). Pedometers are typically used 

to monitor steps taken throughout a period of time, and are most relevant to ambulatory activity, 

and as with accelerometers, do not provide an accurate measure of intensity (22,23). 

Additionally, it is important to note that both accelerometers and pedometers need to be removed 

before water-based activities, such as swimming, and if worn on the hip, activities such as 

cycling and weight lifting cannot be measured (23).  

Physical Exercise and Non-exercise Activity Thermogenesis  

Physical exercise also has the potential to play a role in NEAT levels in individuals. It is 

reported that when individuals follow a structured, endurance-training program for a long period 

of time, they may start to experience exercise-induced feelings of fatigue (10). This could 

potentially lead to a decrease in NEAT (i.e., an increase in sedentary behavior) and is thought to 

be an automatic mechanism that promotes compensatory responses to energy expenditure 

prompts (10). These compensatory responses may play a role in the lack of success in weight 

loss programs targeted to exercise, especially when diet and non-exercise activity are not taken 

into account. This knowledge in combination with the potential outcomes of weight loss trials 

suggests that further attempts should be made to determine the role of structured exercise on 

NEAT levels. 

Researchers have examined the role of exercise-induced fatigue, especially of vigorous 

intensity, on decreased performance (24). Exercise-induced fatigue and feelings of overtraining 

may contribute to decreases in NEAT as well. For instance, an individual who rises early in the 

morning to run may retire for bed earlier than usual resulting in fewer potential bouts of activity 

throughout the evening (10). Data from Colley et al. (22) showed how exercise played a role in 

non-exercise activity using a walking intervention. Individuals had higher levels of NEAT before 
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and after intervention; though during intervention, NEAT was higher on non-walking, or non-

exercise days when compared to walking, or exercise days. Participants were given feedback 

regarding their energy expenditure each week but were instructed to maintain normal dietary 

habits and to complete 3-day food logs during various phases of the study. 

Researchers agree that it is possible for a decrease in NEAT to lead to a plateau in weight 

loss. For example, Thompson et al. aimed to determine the effects of a 24-week program, either 

diet only or diet combined with exercise, on select components of energy expenditure, basal 

metabolic rate and bone mineral density in postmenopausal women. Many of the women in this 

study experienced a plateau in weight loss after 12 weeks of exercise training. It was reported 

that activity levels remained constant in the prescribed exercise program and compliance was 

high for strength training with subjects attending more than 90% of all sessions. Thus, it was 

hypothesized that the plateau could have been attributed to a lack of compliance with the dietary 

program or that the women overcompensated for the increased energy expenditure by increasing 

the time spent engaged in sedentary behaviors, or more recently known as decreased NEAT (25). 

It is important to note that this study did not measure NEAT using accelerometers before and 

after training, so their conclusion is merely speculation at this point in time.  

Physical Exercise and Resting Metabolic Rate 

To date, previous studies examining the effects of endurance training on resting 

metabolic rate (RMR) have been inconsistent. Some studies suggested that endurance training 

can lead to an increase in RMR (26,27) while others found that RMR was unaltered (28,29,30), 

or saw a slight decline in RMR (31) after extended training periods. For example, Tagliaferro, et 

al. found that RMR and thermic effect of food was unaltered, but showed a wide range of 

variation in 10 healthy women after participating in a 10-week progressive jogging program (28). 
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These results were similar to those found by Bingham, et al. when examining six individuals 

(three male, three female) after a nine week training program in which diet remained constant. 

Results from this study showed at the end of the study, the subjects were able to run for one hour 

per day for five days a week, but still showed no change in RMR (29). Another study showed a 

decrease in RMR after six pairs of male monozygotic twins completed a 22-day ergocycle 

program that induced a deficit in energy balance (31). Furthermore, a majority of the research on 

RMR and physical exercise was conducted over twenty years ago and did not examine exercise 

loads that correspond to a progressive, endurance training regimen such as a marathon training 

program.  

It is well established that RMR measures taken less than 24 to 48 hours after an exercise 

bout may result in the detection of transient, exercise-induced increases in RMR. For example, 

the HERITAGE Family Study (32) concluded that a 20-week endurance exercise training 

program had no effect on RMR in men and women aged 17-63 despite slight changes in body 

composition and a significant increase in VO2max. RMR measurements were taken 24 and 72 

hours after the last exercise bout to test for transitory increases in RMR. Results showed that 

there were still elevations in RMR at the 24-hour time point, but these changes were not evident 

72 hours after the last exercise bout. Broeder et al. (33) found that RMR was increased during 

the 14 hours after the last exercise bout after 12 weeks of high-intensity aerobic training, but 

returned to pre-training levels within 48 hours. The measurement of RMR may also be affected 

by the mode and intensity of the exercise (34), and the length of abstention from exercise (35). 

As a result, it appears that RMR measures obtained after 48-72 hours after an intense exercise 

bout should be unaltered.  Evidence also suggests that ideally RMR measurements for 
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premenopausal women are taken during the same cycle of their menstrual cycle, as it suggested 

that RMR is significantly increased during the luteal phases versus the follicular phase (36).  

