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ABSTRACT 

 

 

ALI KOSTER WILCOX. Structured Exercise versus Physical Activity on Energy 

Expenditure and Sleep Quality in Community-dwelling Older Adults. (Under the 

direction of DR. MICHAEL J. TURNER) 

 

 Regular physical activity is known to increase lifespan, prevent chronic diseases, 

improve cognitive maintenance, increase self-efficacy, decrease mortality, and reduce 

risk of falls in older adults. 60% of older adults report not participating in regular 

physical activity or exercise; however, new research is suggesting that older adults are 

meeting the American Heart Association physical activity recommendations throughout 

their daily activity. Sleep quality, quantity, and waking behaviors have been associated 

with increased quality of life, improved health, and increased overall energy expenditure. 

However, research has not looked at how structured versus unstructured physical activity 

affects sleep behaviors and perceived quality. This study examines current structural 

tendencies of physical activity in older adults to assess if they are meeting the American 

Heart Association recommendations through measuring daily energy expenditure 

(kcal/day). In addition, the study also examines how physical activity structure and sleep 

quality are correlated through direct and perceived assessments. Forty-five older adults 

from the Charlotte community volunteered and were divided into groups based on current 

structure of physical activity they engage in (i.e instructed exercise, independent exercise,  

physically active lifestyle, or control). Energy expenditure and sleep quality were 

measured through a wrist worn Fitbit Charge HR that was worn for 7 days. Perceived 

health status and sleep quality were assessed through surveys, SF-36 & PSQI, 
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respectively. No differences were observed between groups for energy expenditure, sleep 

quality, or sleep efficiency. Analysis of variance showed statistical significance between 

the physically active lifestyle group and the other groups for pain (p = 0.002), and 

physical functioning (p = 0.01). Trends toward statistical significance were observed with 

perceived health perception (p = 0.07) and steps (p = 0.07) between groups.  The current 

study suggests that energy expenditure and sleep quality are not related to structure of 

physical activity in older adults.  
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CHAPTER 1: INTRODUCTION 

 

 

Older adults, 65 years or older, are the least active age group in the US, engaging 

in 5 to 8 min/d of objectively measured moderate to vigorous activity. (1)  In addition, the 

older adult population is the fastest growing age cohort globally; by 2060 it is projected 

that the number of people aged 65 years or older in the United States will reach 98 

million. With the baby boomer generation reaching 65+ years of age, it is critical to 

maintain and improve overall health for the direct impact it has on quality of life, 

independence, and mortality in older adults. Physical activity is any bodily movement 

produced by skeletal muscles that requires energy expenditure and can be classified as 

structured or unstructured. Structured physical activity is planned and designed to 

increase the quality and/or intensity of a physical activity, whereas unstructured physical 

activity encompasses all free-living activity.  

Perceived level of activity is a component of health that is key in behavior change 

and reporting. Older adults may perceive physical activity and exercise differently due to 

decreasing physiological mechanisms that are associated with aging, thus wrongly 

reporting activity level. Investigation of modifiable risk factors, such as physical activity, 

for disease or disability in older adults is important for this growing segment of the 

population that contributes disproportionately to increasing health care costs. (7) 

 The Center of Disease Control has reported physical inactivity as the second 

leading cause of preventable death across adults 18 years and older. (3) Physical 

inactivity has been correlated to negative health outcomes and is a key factor to 
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accelerating secondary aging, i.e. aging caused by disease and environmental factors. (4) 

Low activity level in older adults has been reported to be a result of concern for their 

safety, health status, and limited mobility in reference to moderate to vigorous intensity 

activities. (2) Adults who are classified as not meeting the physical activity 

recommendations are labeled “sedentary/inactive” due to lack of moderate physical 

activity. (5, 6) However, the negative health impact from sedentary behavior is more 

detrimental to overall health than simply a lack of moderate physical activity.  

There is an inverse relationship between energy expenditure and all-cause 

mortality in adult men and women. (19) A minimum of 1000 kcal/wk must be expended 

to meet the physical activity recommendations, and is associated with a significant 20-

30% reduction in risk of all-cause mortality. (20) However, the specific intensity and 

structure of physical activity required to achieve the energy expenditure needed has not 

been well researched. Light intensity activity contributes to a majority of daily energy 

expenditure, specifically in older adults, and has shown to provide health benefits but is 

not included in the physical activity guidelines. (6,9) By focusing programs and advocacy 

on nonexercise physical activity and reducing sedentary time by increasing light- 

intensity activities may be a more successful for older adults.  

