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ABSTRACT  

 Advances in fitness tracker technology have led to increased measurements and predictions of 

physiological variables, allowing devices to provide users increasingly sophisticated information, 

such as VO2max and race prediction times. These data can help develop personalized exercise 

programs and race strategies. Validity evidence of wrist-based fitness trackers to estimate 

VO2max has been mixed due to changes in technology and heart rate measurements, and studies 

have not yet investigated race performance prediction. It was hypothesized that Garmin watches 

would provide valid estimates of VO2max and race prediction times with validity improving with 

12 weeks of continuous use. Twenty subjects participated in 12-weeks of half-marathon training, 

wore a Garmin watch for the duration of the training program, and ran a half-marathon race. 

Before the training program, subjects completed a VO2max test on a treadmill and two 10-minute 

outdoor runs while wearing a Garmin Forerunner 265. Upon completion of the training program, 

subjects competed in a half-marathon and, completed a second VO2max test. Garmin watch 

estimates of VO2max and race performance predictions were compared to criterion measures 

using paired samples t-test and by calculating mean absolute percent error (MAPE). Significance 



 
 

 

was set at p<0.05. The initial mean VO2max estimate from Garmin (43.95 ± 7.99 ml/kg/min) was 

significantly higher compared to the criterion max test (41.10 ± 8.02 ml/kg/min), t = 2.92 p = 

0.009. After 12 weeks of training, estimated VO2max from Garmin (45.00 ± 7.21 ml/kg/min) was 

also significantly higher than the criterion (42.43 ± 8.54 ml/kg/min), t = 3.05 p = .007. Garmin's 

race prediction for the half-marathon (129.97 ± 18.29 min) was significantly faster than the 

official race completion time (137.55±21.03 min), t = -3.55 p = .003. Despite this, MAPE of 

VO2max and race prediction were below 10%, an acceptable threshold set by the Consumer 

Technology Association (CTA). The Garmin Forerunner 265 significantly overestimated 

VO2max after 1 exercise session and after 12-weeks of use. It also predicted a race time that was 

significantly faster than the actual race time. However, from a consumer perspective based on 

CTA standards, the device may be considered an adequate tool for runners. 

 

INDEX WORDS: VO2max; Garmin; Fitness trackers; Half-marathon; 12-weeks of training; 

validity 
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CHAPTER ONE 

VALIDATION OF THE GARMIN FORERUNNER 265 TO ESTIMATE VO2MAX AND 

PREDICT HALF-MARATHON RACE PERFORMANCE  

Introduction 

 Running is a popular activity, and over the last 50 years, diversity in the sport has 

increased across all ages and ability levels [1]. Individuals may run for many reasons, such as 

competition, socialization, or health improvement. Running can provide a wide range of health 

benefits for everyone, including reduced risks of chronic disease, decreased risk of CVD, 

reduced blood pressure, improved lipid profiles, and improved glucose tolerance [2-4]. To 

achieve these health goals, one may participate in a training program that will support their 

efforts, but the design of these training programs can differ and produce various results [5].   

For example, the Atlanta Track Club (ATC) offers a training program to prepare runners 

of all skill levels for a half marathon. USA Track and Field/Cross Country Certified Coaches 

designed this custom training program, which allows individualization with custom pace 

calculators. However, the effectiveness of this training program in providing health benefits has 

yet to be demonstrated. This is important to ensure participants achieve their goals when joining 

a training program. 

The effectiveness of training programs can vary for each person, as individuals may have 

different physiological responses to the same training procedures [6, 7]. Variations in training 

program effectiveness can be mitigated by the frequent use of personal performance indicators 

that would then recommend subtle modifications to the training planning. Indicators such as 

body fat composition and VO2max often require expensive equipment operated by trained 
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exercise physiologists and are often time or cost-preventative for most athletes. However, 

wearable technologies have been a top fitness trend for the last decade and have been designed to 

estimate these indicators [8]. For example, recent wearable technologies can measure many 

aspects of a person’s life with a single instrument (sleep, SPO2, HRV, atrial fibrillation, VO2max, 

race performance) and allow easy access to personal performance indicators.  

Many individuals in the running community have adopted running watches as their 

preferred choice of wearable technology to track and enhance their performance. Many running 

watches are available, but Garmin running watches have become popular among runners [9]. The 

accuracy of these measurements is of utmost importance as these data are used increasingly to 

quantify exercise training load, indicate overall energy expenditure, and provide the basis for 

exercise training and recovery recommendations. A recent study investigated the validity of 

Garmin fitness watches to measure VO2max but did not assess predictive distance running 

performance [10]. The study only allowed for one week for Garmin to estimate VO2max in 

participants [10]. Garmin running watches require a 10-minute run outside to estimate VO2max, 

but the user manual states the more the running watch is used, the more accurate the estimate 

[11]. Wearing a Garmin watch for only one week may not produce the most accurate measures of 

VO2max. As such, the study's results could not determine the validity of the Garmin VO2max 

measurements [10].  

Our study aimed to clarify the criterion validity of Garmin watches with newer 

technology as Duking and colleagues used Garmin fitness trackers with old technology that was 

missing the ability to measure heart rate variability, altitude, and respiration rate and did not 

contain gyroscopes and multi-positional GPS [10]. One way to improve the validity of Garmin 

VO2 measures is to increase the total duration of time the watch is worn [11]. Our study included 
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participants enrolled in a 12-week training program under the guidance of the ATC. Participants 

trained while wearing a Garmin Forerunner 265 fitness tracker, and performance variable 

accuracy compared to gold-standard laboratory techniques was assessed. In addition, at the end 

of this 12-week training program, the validity of race performance predictions made by the 

Garmin fitness tracker and the participant’s actual race performance in the 2024 Atlanta Publix 

Half-Marathon were assessed. 

Benefits of Running 

 Running is one of the most popular forms of exercise, and its popularity may be 

attributed to low cost, ease of accessibility, familiarity with movement, and low time 

commitment [12, 13]. Mounting evidence suggests that running promotes physical, mental, and 

emotional health [2-4, 12, 14, 15]. These benefits also include reduced risks of CVD, decreased 

blood pressure, improved blood lipid levels, and decreased risk of type II diabetes [3, 14, 15]. 

Running also has been shown to improve body composition, increase aerobic capacity, and 

reduce all-cause mortality [4, 12, 14]. The benefits gained from running can be achieved from 

various training styles. Training styles can range from high-intensity interval training, continuous 

endurance training, or a mixture of the different methods. Many runners may participate in a 

training program. Training programs for runners may use one or many techniques to support a 

runner’s goal. Thus, it is essential to determine the effectiveness of running programs on 

different outcome variables.  

Atlanta Track Club In-Training Program 

 The ATC is an organization that promotes running through events, training, and outreach. 

To promote running through training, the ATC has developed an In-training program. ATC offers 

several In-training programs throughout the year designed to prepare runners for races as short as 
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a 5K and as long as a marathon. In the fall, ATC offers an In-training program for those 

interested in preparing for a half marathon on Thanksgiving Day in Atlanta, GA. This training is 

12 weeks long, can be completed online or in person, and includes educational sessions and 

physical training. The training is designed by USA Track and Field/Cross Country Certified 

Coaches and developed around four different training levels based on current running speed. 

Table 1.1 shows the requirements for the various training levels and what the training provides. 

Each training level consists of the same general workouts, but overall mileage and number of 

days running vary between groups to prevent injury. For example, runners at a higher training 

level may run longer than those at a low training level, but the relative intensity would be the 

same. Workouts are further personalized using ATC’s custom-built pacing calculator to 

determine the pace for each training session. Additionally, participants have their training 

analyzed by running coaches and can meet with coaches to receive guidance and 

recommendations to improve their performance. To date, no studies have investigated the 

effectiveness of the ATC In-training programs.  

Table 1.1: Characteristics of ATC 12-week Training Program 
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Effectiveness of Running Programs 

 The effectiveness of running programs can be assessed in many ways. Health and 

performance indicators often include body composition, resting heart rate, blood pressure, blood 

glucose, blood lipids, body mineral density, race performance, and VO2max. Historically, 

training to run long distances has focused mainly on running volume [16]. More recently, there 

has been an increased focus on high-intensity interval training (HIIT) and mixed methods 

training [17, 18]. Research indicated these different training styles may produce similar increases 

in running performance but provide varying improvements in other variables [17, 19]. Although 

some running programs may provide various benefits compared to others, it is important to 

understand the general effectiveness of running programs. There are many ways to assess 

running programs, but new running programs should be evaluated using the most common 

performance and health indicators to compare them to established programs. 

Running Programs and Body Composition 

 Body composition is the proportion of fat tissue relative to other fat-free tissues (muscle, 

bone, organs). Body composition in those who run is thought to change as running increases 

energy expenditure and promotes fat oxidation. The increase in fat oxidation is through increased 

lipoprotein lipase activity that increases the uptake and utilization of triglycerides [20]. 

Lipoprotein lipase can double in those who participate in endurance running, and this increase 

occurs in both muscle and fat tissue [21]. Additionally, running increases the breakdown of fats 

for energy through increased beta-oxidation, which can increase fat oxidation by up to 300% [22, 

23]. Hottenrott et al. (2012) support that half-marathon training programs improve visceral fat in 

recreationally active adults [24]. Wewege et al. (2017) found running was more effective than 

cycling at reducing fat mass, and training style (HIIT or moderate-intensity continuous training, 
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MICT) did not affect the reduction in fat mass [25]. Another meta-analysis of 49 studies that 

examined running programs that were at least eight weeks long in sedentary adults found body 

fat was reduced by 2.7% [14]. A meta-analysis by Steele and colleagues found that MICT and 

HIIT running programs caused similar reductions in fat mass in active adults. Still, meaningful 

reductions in body fat were not seen until approximately 100 minutes of daily activity were 

completed [26]. It is widely accepted that effective running programs can improve fat mass.  

Additionally, running promotes protein synthesis, increases circulating testosterone and 

growth hormone levels, and supports the regulation of lean muscle mass. A study that examined 

the effects of 12 weeks of aerobic training on individuals with diabetes found leg muscle mass 

was maintained in those who exercised while non-exercisers experienced a decrease in leg 

muscle mass [27]. Similarly, several studies have found that participation in running programs 

increases muscle mass in runners' thighs [28, 29]. Another study indicates aerobic exercise 

training stimulates muscle hypertrophy and prevents muscle loss [30]. A meta-analysis found no 

change in lean mass after running programs at least eight weeks long among previously inactive 

adults [14]. Although it is still debated if running increases lean mass, it appears clear that 

running at a minimum preserves lean mass in runners. This preservation of lean mass occurs 

because aerobic exercise activates the Akt/mTOR pathway that helps to regulate skeletal muscle 

size and oppose muscle atrophy [31]. Running can lead to an energy deficit, and without the 

Akt/mTOR pathway being activated, muscle atrophy occurs as the body breaks down muscle to 

conserve energy and produce energy. Running increases the Akt/mTOR pathway by up to 65% 

and preserves muscle mass [32-34]. Thus, effective running programs should maintain muscle 

mass to help prevent metabolic disease.  
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Running Programs and Resting Heart Rate and Blood Pressure  

 Resting heart rate is linked to mortality rates, and decreases in resting heart rate can 

reduce the risk of sudden death by 17% [35]. Decreased resting heart rate from running is 

thought to be caused by increased parasympathetic tone at rest and reduced stimulation of beta-

receptors of the heart [36]. One study found that eight weeks of continuous running lowered 

resting heart rate compared to a non-exercising control [37]. Getterman and colleagues (1976) 

found that the resting heart rate was reduced with a 20-week running program and that there was 

a more significant decrease with an increased number of days run per week [38]. A meta-analysis 

of 121 studies investigating the effects of endurance training on resting heart rate found aerobic 

exercise decreased resting heart rate by 8.4% on average, with no differences between sexes [39]. 

There is overwhelming support that running programs decreases resting heart rate, which 

indicates better health.  

 Blood pressure is a major indicator of one’s risk for CVD. Reduction in blood pressure 

can occur from arteries becoming less stiff, increased arterial dilation, and more efficient blood 

movement through the body. One study found that a running program at least eight weeks long 

could reduce systolic blood pressure by six mmHg and diastolic blood pressure by three mmHg 

[40]. Another study found that systolic blood pressure was reduced only after eight weeks of 

participation in a continuous-intensity running program [37]. A review of aerobic exercises 

indicated decreases in diastolic blood pressure were higher in those who performed vigorous 

activity, but decreases in systolic blood pressure were not influenced by intensity [15]. A meta-

analysis of 23 running studies found that regular running reduced diastolic and systolic resting 

blood pressure [41]. Evidence supports that running programs can reduce resting blood pressure 

and thus reduce the risk of CVD.  
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Running Programs and Blood Glucose and Lipids  

 Diabetes is a major health concern that can lead to CVD, vision loss, kidney disease, and 

limb amputation [42]. Fasting blood glucose is an important clinical indicator for diabetes, and 

exercise lowers fasting blood glucose by increasing insulin sensitivity and glucose utilization. 

One study found that increased physical activity for 40 days by walking/jogging decreased 

fasting blood glucose in those with higher baseline measurements [43]. Ghorbani et al. reported 

that a 4-week walk/jog program reduced fasting blood glucose by 10% in those diagnosed with 

type 2 diabetes [44]. Karami and colleagues found fasting blood glucose was not affected by 

eight weeks of running in obese adolescent males. Still, it is important to note that participants 

had normal glucose levels before the study started [45]. Another study found that neither HIIT 

nor MICT affected blood glucose after 12 weeks of training for a half-marathon in middle-aged 

women with normal glucose levels at the start of training [17]. Running decreases fasting blood 

glucose in those with high levels, but results are mixed in healthy adults with normal glucose 

levels.   

 Blood lipids usually refer to HDL, LDL, TC, and TRG. Low levels of HDL and higher 

levels of LDL, TC, and TRG are known as dyslipidemia and are associated with increased risks 

for CVD and stroke [46]. Table 1.2 displays standard criterion values of blood lipid levels. 

Exercise decreases LDL, TC, and TRG and increases HDL levels. These changes are thought to 

occur as exercise facilitates an increase in blood lipid consumption. One study found that lipids 

(LDL, HDL, TC, TRG) were improved with a 4-week walking/jogging program in those with 

type 2 diabetes [44]. However, Gettman and colleagues found no changes in lipid levels in 

healthy men who participated in a 20-week running program [38]. Similar results were found in 

another study investigating 12 weeks of marathon training in middle-aged healthy women [17]. A 

meta-analysis found that high-intensity interval training and moderate-intensity continuous 
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training had the same effect on improving lipid levels regardless of whether the activity was 

running or cycling [47]. Another meta-analysis of inactive adults found that 1 year of 

participation in running lowered TRG but did not change LDL, HDL, or TC [14]. The effects of 

running programs on lipid levels appear to be mixed, and similar to the impact of running 

programs on fasting blood glucose, improvements may be seen in those with abnormal levels. 

Still, those with normal blood lipid levels may not see any changes after participation in running 

programs.  

Table 1.2: Blood Lipid Guidelines by Sex 
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Running Programs and Bone Mineral Density  

 Bone mineral density measures the mass of minerals in bones and is associated with the 

strength of bones. Bones usually become weaker as individuals age, leading to a greater 

likelihood of bone breaking. Bones are a major indicator of bone health. Running produces the 

loading of bones and stimulates osteoblast, increasing bone mineral density over time and 

improving bone health. Scott and colleagues found that participating in running for more than 2 

years increased bone mineral density compared to cycling in men [48]. Lee investigated club-

level runners with at least 6 months of experience and higher bone formation markers in runners 

than controls [49]. Snow-Harter et al. showed that 8 months of a progressive running program 

increased bone mineral density by about 1.3% in college females [50]. The effects of running 

programs appear to support increases in bone mineral density, but these benefits may not be 

evident for at least 6 months or more from the start of the running program.   

 Running programs may improve health metrics such as heart rate, blood pressure, lipid 

levels, and body composition, as listed above. However, many individuals may join a running 

program to enhance performance rather than improve health metrics. This makes it important to 

evaluate running programs for both changes in health metrics and changes in running 

performance, such as VO2max and actual race performance, to establish whether the program is 

useful for runners regardless of their goals for joining a running program.  

Running Programs and VO2max and Race Performance 

 VO2max measures the maximum amount of oxygen that one can utilize during intense 

exercise and is generally considered the best indicator of cardiovascular fitness and aerobic 

endurance. Exercise, especially running, improves oxygen utilization in the muscles, increases 

blood volume, and increases cardiac output – all factors known to increase VO2max. Table 1.3 
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displays the distribution of VO2max values across age and sex. Gettman and colleagues saw an 

increase in VO2max after 20 weeks of running training [38]. Mahdiabadi showed increased 

VO2max in non-active males after only 8 weeks of continuous running training [37]. Bonet et al. 

found that 12 weeks of high-intensity run training decreased VO2max while moderate-intensity 

continuous running training increased VO2max in middle-aged women [17]. A meta-analysis 

indicates that an average of 14 weeks of run training can increase VO2max by 7.1 ml/kg/min due 

to decreased body mass and increased cardiovascular fitness [14]. Overall, it is widely accepted 

that running programs should produce increases in VO2max.  

Table 1.3: VO2max Normative Table  

[51] 

 VO2max and cardiovascular fitness are directly related to athletic performance during 

running competitions. The main reason athletes follow a running program is to decrease the time 

it takes to complete that race [52]. Training programs improve efficiency and the mechanics of 

running cardiovascular performance and metabolic substrate utilization and develop running 
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strategies to improve race performance. Bonet et al. found that middle-aged women who were 

recreational runners could complete a half marathon after 8 weeks of either high-intensity 

interval training or moderate-intensity continuous training [17]. They also found that both 

programs reduced the total time to complete a half-marathon by 2%-3% [17]. Hottenrott also 

found that runners who completed 12 weeks of a running program could complete a half-

marathon in 2 hours and 15 minutes on average, regardless of whether the training was long, 

continuous, or high-intensity interval training [24]. Fokkema and colleagues found that training 

loads greater than 32 kilometers a week were associated with faster finishing times in half 

marathon runners [53]. Running programs support efforts to complete a race and decrease race 

times.  

Running programs can benefit individuals in several ways. Running programs can help 

lower body fat while maintaining lean mass and reducing resting heart rate. Individuals with 

abnormal fasting blood glucose, lipid levels, or blood pressure measurements may see 

improvements by participating in running programs. Bone mineral density is increased with 

running programs, but detecting changes may take more than 6 months of training. Finally, 

running programs increase VO2 max and improve race performance. If the ATC’s In-training 

program is effective, individuals who participate should see some, if not all, of these benefits.  

VO2max 

 VO2max or maximal oxygen uptake/consumption is the maximal amount of oxygen one 

can consume and utilize for energy. VO2max is the gold standard for measuring aerobic fitness 

and is the product of cardiac output and arteriovenous oxygen difference. Aerobic fitness is the 

ability of the body to transport and utilize oxygen for energy during prolonged dynamic physical 

activity that uses large muscle groups (such as quadriceps, glutes, hamstrings, and abdominal 
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muscles). Aerobic fitness measures the capacity of the cardiorespiratory and muscular systems of 

the body. It is positively associated with health, well-being, performance outcomes, and 

decreases in all causes of mortality [54].   