The metabolic adaptations that occur during modest caloric restriction, as evidenced by 

metabolic adaptation of RMR and reduced EE through physical activity may result in weight loss 

retention (20). In one study, the effects of calorie restriction on RMR and SPA were examined 

over a 6-month period. Non-obese subjects were randomly assigned to either a control group or 

one of three groups with different caloric restriction strategies:  calorie restriction, calorie 

restriction plus structured exercise, and low-calorie diet (20). SPA for this particular study was 

measured via a respiratory chamber equipped with radar motion detectors to represent the 

percent of time the subject was active in the chamber. A possible limitation to measuring SPA 

via respiratory chambers is the confined nature of the chambers, which may prevent free-living 

conditions (5). This study was one of the first to measure activity in both a respiratory chamber 

and during free-living conditions using a doubly labeled water method for predicting total energy 

expenditure. Results indicated that RMR decreased beyond values from expected changes in 

body weight and composition as a result of the energy deficits for all groups except the control. 

Physical activity levels (PAL) significantly decreased with calorie restriction (CR) only; 

however there was no decrease in SPA. The lack of change in SPA in response to exercise in this 

study could have been due to the exercise dose, as the main focus was on the effects of CR rather 

than structured exercise. For the present study described within this document, the primary aim 

was to examine the effects of structured exercise on physical activity, non-exercise activity and 

energy balance, and will not include a calorie restrictive portion. 
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Physical Exercise, Resting Metabolic Rate, and Energy Balance 

 It is important to note that RMR may not be affected when exercise training is the 

primary intervention aimed at inducing a negative energy balance, resulting in weight loss. For 

instance, Broeder et al. (33) found that RMR was not significantly changed after 12 weeks of 

either high-intensity endurance or heavy resistance training; however a slight decline in energy 

intake per training day and a decline in fat-free weight were observed in the endurance group. 

Therefore, it was suggested that exercise training can assist in the maintenance of RMR during 

extended periods of calorie restriction by either preserving or increasing fat-free weight. Thus the 

absence of change in RMR in the presence of weight loss may represent a beneficial effect of 

training in comparison to the documented effect of diet-induced weight loss on RMR (29).  

Energy balance and energy flux may also affect RMR (35,37). Bullough, et al. examined 

the effects of energy flux on RMR in trained male athletes. They measured RMR after three days 

of high-intensity exercise while eating adequate energy and after three days when energy intake 

was reduced, or resembled a non-exercise day. Results showed that RMR was significantly 

higher during high energy flux than during negative energy flux (35). These findings are in 

agreement with the notion that RMR can be elevated during a state of energy balance when 

energy flux is increased, which means that increased daily energy expenditure is matched by an 

increase in daily energy intake (37). However as previously stated, these transient increases in 

RMR are likely attributed to acute exercise bouts and only marginally related to chronic 

adaptations to exercise training (32). Furthermore, it is suggested that the effect of exercise on 

daily energy turnover decreases over time thus resulting in an increased efficiency of exercise as 

a result of training (32). This could potentially result in initial weight loss at the start of training, 
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but as an individual becomes more efficient at performing the same exercise, such as running, it 

may lead to fewer metabolic changes in RMR.       

Summary and Specific Aims  

Though the effects of aerobic exercise on RMR have been previously examined, a study 

examining the effects of endurance training on a higher magnitude, such as marathon training, 

has yet to be completed. Moreover, the results from previous studies have been inconsistent 

(26,28,31). The identification of factors associated with weight loss maintenance and weight 

regain, such as compensatory behaviors to exercise, have been brought to attention through 

recent literature (10).  Further examination of the effects of structured exercise on daily energy 

expenditure and energy intake can help bridge the gap between weight loss and weight regain 

that frequently occurs with weight loss trials (38). Accordingly, the specific aims of this study 

are to determine whether a structured endurance training program would:  alter resting metabolic 

rate, change daily energy expenditure and energy intake, and change daily physical activity. It is 

hypothesized that endurance training will not alter resting metabolic rate, and there will be a 

positive relationship between endurance training and both caloric expenditure and caloric intake, 

as well as an inverse relationship between endurance training and daily physical activity.  

In conclusion, an examination of the effects of a structured activity program on RMR, 

physical activity, and dietary behavior is essential in gaining a better understanding of potential 

strategies that may be implemented in future exercise training and weight loss programs. 
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CHAPTER 3 – METHODS  

Study Subjects  

Twenty-four undergraduate students were recruited to participate in this experiment (17 

females, 7 males; 21 + 0.3 years old). Subjects were assigned to one of two groups: 1) endurance 

training (E; n = 12; 7 females, 5 males), or 2) active control (AC; n = 12; 10 females, 2 males). 

Subjects in the E group were from different majors and were recruited to participate as part of a 

class entitled The Physiology of Endurance Training (KIN 4526) at Louisiana State University. 

The subjects in the AC group were recruited from various other Kinesiology courses. Enrollment 

into the E group required the capability of running three miles, three times a week prior to the 

start of the study.  Enrollment into the AC group required participation in a consistent workout 

plan with at least 3 days of inactivity per week for at least one year prior to the start of the study. 