Though not well studied to date, a previous intervention designed to increase 

physical activity levels through a telephone-assisted physical activity promotion program 

for older adults showed that those who were initially sedentary increased their amount of 

light, but not moderate, intensity activity. (8) If this shift to light intensity activity were as 

beneficial as an increase of moderate or greater intensity activity for health benefits then 
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there would be justification to modify existing physical activity recommendations for 

older adults.   

Age related declines in cognition, balance, and mood can lead to a lower quality 

of life, and have been shown to worsen with inadequate sleep. Lack of adequate sleep 

quality, especially in the older adult population, leads to an increased risk of falling, 

accidents, depression, and a decline in cognitive functioning. (10)  For older adults, 

emerging evidence suggests poor sleep quality increases risk of developing cognitive 

impairment and dementia. (11, 12) Whereas, higher sleep quality has been associated 

with increased energy expenditure, increased quality of life, and improved health. 

Increasing the amount of physical activity is thought to improve subjective sleep quality 

and quantity. (13) 

 The primary purpose of this study was to investigate how perception of physical 

activity, structured or lifestyle, correlates to energy expenditure and perceived sleep 

quality. By comparing community-dwelling older adults, 65-85 years old, who self 

classify their physical activity as one of the following: instructed exercise (INST), 

independent exercise (INDP),  physically active lifestyle (PAL), or control (CON). We 

hypothesized that older adults who engage in structured physical activity compared to 

those that do not will have a higher energy expenditure. Furthermore, those who have 

structured physical activity will perceive higher sleep quality compared to unstructured 

physical activity.  
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CHAPTER 2: LITERATURE REVIEW 

Meeting the national physical activity recommendations leads to increased quality 

of life, diminished development and progression of chronic diseases, and maintained 

independence in older adults. (14) However, many older adults do not meet the current 

physical activity guidelines, but that doesn’t mean they should be categorized as 

completely sedentary either. Research suggests that over half (48.4%) of older adults 

participate in light intensity physical activity through their day which can lead to similar 

health benefits from higher intensity activity.  

The literature on physical activity requirements in older adults is limited and it is 

uncertain how to appropriately define intensity, especially in the older population where 

there is large interindividual variation in the intensity associated with a given activity. 

(15) With a rapidly ageing population, there is a need to comprehensively assess physical 

activity patterns in older adults for public health strategies that target lifestyle 

modifications. Physical activity promotion is increasingly advocated for and should 

include not only increasing moderate-intensity physical activity, but also reducing 

sedentary time and increasing light intensity activity.  

There has been a call for gerontological research in all areas of physical activity to 

assist the physical activity recommendations to continually evolve to reflect new 

knowledge. With the rapid advancement in physical activity monitoring there is now 

potential to explore free- living activity levels and patterns in more depth. By having 

older adults self-report if they participate in structured exercise or lead a physically active 
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lifestyle or neither, we can compare free- living activity measures across differing 

perceived activity levels.  

2.1 Characteristics of Physical Activity and Older Adults 

Defining Terms 

Physical activity is defined as any bodily movement produced by skeletal muscle 

that results in energy expenditure. (16) The amount of energy needed to complete the task 

is measured in kilocalories (kcal), which is a result of the quantity, intensity, duration, 

and frequency of muscle contraction. Physical activity is necessary to sustain life; 

however, the amount to which a person moves is a personal choice and often varies over 

time. (16) The terms “exercise” and “physical activity” often are used interchangeably; 

exercise is a subcategory of physical activity. It is planned, structured, repetitive, and  

intended to improve or maintain a component of physical fitness. There are four principal 

domains in which physical activity can be performed; leisure, work, transportation and 

domestic life, all of which have been shown to display independent associations with 

health outcomes. (17) 

Current Trends 

Currently older adults are recommended to engage in either moderate or vigorous 

activity to achieve health benefits; however only 8% of older adults are meeting the 

recommendations. (1) The Baltimore Longitudinal Study of Aging (BLSA) showed 

through 7 day Actiheart activity monitoring that there is a 1.3% decrease per year in 

activity from mid- to- late life. Additionally, the BLSA reported a difference in the 

pattern of daily activity across age cohorts. Both younger and older participants were 

engaged in similar amounts of activity at the beginning of the day, older adults reach their 
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peak activity level earlier in the day and decreased activity amount as the day progressed.  

(21) 

In the United States, Canada, and Europe walking is the most prevalent physical 

activity that is reported for older adults and duration has been shown to remain relatively 

consistent in physically capable adults. (22) Other forms of light intensity activity that are 

commonly reported by older adults are yardwork, golf, and bicycling. (23) Older adults 

spend their days doing greater amounts of light-intensity activities compared to other age 

cohorts. (24) Increasing time spent doing light-intensity activity to reduce time spent 

being sedentary would yield health benefits.  

Assessment 

Traditional subjective physical activity measurements indicate a biased and rough 

estimation of daily activity and is geared towards moderate-to-high intensity activities. 