 During a maximal exercise test, VO2max is often measured directly through gas analyses 

of inspired and expired air. Figure 1.1 displays a person performing a VO2max test. The gas 

analysis determines the difference between the percent of oxygen in a breath of exhaled air and 

the amount of oxygen in a breath of inhaled air. Additionally, the amount of air that is moved out 

of the lungs is measured to determine the air volume. The results determine the maximal amount 

of oxygen consumed in a minute (absolute VO2max (L/min)) and can be used to assess energy 

expenditure. However, body size affects absolute VO2max, and comparisons between tests and 

people are hard to quantify. To compare VO2max values, absolute VO2max is converted into 

relative VO2max (ml/kg/min), which accounts for body mass. Relative VO2max is the most 

reported and used number and can range from below 13 ml/kg/min in those with cardiac issues to 

over 94 ml/kg/min in cross-country skiers [55].  

[56] 

Figure 1.1: Example of VO2max Test using Indirect Calorimetry  
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VO2max is known to change with age. VO2max increases as a child grows and enters 

puberty and usually continues to rise into adulthood. During an adult’s 20s, VO2max decreases 

and continues to decrease throughout life. Those with higher VO2maxs in their 20s see a faster 

decline than those with a VO2max that is lower in their 20s. Figure 1.2 displays the relationship 

of VO2max with age at different fitness levels.  

[57] 

Figure 1.2: VO2max Decline with Age 
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 The decrease in VO2max with aging can be attenuated with aerobic training. Two to three 

months of aerobic training has been shown to increase VO2max by 15%-20% on average [57]. 

Figure 1.3 displays the change in VO2max by the number of months of aerobic training. Some 

factors can affect the magnitude of an increase in VO2max with aerobic training. Genetics and 

initial VO2max levels at the start of training cause increases in VO2max to range from 2% to 

50% with two to three months of aerobic training. Those with a high initial VO2max may only 

see a 2% change in VO2max, while those with low initial VO2maxs and genes that promote an 

increase in VO2max may see a 50% change in VO2max as a result of training [58]. Regardless of 

how significant the increase in VO2max is, the mechanisms that lead to this increase are the 

same. Aerobic training increases blood volume, diastolic filling of the heart, and ventricular 

volume of the heart. The increased amount of blood in the heart before contraction and the 

strengthening of cardiac muscle through training increase cardiac output. Additionally, peripheral 

resistance is reduced because of increased capillary density and reduced vasoconstriction. 

Aerobic training increases mitochondrial density. These factors increase blood flow to active 

muscles, increasing oxygen consumption in the muscles.  

[59] 

Figure 1.3: Changes in VO2max with Aerobic Training 
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Sex also plays a role in VO2max. Females typically have a lower VO2max compared to 

males [59]. This discrepancy between sexes is due, in part, to males generally having more 

hemoglobin than women, which allows for a greater oxygen-carrying capacity, as well as higher 

testosterone levels than females, which leads to greater muscle mass. Increasing muscle mass 

allows for greater total oxygen utilization during energy production. Figure 3 displays the 

difference between male and female VO2max compared to months of aerobic training with three 

days per week.  

Oxygen and Exercise 

 Oxygen is important for aerobic exercise as it allows for sustained energy production. 

Exercise uses vast amounts of energy to keep the body alive and moving. This energy comes in 

the form of ATP. Several systems in the body create ATP from the macronutrients (carbohydrates, 

proteins, and fats) in our body. During aerobic exercise, most ATP production occurs in the 

mitochondria through OXPHOS. OXPHOS has two stages: the Krebs cycle and the electron 

transport chain. The electron transport chain accumulates hydrogen ions in the inner membrane 

space of the mitochondria. This creates potential energy, which is used to create ATP that the 

body can use to perform aerobic exercise. Electrons are built up during the process of moving 

hydrogen into the inner membrane space. This buildup of electrons can stop the production of 

ATP, but oxygen molecules can accept these electrons and create a water molecule, thus allowing 

the continuation of ATP production. The oxygen for this process is derived from the air we 

breathe. Oxygen consumption is proportional to energy production because the more oxygen we 

can utilize from the air we breathe, the more energy we produce through OXPHOS, as the main 

purpose of oxygen in the body is to accept the electrons from the electron transport chain and 

produce water. As mitochondria increase in number, size, and efficiency, ATP production 
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increases, increasing oxygen consumption to accept more electrons. This allows the body to 

sustain high activity levels for an extended duration. [58] Figure 1.4 displays the OXPHOS 

process and oxygen as the final electron acceptor.  

[58] 

Figure 1.4: Electron Transport Chain 

 

Use of Fitness Trackers 

 The first fitness trackers were simple pedometers meant to track the number of steps a 

person took during a set period. The first of these pedometers dates back to the 1770s, but the 

first commercial pedometers were available in the 1960s. They were used in walking clubs to 

track the number of steps members took [60]. This was quickly followed by the introduction of 

accelerometers that could more accurately track movement and energy expenditure [61]. In the 

1980s, Polar introduced the first watch to display biometric information and be used by athletes 

for heart rate-based training [62]. GPS tracking became available to the public in 1996. Fitbit 
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became the first commercially available fitness tracker in 2009. This led to many companies 

creating wrist-worn fitness trackers, including Garmin, which integrated their GPS capabilities 

into a fitness watch for increased location accuracy. Today, around 27% of all athletes and 75% 

of runners rely on wearable technology to improve performance [63, 64]. 

 Fitness trackers started as simple devices clipped to one’s clothes at the waistline. 

Devices were designed this way as the available technology needed direct input from the lower 

body to determine the steps taken. As technology improved, devices could be worn on the wrist 

and gather the same information as artifact data could be processed. As technology continued to 

develop, more fitness trackers could gather more information and provide that to users. Still, this 

information often required multiple pieces of equipment, such as a wrist-worn fitness tracker and 

a chest strap to monitor heart rate. They combined these devices to provide more accurate 

information to users. Eventually, devices were created that could perform all the measurements 

in one device and provide users with more functions than just tracking fitness. Wrist-worn fitness 

trackers became the most popular form of fitness trackers as they were a single device that could 

be used as a watch, fitness tracker, or smart device. Since the development of smartwatch fitness 

trackers, technology has continued to shrink in size, and fitness trackers in the form of a ring 

have come to the market. These allow users to track their fitness with minimal intrusion into their 

daily lives.  

Fitness Tracker Validity and Reliability 

 Fitness trackers have been around for decades and have become more accessible and 

affordable over the last 15 years. This has led researchers to determine the validity and reliability 

of these devices as compared to the appropriate criterion (true) measures, such as pedometers 

and accelerometers. The validity of a wearable device would decide whether it has actual 
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characteristics, properties, or variations compared to gold-standard testing. In parallel, the 

reliability of the wearable device would determine that it consistently produces the same results 

during repeated tests, assuming that the stimuli and variables remain consistent. Together, high 

validity and reliability are of utmost importance to the athlete. This means that wearable devices 

will accurately measure performance variables repeatedly and that these data can be trusted to 

inform training modifications or predict race performance outcomes. To do this, validity and 

reliability measurements are determined by comparing them to a criterion, a gold-standard 

measure known to be accurate and precise.  

Wrist-worn fitness trackers are shown to be within 4% of criterion measures for heart 

rate, step counts, distance covered, and sleep duration [65]. Another study found fitness trackers 

to be within 5% of criterion measures for heart rate and a valid measure during rest and exercise 

[66]. Ummels and colleagues found that fitness trackers underestimated step counts and were 

invalid [67]. Their study mainly used wrist-worn fitness trackers with accelerometers and no 

GPS devices [67]. Newer fitness trackers use GPS and accelerometers, as the combined 

information can make step counts more accurate. They can show geological magnitude and 

direction along with physical movement magnitude and direction, whereas accelerometers alone 

can only provide physical movement magnitude and direction. A meta-analysis found high 

validity for steps, distance, and physical activity but low validity for energy expenditure of 

fitness trackers [68]. The same review found few studies that evaluated reliability, but studies 

that investigated reliability found high reliability for steps and distance measurements of fitness 

trackers [68]. Another systematic review found that fitness tracker validity of energy expenditure 

varied by activity type. However, the more physiological sensors a tracker had, the more accurate 

the device became at measuring energy expenditure [69]. Finally, a review of fitness trackers 
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found that devices are frequently used, making validation studies difficult. Of the many existing 

brands, there are five that research tends to investigate, one of which is Garmin [70]. Overall, 

there is little consensus on the validity and reliability of fitness trackers as technology is 

constantly changing, and more information is being measured with each new device [71]. 

However, fitness trackers are used more frequently each year; thus, evaluating fitness trackers is 

more important than ever.  

Fitness Tracker Validity and Reliability  

 Over the last decade, VO2max has become a health metric commonly estimated by fitness 

trackers but has been investigated less than other variables reported by fitness trackers, such as 

heart rate, step counts, and energy expenditure. The first study to examine the validity of 

VO2max estimations found that VO2max was overestimated by 10.8 ml/kg/min on average in 

females. In parallel, no difference in VO2max measures was evident in males using the Polar 

S410 [72]. Further, VO2max measurements taken from 5 different fitness trackers were deemed 

not valid measures of VO2max (i.e., greater than 10% off of true measures) – the only validated 

tracker was the Garmin Forerunner 920X, which underestimated VO2max by 7.3 % [73]. Cooper 

and Shafer found the Polar A300 to be a valid and reliable measure of VO2 max as there were no 

statistically significant differences between Polar and criterion measurements [74]. Another study 

found that the Polar FT40 overestimated VO2max and inaccurately tracked changes in VO2max 

over an 8-week training period [75]. Lucio and colleagues found that the Fitbit Charge 2 

VO2max measures were highly variable and not consistently accurate [76]. A 2022 meta-analysis 

found that fitness trackers that estimated VO2max using resting measures significantly 

overestimated VO2max by 2.17 ml/kg/min, but devices that estimated VO2max through 

exercising measures had almost zero differences from criterion measures (-0.09 ml/kg/min) [77]. 
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Overall, there appear to be mixed results regarding the validity and reliability of fitness trackers 

to estimate VO2max.  

Garmin Validity and Reliability 

 Garmin fitness trackers are a popular choice for many individuals. Their fitness trackers 

most typically come in the form of a wrist-worn, fitness-style watch. These watches come with 

many features and the ability to track different health metrics. Andersen and Nielsen found that 

the Garmin Forerunner 735XT was a valid and reliable measure of step length and cadence. Still, 

ground contact time and vertical oscillation may need to be interpreted cautiously due to under 

and over-estimation, respectively [78]. Schiefer and colleagues found that the Garmin Fenix 5X 

Plus was not a valid measure of oxygen saturation (SPO2) at altitude [79]. The study found that 

Garmin did not have a valid measure of SPO2 at altitude, but heart rate was valid at all altitudes 

during rest and exercise [80]. One study found the Garmin Forerunner 235 to be a valid measure 

of heart rate at rest and during moderate to high-intensity activity. Still, it was not valid at low to 

moderate-intensity activities [81]. Similarly, the Garmin Fenix 6 was moderately valid in 

estimating energy expenditure during outdoor walking and running [82]. Montes and colleagues 

found the Garmin Vivosmart valid and reliable at measuring step counts in free-living and lab 

environments during walking and jogging activities [83]. A review of the validity and reliability 

of Garmin activity trackers found high validity of steps, low validity of distance, energy 

expenditure, and heart rate measures, and insufficient studies to conclude speed, elevation, and 

sleep [84]. Additionally, the study found few reliability studies and stated that new devices are 

being released before current devices can be assessed, making it difficult to draw conclusions 

about any one device [84].  



 22 

Garmin VO2max Validity and Reliability  

 Garmin wrist-worn fitness trackers could estimate VO2max since 2019. Garmin estimates 

VO2max automatically each time a run is recorded and uses heart rate and GPS tracking data to 

produce the estimate [11]. Garmin does not require a specific testing protocol, but runs need to 

be at least 10 minutes long, and at least some portion of the run should be at or above 70% of 

your maximal effort [11]. Garmin also states that estimates become more accurate over time with 

more recorded runs [11]. Some studies have investigated the validity of Garmin watch’s ability 

to estimate VO2max. Duking found that the Garmin Forerunner 245 had a mean absolute 

percentage error (MAPE) of 5.7% (2.8 ml/kg/min) compared to the criterion VO2max test in 23 

runners [10]. Participants in this study performed 3 outdoor runs to exhaustion that lasted 30-60 

minutes [10]. Passler and colleagues examined 24 healthy adults using the Garmin Forerunner 

920XT to estimate VO2max against a criterion measure using indirect calorimetry and found 

MAPE to be 7.3% (-2.1 ml/kg/min) [73]. This study only used one outdoor self-paced run to 

determine VO2max with the Garmin tracker [73]. Another study found that the Garmin Fenix 5 

underestimated VO2max compared to the Bruce protocol by 2.16 ml/kg/min in 25 adult 

recreational runners [78]. Participants used a single 10-minute run at their highest achievable 

pace to determine VO2max using the Fenix 5 [78]. Snyder assessed VO2max using the Garmin 

Forerunner 230, a 10-minute running run, and a treadmill max test in 44 adults (22 males and 22 

females) [85]. They found that Forerunner 230 VO2max measurements were not statically 

significantly different from actual VO2max measurements in either men or women [85]. Carrier 

and colleagues found that the Fenix 3 overestimated VO2max (MAPE 8.05%) compared to a 

grade exercise test on a treadmill on 34 recreational adult runners [86]. The Garmin Fenix 6 

VO2max was found to have a MAPE of 6.85% when compared to a graded treadmill exercise 

test with a one-minute averaged VO2max value measured by a metabolic cart in 21 adults [87]. 
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Participants completed a 10-minute run at 70% of max heart rate and one-grade exercise test 

guided by the Fenix 6 on the same day to determine Fenix 6 VO2max values [87]. Muthusamy 

determined the reliability of the Garmin Forerunner 935 in collegiate swimmers using two 200-

meter self-paced swims [88]. They found the Forerunner 935 reliable, with an intra-class 

correlation of 0.869 and a standard error measurement of 0.231 [88]. Overall, few studies have 

assessed the validity of the Garmin fitness tracker’s ability to measure VO2max. The studies that 

have assessed validity have shown mixed results. Few studies have investigated reliability, but 

Garmin fitness trackers appear reliable. It is important to note that no study has investigated the 

validity of VO2max measurements using Garmin fitness trackers with participants that have worn 

the tracker for more than 3 exercise sessions.  

Garmin Race Performance Prediction 

 Race performance predictions can be defined as an individual's predicted final race time. 

Knowledge about race performance can assist individuals with training and determining a race 

pace without requiring excessive training loads to determine this information. Several studies 

have designed methods for estimating race performance, but these methods may require 

information that is difficult to obtain or inaccurate for all runners [89-92]. To date, no study has 

been published that examines the ability of any fitness tracker to predict running race 

performance of any distance. Garmin fitness trackers provide race prediction times for several 

race distances. Race predictions from Garmin use a proprietary calculation to determine race 

performance. Garmin says it can provide this information by simply wearing the device during 

several runs and using the calculated VO2max and training history data. Garmin states that these 

predictions become more accurate after several weeks of running while wearing their technology 

[11]. Assuming this information is correct, runners can modify their training and select the best 
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race pace strategy. Past research has demonstrated that VO2max and running data can be used to 

predict race performance and thus supports that Garmin may be able to predict race performance 

with its fitness trackers, but VO2max may not be the only variable that Garmin uses to predict 

race times [90-92].  

Exercise Adherence and Motivation  

 Adherence to half-marathon training programs is influenced by various psychological, 

social, and environmental factors. Research consistently highlights the pivotal role of 

psychological constructs such as motivation, self-efficacy, and goal setting in maintaining regular 

training [93, 94]. Self-efficacy, or an individual's belief in their capability to complete specific 

training tasks, is a critical predictor of sustained exercise behavior [95]. Effective goal setting, 

particularly when goals are specific, measurable, achievable, relevant, and time-bound, provides 

a structured framework that enhances adherence by offering clear direction and fostering a sense 

of accomplishment. Social support from peers, family, and running communities also plays a 

significant role, as it can bolster motivation and accountability [96]. Additionally, environmental 

factors such as access to safe running routes and favorable weather conditions can facilitate or 

hinder adherence. These diverse influences will affect training programs and outcomes for half-

marathon participants. 

Motivation to participate in exercise programs is critical in exercise adherence and 

involves many factors [97]. Factors include intrinsic and extrinsic influences. Intrinsic factors 

may include participating for pleasure, to improve ability, or to decrease stress. At the same time, 

extrinsic factors may include rewards, social interaction, or external pressure. Motivation for 

participating in half-marathons includes social interactions, unity, and the desire to develop a 

passion for running and improving health [98-100]. Motivational factors will influence the 
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participation of individuals in the ATC in-training program and their ability to complete a half-

marathon. A training program that provides different types of motivation may have lower 

attrition rates than other training programs.  

Conclusions 

Running programs can have many impacts on one’s health while also improving 

performance. These improvements occur due to the strengthening of the cardiovascular system, 

more efficient energy utilization, and an overall improvement in energy balance. Research 

supports that individuals with fasting blood glucose, lipid levels, or abnormal blood pressure 

measurements may see improvements by participating in running programs. Bone mineral 

density is increased with running programs, but it may take more than 6 months of training to 

detect changes. Finally, running programs increase VO2max and improve race performance. If 

the ATC’s In-training program is effective, individuals who participate in the programs should 

see some benefits.  

 Fitness trackers have been around for many years but have seen rapid advancements with 

the introduction of smaller, more affordable technologies. This has led to individuals having 

access to more data that runners can use to program exercise and improve race performance than 

ever before. While older fitness tracker technology has been investigated, and the validity and 

limitations of the trackers are known, more research is needed on newer technologies. This is 

mainly due to the rapid advancement and research being unable to keep up with validating 

current fitness trackers' claims. Garmin is one of the most popular fitness trackers for runners, 

focusing on wrist-worn fitness trackers. Garmin wrist-worn fitness trackers have shown mixed 

results regarding the validity of VO2max measurements, and research has yet to be done on the 

validity of their race performance predictions. While Garmin watches' data may be accurate, 
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further investigation must occur to draw a firm conclusion because this model has yet to be 

investigated.  

Statement of Problem 

 To the best of our knowledge, no studies have examined the validity of the Garmin 

watches to estimate VO2max after more than one week of use. Additionally, no studies have 

examined the validity of Garmin watches in predicting half-marathon performance time. Finally, 

no studies have investigated the impact of the ATC in-training half-marathon program (half-

marathon training programs are structured around specific half-marathons but are designed to be 

used to train for any half-marathon someone participates in) on health metrics and race 

performance. Research in these areas is lacking because of the time commitment needed to 

gather this information and the likelihood of participant dropout. Runners can use the data from 

Garmin watches, which are collected much easier and cheaper than traditional methods, to 

develop exercise programming and create race strategies. However, the accuracy of this 

information from Garmin devices must be determined before runners rely on it, or their 

performance may suffer. Additionally, the ATC in-training program needs to be assessed to 

determine its effectiveness in improving health metrics and race performance to ensure that 

training is designed appropriately and can be a trusted training program.  