All subjects were in overall good health, and female subjects were not pregnant.  

Study Design  

 All subjects signed an informed consent and completed a physical activity questionnaire 

prior to initiation of testing. Subjects in the E group were required to complete a medical history 

form and receive permission to participate from a State licensed M.D. or D.O. prior to the 

beginning of class. The E group completed a 15-week training regimen that included 3 runs each 

week with one supervised long run and cross-training on the weekend days (Table 1). The 

duration of the aerobic workouts varied depending upon each individual’s running pace as the 

runs were distance-based. All training was documented weekly and monitored to ensure 

adherence and progress. Subjects were instructed to report any adverse events that interrupted 

training. The AC group was instructed to maintain their normal daily diet and activities. Several 

measurements were taken before and after the training intervention (W2 and W14). Post 
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measurements were taken during the last week of the taper period and before the E subjects 

competed in a marathon event. A complete study outline can be viewed in Figure 1. 

 

Table 1. Endurance training plan for the E group.  

Marathon Training Plan (Distances in Miles) 

Week Mon Tues Wed Thur Fri Sat Sun Total (miles/wk) 

1 Rest 3 3 3 Rest 6 cross 15 

2 Rest 3 4 3 Rest 7 cross 17 

3 Rest 3 4 3 Rest 8 cross 18 

4 Rest 3 4 3 Rest 7 cross 17 

5 Rest 3 5 3 Rest 10 cross 21 

6 Rest 3 6 3 Rest 12 cross 24 

7 Rest 3 5 4 Rest 11 cross 23 

8 Rest 4 7 4 Rest 14 cross 29 

9 Rest 4 8 5 Rest 16 cross 33 

10 Rest 4 9 5 Rest 18 cross 36 

11 Rest 5 8 5 Rest 15 cross 33 

12 Rest 5 8 5 Rest 20 cross 38 

13 Rest 5 10 5 Rest 12 cross 32 

14 Rest 5 6 5 Rest 8 cross 24 

15 Rest 3 4 2 Rest RACE     

Rest, running or other intense aerobic exercise should not be performed. Cross, cross-training 

(swimming, cycling, etc.) should be performed for aerobic exercise rather than running.  

 

 

 

 W2 W10 W14 

WHR  WHR 

BMI  E (15-wk Marathon Training Plan) BMI 

RMR              AC              RMR 

1.5 mile run  1.5 mile run 

3-Day Diet Recalls (W2) 3-Day Diet Recalls (W10) 3-Day Diet Recalls (W14) 

7-Day Accelerometers (W2) 7-Day Accelerometers (W10) 7-Day Accelerometers (W14) 

Figure 1. Study outline. Endurance (E) n = 12; Active control (AC) n = 12.  

Abbreviations:  W2 – Week 2; W10 – Week 10; W14 – Week 14; WHR – waist-to-hip ratio; 

BMI – body mass index; RMR – resting metabolic rate  
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Anthropometry  

Height and weight were recorded during W2 and W14 in order to calculate body mass 

index (BMI). Height was assessed using a stadiometer while weight was read from a balance 

scale.  Waist and hip circumferences were measured using a Gulick tension tape to calculate the 

waist-to-hip ratio (WHR).  

Resting Metabolic Rate 

Resting metabolic rates (RMR, kcal/day) were assessed via analysis of oxygen 

consumption using a metabolic cart (Moxus Metabolic Systems, Pittsburgh, PA) at W2 and W14. 

All subjects reported to the lab having been fasting for 12 hours, euhydrated, and having 

refrained from exercise, caffeine, or alcohol for at least 24 hours. RMR measurements for all 

subjects were obtained at least 48 hours after the last strenuous exercise bout. The procedure 

continued until 10 minutes of steady state data was collected, defined as + 5% of the respiratory 

exchange ratio (39). RMR was calculated via the modified Weir equation (40). Due to the critical 

timing of data collection, different phases of the menstrual cycle for female participants were a 

limitation. The menstrual phase of all female participants was noted and an effort was made to 

take subsequent measurements during the same phase to limit potential variations in post-

measurements.  

Cardiorespiratory Fitness Testing 

All subjects completed a timed 1.5 mile run prior to the intervention period and during 

the taper period of training (W2 and W14, respectively) to determine aerobic capacity. The tests 

were conducted outdoors on a flat, paved area near the college campus. Subjects were instructed 

to cover 1.5 miles in the fastest possible time (walking was allowed, but the objective was to 

finish in the shortest amount of time). The elapsed time was called out (in minutes) as the subject 
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crossed the finish line. The completion times were inserted into the VO2max prediction equation 

(483/time of completion + 3.5) for each individual subject to predict VO2max (41).  

Accelerometry   

Accelerometers (Actigraph; CSA Inc., Shalimar, FL) were worn for seven consecutive 

days on three separate occasions (W2, W10, W14) to obtain an accurate assessment of energy 

expenditure (EE) for each subject. Only those subjects with a minimum of three days of 

accelerometer wear-time were included in the study. According to Marr and Heady, 

approximately seven days of measurement is likely to provide a representative assessment for a 

three or four month period. The seven-day measurements can be repeated during that length of 

time to obtain a better understanding of variables, such as season (21,42) or training status.  