(25) Studies have shown that older adults who report low physical activity levels are at 

elevated risk of mortality compared with those who report moderate or high levels of 

activity. These findings were based on questionnaire assessments of physical activity, 

which are subject to recall bias, are unable to account for free-living activity, and 

typically overestimate actual amounts of physical activity. (27, 28, 25) Furthermore, self-

reported physical activity does not provide accurate estimates of absolute amounts of 

activity (kilocalories per day) and thus cannot be evaluated to determine whether levels 

of activity induced energy expenditure vary between groups. Objective measures in older 

adults are needed to examine the impact of engaging in structured physical activity and 

unstructured physical activity on total daily energy expenditure.  
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In recent years clinical trials and observational studies utilize accelerometers 

which provide objective and detailed measurements of physical activity intensity. 

Accelerometers capture a much wider range of activity intensities, including the light 

intensities characteristic of domestic and self-care tasks, which are essential for capturing 

an accurate measure of daily activity in older adults. Objective physical activity 

assessment methods, such as accelerometry, enable more accurate assessment of the 

entire movement intensity spectrum and may therefore have particular application in 

older populations. Wearable activity trackers are growing in popularity within both 

research and real world application to gain real-time assessment of activity level in daily 

life. Using both objective and subjective measurement measures in combination provides 

information on physical activity such as estimates of energy expenditure, duration, mode, 

and intensity as well as how the subjects perceives their activity levels. (17)  

2.2 Energy Expenditure in Older Adults 

  Research that has shaped our current understanding between physical activity and 

lowering mortality risks generally quantify general activities such as walking, vigorous 

exercise, or regularity of activity, which does not capture the largest components of 

energy expenditure, daily activity. (26) Objectively measured free-living activity energy 

expenditure has been shown to be strongly associated with lower risk of mortality in 

healthy older adults. Simply expending energy through any activity may influence 

survival in older adults. 

 The effect of structured exercise training on energy expenditure is unclear in the 

literature specifically in older adults. Traditionally it is assumed that total daily energy 

expenditure increases with exercise training, however, this has been challenged with new 
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exercise training studies that report less weight loss than predicted given the energy cost 

of exercise participation. This suggests there is either a compensatory change in energy 

expenditure and/or energy intake. Wang et al found that participation in aerobic exercise 

interventions of two different doses did not result in changes in energy expenditure or 

nonexercise physical activity levels. (30) Interestingly they also found that exercise dose 

did not influence energy expenditure and total physical activity changes, but baseline 

physical activity levels might play an important mediating role. Conversely, other studies 

have suggested that structured physical exercise interventions increases energy 

expenditure compared with the non-exercising control groups. (31,32) 

There is growing literature to support a model in which the transition from 

sedentary to light activity is associated with an increase in daily energy expenditure, but 

further increases in physical activity produce diminishingly small increments in daily 

energy expenditure. (33) Free-living activity energy expenditure has shown a strong 

association with lower mortality risk suggesting that previous self-reported measurements 

may have underestimated the benefits of higher levels of physical activity in older adults. 

(29) Suggesting that any activity energy expenditure in older adults can help lower 

mortality risks, seemingly contradicting reports that exercise needs to be performed at a 

specific intensity. Moreover, adherence to interventions that require participants to 

increase levels of non-exercise physical activity is likely to be higher than those 

interventions involving only MVPA, owing to fewer potential physical activity barriers.  

2.3 Light-Intensity Physical Activity 

 Sedentary behavior has a negative impact on overall energy expenditure and 

health whereas light intensity activity has potential health benefits in older adults. (35, 
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36) Examples of light-intensity physical activities include, but are not limited to, 

stretching, casual walking, light yard work/ housework, and leisure sports. There is a 

strong inverse association between light-intensity activity and sedentary time suggesting 

that when light-intensity activity is increased sedentary time is reduced. (37) 

Emerging research shows positive correlations between light-intensity activity 

and potentially beneficial health effects in older adults. (38) The importance of light 

intensity activity on metabolic health risk factors was first reported with by the Australian 

Diabetes, Obesity and Lifestyle Study (AusDiab) stating that light intensity activity was 

inversely associated with 2-hour post-glucose levels, waist circumference, and clustered 

metabolic risk. (37) Loprinzi and colleagues show that older adults who engage in greater 

than or equal to 300 min/wk (or more) of light intensity activity have fewer chronic 

diseases and favorable biological markers (body mass index (BMI), waist circumference, 

insulin resistance, etc) compared to those who engage in <300 min/wk. (38) 

Nearly half, 48.4%, of older adults are engaged in more than 300 min/wk of light-

intensity activity compared to less than 8% who meet current moderate to vigorous 

intensity recommendations. (1) The addition of light-intensity physical activity to 

physical activity recommendations and public health initiatives may be more palatable 

and practical for older adults due to decreased risk of injury, increased self-confidence, 

and increased willingness; all in promotion of increased adherence. 