 This study investigated the validity of Garmin watches in predicting half-marathon race 

performance, estimated VO2 max after 12 weeks of training, and examined the effects of the 

ATC in-training program on participants' health metrics. Outcomes of interest included VO2max, 

half-marathon race time, blood lipids, glucose, resting heart rate, resting blood pressure, body 

composition, and bone mineral density.  
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Hypotheses and Specific Aims  

This study aimed to (1) determine the validity of Garmin VO2max estimates, (2) 

determine the validity of Garmin VO2max estimates after 12 weeks of continuous use, (3) 

quantify the accuracy of Garmin half-marathon race predictions, and (4) analyze the changes in 

health metrics (VO2max, resting blood pressure, resting heart rate, blood lipids, fasting glucose, 

body composition, and bone mineral density) from pre- to post-ATC half marathon in-training 

program. These data provided information about the usefulness of Garmin fitness trackers for 

half-marathon performance and the health effects of the ATC in-training program.  

We hypothesized that: (1) Garmin VO2max estimates would not be different than 

criterion measures and would be within 10% MAPE (Consumer Technology Association 

standard for accurate devices) of criterion measures during the initial setup of the device, (2) 

Garmin VO2max estimates would not be different than criterion measures and would have lower 

MAPE values than initial VO2max measurements after 12 weeks of continual use, (3) Garmin 

half-marathon race performance predictions would not be different than actual half-marathon 

performance and would be within 10% MAPE, and (4) individuals who participated in the ATC 

12-week half-marathon in-training program would experience significant improvements in their 

health metrics from pre- to post training. 
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CHAPTER TWO 

Introduction 

 Running is a popular activity, and over the last 50 years, diversity in the sport has 

increased across all ages and ability levels. To improve their performance, runners frequently use 

personal performance indicators for training and race planning. These indicators may include 

VO2max, body composition, or heart rate response to exercise. However, some indicators such as 

body fat composition and VO2max often require expensive equipment operated by trained 

exercise physiologists and may be time- or cost-preventative for most athletes. To address these 

limitations, wearable technologies have emerged as a top fitness trend to estimate these 

indicators [1]. For example, recent wearable technologies can measure many aspects of a 

person’s life with a single instrument (sleep, oxygen saturation (SPO2), heart rate variability 

(HRV), atrial fibrillation, VO2max, and race performance) and allow easy access to personal 

performance indicators.  

Specifically, many individuals in the running community have adopted running watches 

as their preferred choice of wearable technology to track and enhance their performance. Many 

running watches are available, but Garmin running watches have become popular among runners 

[2]. The accuracy of these measurements is of utmost importance as these data are used 

increasingly to quantify exercise training load, indicate overall energy expenditure, and provide 

the basis for exercise training and recovery recommendations. Unfortunately, empirical research 

that determines the accuracy and validity of current running watches is lacking. For example, a 

recent study investigated the validity of older Garmin fitness watches. However, the research 

design only allowed for one week for Garmin to estimate VO2 max in participants before it was 

compared to the criterion measure [3]. Importantly, Garmin running watches require a 10-minute 
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run outside to estimate VO2max, but the user manual states that measurement accuracy improves 

with continued use [4]. Wearing a Garmin watch for only one week may not produce the most 

accurate measures of VO2max. As such, the study's results could not determine the validity of the 

Garmin VO2max measurements [3].  

The algorithms that Garmin uses to estimate VO2max have not been disclosed. There is 

an assumption that VO2max estimates require accurate resting and maximal heart rate 

measurements during exercise. Therefore, the accuracy of VO2 measurements would depend on 

the Garmin device's accuracy to detect changes in heart rate. Currently, Garmin devices measure 

heart rate using photoplethysmography, and this technique is less valid than chest-based heart 

rate monitors. In addition, photoplethysmography is susceptible to discrepancies based on skin 

tones and hydration status [5]. With this in mind, individuals may use information from these 

fitness trackers to help evaluate the effectiveness of running programs.  

  In addition to improving oxygen consumption, running can provide a wide range of 

health benefits, including reduced risks of chronic diseases such as CVD and hypertension, 

improved lipid profiles, and improved glucose tolerance [6-8]. To achieve these health goals, one 

may participate in a training program that will support their efforts, but the design of these 

training programs can differ and produce various results [9]. For example, the Atlanta Track Club 

(ATC) offers training programs to prepare runners to complete a half marathon. Designated as 

‘ATC in-training programs’ and designed by USA Track and Field/Cross Country Certified 

coaches, these programs are customized to the runner and provide training individualization and 

pace setting calculations. However, the effectiveness of this in-training program to provide health 

benefits has not been demonstrated. This is important to ensure participants achieve their goals 

when joining a training program [10, 11].  
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Therefore, this study had two central aims: (1) to analyze the criterion validity of Garmin 

watches to estimate VO2max and predict race performance, and (2) to determine the changes in 

various health metrics including resting heart rate, resting blood pressure, fasting blood glucose, 

blood lipids, VO2max, body composition, and bone mineral density in individuals participating 

in the ATC in-training program. This study used the new Garmin Forerunner 265 fitness tracker 

(March 2023) with advanced technology (HRV, altitude, respiration rate, gyroscopes, and multi-

positional GPS). Additionally, this study was the first to examine the validity of Garmin device 

to estimate VO2max and provide half-marathon race predictions following prolonged use.  

We hypothesized that VO2max estimates would not be statistically significantly different 

than criterion measures and that mean absolute percent error (MAPE) would decrease to less 

than 10% after 12 weeks of use. MAPE of less than 10% is considered valid by the Consumer 

Technology Association [12]. Secondly, we hypothesized that race predictions are not 

statistically significantly different than official race times and have a MAPE of less than 10% 

and are not different than criterion measures. Finally, we hypothesized that the ATC in-training 

program would improve several health metrics. Specifically, we hypothesized that after training, 

individuals would report lower resting heart rate, decreased resting blood pressure, improved 

fasting blood glucose levels, improved lipid profiles (HDL, LDL, and triglycerides), reduced 

body fat percentage, and increased VO2max. We hypothesize the bone mineral density will not 

change after training.  
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Study Methodology  

Participants  

A G*Power analysis revealed that a sample size of 20 with an effect size of 0.6 and 

power = 0.80 was required to statistically address the aims of this study. To account for attrition, 

we recruited 26 subjects (11 male and 15 female) from the ATC In-Training Running Program 

via email solicitation, newsletter announcements distributed by the ATC, and face-to-face 

recruitment[13]. Subjects were recruited from all levels of the ATC In-training program, 

emphasizing level 2 and 3 runners. Level 2 and 3 runners typically have a pace of 7-15 minute 

miles and currently complete 30 or a few miles each week. They were recruited to minimize 

attrition and avoid the ceiling effect of training you may expect in highly trained Level 4 athletes 

[14].  All participants were verbally informed about the study's aims and risks and provided 

written informed consent before enrollment. 

Twenty subjects (ten male and ten female) registered for the study and completed pre-

training testing. Sixty percent of subjects participated in the ATC in-person training, and 40% 

participated virtually. Subjects self-selected into training levels 1-4, with one being beginner and 

four being advanced; 65% (n = 13) of participants selected a training level of 2, 15 % (n = 3) 

selected a training level of 3 or 4, and 5% (n = 1) selected a training level of 1. The subjects' race 

was 75% White (n = 15), 10% Black (n = 2), and 15% Hispanic (n = 3). Two subjects withdrew 

from training after 8 weeks. They withdrew from training, stating they had a conflict arise on the 

half-marathon race day, could not complete the study, and wished to withdraw. Both subjects’ 

race was white. One was female with a training level of one, and one was male with a training 

level of two. Another male subject with a training level of 4 suffered an injury during the last few 

weeks of training. This subject could not participate in the half-marathon race as they were 
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advised not to run for over an hour, but the subject still completed post-testing, and all training 

ran up to the point of their injury.  

Inclusion/exclusion criteria  

Subjects were eligible to participate if they registered and participated in an ATC In-

Training Running Program (self-reported) and the 2024 Atlanta Publix Half-Marathon. Potential 

subjects were excluded from participation if they were less than 18 years old (determined by 

self-reported date of birth), and as determined by the Physical Activity/Exercise and Health 

Information form (see Appendix 2) required medical clearance for vigorous exercise according to 

ACSM Guidelines,)had known electrocardiographic abnormalities (e.g., atrial fibrillation), or 

were pregnant.  

The Physical Activity/Exercise and Health Information form was used to determine 

exercise participation according to the recommendations of the ACSM [13]. ACSM Guidelines 

recommend medical clearance for vigorous exercise if an individual has been diagnosed with 

cardiovascular, metabolic, or renal disease and displays signs or symptoms suggestive of CV, 

metabolic, or renal disease [13]. This questionnaire asked subjects about their exercise history, 

whether they were diagnosed with any diseases, and if they have any signs or symptoms of CVD 

or renal and metabolic diseases. Subjects’ history of using Garmin devices or training history did 

not impact inclusion into the study. The study was approved by the Georgia State University 

Institutional Review Board (# H23511).  

Procedures  

Data collection was conducted at the Applied Physiology Laboratory in the Department 

of Kinesiology and Health at Georgia State University during two testing sessions. The total 

participation time for each subject was approximately 3 hours. The first testing session occurred 
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approximately two weeks before the commencement of the ATP in-training program. The second 

testing session took place 5-14 days after completing the training program and participation in 

the Publix half-marathon (March 2024). Subjects were instructed to refrain from vigorous 

exercise, eating, or consuming caffeine for at least 8 hours before each data collection session. 

During the first data collection session, subjects had research methods and procedures explained 

to them verbally, were given a copy of the Informed Consent Form (ICF) and signed the ICF. 

After completing the paperwork, they had their resting heart rate and blood pressure 

measured. Blood was then obtained via finger stick for analysis with the Cholestech LDX 

Analyzer to determine HDL, LDL, fasting blood glucose, TRG, and TC levels. Height and 

weight were obtained. Body composition was assessed via DEXA to determine body fat 

percentage, lean mass, and bone mineral density.  

Subjects were then fitted with the Forerunner 265 wrist-worn fitness tracker 

manufactured by Garmin (Olathe, Kansas, USA). The watch's fitting followed manufacturer 

guidelines for exercise usage. Subjects set up a Garmin Connect account on their phone that was 

paired to data acquisition software from Labfront (Boston, Massachusetts, USA). Labfront 

allowed the research team to collect, organize, and analyze all activity data from the Garmin 

watch. To ensure we captured all performance data, subjects were instructed to sync their watch 

with the app daily.  

Next, subjects completed a 5-stage exercise protocol. The first stage was a 10-minute 

outdoor jog around the GSU Sports Arena to establish a baseline Garmin VO2max. The second 

stage was a 15-minute recovery stage consisting of 5 minutes of walking and 10 minutes of 

sitting to allow recovery. The third stage was a graded exercise test using a Woodway Treadmill 

(Waukesha, Wisconsin, USA) and a Parvo Metabolics TrueOne 2400 metabolic cart (Salt Lake 
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City, Utah, USA). In this stage, subjects were instructed to choose a speed they could 

comfortably run for 3 miles or a pace they could run for 30 minutes. Subjects started the test at a 

0% grade, and the grade increased by 1% every minute until volitional fatigue was reached, at 

which point the test was terminated [15]. True VO2max was determined by a subject achieving 3 

of the following: no increase in VO2 with the increased workload, respiratory exchange ratio 

(RER) over 1.1, RPE over 17 (Borg scale, or maximal heart rate within 10 beats of age-predicted 

maximum. The fourth stage was a 20-minute recovery stage consisting of 5 minutes of walking 

and 15 minutes of sitting to allow recovery. The fifth and final stage was a second 10-minute 

outdoor jog around the GSU Sports Arena. Subjects were encouraged to run at a 70% effort for 

the outdoor jogs, which Garmin recommends, but it was not dictated to mimic real-world use.  

Subjects were then instructed to wear the Garmin fitness tracker for all runs until they 

returned to the lab at the end of their training with the ATC and completion of the half-marathon. 

Half-marathon race predictions from the Garmin watch and race bib numbers were recorded by a 

researcher on site on the morning of the half-marathon. The subject met the research team before 

the race started, and official race times were recorded by race staff via electronic race timers. 

Official race times were posted online and collected by a researcher. Subjects returned to the lab 

for a second visit between 5 and 14 days after completing the half-marathon race. The exact 

measurements (height, weight, resting heart rate, resting blood pressure, DEXA, blood sample 

via finger stick, and Graded exercise test) were made during the second visit. The exercise 

protocol's outdoor running and resting stages were not completed during the second visit, as 

Garmin VO2max was already displayed in the device. Figure 2.1 shows the methodology 

timeline for the research protocol.  
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Figure 2.1: Research Protocol Timeline 

Instruments 

Blood pressure and heart rate 

Blood pressure was measured using a sphygmomanometer and stethoscope. Subjects rested in a 

chair with feet flat on the ground for 5 minutes without talking before blood pressure was 

measured to allow for resting blood pressure to stabilize. The measurement was obtained via the 

brachial artery. The arm was at chest level, resting on a table, and the subjects sat upright in a 

chair with feet flat on the ground. All measurements were reported to the nearest even number. 

The cuff was inflated to 180mmHg and then released at 2-3 mmHg per second. Systolic blood 

pressure was recorded at the first Korotkoff sound, and diastolic blood pressure was recorded at 

the last Korotkoff sound. Resting heart rate was palpated at the radial artery for 60 seconds with 

the subject sitting upright in a chair. Subjects rested in a chair with feet flat on the ground for 5 

minutes without talking before heart rate was measured to allow for resting heart rate to stabilize. 

Blood analyses 
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Lipid levels and fasting glucose were assessed using the Cholestech LDX Analyzer and 

Rapid Diagnostics Cholestech LDX Lipid GLU Test Cassette Rapid manufactured by Abbott 

(Hayward, California, USA). This cassette measures fasting blood glucose, LDL, HDL, total 

cholesterol, triglycerides, non-HDL, and LDL/HDL ratio levels from a 60 μL blood sample. The 

sensitivity range for glucose levels are 50 – 500 mg/dL, total cholesterol levels are 100 - 500 

mg/dL, HDL levels are 15 - 100 mg/dL, and triglyceride levels are 45 – 650 mg/dL. A value of 

NA is provided for any variable that could not be calculated. There were 4 subjects that had total 

cholesterol levels too low to obtain a value during pretesting and 1 subject with total cholesterol 

levels too low to obtain a value during post-testing. The device underwent optical calibrations 

before each test. The Cholestech LDX measurements fall within 3% of actual values and have a 

coefficient of variation of 3%, resulting in a total error of 8.9% [16].  

Anthropometrics and body composition 

Height and weight were obtained using an electronic physician’s scale and stadiometer 

while wearing exercise clothing without shoes. Height was recorded to the nearest tenth of a 

centimeter. Weight was recorded to the nearest hundredth of a kilogram.  

DEXA scans were performed using the GE Lunar Prodigy DEXA (Chicago, Illinois, 

USA) to measure body composition. Quality assurance was performed each day on the device. 

Subjects’ information was input into the computer, and then subjects lay supine on the DEXA 

table motionless for 10 minutes while the device completed the scan. Before the scan, subjects 

removed all metal from their bodies and wore no clothes containing metal. The DEXA scan 

provided the following measurements: body fat percentage, android fat percentage, gynoid fat 

percentage, pounds of fat, pounds of lean tissue, BMD, pounds of bone mineral content, and 

pounds of visceral fat. The DEXA measurements have excellent precision as results have a 
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coefficient of variation of 0.5% to 2.32% depending on the measurement when compared to 

criterion measures [17]. 

VO2max and oxygen consumption 

The graded exercise test measured aerobic capacity using open-circuit spirometry with 

the Parvo TrueOne 2400 metabolic cart. Gases analyses were performed with 15-second 

averaging. The metabolic cart was calibrated before each subject. The calibration included a gas 

analysis that sampled room air and air from a gas cylinder (16% oxygen and 4% carbon dioxide) 

and a volume calibration with a 3-liter syringe at five different flow rates. The device measures 

flow rates between 0-800 liters per minute with a 2% precision, oxygen levels are measured 

every 200 ms and have an accuracy of 0.1%, and carbon dioxide levels are measured every 100 

ms with an accuracy of 0.1% [18]. Before each test the current temperature, humidity and 

barometric pressure was input into the device.  

Garmin Forerunner 265 measurements: VO2 and race prediction 

Official race time was measured using RFID race timing sensors at the beginning and end 

of the half-marathon course. The Publix Atlanta half-marathon course covers 13.1 miles through 

the downtown streets of Atlanta with an elevation range of 850-1050 feet above sea level. There 

are several hydration and fuel stations along the course for runners. Figure 2.2 displays the race 

map. An outside company performed the race timing, but the subjects’ start, and finish times 

were recorded to the nearest second. These finish times were posted online and were associated 

with their unique bib number.  
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Figure 2.2: Half-Marathon Course Map 

 Subjects were asked to connect their Garmin Forerunner 265 to the Garmin Connect App. 

The Garmin Connect App stores user data collected by the Garmin fitness tracker. The data in the 
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app is typically private and cannot be accessed by others. A third-party company, Labfront, was 

used to get the data from Garmin Connect. Labfront provided information on activity, sleep, and 

health metrics for each user during each study day. Subjects agreed to use the Labfront app and 

could transfer their data to the research team. Data was reviewed weekly to ensure that subjects 

were transmitting data and that the Garmin devices were working. If subjects waited to transmit 

data for more than two weeks, an email was sent to ask them to connect their devices to the apps. 

There were only two occasions where an email had to be sent, and the subjects quickly 

connected their device to the app for data transfer.  

Atlanta Track Club In-Training Program 

 The ATC in-training program for the Atlanta Publix half-marathon is a 12-week running 

training program that can be completed virtually or live with other participants. The program is 

custom designed, facilitated by certified USA track and field/cross-country coaches, and utilizes 

a proprietary custom pace calculator. The running program is broken into four levels: beginner to 

advanced runners. Levels were determined activity before the training program started, which 

included a number of miles run each week and pace. Level 1 was a pace of 9-18 minute miles. 

Level 2 was a pace of 7-15 minute miles, and currently completing 15 or a few miles each week. 