Dietary Assessment 

Participants completed 3-day diet recalls (Appendix C) while wearing the accelerometers 

(W2, W10, and W14) to obtain an assessment of energy intake (EI) for each subject. The 

participants were informed on how to properly complete a diet recall, and were provided with 

examples. Diet recalls were analyzed using standard computer-assisted nutritional analysis 

software (ESHA Food Processor SQL, version 10.10; ESHA, Salem, OR). Diet recall data were 

compared to the accelerometer data and RMR measurements to determine if caloric intake 

exceeded expenditure.  

Sickness and Injury Reports 

All subjects in the E group were asked to report any injury or sickness that limited their 

activities of daily living on a weekly basis.  This data was collected along with the weekly 

training documentation and monitored on a continuous basis throughout training.    
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Statistical Analysis 

Data were analyzed using Statistical Packages for Social Sciences software (SPSS for 

Windows version 19.0). Descriptive statistics including means, standard deviations and standard 

error were obtained for the following outcome all variables (age, height, weight, estimated 

VO2max, dietary intake (calories/day), RMR, accelerometer measures, and final race time). The 

following measures were analyzed using a series of 2 (group) x 2 (time) analyses of variance 

(ANOVA):  estimated VO2max, body mass index, waist-to-hip ratio, RMR. The following 

measures were analyzed using a series of 2 (group) x 3 (time) analyses of variance (ANOVA):  

accelerometer measures and dietary intake (calories/day). Significance was set at P < 0.05; 

however, actual P values are reported for each variable.    
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CHAPTER 4 – RESULTS 

Anthropometric Data 

Anthropometric data for the two groups (E and AC) are reported in Table 2. There were 

no significant changes from W2 to W14 for any variables measured:  height, weight, BMI, 

WHR, and RMR.  

Table 2. Anthropometric Data.  

                               W2_____________                  ____ ______  W14_____________               

  E AC E AC 

 (n=12) (n=12) (n=12) (n=12) 

Ht (cm)    169.03 + 2.84 168.68 + 2.00    169.03 + 2.84   168.68 + 2.00 

Wt (kg) 65.87 + 2.39   64.68 + 2.99 65.93 + 2.17 65.85 + 3.06 

BMI  23.04 + 0.57   22.70 + 0.97 23.01 + 0.44 23.08 + 0.96 

WHR    0.78 + 0.01     0.76 + 0.02   0.77 + 0.01    0.76 + 0.02 

RMR (kcal)  1503.99 + 77.77 1327.97 + 81.04  1505.13 + 91.44 1411.91 + 93.07 

Race Time (hr)       4.34 + 0.16  

Anthropometric data for Endurance (E) and Active Control (AC) Groups for Week 2 

(W2) and Week 14 (W14) are represented as mean (SE). No significant differences 

between the groups (p > 0.05). 

 

Comparisons of data for males and females, regardless of group assignment, are reported 

in Table 3. Males had higher pre- and post-testing measures for height and WHR (p = 0.02). 

Also, the anthropometric data in Table 4 show a detailed comparison of gender outcomes 

between the two groups for the variables measured. None of the changes observed from pre to 

post were significant. Furthermore, a percent change was calculated for all major variables listed 

(Table 5). The largest percent change was observed in RMR for the AC group.  



18 
 

Table 3. Comparison of W2 and W14 variables by gender.  

             ___     Week 2____________               _______       Week 14_________              

  Females (n = 17) Males (n=7) Females (n=17) Males (n=7) 

Ht (cm)  165.14 + 1.55 *       177.60 + 2.27 165.14 + 1.55 *       177.60 + 2.27 

Weight (kg) 61.53 + 1.85         74.71 + 2.10 62.16 + 1.83 75.13 + 1.95 

BMI 22.62 + 0.76 23.69 + 0.53  22.79 + 0.70 23.79 + 0.61 

WHR      0.75 + 0.01 *   0.80 + 0.01       0.75 + 0.01 *  0.81 + 0.01 

RMR (kcal)    1283.18 + 46.89 1676.81 + 102.67    1333.93 + 46.07    1753.20 + 146.15 

Females had significantly lower heights and WHR when compared to males at W2 and W14.  

* denotes significant change (p < 0.05)  

 

 

Table 4. Comparison of W2 and W14 variables by gender and group. 

No significant differences detected between groups when divided by gender (p > 0.05).  