Due to decreased physiological mechanisms, it is possible that activities which are 

generally thought to be lighter intensity may achieve a beneficial health training effects 

for older adults. By encouraging regular incorporation of lifestyle light-intensity activity, 

older adults will reduce sedentary time and gain health benefits associated with physical 
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activity. Importantly, there is little research that compares kilocalories used per day, 

health benefits, and how older older adults self-report their physical activity levels.  

2.4 Sleep Quality & Sleep Efficiency 

Eighty percent of the people 65 years and older report sleep complaints which are 

associated with a variety of sleep-related health conditions. (36) Sleep problems have a 

significant negative effect on mental and physical health, impair quality of life, and 

increase healthcare costs. (39) Although research has found pharmacological treatment to 

be an effective treatment for sleep concerns, there is little evidence of its sustained 

efficacy.  The potential risks of tolerance and dependency, along with the large number of 

prescriptions that older individuals frequently take in conjunction with sleep medication, 

make an evidence-based, non-drug approach of interest. Using exercise as a non-

pharmacological treatment option provides an effective and low cost alternative that may 

provide long lasting improvements in sleep quality and overall health. 

Currently, it is accepted that exercise is an important component of sleep 

treatment for poor sleep but the intensity of activity needed to improve sleep quality is 

still unclear. Physical activity is usually considered as beneficial in aiding sleep although 

this link may be subject to multiple factors such as sex, age, fitness level, sleep quality, 

and the characteristics of the activity. Naylor et al, were the first to publish a study 

showing low- intensity exercise intervention improving sleep quality and memory 

functioning after 14 days of intervention. (40)  

The use of light- intensity exercise interventions in assisted living populations 

suggests that stretching exercises in conjunction with low impact exercise can improve 

subjective sleep quality. (40) Vaz Fragoso et al. studied the effect of structured physical 
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activity on sleep-wake behaviors in sedentary community-dwelling in older adults 

between the age of seventy and eighty-nine years old. (55) They found that structured 

physical activity over 24-30 months contributed to a lower likelihood of developing poor 

sleep quality for new cases over intervention period but does not resolve prevalent cases 

of poor sleep quality. 

Scheduled physical activity of any intensity and mode can act as a synchronizing 

agent for the circadian system. An inverse relationship has been found between 

decreasing sleep latency and adherence to the exercise program. (41) Activity energy 

expenditure and physical activity level are equally affected by sleep duration because 

those who sleep less have a greater opportunity to expend more kilocalories through 

activity. (42) 

Age related changes to the circadian system include the period, phase, and 

amplitude of sleep; all of which directly affect sleep quality and efficiency. (43) Age has 

varying and specific effects on different aspects of sleep quality and it does not worsen 

uniformly across the lifespan; the strongest age-related decline is sleep efficiency. (44) 

Sleep efficiency refers to percentage of total time in bed actually spent in sleep and is 

calculated as sum of each stage of sleep, divided by the total time in bed and multiplied 

by 100. Lack of adequate sleep leads to an increased risk of falling, accidents, depression, 

and a decline in cognitive functioning. (45, 10)  

In older adults, small to moderate improvements in sleep quality have been found 

after exercise interventions like walking, yoga, Tai-Chi, and resistance training. 

(46,47,48) Body restoration and energy conservation theories suggest that a greater 

metabolic rate during wakeful hours elicits a compensatory shift toward a state of a lower 
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metabolic rate; which is associated with better sleep quality. (48, 49) Most of the sleep 

quality improvement studies focus on moderate-intensity activity, respectively on the 

current physical activity guidelines for adults and older adults worldwide. More research 

is needed to investigate how structure of physical activity correlates to sleep quality in the 

older adult population in their everyday setting.     
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CHAPTER 3: METHODS 

 

3.1 Participants 

Community-dwelling persons aged 65-85 were recruited from the Charlotte 

Mecklenburg Park and Recreations Senior Nutrition Program and local senior health and 

wellness businesses. Eligibility criteria were being aged 65-85 years old, able to complete 

written surveys and informed consent in English. Out of 67 eligible participants recruited 

to participate, 45 (67%) participants had sufficient activity accelerometry data (i.e., 

greater than or equal to 4 days out of 7) and survey data to monitor habitual activity 

patterns. 43 participants returned perceived sleep quality survey and 32 had sleep quality 

measured by the Fitbit.  