Level 3 was a pace of 7-15 minute miles, and currently completing 16-30 miles weekly. Level 4 

was a pace of 5-10 minute miles, and currently completing 31 or more miles per week. Subjects 

self-selected into training levels 1-4; 65% (n = 13) of participants selected a training level of 2, 

15 % (n = 3) selected a training level of 3 or 4, and 5% (n = 1) selected a training level of 1. All 

runners complete 3 to 4 runs per week, with higher-level runners completing longer, faster runs 

than lower-level runners. Each week of training contains one long run per week and allows 

runners to shift workouts throughout the week to meet their schedule. Coaches meet virtually or 
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in person to talk with runners throughout the program to help customize their running program to 

meet their needs. This coaching is available on a weekly basis for runners. The program also 

provides weekly educational opportunities to hear from experts about ways to enhance their 

training, from nutrition advice to choosing the right running equipment. Subjects' participation 

was not tracked with direct contact with the participant to avoid influencing involvement during 

the training program to mimic real-world circumstances of the training program. Due to the 

personalization of the ATC in-training program and the way Labfront provides activity data, 

completion of the training program could not be measured objectively. The completion of 

running program sessions was calculated upon completion of the study by asking participants the 

percentage of workouts they felt they completed during the training period. Subjects were only 

withdrawn from the study if they asked to be withdrawn. No subjects were dropped for failure to 

complete a certain percentage of runs or for failing to wear the Garmin fitness tracker. Still, they 

were instructed to complete all the runs assigned during the training program while wearing the 

Garmin device.   

Data Analysis and Statistics 

The means and standard deviations for height, weight, percent body fat, resting heart rate, 

resting systolic blood pressure, resting diastolic blood pressure, blood glucose, total cholesterol, 

LDL cholesterol, HDL cholesterol, and triglycerides were determined at the beginning and at the 

end of the training program. Paired sample t-tests were calculated to determine if significant 

differences in means exist. Maximal oxygen consumption and marathon performance predicted 

by the fitness tracking device was compared to the laboratory criterion for measuring maximal 

oxygen consumption by a paired samples t-test and by calculating the mean absolute percentage 

error (MAPE). MAPE was calculated as: (1 / sample size) x ∑ [ (| actual – forecast |) / | actual |] 
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x 100. MAPE of less than 10% is considered valid by the Consumer Technology Association for 

Consumer Electronic Fitness Technology Devices [12]. Half marathon performance predicted by 

the fitness tracking device was compared to the criterion measure of race performance by 

calculating the MAPE. All data will be analyzed using SPSS version 28 (Chicago, IL) with a 

significance level set at 0.05. 

  



 49 

 

Results 

Participants  

 Table 2.1 displays pre-test descriptive statistics.  

Table 2.1: Descriptive Statistics 

 Pre-test (mean ± SD) 

N 
20 

Age 
42.75 ± 11.44 

Weight (kg) 
74.80 ± 13.83 

Height (cm) 
166.39 ± 19.49 

Body Fat (%) 
30.32 ± 8.01 

 

Performance variables: VO2max  

 There was a statistically significant difference between VO2max from both Garmin 

fitness tracker estimates (Garmin 1 - M = 43.95, SD = 8.00, Garmin 2 - M = 44.35, SD = 7.72 

ml/kg/min) and the criterion measures (M = 41.79, SD = 7.86 ml/kg/min) during pretesting 

(Garmin 1 - t = 2.92, p = 0.009, d = 0.65, 95% CI (0.81 to 4.90) and Garmin 2 - t = 3.40, p = 

0.007, d = 0.76, 95% CI (1.25 to 5.26)) (Figure 2.3). There was also a statistically significant 

difference between VO2max from the Garmin fitness tracker (M = 45.00, SD = 7.21 ml/kg/min) 

and the criterion measures (M = 42.43, SD = 8.55 ml/kg/min) after 12 weeks of fitness tracker 
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use (t = 3.05, p = 0.007, d = 0.72, 95% CI (0.79 to 4.34)). In both cases the Garmin fitness 

tracker over estimated VO2max compared to the criterion value received from the GXT. There 

was no difference between the two Garmin VO2max estimates during pretesting (t = -1.803, p = 

0.088, d = -0.40, 95% CI (-0.87 to 0.07)). Table 2.2 displays the T-test results comparing 

VO2max values throughout testing. Table 2.3 shows the means and standard deviations for all 

VO2max and race performance metrics. 

 

 

Figure 2.2: Comparison of VO2max Measurements 

Top graph displays pre-training VO2max measurement. Bottom graph displays post-training 

VO2max measurements. GXT is VO2max obtained during treadmill graded exercise test. 
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Garmin_1 is VO2max  obtained during the first 10-minute outdoor run by the Garmin forerunner 

265 and Garmin_2 is VO2max  obtained during the second 10-minute outdoor run by the Garmin 

forerunner 265. Garmin_post is VO2max report on the Garmin Forerunner 265 the day of post 

testing. Paired samples t-test was used to compare values. There was no difference between 

Garmin measurements. * p < 0.05 when compared to GXT. Error bars represent 95% confidence 

interval.  

 

 

Table 2.2: VO2max T-tests 
 

  95% Confidence 

Interval 
    Significance 

 

Mean 
Std. 

Dev 
Lower Upper t df Correlation 

Cohen's 

d 

Two-Sided 

p 

Garmin_VO2_pre_1 

- GXT_VO2_pre 
2.855 4.378 0.806 4.904 2.916 19 0.851 0.652 0.009 

Garmin_VO2_pre_2 

- GXT_VO2_pre 
3.255 4.286 1.248 5.261 3.396 19 0.853 0.759 0.007 

Garmin_VO2_pre_1 

-

Garmin_VO2_pre_2 

-0.4 0.995 -0.866 0.066 -1.798 19 0.993 -0.402 0.088 

Garmin_VO2_post - 

GXT_VO2_post 
2.5667 3.574 0.789 4.344 3.046 17 0.911 0.718 0.007 

Garmin_race_time - 

Offiicial_Race_time 
-7.582 8.817 -12.116 -3.048 -3.545 16 0.952 -0.860 0.003 

 

Table 2.3: VO2max and Race Prediction Means 

* p < 0.05 when comparing Garmin to criterion 

 Pre-test (mean ± SD) Post-test (mean ± SD) 

N 
20 18 

VO2max - GXT (ml/kg/min) 
41.79 ± 7.86 42.43 ± 8.55 

*VO2max - Garmin 

(ml/kg/min) 

Outdoor run 1 - 43.95 ± 8.00   

Outdoor run 2 - 44.35 ± 7.72 

45.00 ± 7.21 
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*Half-Marathon Race Time 

(minutes)- n of 17 for both  

Garmin - 129.97 ± 25.38 Official - 137.55 ± 28.26 

 

 There was a MAPE of 10.49% and 10.73% when comparing the first and second Garmin 

VO2max estimates to criterion measures during pretesting, respectively (corresponding to an 

error of 4.31 ml/kg/min and 4.41 ml/kg/min, respectively). Further, when comparing Garmin 

VO2max estimates to criterion measures after 12 weeks of fitness tracker use, there was a MAPE 

of 9.01% (corresponding to an error of 3.82 ml/kg/min).Table 2.4 displays the MAPE for 

VO2max. 

Table 2.4: MAPE VO2max 

 MAPE (%) Mean Error (ml/kg/min) 

Garmin_VO2_pre_1 to 

GXT_VO2_pre 

10.49% 4.31 

Garmin_VO2_pre_2 to 

GXT_VO2_pre 

10.73% 4.41 

Garmin_VO2_post to 

GXT_VO2_post 

9.01% 3.82 

 

Performance variables: Half-marathon race performance 

Garmin predictions significantly underestimate the time it would take to complete a half-

marathon (Figure 2.4). Specifically, Garmin race prediction times (M = 129.97, SD = 25.38 

minutes) and official race times (M = 137.55, SD = 28.26 minutes), t = -3.55, p = 0.003, d = -

0.86, 95% CI (-12.12 to -3.55). There was a MAPE of 6.63% (corresponding to an error of 9.11 

minutes), displayed in Table 2.5.  
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Figure 2.3: Half-marathon race times  

The graph displays half-marathon race times and half-marathon race predictions in minutes. 

Offical_race is the official time to complete the half-marathon as measured by radio frequency 

gates. Garmin_race is the predicted half-marathon time reported by the Garmin Forerunner 265 

the morning of the half-marathon. Dependent samples t-test was used to compare values. There 

were no differences between Garmin measurements. * p < 0.05 when compared to graded 

exercise test. Error bars represent a 95% confidence interval. 

 

Table 2.5: MAPE Race Prediction 

 MAPE (%) Mean Error (minutes) 

Half Marathon Race Time 
6.63% 9.11 
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Health Metrics: Blood Work, Blood Pressure, and Heart Rates 

 Eighteen subjects completed pre- and post-testing to assess the health metrics of the ATC 

in-training program. Four subjects had LDL, TRG, and LDL/HDL ratios excluded from the 

results as their Triglycerides levels were too low during either the pretest or posttest for the LDX 

analyzer to measure. Figure 2.5 displays the distribution of the percent of ATC in-training 

running sessions completed by participants. Table 2.6 shows the results of the paired samples t-

test of all health metrics. Table 2.7 shows the means and standard deviations for all health 

metrics. Appendix 9 shows the results of the paired samples t-test for other secondary health 

metrics. Only three metrics were statistically different from pre- and post-testing: heart rate, 

resting systolic blood pressure, and resting diastolic blood pressure. Each had medium to large 

effect sizes (Cohen’s d) of 0.769, 0.751, and 0.832, respectively.  

  

Figure 2.4: Distribution of % of training sessions completed 

The graph displays the distribution of the percentage of assigned training runs completed by 

participants over the course of the 12-week ATC in-training half-marathon program.  
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Table 2.6: Health metrics T-test 
 

  95% Confidence 

Interval 
    Significance 

 

Mean 
Std. 

Deviation 
Lower Upper t df Correlation 

Cohen's 

d 

Two-Sided 

p 

HR_resting_pre - 

HR_resting_post 
4.5 5.854 1.589 7.411 3.262 17 0.675 0.769 0.005 

SBP_pre - 

SBP_post 
6.444 8.583 2.176 10.713 3.185 17 0.621 0.751 0.005 

DBP_pre - 

DBP_post 
3.889 4.676 1.563 6.214 3.528 17 0.846 0.832 0.003 

WT_KG_pre - 

WT_KG_post 
0.238 1.255 -0.385 0.863 0.807 17 0.997 0.19 0.431 

TC_pre - 

TC_post 
4.722 26.455 -8.433 17.878 0.757 17 0.788 0.179 0.459 

HDL_pre - 

HDL_post 
1.333 11.971 -4.619 7.286 0.473 17 0.647 0.111 0.643 

TRG_pre - 

TRG_post 
33.857 64.783 -3.548 71.262 1.955 13 0.648 0.523 0.072 

LDL_pre - 

LDL_post 
-1.571 18.964 -12.521 9.378 -0.31 13 0.855 -0.083 0.761 

GLU_pre - 

GLU_post 
0.222 7.232 -3.374 3.819 0.13 17 0.499 0.031 0.898 

%fat_pre - 

%fat_post 
0.444 1.449 -0.276 1.165 1.301 17 0.984 0.307 0.211 

lean_lbs_pre - 

lean_lbs_post 
-0.338 2.327 -1.496 0.818 -0.618 17 0.997 -0.146 0.545 

BMD_pre - 

BMD_post 
-0.004 0.025 -0.016 0.009 -0.594 17 0.978 -0.14 0.56 

GXT_VO2_pre - 

GXT_VO2_post 
-0.644 2.308 -1.792 0.503 -1.184 17 0.964 -0.279 0.253 

 

 

Table 2.7: Health Metrics means 

* p < 0.05 when comparing pre to post 

 Pre-test (mean ± SD) Post-test (mean ± SD) 
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N 
20 18 

*Resting Heart rate (BPM)  
59.61 ± 7.46 55.11 ± 7.03 

*Resting Systolic Blood 

Pressure (mmHg)  

120.44 ± 10.71 114.00 ± 8.43 

*Resting Diastolic Blood 

Pressure (mmHg) 

76.22 ± 8.78 72.33 ± 7.43 

Weight (KG) 
74.80 ± 13.83 74.56 ± 14.92 

Body Fat (%) 
30.32 ± 8.01 29.88 ± 8.13 

Lean Mass (lbs.) 
111.42 ± 27.35 111.78 ± 28.11 

Bone Mineral Density 

(mg/cm) 

1.26 ± 0.12 1.26 ± 0.10 

Total Cholesterol (mg/dL) 
199.72 ± 42.87 195.00 ± 35.18 

HDL (mg/dL) 
62.28 ± 14.65 60.94 ± 13.77 

LDL (mg/dL) 
123.21 ± 36.50 124.79 ± 30.41 

Triglycerides (mg/dL) 
132.21 ± 85.08 98.36 ± 53.86 

Glucose (mg/dL) 
87.50 ± 7.46 87.28 ± 6.96 

VO2max - GXT (ml/kg/min) 
41.79 ± 7.86 42.43 ± 8.55 
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Sex and training level 

Although this study was not designed to identify the potential impact of sex or training 

status on our outcomes of interest, we provided the results of an exploratory analyses to serve as 

pilot data for future work or grant submissions. These analyses are provided in Appendix 10 and 

11.  
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Discussion 

Running is a highly popular and widely embraced physical activity. The advent of 

wearable technology, particularly Garmin running watches, has introduced new possibilities for 

tracking and enhancing running performance. These devices are designed to estimate various 

physiological indicators, such as VO2max and race prediction times, but their validity, especially 

over prolonged use, has yet to be established. Additionally, many runners use structured training 

programs to enhance their performance and achieve specific health outcomes. The ATC provides 

a comprehensive training program tailored for runners of all levels aiming to complete a half-

marathon, but the in-training program has not been evaluated in terms of its ability to deliver 

measurable health benefits 

This study addressed the criterion validity of the Garmin Forerunner 265 fitness tracker 

in estimating VO2max and predicting race performance over a 12-week period while 

participating in the ATC in-training program. Additionally, we assessed changes in key health 

metrics—such as blood pressure, fasting blood glucose, lipid profiles, and body composition—

that may have resulted in participation in the training program. The key findings for the Garmin 

265 were: (1) Garmin significantly overestimated initial VO2max values with an MAPE of 

10.49%, (2) after 12 weeks of use, VO2max values were still significantly overestimated by 

Garmin after 12 weeks of continued use and recorded a MAPE of 9.01%, and (3) race prediction 

times were significantly underestimated by 9.11 minutes (MAPE 6.63%) compared to official 

clock times. Secondly, the key findings about the impact of the ATC half-marathon in-training 

program on health metrics included (1) a potential reduction in resting heart rate, and (2) a 

potential reduction in resting blood pressure. However, we did not control for activity outside the 
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training program and cannot definitively attribute these adaptations to program participation the 

design of our study also did not provide a control group to compare changes to. 

Performance variables: VO2max and race performance  

The primary goals of this investigation were to determine the validity of VO2max and 

half-marathon race prediction times of the Garmin Forerunner 265 compared to criterion 

measures received during GXT or from the official race clock times, respectively. VO2max 

estimates from Garmin watches were statistically significantly different from criterion measures 

after one use and remained significantly different after 12 weeks of continuous use. Together, 

these data suggest that VO2max estimates from the Garmin Forerunner 265 are not valid. 

Previous work suggested that these differences may be due to several variables such as the nature 

of the outdoor runs (course vs. track), or the pace setting strategies employed (self-selected vs. 

researcher-selected [19]. Further, while VO2max measurements using criterion methods met the 

standards to establish a true VO2max (e.g., HR, RER, RPE), participants may have only reached 

a VO2peak, and this may have impacted our comparison. We did not provide a familiarization 

session with the subjects and research has confirmed that exercise performance during a GXT is 

improved when participants have previous experience with a task [20, 21]. 

Garmin does not provide the algorithms they use to estimate VO2max. However, 

formulas for estimating VO2max could be skewed due to difference in training status and 

individual max heart rate [22, 23]. Differences could also be accounted for as Garmin device 

sensor measurements, such as heart rate, may be affected by skin tone (25% of subjects had an 

ethnicity other than white). Those with darker skin tones may receive less valid heart rate 

measurements obtained by Garmin device due to technological limitations associated with 

photoplethysmography [24]. By extension, less accurate heart rate measurements may lead to 
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less accurate VO2max estimates in Garmin devices. This could be corrected by using a Garmin 

chest strap to measure heart rate instead of the Garmin watches’ photoplethysmography 

hardware. However, watches are more convenient and more widely used in this population.  

Interestingly, the Consumer Technology Association (CTA) has set an accuracy standard 

for Consumer Electronic Fitness Technology Devices, indicating that a MAPE below 10% is 

considered accurate [12]. To this end, although our results indicate significant difference in 

oxygen consumption compared to GXT criterion measures, the average MAPE of 9.01% with 

prolonged use would be considered accurate by the CTA. Our data also suggest that initial 

VO2max estimates should not be considered accurate by either standard (GXT nor CTA), but 

required continued use to get below this 10% MAPE threshold.  

The Garmin Forerunner 265 provides an inexpensive, easy way to estimate VO2max. 

These estimates can be used to track the effectiveness of training programs, track overall health 

over time, and be used by health professionals to improve health but VO2max estimates are not 

valid measures of VO2max. These devices will allow for the tracking of VO2max over time with 

minimal research interference that has been infeasible using current methods. The average 

VO2max estimate from Garmin after 12 weeks of training for this study was approximately 45 

ml/kg/min with a MAPE of about 9%, corresponding to an absolute error of 4.05 ml/kg/min. 

Garmin overestimates VO2max which may negatively impact runners designing training 

programs solely based on this data. More specifically, if a runner were to use 45 ml/kg/min to 

design their program, they may train at higher levels and be subject to overtraining injuries [24]. 

While the incidence rate of overtraining is estimated to occur in 3% of the population, the 

impacts on program design, training status, and race performance should be considered when 

solely relying on Garmin technology for guidance. Further, highly trained athletes may want to 
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use the Garmin data cautiously. They should use the information in conjunction with data from 

already validated sources that they are already using. Together, the overall trend suggests that 

extended use of the Garmin Forerunner 265 enhances the accuracy of VO2max estimates from a 

consumer perspective, but VO2max estimates remain significantly different from those from 

criterion measures. One potential benefit, regardless of training level, is that Garmin watches 

may improve adherence to running programs by providing real time feedback, motivational 

achievement badges, and offering social interactions with other Garmin users [25].  

In addition to oxygen consumption, this study also examined the accuracy of the Garmin 

Forerunner 265 in predicting half-marathon race performance. Similarly, the results indicated 

that the Garmin Forerunner 265 is not a valid estimate for half-marathon performance and 

significantly underestimated race time when compared to official race times. However, the 

MAPE of 6.63% suggests the Garmin Forerunner 265 can predict race times according to CTA 

standards.  

There are many factors that could influence the differences between actual race times and 

race predictions. These potential confounders include a participant stopping mid-race to use the 

bathroom, slowing down at medical or fueling stations, race elevation changes, weather, altitude, 

pacesetting from other runners, excitement from race onlookers, and improved performance from 

increased motivation during the competition. Each factor may impact final race time, and the 

watch cannot factor any of these things into its predictions. It is important to note that Garmin 

does not release the algorithms it uses to estimate race performance and does not disclose if race 

estimates are with or without competition. Research has shown that running against four to five 

similar people can improve performance compared to racing individually [26]. Some studies 

have demonstrated that competitors can impact each other’s performance, and may slow or 
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quicken race pace [27]. Race competition was not analyzed during this study, and race times may 

have changed if competition invoked improved race pace. Runners were released in waves 

during the half-marathon, and depending on what wave a runner was in, there may have been 

poor competition that may have resulted in the significantly different results from race prediction 

and actual race times. Additionally, race predictions could be skewed due to heart rate 

measurements and the use of photoplethysmography with Garmin fitness trackers to measure 

heart rate, as previously noted [23].  