Abbreviations:  W2 – Week 2; W10 – Week 10; W14 – Week 14; BMI – body mass index; WHR – waist-to-hip ratio; RMR – resting 

metabolic rate  

 

 W2 W14 W2 W14 W2 W14 W2 W14 

  
E Females  

(n = 7) 
E Females  

(n = 7) 
       E Males  

(n = 5) 
E Males  
(n = 5) 

AC Females  
(n = 10) 

AC Females  
(n = 10) 

AC Males  
(n = 2) 

AC Males  
(n = 2) 

Ht 
(cm) 

  162.81 + 2.34 162.81 + 2.34 177.72 + 3.03   177.72 + 3.03 166.95 + 1.88 166.95 + 1.88  177.30 + 4.00    177.30 + 4.00 

Wt 
(kg) 

    59.71 + 1.18 60.06 + 0.89   74.50 + 1.70     74.14 + 0.76    62.5 + 2.96 63.50 + 1.13 75.23 + 7.95       77.61 + 8.07 

BMI     22.61 + 0.88  22.67 + 0.59  23.64 + 0.61     23.48 + 0.69   22.48 + 1.13 22.78 + 1.11 23.80 + 1.50       24.56 + 1.45 

WHR        0.76 + 0.02    0.74 + 0.01    0.80 + 0.02       0.81 + 0.01    0.75 + 0.02    0.75 + 0.02   0.81 + 0.01       0.80 + 0.00 

RMR 
(kcal) 

1393.6 + 94.8 1360.7 + 54.9 1658.5 + 104.0 1707.3 + 177.0 1249.1 + 55.1 1320.7 + 67.6  1722.6 + 332.0   1868.0 + 341.7 
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Table 5. Percent change. 

 W2 W14 

  E  AC  

 (n=12) (n=12) 

Age 0.00 0.00 

Ht (cm) 0.00 0.21 

Weight   0.09 0.12 

BMI 0.13 0.30 

WHR 1.28 1.30 

RMR   0.08 6.19 
Data are represented as percentage changes from W2 to W14 for all major variables for E 

and AC Groups. 

 

Resting Metabolic Rate 

No significant effect for time was observed for RMR (p = 0.360), nor were there group 

differences in RMR (p = 0.248), as shown in Figure 2. Neither the E group (1503.99 + 77.77 

kcal/d vs. 1505.13 + 91.44 kcal/d) nor the AC group (1327.97+ 81.04 kcal/d vs. 1411.91 + 93.07 

kcal/d) had a significant change from W2 to W14. 

 

Figure 2. Resting Metabolic Rate. Data represent resting metabolic rate (RMR; 

kilocalories per day) expressed as mean (SE) for Endurance (E) and Active Control (AC) 

Groups at Week 2 (W2) and Week 14 (W14). No significance was observed over time for 

RMR in subjects (p > 0.05). 
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Performance Measurements  

Changes in 1.5 mile run time across the 15 weeks of marathon training were compared by 

use of 2 x 2 ANOVA. While the E group subjects had faster times than the AC group at both 

time points, both groups decreased from baseline to W14 (E = 10:39 + 0:20 vs 10:19 + 0:22; AC 

= 14:48 + 0:42 vs 13:50 + 0:35). Additionally, estimated VO2max values were predicted from run 

times and both groups significantly increased VO2max from baseline (p = 0.022). Figure 3 shows 

estimated VO2max values for the E and AC groups at W2 and W14. The group by time interaction 

effect was not significant, indicating that the slope of the change did not differ significantly 

between the two groups (p = 0.677). When comparing overall gender differences, males had 

higher VO2max values than females at W2 and W14, although both genders increased estimated 

VO2max values at W14 (p = 0.002) 

 

Figure 3. Estimated VO2max . Data represent estimated maximal cardiorespiratory fitness 

(VO2max ml/kg/min) expressed as mean (SE) for Endurance (E) and Active Control (AC) 

Groups at Week 2 (W2) and Week 14 (W14).  The changes did not differ significantly 

between the two groups (p > 0.05). Both groups increased significantly from baseline to 

W14 (p < 0.05). * Indicates that the E group subjects have significantly higher (p < 0.05) 

VO2max values than the AC group at W2 and W14.
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Energy Expenditure  

When compared, a statistically significant change in EE throughout the testing period 

was observed between the E and AC groups (p = 0.005). The differences in EE between the two 

groups over the fifteen weeks are illustrated in Figure 4. Both groups showed a significant 

decrease in EE at W14 when compared to W2 and W10 (p = 0.000). Only the E group 

significantly increased EE during W10 (p = 0.009). Furthermore, the E group had higher daily 

EE than the AC group at all testing points (E group, W2 = 534.70 + 51.69, W10 = 630.49 + 

52.20, W14 = 263.55 + 19.64; AC group, W2 = 350.99 + 61.82, W10 = 344.78 + 69.37, W14 = 

201.60 + 38.50 (measured in kilocalories)). 

 

Figure 4. Energy Expenditure. Data represent energy expenditure (EE; kilocalories per 

day) expressed as mean (SE) for Endurance (E) and Active Control (AC) Groups at Week 

2 (W2), Week 10 (W10), and Week 14 (W14). The E group reported higher EE rates than 

the AC group at W10. Both groups showed a significant decrease in EE at W14 when 

compared to W2 and W10 (p < 0.05). Only the E group significantly increased EE during 

W10 (p < 0.05).