The activity levels were determined using an interview process. First participants 

were asked “Do you currently regularly exercise?” If the response was “yes,” then the 

participant was asked “Is it instructed or independent exercise?” Instructed exercisers 

were placed in group INST (n = 13), and independent exercisers in group INDP (n = 13). 

If the response was “no” to the first question, the participant was not currently 

participating in regular exercise, then they were asked “Do you lead a physically active 

lifestyle as a substitute to exercise?” If the response was “yes,” they were placed in PAL 

(n = 10). Subjects who did not exercise nor have active lifestyles were placed in CON (n 

= 9).  
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                    Figure 1 

3.2 Study Design 

This was a cross-sectional study to determine if structure of physical activity in 

older adults, 65-85 years of age, influenced daily energy expenditure measured through a 

wrist-worn Fitbit Charge HR. Furthermore, this study was designed to examine the 

relationship between energy expenditure and perceived sleep quality. Energy expenditure 

was defined as the amount of estimated kilocalories an individual expends in any activity 

per day. A consult with a certified personal trainer was offered to all subjects upon 

completion of the study to share subject's personal data and provide professional 

feedback. This consult did not produce any data for the study; it was offered as a benefit 

of completing the study. IRB approval was obtained by the UNCC Institutional Review 

Board.  
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3.3 Dependent Variables 

Personal satisfaction with physical and mental health was assessed using the Short 

Form Health Survey (SF-36). The SF-36 survey has been shown to be valid and reliable 

for assessing eight dimensions of life quality. (51) Vitality, physical functioning, bodily 

pain, general health perceptions, physical role functioning, emotional role functioning, 

social role functioning, and mental health are the dimensions that are addressed in the 

survey. The SF-36 has been a part of the International Quality of Life Assessment project 

in over 50 countries to differentiate health benefits resulting from treatments in a wide 

range of fields. Scoring is based off a score of 100, questions are weighted equally, and a 

lower the score represents more disability or health concerns. 

Perceived sleep quality was measured by the Pittsburgh Sleep Quality Index 

(PSQI) which assesses sleep quality, sleep latency, sleep duration, habitual sleep 

efficiency, sleep disturbances, use of sleeping medication, and daytime dysfunction. (52) 

The seven component scores are also summed to generate a global PSQI score ranging 

from 0 to 21; higher scores indicate worse sleep quality and a score of more than 5 

indicates a clinical sleep impairment. (52) It is a standard sleep questionnaire used in 

clinical and research settings. It has been shown to be reliable and valid in when testing 

general population and those with self-reported sleep problems. (52)   

The Fitbit Charge HR is a triaxial accelerometer–based device that provides 

estimates of heart rate, steps, calories expended, and sleep quality. The wrist worn device 

uses photoplethysmography (PPG) to measure heart rate through the detection of blood 

volume changes in the microvascular bed of the tissue. The FitBit HR has been shown as 

a reliable and valid measure of energy expenditure and sleep quality in community 
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dwelling older adult. (53) Using the FitBit in free daily living in the senior population has 

been shown to be more accurate than using a pedometer due to shuffling, altered, or slow 

gaits. (54) A weekly average of the activity measures was exported from the Fitbit 

account was compared between groups. 

Procedure 

Eligibility was determined at the first session, during which  informed consent 

and Fitbit return agreements were reviewed and signed. Participants were self-placed into 

groups according to current structure of physical activity, and given a study ID that was 

used for all records to ensure confidentiality. Subjects then randomly selected a Fitbit 

Charge HR and the serial number was recorded in order to ensure device randomization. 

The devices were individualized for age, gender, and anthropometric data following 

manufacturer instruction. Devices were synchronized via Bluetooth to a laptop to assist 

with data collection. 

3.4 Protocol 

Initially, subjects were interviewed to identify the appropriate activity group, see 

figure 1.  Afterward, the SF-36 was completed and reviewed for completion. Subjects 

were then given copies of the Pittsburgh Sleep Quality Index (PSQI) and instructed to 

complete the index each morning and return the completed form at the second session. 

The PSQI was modified to assess previous night's sleep by referring to the night before 

rather than to the past week. Subjects were also instructed to wear the Fitbit for 7 

consecutive days and charge it with the provided portable battery. Each subject was 

shown how to wear the device placing it 3 finger widths above the wrist bone where 

Fitbit suggests for maximum accuracy. All instructions were reviewed individually and 



17 

 

 

each participant was provided a written set of instructions. Participants were asked to not 

alter their daily activity levels or sleeping patterns from their normal lifestyle. The second 

session was scheduled 8-10 days after the first session to collect FitBits, charging 

equipment, and PQSI surveys. 