Race prediction times from the Garmin Forerunner 265 are within approximately 9 

minutes of runners’ actual half-marathon race performances. Specifically, our results indicate that 

although race prediction estimates from Garmin did significantly underestimate race time, the 

MAPE was 6.63% and thus met the validity criterion set by the CTA [12]. While the race 

performance times were significantly different, they may be accurate enough from a consumer 

perspective. Nevertheless, runners should proceed cautiously during the event as better race 

performance estimations from Garmin may impact in-race strategy. For example, a runner may 

increase pace earlier to match their estimated race completion time, possibly increasing the 

likelihood of fatigue. Keeping these discrepancies in mind, race predictions may also be helpful 

for runners. Updated race prediction times during training allow for more individualization and 

program tailoring, and potentially reduce undue stress and injury from acquiring actual half-

marathon distance completion times. This may improve training adherence and motivate runners 

to continue training as they can see changes in race performance more regularly [14]. Further, 

Garmin race predictions can also help determine if training programs effectively improve race 

performance [14]. Race prediction times can also assist runners in developing race day strategies 

based on current training and not just their last performance. It is important to note that actual 
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race performance can provide benefits such as improving motivation to continue training, but a 

subpar performance can demotivate an individual [14, 28]. Actual race performance can also 

help individuals learn how hard they can push themselves and what physiological factors 

influence their performance the most (e.g., diet, hydration, rest). Garmin race predictions may be 

helpful for monitoring expected race times. Still, they should not replace all participation in 

competitive races.  

Health Metrics and Training Program Efficacy 

The secondary aim of the study was to assess the impact of the ATC in-training program 

on various health metrics. The findings revealed significant improvements in resting heart rate, 

systolic blood pressure, and diastolic blood pressure post-training, indicating the potential 

effectiveness of the training program in enhancing cardiovascular health. These data are 

consistent with past research and may indicate that running programs improve blood pressure 

and heart rate compared to baseline levels [29-34]. We did not quantify activity that may have 

occurred independently from the training program. However, subject adherence was high, and 

they often reported that this program was their main source of physical activity. Moreover, some 

participants even stated they stopped some physical activity (weight training, CrossFit, cycling) 

during the training program because of a lack of time to do both the training program and the 

activity they were doing before the study. Thus, these cardiovascular health benefits should apply 

to many of those who choose to participate in the ATC in-training program.  

Conversely, this investigation found no significant changes in other health metrics such 

as levels of HDL, LDL, triglyceride, and glucose, nor changes to body compositions due to the 

training program. These results may be due to several factors: the training program may not have 

been long enough to induce changes in metrics such as bone mineral density [35, 36], individuals 
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may have already had baseline levels in the normal range, and thus, there was little room for 

improvement (blood lipids, fasting glucose) [31, 37, 38], or the training program may not have 

been designed for the intended outcome such as a decrease in body fat percentage [39-41]. While 

research supports that running programs can improve other health metrics such as blood lipids, 

glucose, and body composition, our results are supported by past research that health metrics 

may not improve based on baseline levels or the designed purpose of this running program. 

Colloquially, many subjects said they were not surprised they did not lose weight because they 

were not provided dietary advice and felt they needed the calories to support the metabolic 

demands of the training.  

Another potential confounder is that most participants were already active before the 

study started, and the ATC in-training program did not lead to increased activity levels that have 

been shown to impact blood metrics. This notion is supported, in part, by the relatively high level 

of cardiovascular fitness estimated on the first day of testing. Although program adherence was 

good (most participants completed 70% of the training program), the lack of commitment from 

all subjects may have negated any potential benefits to blood metrics on average. Based on these 

results, the ATC in-training program should further investigate commitment and participation 

thresholds that would positively impact these blood metrics, ideally in a sedentary, but eager 

population of new runners. We may recommend identifying these thresholds in individuals 

interested in shorter distances such as 5k training programs [42, 43].  

Limitations and Future Research 

Despite the valuable insights provided by this study, several limitations should be 

acknowledged. The subject population was largely white middle-aged adults and extrapolating 

the data to other ethnicities is difficult. Comparisons between sexes could not be made as our 
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sample size was not powered to detect these changes. Similarly, our study was not designed to 

detect difference based on self-selected training levels. Nevertheless, pilot data have been 

provided for both sex and training level in Appendices 10 and 11, respectively. Subjects were not 

provided with a familiarization session for the graded exercise test, which may have affected 

initial VO2max measurements. These factors may limit the generalizability of the findings. In all, 

future research with larger, more diverse populations that consider skin tone, sex, prior training 

status is needed to confirm these results. There was also a lack of a control group in our study 

design that only allowed for associations to be made about the ATC in-training program effects 

on health metrics. 

Additionally, while this study focused on VO2max and race performance, other important 

factors such as injury prevention, psychological well-being, and adherence to training programs 

were not addressed. Future studies should consider these aspects to provide a more 

comprehensive understanding of the benefits and limitations of wearable technology and training 

programs in running. Garmin watches can also predict race performance for 5k, 10k, and 

marathon distances. These should be investigated to determine if they are valid estimates of race 

performance. In theory, in-race complications (e.g., bathroom breaks, medical or water station 

breaks) may be minimized in shorter races and prediction times may be more accurate. Garmin 

did not provide access to their algorithms to determine estimations; thus, we were unable to 

identify possible causes of MAPE variability. Finally, this study only analyzed VO2max at two 

timepoints (pre and 12 weeks post training), and race estimations for a single event. A more 

expansive study that includes multiple timepoints and collects performance data from several 

half marathons may improve the accuracy of the Garmin compared to criterion values.  
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Conclusion 

In conclusion, this study provides evidence that the Garmin Forerunner 265 is not valid at 

estimating VO2max and predicting half-marathon race performance when compared to criterion 

measures (GXT and official race times, respectively). Garmin initially overestimated VO2max 

estimates that remained overestimated after 12 weeks of continued use. However, the MAPE of 

VO2max estimates after 12 weeks of training fall below 10%, the threshold established as ‘valid’ 

by a leading consumer agency, CTA. Therefore, while VO2max estimates from Garmin are not 

valid, from a consumer perspective, these may be acceptable as an inexpensive measurement for 

the educated user. Similarly, Garmin’s half-marathon race prediction times were significantly 

underestimated compared to official race times. But again, the MAPE of half-marathon race 

prediction times was 6.63%. Thus, Garmin race prediction times are not valid, but from a 

consumer perspective, they may be acceptable.  

These devices can track training progress and develop race pace strategies, but caution 

should still be used. Those who participated in the ATC in-training program did have improved 

cardiovascular health metrics. Participation in the ATC in-training program was associated with 

lower resting heart rate and reductions in both resting systolic and diastolic blood pressure 

highlighting the importance of structured training for runners of all levels. However, there were 

no changes in body composition, VO2max, blood lipid or glucose levels with training. These 

findings have important implications for runners, coaches, and wearable technology developers, 

emphasizing the need for personalized approaches and consistent monitoring to maximize the 

benefits of training and technology in running, but should be interpreted with caution because of 

study design limitations. 
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APPENDICES 

Appendix 1: Informed Consent 

Georgia State University Informed Consent  

Title: Endurance Exercise Training – Use of Technology to Track Physiological Changes and 

Predict Performance  

Principal Investigator: Jeffery Otis, Ph.D. 

Co-Investigator: J. Andrew Doyle, Ph.D., Jonathan Howard  

Introduction  

You are invited to be in a research study. It is up to you to decide if you would like to be in the 

study. The purpose of the proposed research study is to determine the physical and physiological 

changes that occur during a distance running training program. Also, the ability of commercially 

available fitness tracking devices to accurately measure these variables will be determined. Your 

role in the study will be to wear a fitness tracker for 20 weeks of training. There are also 2 lab 

visits that total about 3 hours at the beginning and end of the 20 weeks. You will be asked to do 

complete 2 ten-minute outdoor running sessions and 2 graded exercise tests on a treadmill. You 

will also be asked to provide 2 small blood samples via finger stick, and 2 DEXA scans to 

determine body fat percentage. The DEXA scans do pose some risk of radiation exposure. This 

is less than background radiation on an average day.  

Purpose  

The purpose of the proposed research is to determine the physical and physiological changes that 

occur during a distance running training program. Also, the ability of commercially available 

fitness tracking devices to accurately measure these variables (e.g., maximal oxygen 

consumption or VO2max) and predict distance running performance will be determined.  

Procedures  

If you decide to take part, you will:  

•  Come to 2 testing sessions at the Applied Physiology Laboratory at Georgia State. The 

total time needed to be in the study is about 3 hours.  

• The first testing session will take approximately 1.5 hours.  

Fill out a form to give the researchers information. 

A physical activity and exercise history. 

Anything that might affect your ability to exercise.  
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Have measurements taken of your height, weight, resting heart rate, and resting blood pressure. 

Have a small amount of blood (less than .003 ounces) drawn by a finger stick to measure the 

glucose and cholesterol in your blood. Have body composition taken using a DEXA. 

You will then be fitted with a Garmin forerunner series fitness tracker. You will then complete a 

5-stage exercise protocol.  

1. Outdoor jog (10 minutes) – 10-minute jog outside around the GSU Sports Arena.  

2. Rest stage (15 minutes) – 5 minutes of walking and 10 minutes of sitting.  

3. Graded Exercise test (~12 minutes) – Self selective treadmill speed at 0% grade. Grade 

is increased 1% every minute until you cannot continue. This will measure your VO2  

4. Rest stage (20 minutes) – 5 minutes of walking and 15 minutes of sitting.  

5. Outdoor jog (10 minutes) – 10-minute jog outside around the GSU Sports Arena.  

• Return to the Applied Physiology Laboratory for the second testing session approximately 20 

weeks later after the completion of the Atlanta Track Club Training Program. The second testing 

session that will take about 1.5 hours.  

o Measurements of height, weight, resting heart rate, resting blood pressure, DEXA, blood 

sample via finger stick, and Graded exercise test will be repeated.  

Future Research  

Researchers will remove information that may identify you. Your data may then be used for 

future research. If we do this, we will not ask for any additional consent from you.  

Risks  

In this study, you will not have any more risks than you would in a normal day of life. With the 

finger stick there is a risk of pain, bleeding, bruising, and/or soreness on a fingertip. There is a 

risk of falling when you are walking or running on the treadmill. The treadmill has handrails 

which will reduce the risk of falling. Research personnel will assist you on the treadmill. This 

will reduce the risk of falling. No injury is expected from this study. If you believe you have 

been harmed, contact the research team as soon as possible. Georgia State University and the 

research team have not set aside funds to pay for any injury. During a DEXA scan you will be 

exposed to a small amount of radiation. Radiation exposure varies from less than 1 microsievert 

(μSv) for a whole body scan. A bone density scan is 1-4 μSv. These radiation levels are lower 

than natural background exposure each day (5-8 μSv). They are considerably less than radiation 

exposure during a flight from NY to LA (30 μSv) or a chest x-ray (50-150 μSv). This radiation 

exposure is not medically necessary. It is to be used for research purposes only. To minimize 

your risk adherence to the ALARA philosophy (As Low As Reasonably Achievable) ascribed by 

the International Society for Clinical Densitometry (ISCD).  
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Benefits  

This study is not designed to benefit you personally. However, you may gain knowledge about 

yourself such as percent body fat. This can be used to make decisions about your personal health 

and fitness program. Overall, we hope to gain information about the accuracy of devices that 

people use to track their fitness activities.  

Alternatives  

The alternative to taking part in this study is to not take part in the study.  

Voluntary Participation and Withdrawal  

You do not have to be in this study. You have the right to drop out at any time. You may skip 

questions or stop participating at any time. This will not cause you to lose any benefits to which 

you are otherwise entitled.  

If you are a Georgia State University student, your choice to participate or not will have no effect 

on your status as a student or your grade in any course. This includes any course that may be 

taught by one of the researchers. There is no academic incentive (e.g., extra credit towards your 

course grade) for participating. There is no penalty for not participating or for beginning 

participation and deciding to stop.  

Confidentiality  

We will keep your records private to the degree allowed by law. The following people and 

entities will have access to your information:  

 
 

Jeffery Otis, J. Andrew Doyle, Jonathan Howard, and other approved members of the research 

team 

Georgia State University Institutional Review Board 

Georgia State University Office for Human Research Protection (OHRP)  

We will use a subject number rather than your name on study records. The information you 

provide will be stored in files in a locked office of the main researcher (Jeffery Otis) in a locked 

filing cabinet. Computer records will be stored on a password and firewall protected computer. 

Data stored in electronic files will be identified only by subject number. When data collection for 

the study has been completed the code sheet that connects your name to your subject number and 

your study records will be destroyed. When we present or publish the results of this study, we 

will not use your name or other information that may identify you. A code sheet will be used to 

record de-identified subject data. The code sheet will only have the subject number at the top. 

Code sheets will be stored in a separate draw of a locked filling cabinet in the locked office of 

Jeffery Otis. When data collection of the study is complete code sheets will be destroyed.  



 73 

Funding: This research was funded by an internal grant from Georgia State University.  

Contact Information 

Contact Jonathan Howard at jhoward86@student.gsu.edu or Jeffery Otis at (404) 413-8378 or 

jotis@gsu.edu  

• If you have questions about the study or your part in it  

•  If you have questions, concerns, or complaints about the study.  

• If you think you have been harmed by the study  

The IRB at Georgia State University reviews all research that involves human 

participants. You can contact the IRB at any time. There you can speak to someone who 

is not involved directly with the study. You can contact the IRB for questions, concerns, 

problems, information, input, or questions about your rights as a research participant. 

Contact the IRB at 404-413-3500 or irb@gsu.edu.  

Consent  

We will give you a copy of this consent form to keep. 

If you are willing to volunteer for this research, please sign below.  

____________________________________________ Printed Name of Participant  

____________________________________________ _________________ Signature of 

Participant Date  

_____________________________________________ _________________ Principal 

Investigator or Researcher Obtaining Consent Date  

IRB NUMBER: H23511 
IRB APPROVAL DATE: 05/18/2023  
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Appendix 2: Physical Activity/Exercise and Health History Questionnaire 

Physical Activity/Exercise and Health History 

Applied Physiology Laboratory 

Department of Kinesiology and Health 

Georgia State University 

 

All information given is personal and confidential.  The information will enable us to better 

understand you and your health and fitness habits. 

 

First Name:  

Last Name:  

Email address:  

Phone number:  

Age:  

Sex:  ☐ Female ☐ Male 

Height:  inches 

Weight:  pounds  

 

1) What is your race? 

a) White non-Hispanic 

b) Black non-Hispanic 

c) Asian/Pacific Islander 

d) American Indian 

e) Hispanic 

f) Other 

____________________________________________________________________ 

 

2) On average, how many days a week do you engage in aerobic exercise? 

 

0 1 2 3 4 5 6 7  

 

3) On average, how many days a week do you engage in resistance training (ex: free weights, 

weight machines, etc.)? 

 

0 1 2 3 4 5 6 7 

 

 

Are you currently enrolled in an Atlanta Track Club In-Training Running 

Program? 
Yes ☐ No 

☐ 
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Exercise and Physical Activity   

Do you currently exercise regularly (at least 3 days per week)? Yes 

☐ 

No 

☐ 

Is each exercise session typically at least 30 minutes in duration? Yes 

☐ 

No 

☐ 

Do you exercise at least at moderate intensity - an intensity that causes a 

noticeable increase in heart rate and breathing? 

Yes 

☐ 

No 

☐ 

   

Diagnosed Cardiovascular, Metabolic, or Renal Diseases   

Has a doctor ever told you that you have (have you ever been diagnosed 

with): 

  

Cardiovascular disease (cardiac, peripheral vascular, or cerebrovascular 

disease) 

Yes 

☐ 

No 

☐ 

Metabolic disease (Type 1 or Type 2 diabetes) Yes 

☐ 

No 

☐ 

Renal (kidney) disease Yes 

☐ 

No 

☐ 

   

If yes, please explain:   

   

   

Signs or Symptoms of Cardiovascular, Metabolic, or Renal Disease   

Do you currently experience any of the following at rest or during activity:   

Pain, discomfort, tightness, or numbness in the chest, neck, jaw, arms, or 

other areas that may result from ischemia (lack of blood flow to the heart) 

Yes 

☐ 

No 

☐ 

Shortness of breath at rest or with mild exertion Yes 

☐ 

No 

☐ 

Dizziness or syncope (fainting) Yes 

☐ 

No 

☐ 

Orthopnea or paroxysmal nocturnal dyspnea (difficult, labored or painful 

breathing during the day or at night) 

Yes 

☐ 

No 

☐ 

Ankle edema (swelling) Yes 

☐ 

No 

☐ 

Palpitations or tachycardia (rapid pulse or heart rate) Yes 

☐ 

No 

☐ 

Intermittent claudication (intense pain or cramping, usually in the calves, that 

comes and goes with increases and decreases in physical activity) 

Yes 

☐ 

No 

☐ 

Known heart murmur (that limits your physical activity) Yes 

☐ 

No 

☐ 

Unusual fatigue or shortness of breath with usual activities Yes 

☐ 

No 

☐ 
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If yes, please explain:   

   

   

Additional Information:   

   

Are you pregnant? Yes 

☐ 

No 

☐ 

   

Do you have arthritis or any bone or joint problem that affects your activity? Yes 

☐ 

No 

☐ 

If yes, please explain:   

   

   

Are you taking any prescribed medication, vitamins, or supplements? Yes 

☐ 

No 

☐ 

If yes, please explain (e.g., drug name, purpose, dosage, frequency)   

   

   

 

******************************************************************************

**** 

STAFF USE ONLY 

******************************************************************************

**** 

Notes:   

   

Medical clearance necessary? Yes 

☐ 

No 

☐ 

Vigorous intensity recommended? Yes 

☐ 

No 

☐ 

Do meds affect BP or HR? Yes 

☐ 

No 

☐ 

   

Staff Initials:   

Date:   
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Appendix 3: Study Recruitment Documents 

Newsletter Announcement Copy: 
 
Title: Volunteers Needed for Georgia State Research Project 
 
Body: Have you ever wondered how about the physical and physiological changes that occur 
during a distance running training program and the ability of commercially-available fitness 
tracking devices to accurately measure these variables (e.g., maximal oxygen consumption or 
VO2max) and predict distance running performance.? Help us find out by volunteering as a 
participant in the Georgia State research study “Endurance Exercise Training – Use of Technology to 
Track Physiological Changes and Predict Performance”. 
 
If you are at least 18 years old and enrolled in an Atlanta Track Club 2023 In-Training Running 
Program and want to receive more information about what’s involved in the research study and 
who can participate, submit your name and email address to: 
 
 
Jonathan Howard 
Department of Kinesiology and Health 
Georgia State University 
Jhoward86@student.gsu.edu 
  
 
*Please note that results of the study about the accuracy of fitness trackers will not be available 
to participants until after the research is published and thus participants may not know about 
how accurate fitness trackers are at the end of their participation in the study.  
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Email Copy: 
 
Subject: How accurate runner’s watches are when it comes to race performance and 

aerobic capacity? 
 