 * 
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Energy Intake 

The main effect for time was not significant, indicating that EI did not vary significantly 

across time points. The time by group interaction was also non-significant indicating that the 

pattern of EI across time did not differ between the groups. Figure 5 illustrates the difference in 

EI between the two groups over the fifteen weeks. The E group had higher daily EI than the AC 

group at all testing points (E group, W2 = 2821.64 + 268.05, W10 = 2450.84 + 277.44, W14 = 

2592.28 + 272.83; AC group, W2 = 1882.46 + 219.54, W10 = 2001.28 + 183.65, W14 = 1952.76 

+ 270.35 (measured in kilocalories)). 

 

Figure 5. Energy Intake. Data represent energy intake (EI; kilocalories per day) expressed 

as mean (SE) for Endurance (E) and Active Control (AC) Groups at Week 2 (W2), Week 

10 (W10), and Week 14 (W14). No significant changes in EI were observed for the E and 

AC groups from W2 and W14 (p > 0.05). No significant changes between the two groups 

over time (p < 0.05). 
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CHAPTER 5 – DISCUSSION  

A number of participants in the E group lost body weight, but it is likely that they 

experienced a loss in fat-free mass (FFM) as well resulting in a decline or no change in resting 

metabolic rate (RMR) (33). The effects of both endurance and resistance training on RMR have 

been examined throughout the years; although, the effects of resistance training have been more 

consistent in showing improvements in RMR (27,29,33). Resistance training is suggested to 

increase RMR by increasing FFM, and it is well known that RMR is largely determined by FFM 

(33,43). Fat-free mass is considered to be a gold standard when predicting energy expenditure 

(44), thus it is common for investigators to adjust RMR per unit FFM to compare individuals of 

different body size or to estimate RMR from body composition (45) Our study did not 

incorporate resistance training into the program, nor did we collect body composition data to 

assess for fat-free mass, so it can only be speculated that the subjects in the E group lost body 

weight, and presumably both fat-free and fat mass, which could explain the decline or lack of 

change in RMR observed in some of the E subjects.     

However, some studies have shown that fat mass also has the ability to significantly alter 

RMR. One study in particular, assessed the influence of fat mass and fat distribution on RMR in 

164 women and 98 men aged 60 to 85 years with a BMI of 18.3 to 36.5 kg/m
2
. (46). Results 

from this study showed that abdominal fat mass has a higher RMR than fat mass located in the 

gluteal-femoral region, independent of body composition. Nicklas et al. (47) showed that RMR 

adjusted for fat-free mass did not correlate with WHR or visceral fat mass in 29 obese women 

aged 52 to 72. There was; however, a positive correlation between waist circumference and 

RMR when adjusted for fat-free mass. Conversely, results from a literature review that included 

31 data sets comprising a total of 1,111 subjects, reported body fat mass contribution was 

negligible when looking at RMR (43). Hallgren et al. suggest that adipose tissue may account for 
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~4% of 24-hour EE (48); these data combined suggest that the obviousness of RMR may be 

improved when fat mass is considered in addition to FFM. We were not able to examine the 

effects of fat-free mass nor fat mass in our subjects due to a lack of measure for body 

composition, aside from weight and WHR. Weight and WHR measures were taken pre- and 

post-training on the days the subjects came to the lab for RMR, however, no correlations 

between WHR and RMR were observed at W2:  r(21) = 0.277, p = 0.201 nor W14:  r(21) = 

0.304, p = 0.159. 

Though the results from previous studies examining the effects of endurance training on 

RMR   have been mostly inconsistent, most are in agreement that transient increases in RMR are 

likely attributed to acute exercise bouts and only marginally related to chronic adaptations to 

exercise training (20,32). Furthermore, there seems to be a consensus that RMR is likely to be 

elevated during a state of energy balance when energy flux is high (32,37). Thus, the observation 

that RMR did not decline in the E group is important to consider, particularly during W10, when 

significant increases in EE were matched with decreases in EI (33,37). From these data, it is 

possible to assume that subjects in the E group experienced declines in their RMR at W10 during 

this point of low energy flux but RMR returned to pre-training levels during the taper period as a 

result of a restoration of energy balance, resulting in what appeared to be no effect of exercise on 

RMR. However, this can only be speculated as RMR was not assessed during W10, but instead 

only EE and EI measures were collected. To help control for the observed transient increases 

observed in RMR with acute exercise, all measurements were taken at least 48 hours after a bout 

of physical activity for all subjects and during the taper period for the E group in which training 

volume decreased. During the few weeks leading up to the marathon event, EE was not 
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significantly different from the AC group; in fact expenditure was very similar between the two 

groups at W14.     