3.5 Statistical Analysis 

All data were analyzed using JMP (version 13.0.0) and MS Excel. Analysis of 

variance was performed to compare group means for all SF-36, physical activity, and 

PSQI data. An alpha level of 0.05 was set for significance. Since subject groups were 

found to differ by age, an additional analysis was performed to covary for age.  This 

additional analysis was performed for all SF-36, physical activity, and PSQI data to 

determine differences between groups, by correcting for this age difference between 

groups.   
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CHAPTER 4: RESULTS 

4.1 Descriptive Subject Characteristics  

Participant characteristics by group are detailed in Table 1. Sixty- seven subjects 

initially volunteered for the study with 45 subjects (n = 45) completing the study (nine 

men and thirty-six women). Thirteen subjects were in each of the instructed exercise 

(INST) and independent exercise (INDP) groups, ten subjects were in the physically 

active lifestyle (PAL) group, and nine subjects were in the control (CON) group. No 

significant differences were found between groups for height (p = 0.32), weight (p = 

0.47), and sex (p = 0.6). There were significant differences of age (p = 0.02) between the 

groups, CON was significantly younger than the other 3 groups and INST was younger 

than PAL and INDP.  The mean age of the study sample was 75.2 (± 7.5, range 65-85) 

years.  

Table 1: Mean ± SD Descriptive Subject Characteristics  

 CON PAL INDP INST 

Age (yr) 69.78 ± 5.76** 79.9 ± 9.55 76.46 ± 6.12 73.92 ± 6.6** 

Height (cm) 161.43 ±10.71 170.69 ± 13.16 162.17 ± 13.35 165.26 ± 11.31 

Weight (lbs) 193 ± 60.19 190 ± 48.48 173.77 ± 50.62 165.23 ± 29.96 

Subjects (n) 9 10 13 13 

**= p ≤ 0.05,  * = p ≤ 0.07, ∧ = p≤ 0.05 after correcting for age  

 

 

4.2 Short Form - 36  

Table 2 illustrates the means and standard deviations for all health constructs 

measured in the SF- 36. There were no significant differences between groups for the 
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following concepts: limitations due to physical health (p = 0.26), limitations due to 

emotional problems (p = 0.6), energy/fatigue (p = 0.25), social functioning (p = 0.24), 

and general health (p = 0.24). There were significant differences in physical functioning 

(p = 0.01) and pain (p = 0.002). For physical functioning PAL reported lesser values 

relative to all other groups. Pain was significantly lower in PAL compared to all other 

groups, and INDP and INST are greater other two groups. Perceived health measured 

from the SF-36 (p = 0.07) showed a trend towards PAL group reporting lower than all 

other groups and instructed physical activity reporting higher than all other groups.   

Table 2: Means ± SD Short Form- 36  

 CON PAL INDP INST 

Total 60.69 ± 27.12 54.04±26.66* 67.67±25.22 79.36±10.92* 

Physical 

Function 
737.50±195.94 488.89±279.26** 729.17±216.86 811.54±160.93 

Role Limit 

(Phys Health) 
287.50±180.78 211.11± 183.33 326.00±121.54 330.77±118.21 

Role Limit 

(Emotional 

Problem) 

225.00± 70.71 222.22±109.29 250.00±67.42 261.54±65.04 

Energy/Fatigue 215.00±104.61 246.67±63.25 260.00±58.47 275.38±41.76 

Social 

Function 
165.63±42.13 177.78±29.17 181.25±32.2 210.38±77.36 

Emotional 

Well-being 
360±74.83 395.56±86.47 378.33±113.92 427.69±28.91 

Pain 132.5±25.07 102.78±46.04** 157.08±36.27** 160.77±30.81** 

General Health 334.38±68.06 316.67±79.06 358.33±78.58 378.85±67.58 
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Subjects (n) 8 9 12 13 

**= p ≤ 0.05,  * = p ≤ 0.07, ∧ = p≤ 0.05 after correcting for age  

 

4.3 Activity Data from Fitbit 

There were no significant differences between groups for kcal/day (p =0.38) and 

activity kcals (p = 0.79), exhibited in Table 3. Steps (p = 0.07) showed a trend towards 

PAL being lower than other groups. However, when corrected for group differences in 

age, steps (p =0.04) were significantly lower in PAL than the other groups when analyzed 

by student t-test post-hoc test.  