Body: 
 
Researchers from Georgia State University have designed a study to determine the accuracy of 
fitness trackers and are looking for volunteers for the research study “Endurance Exercise 
Training – Use of Technology to Track Physiological Changes and Predict Performance”. 
 
What’s involved in participating? 

• 2 visits to the applied physiology lab at Georgia State University  

• First visit is about 1.5  hours. 
o Have measurements taken of your height, weight, resting heart rate, resting 

blood pressure, have a small amount of blood (less than .003 ounces) drawn by a 
finger stick to measure the glucose and cholesterol in your blood, body 
composition using a DEXA, complete a graded exercise test, and 2 ten-minute 
jogging trails. 

• Wear a provided fitness tracker during all your training throughout the Atlanta Track 
Club In-Training Running Club and compete in a marathon.  

• Return for a second visit about 1.5 hours. 
o Have measurements taken of your height, weight, resting heart rate, resting 

blood pressure, have a small amount of blood (less than .003 ounces) drawn by a 
finger stick to measure the glucose and cholesterol in your blood, body 
composition using a DEXA, and complete a graded exercise test. 

• Total time for participation approximately 3 hours 
 
Who can participate? 

• Must be enrolled in an Atlanta Track Club In-Training Running Program  

• Must be at least 18 years old 

• Must be able to run on a treadmill at vigorous intensity for at least 7 minutes 

• Have no known heart rhythm problems (e.g., atrial fibrillation, pacemaker, etc.) 

• Must not be pregnant 
 
Where will the research study take place? 

• Testing sessions will be conducted at the Applied Physiology Laboratory at Georgia State 
University (125 Decatur Street, Atlanta, GA 30303) 

 
I’m interested in volunteering; how do I get involved? 
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• Submit your name and email address to: Jonathan Howard at 
jhoward86@student.gsu.edu for further information and directions 

• You will receive an email with a more detailed description of the research study 

• If you wish to participate, let Jonathan Howard know 

• You will then be contacted about further participation in the research study 
 
Note: If you are a Georgia State University student, your participation or non-participation will 
have no effect on your status as a student or your grade in any course, including any course 
that may be taught by one of the investigators. There is no academic incentive (e.g., extra credit 
towards your course grade) for participating and no adverse academic effect for not 
participating or for beginning participation and deciding to stop. 
 
Contact: 
 
Jonathan Howard 
Department of Kinesiology and Health 
Georgia State University 
Jhoward86@student.gsu.edu  
 
*Please note that results of the study about the accuracy of fitness trackers will not be available 
to participants until after the research is published and thus participants may not know about 
how accurate fitness trackers are at the end of their participation in the study.  
 
 
 
 

mailto:jhoward86@student.gsu.edu
mailto:Jhoward86@student.gsu.edu


 80 

Verbal Announcement Copy: 
 
“Thank you for your attention.” 
 
Have you ever wondered how about the physical and physiological changes that occur during a 
distance running training program and the ability of commercially-available fitness tracking 
devices to accurately measure these variables (e.g., maximal oxygen consumption or VO2max) 
and predict distance running performance? Help us find out by volunteering as a participant in 
the Georgia State research study “Endurance Exercise Training – Use of Technology to Track 
Physiological Changes and Predict Performance”. 

 
Data collection takes place in the Applied Physiology Laboratory at Georgia State and involves 
running on the treadmill 2 different times while wearing a fitness devices and wearing the 
fitness device during your training while enrolled in the Atlanta Track Club In-Training Running 
Club and competing in a marathon. 
 
If you are at least 18 years old and are currently enrolled and participating in an Atlanta Track 
Club In-Training Program you may be able to participate. You must be able to run on a treadmill 
at a vigorous intensity for at least 7 minutes. 
 
Note: If you are a Georgia State University student, your participation or non-participation will 
have no effect on your status as a student or your grade in any course, including any course 
that may be taught by one of the investigators. There is no academic incentive (e.g., extra credit 
towards your course grade) for participating and no adverse academic effect for not 
participating or for beginning participation and deciding to stop. 
 
If you are interested in finding out more about the study and how to participate, respond to the 
recruitment email you will be sent by providing your name and email on this piece of paper.   
 
For further information, contact: 
 
Jonathan Howard 
Jhoward86@student.gsu.edu  
 
*Please note that results of the study about the accuracy of fitness trackers will not be available 
to participants until after the research is published and thus participants may not know about 
how accurate fitness trackers are at the end of their participation in the study.  
 
 

mailto:Jhoward86@student.gsu.edu
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Copy for Email Response to Subject Participation Interest: 
 
Subject: Thank you for your interest in the research study  “Endurance Exercise Training – 

Use of Technology to Track Physiological Changes and Predict Performance”. 
 
Body: 
 
Thank you for your interest in the research study titled  “Endurance Exercise Training – Use of 
Technology to Track Physiological Changes and Predict Performance”. The purpose of this email 
is to provide you with more information about the research study to help you decide if you 
would like to volunteer to participate. 
 
What is the purpose of the research study? 

• Researchers from Georgia State University are conducting a research study to determine 
the physical and physiological changes that occur during a distance running training 
program and the ability of commercially-available fitness tracking devices to accurately 
measure these variables (e.g., maximal oxygen consumption or VO2max) and predict 
distance running performance. 

 
What’s involved in participating? 

• 2 visits to the applied physiology lab at Georgia State University  

• First visit is about 1.5 hours. 

• Have measurements taken of your height, weight, resting heart rate, resting blood 
pressure, have a small amount of blood (less than .003 ounces) drawn by a finger stick 
to measure the glucose and cholesterol in your blood, body composition using a DEXA, 
complete a graded exercise test, and 2 ten-minute jogging trails. 

• Wear a provided fitness tracker during all your training throughout the Atlanta Track 
Club In-Training Running Club and compete in a marathon.  

• Return for a second visit about 1.5 hours. 

• Have measurements taken of your height, weight, resting heart rate, resting blood 
pressure, have a small amount of blood (less than .003 ounces) drawn by a finger stick 
to measure the glucose and cholesterol in your blood, body composition using a DEXA, 
and complete a graded exercise test. 

• Total time for participation approximately 3 hours 
 

Who can participate? 

• Must be enrolled in an Atlanta Track Club In-Training Running Program  

• Must be at least 18 years old 

• Have no known heart rhythm problems (e.g., atrial fibrillation, pacemaker, etc.) 

• Must not be Pregnant 
 
Where will the research study take place? 
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• Testing sessions will be conducted at the Applied Physiology Laboratory at Georgia State 
University (125 Decatur Street, Atlanta, GA 30303) 

 
I’m interested in volunteering; how do I get involved? 

• Please email me back with some days and times where we can schedule your first 
testing session 

• Someone with the research team will contact you to provide additional details about 
specific procedures, time commitment, risks, and benefits of participating. If you decide 
to volunteer, someone from the research team schedule an initial data collection 
session.  

 
Note: If you are a Georgia State University student, your participation or non-participation will 
have no effect on your status as a student or your grade in any course, including any course 
that may be taught by one of the investigators. There is no academic incentive (e.g., extra credit 
towards your course grade) for participating and no adverse academic effect for not 
participating or for beginning participation and deciding to stop. 
 
For further information contact: 
 
Jonathan Howard 
Department of Kinesiology and Health 
Georgia State University 
Jhoward86@student.gsu.edu 
 
 
*Please note that results of the study about the accuracy of fitness trackers will not be available 
to participants until after the research is published and thus participants may not know about 
how accurate fitness trackers are at the end of their participation in the study.  
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Appendix 4: ATC Support Letter 

 
 

      201 Armour Drive, Atlanta, GA 30324     404.231.9064     www.atlantatrackclub.org 

 

17 April, 2023 

To whom it may concern: 

 

Jonathan Howard, Jeffrey Otis, J. Andrew Doyle (Principle Investigators) and Atlanta Track Club are 

collaborating on the research project “Endurance Exercise Training – Use of Technology to Track 

Physiological Changes and Predict Performance: from July 2023 — December 2023. Atlanta Track 

Club grants permission to Dr. Doyle et al to conduct data collection at 201 Armour Drive, Atlanta, GA 

30324 (Atlanta Track Club office) and where any other Atlanta Track Club Fall Marathon or Half 

Marathon Training sessions are held off-site during the period of July – December 2023. Atlanta Track 

Club also grants permission to Dr. Doyle et al to recruit subjects from the club's membership and 

participant base. 

 
CEO 

Atlanta Track Club 
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Appendix 5: Radiation Safety Committee Approval Letter 

 

 

RADIATION PROTECTION COMMITTEE 
 

Mail: P.O. Box 3999 In Person: 58 Edgewood Ave. 3rd Floor 
 Atlanta, Georgia 30302-3999  Atlanta, Georgia 30303 

 
 

Phone: 404/413-3510 
Fax: 404/413-3504 

 

 
July 6, 2023 

 
MEMORANDUM: 

 
 

TO: Jeffrey S. Otis, PhD 
Kinesiology and Health 

FROM: 
 

Elbertino Dennis 

Senior Radiation Safety Officer 
Office of Research Integrity 

RE: Protocol R2302 for the use of the DEXA machine in 

the Sports Arena Rm. G-10. 

 
 

 

The Radiation Protection Committee (RPC) has approved your protocol R2302 for the use of the 

DEXA machine 

 
 

This approval will expire on 07/06/2026. 

 
 
 

Any changes to the current protocol, including the use of any radiological agents not listed above, 
must be approved before implementation. Please submit any changes in writing to the RPC. Any 
unexpected adverse effects of the experiments described in this protocol must be reported to the 
chair of the RPC immediately. 

 
 
 
 
 

cc:   Xiaochun He, PhD, RPC Chair 
Elbertino Dennis, Senior Radiation Safety Officer 

 

Signature:  

Email:  xhe@gsu.edu 



 85 

Appendix 6: IBC Approval Letter 

  

INSTITUTIONAL BIOSAFETY COMMITTEE 
 
 Mail: P.O. Box 3999  In Person: 58 Edgewood Ave NE 
  Atlanta, Georgia 30302-3999  Atlanta Ga 30303  
 Phone: 404/413-3510 
 Fax:  404/413-3504 

 
 
 
 
 
May 25, 2023 
 
MEMORANDUM 
 
 

 
TO: 

Jeffery Otis, Ph.D.  

Kinesiology and Health   
 
FROM: 

 
Richard Plemper, Ph.D. IBC Chair 

Institutional Biosafety Committee 
 
RE: 

 
Protocol Title: “Analyses of performance in endurance trained athletes” 
Protocol Number: B23009  
Protocol Proposal Period:  May 25, 2023 – May 25,2026 

Biosafety Level:  BSL-1/BSL-2 
 

 
The Institutional Biosafety Committee (IBC) approved your protocol referenced above on May 
25, 2023.  This approval will remain in effect for three (3) years from the protocol approval date.  
However, you may be required to submit a request for continuation of your protocol on 
an annual basis. 
 
 
Any changes to the current protocol, including the use of any biological agents not listed above, 
must be approved before implementation.  Please submit any changes in writing to the IBC.  
Any unexpected adverse effects of the experiments described in this protocol must be reported 
to the chair of the IBC immediately. 
 
 
 
 
cc: William Arndt, Biosafety Officer Sr. 
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Appendix 7: IRB Application 

Expedited/Full Study (Version 1.5) 
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express their interest in participating and will receive a response email 

containing details of study participation, inclusion/exclusion criteria, a copy of 

the Informed Consent Form, and a copy of the Physical Activity/Exercise and 

Health Information form.  

Data collection will take place at the Applied Physiology Laboratory of the 

Department of Kinesiology and Health at Georgia State University during 2 

testing sessions, with a total participation time for each subject of 

approximately 3 hours. Each of the 2 testing sessions will take approximately 

1.5 hours. The first testing session will take place at the beginning of the 

distance training program, and the second testing session will take place at the 

end of the (approximately) 20-week program. Subjects will be instructed to 

refrain from vigorous exercise, eating, or consuming caffeine for at least 8 

hours before each data collection session. During the first data collection 

session, subjects will have the research methods and procedures explained to 

them verbally, will be given a copy of the Informed Consent Form (ICF) and 

have it explained verbally, will have the opportunity to read the consent form 

and ask questions, and will indicate their willingness to volunteer for the 

research study by signing the ICF. 

Subjects will have their height and weight determined while wearing exercise 

clothing without shoes. Body composition will be assessed via DEXA. DEXA 

scans will be used to gather body composition data for the purposes of general 

descriptive statistics and if there are discrepancies between aerobic capacity 
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measures body composition may be used to help explain these difference using 

a regression analysis. Resting heart rate and blood pressure will be measured. 

Blood will be obtained via finger stick for analysis with the Cholestech LDX 

Analyzer. The finger stick will collect approximately 60 μL (microliters) of 

blood.  

Subjects will then be fitted with a Garmin forerunner series fitness tracker. 

Fitting of the watch will follow manufacturer guidelines for exercise usage. 

Subjects will then complete a 5-stage exercise protocol.  

1. Outdoor jog (10 minutes) – 10 minute jog outside around the GSU Sports 

Arena with an accompanying research present the entire time. 

2. Rest stage (15 minutes) – 5 minutes of walking and 10 minutes of sitting. 

3. Graded Exercise test (~12 minutes) – Self selective treadmill speed at 0% 

grade. Grade is increased 1% every minute until the subject reaches 

volitional fatigue at which point the test is terminated. Aerobic capacity 

will be measured using the TrueOne 2400 metabolic cart. This test will 

measure a subjects VO2.  

4. Rest stage (20 minutes) – 5 minutes of walking and 15 minutes of sitting. 

5. Outdoor jog (10 minutes) – 10 minute jog outside around the GSU Sports 

Arena with an accompanying research present the entire time. 

The same measurements (height, weight, resting heart rate, resting blood 

pressure, DEXA, blood sample via finger stick, and Graded exercise test) will 

be made approximately 20 weeks later at the end of the distance running 

training program. Outdoor running and resting stages of the exercise protocol 

will not be obtained during the second visit. 

5.3 * State who will be conducting each of the procedures detailed above. If there 

are multiple procedures or populations, be sure to state who will be conducting 

each procedure or working with each population.   
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Data collection procedures will be administered by the Principal Investigator, 

Dr Jeffrey Otis, coinvestigators Dr. J. Andrew Doyle(faculty), and Jonathan 

Howard (Doctoral student). 

5.4 * Will the study involve interaction with participants?   Interaction includes 

any contact with people including, but not limited to, online interaction, survey 

distribution, or hiring a company or third person that will interact with people. 

  Yes    No 

6.0 Funding, Dissertation, or Protocol 

6.1  * Will the research be funded? 

  Yes    No 

A research protocol must be uploaded in the study document section during submission. 

If the grant application contains a study plan, it can be uploaded to meet this 

requirement.  
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Testing sessions will be conducted in the Applied Physiology Laboratory at 

Georgia State  
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University (125 Decatur Street, Atlanta, Ga 30303). All testing in the lab will 

be restricted to only team members being present during testing sessions. 

12.9  * Federal regulations require that you include minors (e.g. participants aged 0 - 17) in 

your research unless you can justify their exclusion. Are you including minors? If not, 

check the appropriate box and provide a justification specific to this study in the text 

box. 

No, inappropriate due to lack of safety data in studies conducted in adults  

No, inappropriate with respect to the purpose of the research  

Other  

Yes, minors are included  

* Please provide justification for not including minors in your study if 

applicable. 

Inappropriate with respect to the purpose of the research. 

12.10  * Federal regulations require that you include minorities (i.e. minority ethnic, racial, 

gender groups, etc.) in your research unless you can justify their exclusion. Are you 

including minorities? If not, describe and provide a justification specific to this study 

No, minorities are not included  

Yes, minorities are included  

13.0 Recruitment 

13.1  * Describe in detail the recruitment plan. Who will be recruited and how (i.e. will the 

study use a subject pool, announcements, recruitment ads, email, etc.?) If materials 

such as flyers, emails, advertisements, screen shots from websites, or any other 

recruitment material is used, it must be uploaded with this application.   Do not use the 
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terms 'word of mouth' or 'snowball sampling'.  Instead, describe what you will be 

doing to let people know about the study and how you will invite them to participate.  

Subjects will be recruited from an Atlanta Track Club In-Training Running 

Program via email solicitation, newsletter announcements, and by face-to-face 

recruitment (The Atlanta Track Club In-Training Running Programs include 

up to 2 group runs or training sessions each week, at which face-to-face 

announcements about the research study may be made - (see verbal 

recruitment script in Fitness Device Study Recruitment Copy document)). 

Potential subjects will contact investigators via email to express their interest 

in participating and will receive a response email containing details of study 

participation, inclusion/exclusion criteria, a copy of the Informed Consent 

Form, and a copy of the Exercise and Health Information form. Subjects that 

then respond via email that they are still interested in the study will emailed to 

with a schedule for testing and further information to prepare for their up 

coming testing session. 

13.2  * Describe the inclusion and exclusion criteria. State how the inclusion/exclusion 

criteria will be determined. 

Potential subjects will be excluded from participation if they: require medical 

clearance for vigorous exercise according to ACSM Guidelines (this will be 

determined through the Physical Activity/Exercise and Health Information 

form), are less than 18 years old (determined by self reported birth day), have 

known electrocardiographic abnormalities (e.g. atrial fibrillation) (this will be 

determined through the Physical Activity/Exercise and Health Information 
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form), or women that are pregnant (self reported the Physical 

Activity/Exercise and Health Information form). ACSM Guidelines 

recommend medical clearance for vigorous exercise if an individual has 

known diagnosed cardiovascular, metabolic, or renal disease and/or is 

displaying signs or symptoms suggestive of CV, metabolic, or renal disease. 

The Physical Activity/Exercise and Health Information form will be used to 

determine exercise participation in accordance with the recommendations by 

American College of Sports Medicine (Riebe, Franklin et al. 2015) Subjects 

are not eligible to participate unless they are registered and participating in an 

Atlanta Track Club In-Training Running Program (Self-reported). 

13.3  * Will participants be compensated or incur any costs for their participation? If so, 

provide details of the compensation (i.e. what the compensation is, the total amount, 

etc.). Compensation might include money, gifts, food, class credit, or extra credit 

provided for participation. Any costs to the subjects that may result from participation 

in the research should also be described. Detail what compensation participants will be 

given if they do not complete the study. If extra credit is given, describe the assignment 

of equal difficulty and length that will be provided for the same amount of credit if 

students wish to not participate in the research. If a lottery or drawing will be used, 

specific information must be provided to ensure it meets requirements in GSU policy 

and state law. 

   Yes     No 

14.0 Benefits & Risks 

14.1  * Describe the benefits, if any, to the participants and to society from the proposed 

research. Compensation is not a benefit of participating in research. 

Please note: The benefits and risks described in the application must match the 

benefits and risks described in the informed consent form. 
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Participants may benefit personally from the proposed research by gaining 

knowledge about themselves such as aerobic capacity and body composition. 