When comparing post-training differences in cardiorespiratory fitness between the two 

groups, pre-training fitness levels of the study participants should also be taken into 

consideration. The E group was instructed to run at least 3 days per week for a minimum of one 

month prior to initiation of marathon training in order to acclimate themselves to training, which 

could have resulted in increased cardiorespiratory fitness when compared to the AC group. It is 

well established that the degree of improvement in VO2max with training is inversely related to 

pretrainingVO2max (49). The magnitude of training response in young adults is also related to 

their level of physical activity prior to entering the study, the training stimulus applied (intensity, 

frequency, and duration of sessions), and duration of the program (50). Therefore, the E group 

may have been limited from gaining further improvements due to their pre-training fitness levels 

as compared to those in the AC group. Furthermore, cardiorespiratory fitness gains that occurred 

within the AC group, in spite of being instructed to maintain their current physical activity levels 

could have been due, in part, to the Hawthorne effect (51), which is very difficult to control for 

in studies. For instance, the AC group was informed that there would be a baseline and follow-up 

test for the timed 1.5 mile run which may have may resulted in training for improvement because 

they knew they were being tested.  

When comparing gender differences between the two groups, the females in this study 

had lower VO2max values than the males, which is consistent with previous research (52-53,54). 

The lower VO2max values seen in females, when compared to males, are suggested to be a result 

of a lower hemogloblin levels and higher sex specific fat values (52-53). There is also direct 

anatomical evidence to show the differences observed between males and females in terms of 
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aerobic fitness. For instance, Mead (54) assessed the association between airway size and lung 

size and determined that women have airways that are approximately 17% smaller in diameter 

than are the airways men. 

While energy expenditure declined from pre to post for both the E and AC groups, the 

decline was more pronounced at the end of training for the E group. This could have been due to 

the training load of the marathon training. Given that the E group was tested during the taper 

period, the training volume was significantly decreased thus leading to lower energy 

expenditures. Another possible explanation is that baseline measures were taken at the beginning 

of the semester for all participants, and the post measurements were obtained during the week of 

final exams for most participants. Throughout the stress of final exams (55), the participants 

were likely spending more time indoors studying as opposed to being active. 

Another observed trend worth noting is the differences in caloric intake observed 

between the two groups. While none of the changes were significant, energy intake slightly 

decreased as the training load increased for the E group, which occurred during the tenth week of 

training. The energy intake slightly increased for the AC subjects during this time period, though 

there were no changes in expenditure from W2 and W10 for the AC group. From a training 

standpoint, it is possible that subjects in the E group may have been experiencing symptoms of 

overtraining syndrome around the W10 data collection time point. The term ‘overtraining 

syndrome’ is often used to describe athletes suffering from prolonged fatigue and 

underperformance. Athletes labeled as overtrained may complain of irritability, loss of appetite, 

and heavy and painful muscles (56).  

This concept of overtraining syndrome may help to explain the decrease in EI observed in 

the E group during W10, in which EE was significantly increased. For instance, a recent study 
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examined the prevalence of nonfunctional overreaching/overtraining (NFOR/OT) in 376 young 

English athletes from 19 different sports and found that 29% of the athletes self-reported being 

NFOR/OT at least once in their sporting career, with the incidence of females being significantly 

higher than males. Of all the NFOR/OT symptoms reported, “often lose appetite/periods of hard 

training” made the list for the top seven most frequently reported symptoms. Another important 

finding from this study is that training load is not always the main factor for the development of 

NFOR/OT, and that it can occur at high rates even in athletes who are not exposed to high 

training loads (57). When considering the training load for our present study, it is likely that 

subjects in the E group felt symptoms of overtraining.    

From a behavioral standpoint, W10 of testing occurred during the same time as midterm 

exams for the students, which is often a stressful time period for college students (55), and could 

have led to behavioral changes in respect to eating. The influence of exercise on individuals’ 

responses to stressful events has previously been documented (58), as well as the effects of stress 

on eating behaviors. When stressed, some individuals increase their food consumption (59) and 

others decrease consumption (60). It is also suggested that individuals also alter the types of 

foods they consume when stressed, in particular increase consumption of highly caloric sweet 

and fatty snack foods (61). These findings may helps to explain the variations observed in EI 

between subjects.  

To help alleviate the anticipated feelings of fatigue, overreaching, and loss of appetite 

within the E subjects, a taper period was incorporated into the 15-week program. The training 

plan included 3 runs each week with one supervised long run and cross training on the weekend 

days. The runs progressed in distance each week and time varied depending upon each 

individual’s running pace, and incorporated a taper period three weeks prior to the marathon 
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event. During the taper period, the subjects reduced training volume, but intensity and frequency 

remained unchanged. According to a meta-analysis of six databases, the optimal strategy to 

optimize performance is a tapering period of two weeks, where the training volume is decreased 

by 41% - 60% without any modification of either training intensity or frequency (62). It also 

been shown that athletic performance is improved or maintained with a 60% - 90% reduction in 

weekly training volume during a 6 to 21 day taper period, primarily due to an enhanced ability to 

exert muscular power (63). These data aid in confirmation that the three week taper period 

(reduced volume though intensity and frequency remained unchanged) from our study was 

sufficient in reducing the negative consequences accrued with daily training while allowing the 

participants to maintain performance.  