Table 3: Means ± SD Activity Data from Fitbit Daily Average 

 CON PAL INDP INST 

Kilocalorie/

day 
2170 ± 440 1948 ± 364 2051 ± 301 1903 ± 397 

Steps 5561 ± 3195 2548 ± 1581*∧ 4606 ± 1699 5000 ± 3332 

Activity 

kilocalories 
450 ± 157 304 ± 327 503 ± 417 445 ± 166 

Subjects (n) 9 10 13 13 

**= p ≤ 0.05,  * = p ≤ 0.07, ∧ = p≤ 0.05 after correcting for age  

 

4.4 Sleep Measures 

No significant relationships were found between structuring of physical activity in 

older adults and sleep quality (p = 0.64), exhibited in Table 4. Also, no significant 

relationships were found between structure of physical activity and sleep efficiency 

measured through the Fitbit Charge HR (p = 0.72).   
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Table 4: Means ± SD Sleep Measures 

 CON PAL INDP INST 

PSQI 5.90±2.91 7.79±4.67 6.14±3.30 6.71±2.62 

Subjects (n) 8 9 13 13 

Sleep 

Efficiency 
51.63±41.26 43.41±43.73 63.13±26.93 46.22±45.63 

Subjects (n) 6 7 10 9 

**= p ≤ 0.05,  * = p ≤ 0.07  
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CHAPTER 5: DISCUSSION 

The purpose of this current research study was to investigate the effects of 

structured physical activity on energy expenditure, perceived health status, sleep quality, 

and sleep efficiency in a community-dwelling geriatric population. The first hypothesis 

stated that structured physical activity with this population would lead to an higher 

energy expenditure when compared to non-structured. I reported a trend towards 

significance in steps when adjusted for age but that was the only activity measure that 

showed significance difference between groups. There were no significant differences for 

energy expenditure. The second hypothesis suggested that structured physical activity 

would improve perceived sleep quality and sleep efficiency. We reported that there were 

no differences between groups for either sleep measure, but all groups scored poor sleep 

quality reported by the PSQI.   
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5.1 Findings relative to the hypotheses 

Energy Expenditure                                                                                                                                                                                                         

Results from the current study exhibited no significant differences between 

groups for daily energy expenditure. Literature on energy expenditure is mixed; some 

studies suggest increased or unchanged energy expenditure from exercise interventions, 

while others suggest a decrease potentially due to a compensatory decrease in non-

exercise physical activity.  

The non-significant difference in energy expenditure may have reflected non-

measured differences in activity not identified as exercise. Manini et al, examined 

whether free-living activity energy expenditure is associated with all-cause mortality risk 

among older adults. (29) Free-living activity energy expenditure was assessed in 302 

high-functioning, community-dwelling older adults (aged 70-82 years) over 2 weeks 

using doubly labeled water and indirect calorimetry. They reported that the proportion of 

individuals who indicated high-intensity exercise and walking for exercise in surveys had 

similar measures of free-living activity energy expenditure. This study found that energy 

expenditure has no differences between individuals who reported different structures of 

physical activity. The mode and intensity of activity done was not collected in my study 

and may be a variable to further examine. Manini et al, suggests that the accumulation of 

energy expenditure is from usual daily activities that expend energy and not necessarily 

from volitional exercise.  

 Wang et al. studied the effect of a four month structured exercise intervention on 

energy expenditure in older women between sixty and seventy-five years old. (30) They 

divided participants into lower and higher dose supervised aerobic exercise training 
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groups to see if energy expenditure assessed by doubly labeled water changed. They 

found that there were no significant differences between groups for energy expenditure. 

This study suggested that older adults who have structured physical activity are not 

expending more calories compared to individuals who are active or report engaging in no 

physical activity.  

 The current literature suggested that the lack of significant energy expenditure 

difference in the current study could be a result of not accounting for intensity of activity 

or the sample groups being homogeneous. Our sample came from senior centers and 

community groups that regularly offer exercise classes; this coupled with the eligibility 

criteria of being an independent older adult may have contributed to the lack of 

significant difference between groups.  

Sleep Quality 

There were no significant main effects of physical activity structure on perceived 

sleep quality or objective sleep efficiency. The literature suggests that structured physical 

activity results in better perceived sleep quality and can act as a synchronizing agent for 

the circadian system, therefore, those who report engaging in regular physical activity 

should report better sleep quality and sleep efficiency compared to those who do not. (40, 

41, 55) We reported no differences in energy expenditure thus no differences were 

expected with sleep quality. 

Youngstedt et al conducted a study to investigate correlations between sleep and 

total daily physical activity levels, both between and within subject. (56) They used 

activity diaries and wrist worn Actillume to assess energy expenditure over a 7 day 

period. They reported no correlations between physical activity level and objectively 
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measured sleep parameters for older adults. Additionally, they found no significant 

difference in sleep between the most active and least active days, which is consistent with 

the current study. Their results indicated however, that the number of steps and the 

duration of physical activity was significantly related to the improvement in subjective 

sleep measures. The present study did not exhibit significant correlation between steps 

and sleep measures.  