This may help in decisions regarding their personal health and fitness 

program. The benefit to society is that we hope to gain information about the 

accuracy of devices that people use to track their fitness activities. 

14.2  * Describe the risks or discomforts, if any, to the participants, whether physical, 

psychological, or social, and the means proposed to minimize them. If participants may 

become upset or require medical or psychological attention as a result of the research 

procedures, a means of addressing attention to these concerns should be described in 

this section. A participant is at risk in research if he or she may be exposed to a 

possibility of harm that is greater than that ordinarily encountered in daily life or 

during routine examinations or tests. Each investigator should make a conscientious 

assessment of possible harms and disclose them to the IRB. 

Participants in this research study will not have any more risks than they 

would in a normal day of life. Participants who are enrolled in an Atlanta 

Track Club In-Training Running Program and are runners actively training for 

a marathon. Therefore, in a normal day of life they will engage in exercise of 

greater duration and similar intensity of that required by participation in the 

proposed research. Participants will be screened using the ACSM pre-

participation screening to ensure that they have low risk and do not need 

medical approval for the physical activity and exercise intensity required by 

participation in this research study.  

There is a risk of injury when using a treadmill, possibly from losing balance 

and falling. The risk of falling on the treadmill in this study is minimized by 

the presence of handrails on the sides and front of the treadmill and by the 

proximity and attention of research personnel. A recent epidemiological study 
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of injuries sustained at fitness facilities (Gray & Finch, 2015) suggests that 

this risk is low - trip & fall injury frequency and proportion when using 

motorized cardiovascular equipment such as treadmills was less than half of 

the trip & fall injuries that occurred when participants were moving about the 

facility.  

In the case of injury during the treadmill test, research personnel will 

administer assistance and basic first aid, and will call emergency medical 

services (911) if necessary. 

With the finger stick there is a risk of pain, bleeding, bruising, and/or soreness 

on a fingertip. A bandaide will be applied after the finger stick to stop bleeding  

Georgia State University and the research team have not set aside funds to pay 

for any injury.  

Pregnant women will be excluded from participation as there is exposure to x-

rays during the analysis of body composition via a DEXA scan.  

During a DEXA scan participants will be exposed to a small amount of 

radiation. Radiation exposure varies from less than 1 microsievert (μSv) for a 

whole body scan to 1-4 μSv for a bone density scan. These radiation levels are 

lower than natural background exposure each day (5-8 μSv) and are 

considerably less than radiation exposure experienced during a flight from NY 

to LA (30 μSv) or a chest x-ray (50-150 μSv). This radiation exposure is not 

medically necessary and is to be used for research purposes only. To minimize 
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your risk adherence to the ALARA philosophy (As Low As Reasonably 

Achievable) ascribed by the International Society for Clinical Densitometry 

(ISCD). 

Subjects will have aerobic capacity measured using open circuit spirometry. 

There is a small risk of the spread of Covid when using a spirometer. Subjects 

will be screened and tested at separate times to minimize the risk to subjects. 

The researchers will wear gloves when handling any spirometry equipment. 

All spirometry equipment (masks, headgear, nose clips, and hoses) will be 

disinfected after each use by soaking equipment in CaviCide for 5 minutes. All 

equipment will then be thoroughly rinsed with hot water and allowed to air 

dry. State Health Guidelines will be followed for Covid-19 screening and 

mask usage. 

15.0 Participant Data 

15.1  * Will information that personally links the participants to the research be collected? 

  Yes    No 

If Yes, state what identifying information will be collected. Identifying information includes (but is 

not limited to) name, social security or student ID number, date of birth, contact information including 

email address or phone number, photographs, and audio or video recordings. 

Name, contact information (e.g., address, phone, email, etc.), date of birth, 

physical activity 

/exercise and health information will be collected via a questionnaire (see 

uploaded questionnaire - this is not protected health information). This 

information is used for initial subject screening and as descriptive 
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characteristics of the subject population. Once data collection has been 

completed data that is collected is deidentified and individual subject data will 

not be able to be linked to a subject's identity. 

15.2  * Will photographs, audio recordings, or video recordings be used? 

   Yes     No 

15.3  * State where and how any data will be collected, stored, and transported; who will 

have access to the data and what will be done with it after the study is over; protections 

for storing or sharing hard-copy and electronic data (flash drive, cloud storage, Drop 

Box, etc.) If a code sheet will be used to separate identifying information from the 

participant data describe the means of protecting this document. If identifiable data 

are inadvertently collected, please state how it will be managed. Include any analysis or 

transcription services (including artificial intelligence or "ai").  

We will use a subject number rather than subject name on study records. The 

information provided will be stored in files in a locked office (of the Principal 

Investigator, Jeffrey Otis) in a locked filing cabinet. Electronic records will be 

stored on a password and firewall protected computer in the office of the 

Principal Investigator. Data stored in electronic files will be identified only by 

subject number. When data collection for the study has been completed the 

code sheet that connects subject name to subject subject number and study 

records will be destroyed. A code sheet will be used to record de-identified 

subject data. The code sheet will only have the subjects number at the top. 

Code sheets will be stored in a separate draw of a locked filling cabinet in the 

locked office of the principal investigator Jeffery Otis. When data collection of 

the study is complete code sheets will be destroyed. 
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When we present or publish the results of this study, we will not use subjects' 

names nor other information that may identify them. 

16.0 Review Categories 

16.1  Review Categories 

 Select Category Description 

More than minimal risk/does not meet  

 Full Board Review other categories' requirements 

Clinical studies of drugs and 

medical devices only when 

condition (a) or (b) is met. 

  

(a) Research on drugs for 

which an investigational new 

drug application (21 CFR Part 

312) is not required. (Note: 

Research on marketed drugs 

that significantly increases the 

risks or decreases the 

acceptability of the risks 

associated with the use of the 
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product is not eligible for 

expedited review.) 

 

 

 

obtain a signed consent form for some or 

all subjects if it finds that one of the 

following is true: 
(1) That the only record linking the 

subject and the research would be the 

informed consent form and the principal 

risk would be potential harm resulting 

from a breach of confidentiality. Each 

subject (or legally authorized 

representative) will be asked whether the 

subject wants documentation linking the 

subject with the research, and the 

subject's wishes  

 Waiver of Documentation of Consent will govern; 

(2) That the research presents no 

more than minimal risk of harm to 

subjects and involves no procedures for 

which written consent is normally 

required outside of the research context; 

or 
(3) If the subjects or legally 

authorized representatives are members 

of a distinct cultural group or 

community in which signing forms is 

not the norm, that the research presents 

no more than minimal risk of harm to 

subjects and provided there is an 

appropriate alternative mechanism for 

documenting that informed consent was 

obtained. 

17.4  * Are all participants able to give consent (i.e., no children or decisionally impaired 

adults)? 

Yes  

No  
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17.6  * Provide a description of the informed consent procedures. Include who will obtain 

consent, where, when, and how. Include steps taken to minimize the possibility of 

coercion or undue influence, the language that will be used by those obtaining consent, 

how you will ensure the language is understood by the prospective participant or the 

legally authorized representative, and any information that will be communicated to 

the prospective participant or the legally authorized representative. Also state if there 

will be any waiting period between informing the prospective participant and 

obtaining consent. 

Potential subjects who respond to the initial recruitment information will be 

contacted via email.  

The email will contain details of study participation, inclusion/exclusion 

criteria, a copy of the Informed Consent Form, and a copy of the Physical 

Activity/Exercise and Health Information form.  

If subjects meet inclusion criteria and agree to further participation, individual 

data collection sessions will be scheduled. 

During the first data collection session, subjects will have the research 

methods and data collection procedures explained to them verbally, will be 

given a copy of the Informed Consent Form (ICF). The following will be 

performed with the informed consent form to ensure that participants 

understand the consent: 1. The document will be reviewed with each subject 

prior to any participation in the study, 2. Participants will be allowed time to 

read and ask questions of the consent form, 3. Participants will be asked to 

restate procedures of the study, and 4. Participants will sign the informed 

consent form. Subjects will be given a copy of the Informed Consent Form. 
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The consent process will take place in a private meeting room in the Applied 

Physiology Laboratory at GSU and will be administered by the Principal 

Investigator (Jeffrey Otis) or one of the co-investigators (Jonathan Howard, J. 

Andrew Doyle). 

17.7  * What is the estimated lowest reading level of each population? 
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Appendix 8: Raw Data 

Subject 
# age sex (0=male, 1=female) ATC_training_level 

1 37 1 3 

2 23 1 2 

3 44 0 2 

4 54 0 3 

5 53 1 2 

6 36 0 2 

7 48 0 2 

8 47 0 2 

9 50 1 2 

10 50 1 3 

11 46 1 2 

12 38 0 4 

13 57 1 2 

14 28 0 4 

15 29 0 2 

16 28 0 4 

17 56 1 1 

18 59 0 2 

19 25 1 2 

20 47 1 2 
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Style_of_ATC_training (0=in person, 1-virtual) 

0 

0 

0 

0 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

0 

0 

1 

1 

0 

1 
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Race (0=white, 1=black, 2=asian, 3=american indian, 4=hispanic, 5=other) 
Aerobic_days 
_pre 

1 4 

0 2 

1 3 

0 6 

4 3 

0 2 

0 2 

0 4 

4 2 

4 3 

0 3 

0 6 

0 3 

0 6 

0 3 

0 4 

0 2 

0 7 

0 3 

0 4 
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strength_day 
_pre HR_resting_pre SBP_pre DBP_pre HT_CM_pre WT_KG_pre TC_pre 

2 62 104 62 152.4 61.2 153 

5 60 108 68 172.3 73.8 179 

5 60 128 92 108.2 104.7 184 

1 54 116 76 181.8 87.6 215 

3 57 118 82 161.4 75.6 246 

0 66 124 74 184.5 91.7 205 

0 54 122 78 179.3 90.3 237 

2 57 138 84 179.8 81.7 271 

2 57 112 82 150.5 53.4 182 

0 54 138 92 158 58.8 209 

0 63 116 64 158 76.5 218 

2 60 130 76 178.8 74.7 201 

2 69 116 80 156.8 61.5 232 

2 48 122 78 188.5 76.3 134 

3 57 112 62 190.6 85.4 144 

1 51 140 76 175.2 72.5 145 

0 69 112 74 161 64.2 233 

7 60 108 82 167.6 82.3 105 

0 63 110 70 162.5 59.5 163 

0 81 114 76 156.5 61.2 277 
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HDL_pr
e 

TRG_pr
e 

LDL_pr
e 

non-
HDL_pre 

LDL/HDL_pr
e 

GLU_pr
e 

%fat_pr
e 

Android%_pr
e 

61 72 78 92 1.3 84 28.1 23.7 

63 82 100 116 1.6 88 23.5 15.2 

67 230 70 116 1 90 27.8 35.4 

59 170 123 156 2.1 89 34.7 47.2 

68 66 164 177 2.4 97 40 43.8 

60 162 113 145 1.9 88 22.1 23.4 

74 87 140 158 1.9 104 31.3 43.4 

60 50 201 211 3.4 71 27 25.2 

63 115 96 119 1.5 86 40.5 42.9 

74 141 108 136 1.5 93 32.7 31.1 

74 48 134 143 1.8 80 44.3 47 

87   114  78 17.9 12.8 

50 204 132 173 2.6 84 40.8 42.2 

61   73  92 17 13.1 

32 75 98 113 3.1 87 23.2 24.6 

43   102  93 27.2 31.1 

55 173 144 178 2.6 80 35.9 34.4 

52 77 38 53 0.7 86 25.3 23 

86   77  81 31.9 26.1 

39 349 168 237 4.3 90 35.9 37.7 
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Gynoid%_pre Fat_lbs_pre lean_lbs_pre BMD_pre BMC_lbs_pre Visceral_lbs_pre 

34.4 36.5 93.3 1.258 5.4 0.26 

27.5 37 120.7 1.218 6 0 

27.1 62.1 161.2 1.358 8.3 1.93 

29.7 65.6 123.4 1.275 6.9 4.31 

43.6 64.5 96.8 1.14 4.9 2.53 

21.5 43.1 151.9 1.35 7.6 1.55 

25.1 59.9 131.6 1.378 7.4 3.14 

24.4 46.2 125 1.414 7.3 2.57 

46.1 45.9 67.5 0.945 3.7 1.02 

36.6 38.7 84 1.246 56 0.32 

49.1 72.5 91 1.198 5.1 1.35 

18.8 28.3 129.7 1.298 7 0 

42.6 53.2 77.2 1.168 4.9 1.77 

17.2 27.3 133.1 1.327 7.5 0.63 

22 41.7 138.2 1.42 8.1 0.52 

31 41.9 112.1 1.299 6.6 1.65 

38.5 48.8 86.9 1.12 5.5 2.14 

32.1 44.3 130.7 1.322 6.2 1.98 

35.7 40.1 85.7 1.179 5.4 0.24 

37.3 46.7 83.5 1.202 5 1.33 
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Garmin_VO2_pre_1 Garmin_VO2_pre_2 run_conditions_pre Tread_speed_pre GXT_VO2_pre 

44 45  6.5 37.2 

42 42  5.6 46.2 

45 45  5 36.5 

50 50  5.4 39.5 

32 32  4.6 31.6 

53 53  6 46.2 

41 41  5.3 38.6 

47 47  6 45.5 

36 36  4.5 33.1 

38 42  6.6 41 

31 31  4 32.2 

57 57  8.6 57.5 

40 40  4.6 30.7 

57 57  8 49 

51 51  6 47.2 

54 54  8 53.3 

34 36  4 28.2 

43 43  6 41.5 

47 47  7 49.4 

37 38  3.8 37.5 
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GXT_max_HR_pre GXT_time_pre GXT_RER_pre GXT_RPE_pre Garmin_race_time 

185 8.25 1.1 17 114.08 

191 11 1.24 19 116.31 

186 8.33 1.15 19 134.6 

184 9.5 1.13 18 129.47 

178 6.5 1.12 17 176.75 

202 8.5 1.18 19 119.35 

180 8.5 1.11 19 124.12 

179 8.42 1.08 20 126.59 

179 8.33 1.07 20 149.91 

169 6 1.07 19 119.75 

195 8.83 1.08 20 174.41 

181 8.33 1.27 19 80 

165 8.83 1.13 20 162.9 

185 6.75 1.09 20 98.2 

192 07:55 1.12 20 119.93 

199 10.08 1.12 20  
166 6 1.01 18  
183 8.08 1.15 18  
194 9.66 1.29 20 118.8 

177 12.25 1.07 20 144.28 
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Offiicial_Race_time 1stor2nd_half_race Race_readiness Race_body_battery %_training_complete 

119.13 1 60 41 95 

124.46 2 83 77 75 

157.02 2 68 87 40 

126.37 1 90 85 60 

190.58 1 49 40 90 

128.7 1 70 58 40 

137.8 1 89 84 100 

120.42 1 70 60 80 

150.59 1 89  50 

138.08 1 77 66 75 

184.37 1  73 80 

86 1 82  85 

167.33 1 57 50 40 

107.26 1 79 81 25 

115.55 1 84 78 80 

    25 

     

     

117.62 1 65 64 70 

167.07 1 80 58 90 
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Race_effort Aerobic_day_post 
strength_day 
_post HR_resting_post SBP_post DBP_post 

8 4 0 57 102 62 

8 3 2 60 102 66 

8 3 3 54 122 82 

9 5 1 57 108 76 

8 4 1 51 118 80 

9 3 3 50 122 72 

9 6 0 48 112 68 

9.5 4 2 57 136 82 

9 2 0 54 112 82 

8.5 3 0 48 112 78 

8 4 0 54 122 68 

9 6 2 54 110 72 

7 4 2 69 116 80 

8 3 1 48 112 76 

8.5 3 2 45 108 60 

 4 4 60 118 68 

      

      

8 3 0 54 104 62 

10 5 2 72 116 68 
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HT_CM_post WT_KG_post TC_post HDL_post TRG_post LDL_post 
non-
HDL_post LDL/HDL_post 

152.4 59.5 183 63 65 107 120 1.7 

172.3 73.8 212 76 55 126 136 1.7 

180.2 105.1 149 63 54 76 87 1.2 

181.5 88 225 51 147 144 174 2.8 

161.4 76.7 253 82 58 160 172 2 

184.5 90.9 195 69 93 108 126 1.6 

179.3 88.1 242 59 100 163 183 2.8 

179.8 83.2 239 43 62 184 196 4.3 

150.2 52.8 177 52 189 87 125 1.7 

158 58.3 181 63 67 105 118 1.7 

158 76.3 236 90 53 135 145 1.5 

179 74.6 172 71 89 84 101 1.2 

156.3 59.8 191 49 156 111 142 2.3 

188.5 78.5 130 51 52 68 79 1.3 

190.6 85.4 173 51 70 108 122 2.1 

175.2 73.7 158 43   116  

        

        

162.5 57.4 172 74   98  
156.5 60 222 47 208 133 174 2.8 
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GLU_post %fat_post Android%_post Gynoid%_post Fat_lbs_post lean_lbs_post BMD_post 

75 27.8 22.9 33.2 35 91.1 1.248 

91 25.1 17.2 30.5 39.5 117.7 1.208 

90 27.5 35.6 26.5 61.3 162 1.387 

85 36.4 48.8 32.7 69.6 121.7 1.297 

84 40.3 43.4 43.4 66 97.9 1.12 

82 19.5 18.9 19.3 37.4 155 1.308 

102 30.3 38.8 27.5 56.8 130.4 1.349 

87 26.5 36.5 22.6 46.3 128.5 1.399 

87 42.5 45.4 47.7 47.8 64.6 1.007 

88 29.4 25.9 34.6 36 86.7 1.239 

79 44.2 45.4 48.3 72 90.8 1.2 

80 18.1 13.4 18.2 28.7 129.6 1.298 

84 38.7 36.8 40.2 49.1 77.9 1.189 

97 17.3 13.7 17.1 28.7 137 1.346 

97 23.5 25 23.3 42.3 137.6 1.411 

92 25.6 27.9 29.7 39.9 116.1 1.327 

       

       

90 30.8 25.6 35.8 37.2 83.6 1.208 

81 34.4 36.7 34.3 43.9 83.8 1.196 

 

  



 118 

BMC_lbs_post Visceral_lbs_post Garmin_VO2_post Tread_speed_post GXT_VO2_post 

5.4 0.14 46 6 42.6 

6 0.02 49 5.6 46.2 

8 0 42 5 34.8 

6.9 4.74 42 5.2 36.2 

4.8 2.39 33 4.2 33.1 

7.6 1.02 49 6.5 46.8 

7.5 1.96 43 5.3 42.5 

7.4 2.68 44 6 48.5 

3.8 1.38 37 4 34.3 

5.6 0 45 6 38.9 

5.2 1.24 34 4 31.5 

7 0.19 61 8.6 59 

4.9 1.598 40 4.5 28.8 

7.6 0.54 55 7.2 53 

8.1 0.3 50 6 47.3 

6.5 1.36 53 8 53.2 

     

     

5.3 0.21 47 7 49.7 

5 1.4 40 4.1 37.4 
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GXT_max_HR_post GXT_time_post GXT_RER_post GXT_RPE_post 

182 7.5 1.08 18 

190 11.5 1.29 20 

172 8.75 1.16 18 

175 11.5 1.11 19 

173 8.25 1.2 19 

195 9.5 1.3 20 

169 11 1.14 20 

180 11.25 1.05 20 

178 11.75 1.11 19 

161 6.5 1.23 20 

184 8.5 1.15 18 

175 9 1.23 20 

150 9.33 1.06 20 

184 8 1.17 20 

183 9.25 1.25 20 

191 7.75 1.11 20 

    

    

194 10.75 1.23 20 

165 12.66 1.04 19 
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Appendix 9: Supplemental Data 

 

 

  

95% Confidence 

Interval 
   Significance 

 

Mean Std. Deviation Lower Upper t df Cohen's d Two-Sided p 

non-HDL_pre - 

non-HDL_post 

2.444 23.88 -9.431 14.32 0.434 17 0.102 0.67 

LDL/HDL_pre - 

LDL/HDL_post 

0.0143 0.6837 -0.3805 0.4091 0.078 13 0.021 0.939 

Android%_pre - 

Android%_post 

0.4444 3.8373 -1.4638 2.3527 0.491 17 0.116 0.629 

Gynoid%_pre - 

Gynoid%_post 

0.2667 1.849 -0.6528 1.1862 0.612 17 0.144 0.549 

Fat_lbs_pre - 

Fat_lbs_post 

0.7611 2.541 -0.5025 2.0247 1.271 17 0.3 0.221 

BMC_lbs_pre - 

BMC_lbs_post 

2.8056 11.8784 -3.1014 8.7126 1.002 17 0.236 0.33 

Visceral_lbs_pre- 

Visceral_lbs_post 

0.219556 0.554028 -0.055956 0.495067 1.681 17 0.396 0.111 
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Appendix 10: Sex Differences 

 When the data was stratified by sex, the results showed a few potential differences. 