There are many variations in the meaning for the taper period of training. Previously 

taper was referred to as “an incremental reduction in training volume for 7-21 days before a 

championship race” (64,65), and “specialized exercise training technique which has been 

designed to reverse training-induced fatigue without a loss of training adaptations” (64,66). More 

recently in the literature, the taper has been redefined as “a progressive nonlinear reduction of 

training load during a variable period of time, in an attempt to reduce physiological and 

psychological stress of daily training and optimize sports performance” (64,67). The primary 

goal of the taper is to reduce the negative impact of daily training, such as accumulated fatigue, 

rather than to achieve further positive consequences of training, such as fitness gains (64). It has 

been deduced from previous data (64,68) that performance gains during the tapering periods are 

mainly related to the marked reductions in negative influences of training. This suggests that an 

athlete should achieve most or all expected physiological adaptations through daily training prior 



 
 

29 
 

to the start of the taper period, thus making improved performance adaptations apparent as soon 

as the accumulated fatigue fades (64,68). 

Our current study includes several limitations worth mentioning. First, subjects were 

mostly female (n = 17) with few males (n = 7), resulting in uneven distribution of treatment 

between the two groups. For instance, the AC group (M = 2, F = 10) has very few males by 

comparison to the E group (M = 5, F = 7). Noncompliance was the greatest limiting factor within 

the study, resulting in the exclusion total of 22 subjects, including six males. Eight males were 

recruited into the AC group, but two of them withdrew themselves from the study and four were 

excluded from the analyses due to missing data. Twenty females were recruited into the AC 

group, but 3 withdrew themselves from the study and 7 were excluded due to non-compliance, 

(i.e. relapse in cessation of smoking, failure to complete diet recall, etc.), leaving a total of 12 

subjects in the AC group (M = 2, F = 10).  Of the participants in the E group, a total of six were 

excluded in the final data analyses for various reasons, but all subjects completed the marathon 

with the exception of one female whom withdrew herself from the class. Two females and one 

male participant were dropped from E group due to non-compliance, leaving a total of 12 

subjects in the E group (M = 5, F = 7). Data were skewed for one male and one female in the E 

group thus voiding their data from analyses.  

While accelerometers can be useful tools to capture EE in individuals, it has been 

suggested that accelerometer devices may underestimate EE of certain activities, such as 

resistance exercise, or overestimate activities such as sprinting (69). A recent study revealed that 

the RT3 triaxial accelerometer underestimated EE by as much as 30% - 60% when compared 

with measurements based on indirect calorimetry while performing resistance exercise (69).  

Furthermore, prior studies have confirmed that triaxial accelerometers are valid for measuring 
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overall daily energy expenditure (particularly exercises like walking and jogging) (69-71); 

however it is possible that the accelerometers used in this study did not detect physical activity 

during resistance training workouts (69). It is also possible that the accelerometers 

underestimated EE from certain activities of daily living, particularly those activities requiring 

isolated upper body movement (69). 

Another shortcoming in our data collection is the reliance on self-reported 24-hour diet 

recalls to assess energy. Underreporting of food intake is a commonly documented problem 

within the literature (72-74). Edwards et al. (72) observed consistent underreporting of EI in 

female intercollegieate distance runners. The data of this current study are also suggestive of 

underestimation of EI considering that body weight was not significantly altered within the E 

group, despite the reported EI being much lower than EE. Different factors may play a role in the 

ability and willingness to report various foods, such as age, body weight, concern about diet and 

body weight, and social desirability (74). 
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CHAPTER 6 – CONCLUSION 

Improvements in cardiorespiratory fitness are also likely to occur over the course of 

fifteen weeks of marathon training; however, the pre-training fitness levels of individuals should 

be taken into consideration when assessing the magnitude of change after training. Additionally, 

the changes in EE and EI, and the increase in VO2max observed in the AC, when compared with 

the E group, may indicate that an uncontrollable factor may have been involved. 

In summary, endurance training may not lead to overcompensation in young, healthy, and 

active adults. Furthermore, endurance training led to increases in EE and aerobic fitness, but no 

significant changes in body weight, energy intake or resting metabolic rate were observed after 

the 15-week training period. 

Future Directions  

Future research should continue to focus on better methods of assessing energy 

expenditure in free-living conditions. Accelerometers are useful and non-invasive; however, for 

this particular study in college-aged individuals, compliance was very low in regards to the 

subjects wearing the accelerometers for the required time period. The subjects were given the 

accelerometers to wear nonstop for seven consecutive days. The goal was to capture at least four 

days of wear-time data for an accurate representation of physical activity patterns. Due to the 

number of noncompliant subjects, it was reduced to a minimum of three days.  

Furthermore, due to the commonly documented problem of underreporting of food 

intake, relying on self-reported data for energy intake can distort the interpretation of results 

from studies. Recently in the literature, camera-enabled cell phones have been to shown to 

provide an opportunity to strengthen dietary recalls through automated imaging (75). This can 
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also help to reduce the burden of strict record-keeping of on the participant, thus improving 

retention rates of studies. 

To better determine the effects of marathon training on body composition, future studies 

may include dual-energy X-ray absorptiometry (DXA) as a means of measuring total body 

composition and fat content. It would also be interesting to see the correlation between negative 

energy balance combined with high training load and bone mineral density, as weight loss 

induced by calorie restriction has been associated with reduction in bone mineral density (76).   
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