Again, there was insufficient statistical power to draw firm conclusions, but the differences may 

suggest that further recruitment and detailed analyses of sex differences are required. Table A.1 

displays means for males and Table A.2 displays means for females.  

VO2max and oxygen consumption 

There was no difference in VO2max for females following their initial (M = 38.10, SD = 

5.19 ml/kg/min) or second (M = 38.90, SD = 5.28 ml/kg/min) VO2max measurements from the 

Garmin fitness tracker compared to the criterion measures (M = 36.71, SD = 6.98 ml/kg/min) 

during pretesting, (t = 0.96, p = 0.363, d = -0.99, 95% CI (-1.89 to 4.67), t = 1.49, p = 0.171, d = 

-0.92, 95% CI (-1.14 to 5.52)), respectively. Similarly, for males, there was no difference 

between VO2max measurements from the Garmin fitness trackers (M = 48.78, SD = 6.67 

ml/kg/min) and criterion measures (M = 46.81, SD = 7.95 ml/kg/min) during post-testing (t = 

1.75, p = 0.119, d = 0.58, 95% CI (-0.63 to 4.56)). All other results were the same between sexes 

and matched those of the results when the data were not split.  

Comparing female first and second GarminVO2max estimates to criterion measures 

during pretesting, there was a MAPE of 10.54% and 11.04%, respectively (corresponding to an 

error of 3.87 ml/kg/min and 4.05 ml/kg/min respectively) and a post-testing MAPE of 10.79% 

(corresponding to an error of 4.11ml/kg/min). Comparing male first and second GarminVO2max 

estimates to criterion measures during pretesting, there was a MAPE of 10.42% and 10.42%, 

respectively (corresponding to an error of 4.74 ml/kg/min and 4.74 ml/kg/min respectively) and a 

post-testing MAPE of 7.24% (corresponding to an error of 3.39 ml/kg/min).   
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Race prediction times 

When stratified by sex, males had no difference between predicted race time (M= 116.53, 

SD = 18.29 minutes) and official race time (M = 122.39, SD = 21.03 minutes), t = -1.67, p = 

0.139, d = -0.59, 95% CI (-14.14 to 2.43). In contrast, females had a significant difference 

between predicted race times (M = 141.91, SD = 25.58 minutes) and official race times (M= 

151.03, SD = 27.85 minutes), t = -3.43, p = 0.039, d = -0.82, 95% CI (-15.26 to -2.97). 

Comparing female official race times to Garmin race times, the MAPE was 6.05% 

(corresponding to an error of 9.13 minutes). Comparing male official race times to Garmin race 

times, the MAPE was 7.28% (corresponding to an error of 8.90 minutes). Future work may 

explore potential sex differences in Garmin’s ability to predict race performance times. 

Cardiovascular health 

When categorizing health metrics by sex, only males had significant differences pre- to 

post-testing for resting systolic (M = 125.78, SD = 9.29, M = 116.44 , SD = 9.15 mmHg, 

respectively) and diastolic blood pressure (M = 77.33, SD = 8.00, M = 72.89, SD = 7.08 mmHg, 

respectively), t = 3.85, p = 0.005, d = 1.28, 95% CI (3.74 to 14.93), t = 3.47, p = 0.008, d = 1.16, 

95% CI (1.49 to 7.40), respectively. Females only had a significant difference pre- to post-testing 

for resting heart rate (M = 62.89, SD = 8.09, M = 57.67, SD = 8.05 bpm, respectively), t = 4.35, 

p = 0.002, d = 1.45, 95% CI (2.46 to 7.99). All other results (blood lipid levels, blood glucose 

levels, and body composition measurements) were the same between sexes and matched those of 

the results when the data were not split. Future work may explore potential sex differences in 

ATC program participants and their ability to improve commonly monitored metrics associated 

with cardiovascular health such as blood pressure and heart rate. 
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Table A.1: Males Means 

* p < 0.05 

 Pre-test (mean ± SD) Post-test (mean ± SD) 

N 
10 9 

Age 
41.10 ± 11.07 41.90 ± 10.95 

Weight (kg) 
84.99 ± 10.11 85.28 ± 9.60 

Height (cm) 
174.08 ± 25.18 180.07 ± 4.91 

Resting Heart rate (BPM)  
56.33 ± 5.36 52.56 ± 5.05 

*Resting Systolic Blood 

Pressure (mmHg)  

125.78 ± 9.30 116.44 ± 9.15 

*Resting Diastolic Blood 

Pressure (mmHg) 

77.33 ± 8.00 72.89 ± 7.08 

Body Fat (%) 
25.35 ± 5.86 24.86 ± 6.18 

Lean Mass (lbs.) 
134.02 ± 14.90 135.32 ± 14.85 

Bone Mineral Density 

(mg/cm) 

1.35 ± 0.05 1.35 ± 0.04 

Total Cholesterol (mg/dL) 
192.89 ± 46.07 187.00 ± 40.60 

HDL (mg/dL) 
60.33 ± 16.00 55.67 ± 10.39 

LDL (mg/dL) 
124.17 ± 44.49 130.50 ± 40.20 
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Triglycerides (mg/dL) 
129.00 ± 69.12 87.67 ± 34.07 

Glucose (mg/dL) 
88.00 ± 9.30 90.22 ± 7.44 

VO2max - GXT (ml/kg/min) 
45.48 ± 6.67 46.81 ± 7.95 

VO2max - Garmin (ml/kg/min) 

*Outdoor run 1 - 49.80 ± 5.65   

*Outdoor run 2 - 49.80 ± 5.65 

48.78 ± 6.66 

Half-Marathon Race Time 

(minutes)- n of 8 for both  

Garmin - 116.53 ± 18.29 Official - 122.39 ± 21.03 

 

Table A.2: Females Means 

* p < 0.05 

 Pre-test (mean ± SD) Post-test (mean ± SD) 

N 
10 9 

Age 
44.40 ± 12.14 44.80 ± 12.85 

Weight (kg) 
64.61 ± 8.40 63.84 ± 9.10 

Height (cm) 
158.71 ± 6.35 158.62 ± 6.42 

*Resting Heart rate (BPM)  
62.89 ± 8.08 57.67 ± 8.05 

Resting Systolic Blood 

Pressure (mmHg)  

115.11 ± 9.64 111.56 ± 7.33 

Resting Diastolic Blood 

Pressure (mmHg) 

75.11 ± 9.85 71.78 ± 8.15 
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Body Fat (%) 
35.30 ± 6.80 34.80 ± 6.80 

Lean Mass (lbs.) 
88.85 ± 14.81 88.23 ± 14.51 

Bone Mineral Density 

(mg/cm) 

1.17 ± 0.09 1.18 ± 0.07 

Total Cholesterol (mg/dL) 
206.56 ± 40.97 103.00 ± 28.93 

HDL (mg/dL) 
64.22 ± 13.83 66.22 ± 15.24 

LDL (mg/dL) 
122.50 ± 32.54 120.50 ± 22.65 

Triglycerides (mg/dL) 
134.63 ± 100.02 106.38 ± 66.23 

Glucose (mg/dL) 
87.00 ± 5.59 84.33 ± 5.29 

VO2max - GXT (ml/kg/min) 
36.71 ± 6.97 38.05 ± 6.99 

VO2max - Garmin (ml/kg/min) 

Outdoor run 1 - 38.10 ± 5.19 

Outdoor run 2 - 38.90 ± 5.28 

*41.22 ± 5.82 

*Half-Marathon Race Time 

(minutes)- n of 9 for both  

Garmin - 141.91 ± 25.58 Official - 151.02 ± 27.85 
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Appendix 11: Training Level Differences 

The data results differed slightly when categorized by ATC training level. There was insufficient 

statistical power to draw firm conclusions, but the differences are highlighted below. No 

differences could be determined for level 1 participants, as there was only one, and they dropped 

out of the study before training was completed. Table A.3 displays means for Level 2, Table A.4 

displays means for level 4, and Table A.5 displays means for level 3. 

There was no difference in VO2max for level 2 runners for first (M = 41.92, SD = 6.76 

ml/kg/min) or second (M = 42.00, SD = 6.70 ml/kg/min) VO2max measurements from the 

Garmin fitness tracker and criterion measures (M = 39.71, SD = 6.67 ml/kg/min) during 

pretesting, t = 1.96, p = 0.074, d = 0.54, 95% CI (-0.25 to 4.68), t = 2.05, p = 0.063, d = 0.57, 

95% CI (-0.14 to 4.73) respectively. Level 2 runners also had no difference between VO2max 

measurements from the Garmin fitness trackers (M = 42.33, SD = 5.79 ml/kg/min) and criterion 

measures (M = 40.08, SD = 7.52 ml/kg/min) during post-testing, t = 1.91, p = 0.082, d = 0.55, 

95% CI (-0.34 to 4.85).For level 3 runners, there was no difference in VO2max measurements for 

first (M = 44.00, SD = 6.00 ml/kg/min) or second (M = 45.67, SD = 4.04 ml/kg/min) VO2max 

measurements from the Garmin fitness tracker and criterion measures (M = 39.23, SD = 1.91 

ml/kg/min) during pretesting, t = 1.18, p = 0.358, d = 0.68, 95% CI (-12.56 to 22.10), t = 2.28, p 

= 0.151, d = 1.31, 95% CI (-5.73 to 18.59) respectively. For level 4 runners, there was no 

difference in VO2max measurements for first (M = 56.00, SD = 1.73 ml/kg/min) or second (M = 

56.00, SD = 1.73 ml/kg/min) VO2max measurements from the Garmin fitness tracker and 

criterion measures (M = 53.27, SD = 4.25 ml/kg/min) during pretesting, t = 1.03, p = 0.412, d = 

0.59, 95% CI (-8.69 to 14.16), t = 1.03, p = 0.412, d = 0.59, 95% CI (-8.69 to 14.16), 

respectively. Level 4 runners also had no difference between VO2max measurements from the 
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Garmin fitness trackers (M = 56.33, SD = 4.16 ml/kg/min) and criterion measures (M = 55.07, 

SD = 4.40 ml/kg/min) during post-testing, t = 1.72, p = 0.226, d = 0.99, 95% CI (-1.89 to 4.42). 

All other results were the same between levels and matched those of the results when the data 

were not split.  

When splitting the data by training levels, level 3 runners had no difference between 

predicted race time (M= 121.10, SD = 7.78 minutes) and official race time (M = 127.86, SD = 

9.56 minutes), t = -1.08, p = 0.392, d = -0.63, 95% CI (-33.63 to 20.11). Level 4 runners had no 

difference between predicted race time (M= 89.10, SD = 12.87 minutes) and official race time 

(M = 96.63, SD = 15.03 minutes), t = -4.92, p = 0.128, d = -0.63, 95% CI (-26.97 to 11.91). All 

other results were the same between levels and matched those of the results when the data were 

not split. 

When categorizing health metrics by training levels, level 2 runners had no difference in 

resting systolic blood pressure measurements pre- to post- testing (M = 118.17, SD = 8.59, M = 

115.83, SD = 9.28 mmHg, respectively), t = 1.86, p = 0.089, d = 0.79, 95% CI (-0.42 to 5.09). 

Level 3 runners had no differences pre- to post-testing for resting heart rate (M = 56.67, SD = 

4.62, M = 54.00 , SD = 5.20 bpm, respectively), systolic (M = 119.33, SD = 17.24, M = 107.33 , 

SD = 5.03 mmHg, respectively) and diastolic blood pressure (M = 76.67, SD = 15.01, M = 

72.00, SD = 8.71 mmHg, respectively), t = 0.94, p = 0.448, d = 0.54, 95% CI (-9.59 to 14.92), t = 

1.66, p = 0.238, d = 0.96, 95% CI (-19.03 to 43.03), t = 1.00, p = 0.423, d = 0.57, 95% CI (-15.41 

to 24.77), respectively. Level 4 runners had no differences pre- to post-testing for resting heart 

rate (M = 53.00, SD = 6.25, M = 54.00 , SD = 6.00 bpm, respectively), and diastolic blood 

pressure (M = 76.67, SD = 1.15, M = 72.00, SD = 4.00 mmHg, respectively), t =- 0.23, p = 

0.840, d = -0.13, 95% CI (-19.76 to 17.76), t = 2.65, p = 0.118, d = 1.53, 95% CI (-2.92 to 
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12.26), respectively. All other results were the same between levels and matched those of the 

results when the data were not split. 

Table A. 3: Level 2 Means 

* p < 0.05 

 Pre-test (mean ± SD) Post-test (mean ± SD) 

N 
13 12 

Weight (kg) 
76.27 ± 15.41 75.79 ± 15.84 

*Resting Heart rate (BPM)  
62.00 ± 7.38 55.67 ± 7.99 

Resting Systolic Blood 

Pressure (mmHg)  

118.17 ± 8.59 115.83 ± 9.28 

*Resting Diastolic Blood 

Pressure (mmHg) 

76.00 ± 8.82 72.50 ± 8.27 

Body Fat (%) 
32.35 ± 7.80 31.94 ± 8.03 

Lean Mass (lbs.) 
110.85 ± 31.15 110.81 ± 32.03 

Bone Mineral Density 

(mg/cm) 

1.24 ± 0.14 1.24 ± 0.12 

Total Cholesterol (mg/dL) 
211.50 ± 42.39 205.38 ± 33.65 

HDL (mg/dL) 
61.33 ± 15.08 62.92 ± 15.22 

LDL (mg/dL) 
128.73 ± 38.35 126.45 ± 33.03 

Triglycerides (mg/dL) 
133.45 ± 94.31 99.82 ± 57.64 
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Glucose (mg/dL) 
87.17 ± 8.30 87.83 ± 6.69 

VO2max - GXT (ml/kg/min) 
39.70 ± 6.67 40.07 ± 7.52 

VO2max - Garmin (ml/kg/min) 

Outdoor run 1 - 41.92 ± 6.67 

Outdoor run 2 - 42.00 ± 6.70 

41.22 ± 5.82 

*Half-Marathon Race Time 

(minutes)- n of 12 for both  

Garmin - 138.99 ± 22.28 Official - 146.79 ± 26.47 

 

Table A. 4: Level 4 Means 

* p < 0.05 

 Pre-test (mean ± SD) Post-test (mean ± SD) 

N 
3 3 

Weight (kg) 
74.50 ± 1.90 75.60 ± 2.55 

Resting Heart rate (BPM)  
53.00 ± 6.24 54.00 ± 6.00 

*Resting Systolic Blood 

Pressure (mmHg)  

130.67 ± 9.01 113.33 ± 4.16 

Resting Diastolic Blood 

Pressure (mmHg) 

76.67 ± 1.15 72.00 ± 4.00 

Body Fat (%) 
20.70 ± 5.64 20.33 ± 4.57 

Lean Mass (lbs.) 
124.96 ± 11.27 127.56 ± 10.59 

Bone Mineral Density 

(mg/cm) 

1.30 ± 0.02 1.32 ± 0.02 
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Total Cholesterol (mg/dL) 
160.00 ± 35.93 153.33 ± 21.38 

HDL (mg/dL) 
63.67 ± 22.12 55.00 ± 1442 

Glucose (mg/dL) 
87.67 ± 8.38 89.67 ± 8.73 

VO2max - GXT (ml/kg/min) 
53.26 ± 4.25 55.06 ± 3.04 

VO2max - Garmin (ml/kg/min) 

Outdoor run 1 – 56.00 ± 1.73 

Outdoor run 2 - 56.00 ± 1.73 

56.33 ± 4.16 

Half-Marathon Race Time 

(minutes)- n of 3 for both  

Garmin - 89.10 ± 12.86 Official – 96.63 ± 15.03 

 

Table A. 5: Level 3 Means 

* p < 0.05 

 Pre-test (mean ± SD) Post-test (mean ± SD) 

N 
3 3 

Weight (kg) 
69.20 ± 15.98 68.86 ± 16.81 

Resting Heart rate (BPM)  
56.67 ± 4.61 54.00 ± 5.19 

Resting Systolic Blood 

Pressure (mmHg)  

119.33 ± 17.24 107.33 ± 5.03 

Resting Diastolic Blood 

Pressure (mmHg) 

76.67 ± 15.01 72.00 ± 8.71 

Body Fat (%) 
31.83 ± 3.38 31.20 ± 4.57 
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Lean Mass (lbs.) 
100.23 ± 20.59 99.83 ± 19.06 

Bone Mineral Density 

(mg/cm) 

1.25 ± 0.01 1.26 ± 0.03 

Total Cholesterol (mg/dL) 
192.33 ± 34.19 196.33 ± 24.84 

HDL (mg/dL) 
64.67 ± 8.14 59.00 ± 6.92 

LDL (mg/dL) 
103.00 ± 22.91 118.67 ± 21.96 

Triglycerides (mg/dL) 
127.67 ± 50.34 93.00 ± 46.77 

Glucose (mg/dL) 
88.67 ± 4.50 82.67 ± 6.80 

VO2max - GXT (ml/kg/min) 
39.23 ± 1.91 39.07 ± 3.21 

VO2max - Garmin (ml/kg/min) 

Outdoor run 1 – 44.00 ± 6.00 

Outdoor run 2 - 45.67 ± 4.04 

*44.33 ± 2.08 

Half-Marathon Race Time 

(minutes)- n of 2 for both  

Garmin - 121.10 ± 7.78 Official - 127.89 ± 9.56 

 