Another epidemiological study by Loprinzi and Cardinal analyzed the data of 

3081 adults (age: 18–85 years) who wore an accelerometer for 7 days. (38) Results 

showed an association between the objectively measured physical activity and self-

reported sleeping-related parameters. The present study did not demonstrate a correlation 

between objectively measured energy expenditure and self reported sleep quality.  

For objective sleep data, Edinger and colleagues showed that the sleep profile of 

12 older fit men compared to inactive men of the same age revealed shorter sleep latency 

and shorter sleep interruptions, more deeper sleep and increased sleep efficiency. (57) 

Previous studies have found significant improvements in sleep quality in older adults 

through physical activity interventions, but the same effects may not transfer outside of a 

research setting. Sleep efficiency values also differ in physical activity studies based on 

mode of testing, so it is difficult to compare values between previously done studies and 

the current study.  

5.2 Limitations 

 Certain limitation to this study should be noted. A small sample size (n = 45) and 

incomplete data are the greatest limitations. We did not perform a power analysis prior to 

the study; however, due to an overall lack of significance we thought it might be 
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beneficial to determine how many subjects would be needed to find statistical 

significance. We ran a power analysis for SF-36 and activity data and found that 49 

subject overall would be needed to show significance. For sleep quality and efficiency a 

power analysis showed that 250 more subjects would be needed to show significance.   

Incomplete data was another limitation to this study. There were 17 participants 

who had incomplete data from the Fitbit Charge HR, either from not wearing the device 

for at least 4 days or device malfunctioning. The Fitbit Charge HR did not properly read 

and/or record sleep efficiency parameters in 24 participants. This could be due to 

participants not following protocol of wearing the device throughout the night or from the 

device not registering the activity. 

The demographics of the population strengthened this study, based on the lack of 

observational research in structure of physical activity in community dwelling older 

adults. This study was predominately female, so sex representation may be considered a 

limitation. Also there was a significant difference between groups for age, all subjects 

were between 65-85, the control group was significantly younger than the other groups 

and the instructed exercise group was younger than the independent exercise and 

physically active lifestyle groups. However, this was addressed by using age as a 

covariate reducing this potential confound.  

5.3 Future Research 

 Future research in the area of physical activity structure in older adults looking at 

energy expenditure and sleep parameters is necessary. Currently, the literature reports 

inconsistent findings on whether structuring physical activity in late life correlates to 

energy expenditure, sleep quality, and sleep efficiency. Physical activity interventions 
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have shown to benefit older adults who were previously sedentary in increasing perceived 

sleep quality; however the dose and structure of physical activity needed to provide 

changes for previously active older adults is unclear.  

The current study did not observe modes of physical activity or measure dose of 

physical activity. This might be a good area to research in the future. Unfortunately, the 

method of ascertaining free-living activity energy expenditure in this study does not 

provide guidance on the intensity or type of activity that may be important for public 

health recommendations.  

 Future research could replicate this same study and increase the sample size and 

include a representative gender sample to see if more significant differences in activity 

data and sleep parameters would result. Future research should also utilize sleep 

efficiency measures that are more effective with older adults for home based studies. It 

might be beneficial to utilize devices that don’t need charging for this population. 

5.4 Conclusion 

 The data from the current research exhibited significant differences in activity 

data and perceived health status between structure of physical activity in older adults.  

The current study suggested that older adults who engage in a physically active lifestyle 

reported lower perceived health status, lower pain, and lower steps compared to older 

adults who exercise. Additionally that there are no significant difference in energy 

expenditure, perceived sleep quality, and sleep efficiency for those who report different 

structures of physical activity. More research is needed to determine if structure of 

physical activity produces significant differences of energy expenditure and sleep quality.  
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APPENDIX A.1: PARTICIPANT CONSENT FORM 

 

Informed Consent for 

Structured Exercise versus Physical Activity on Energy Expenditure and Sleep 

Quality in Community-dwelling Older Adults 

 

You are invited to participate in a research study entitled “Structured Exercise versus 

Physical Activity on Energy Expenditure and Sleep Quality in Community-dwelling 

Older Adults” This study is to investigate if the structure of activity you do has an 

impact on your energy expenditure and sleep quality. 

 

Investigator(s) 

This study is being conducted by Ali Wilcox in the Department of Kinesiology 

at UNC Charlotte, under the supervision Dr. Mike Turner. 

 

Eligibility 

To participate in the study, you must be between 65-85 years old, able to provide 

history of physical activity, and be able to provide 7 days of normative behavior data.   

 

Overall Description of Participation 

If you are interested in participating in the study you will be determined if eligible. 

After we go over the study protocol with you informed consent will be obtained.  

 

● We will ask you to complete surveys where physical activity ability and a recall 

of physical activity will be addressed by the SF­36 and Yale Physical Activity 

Survey (YPAS), respectfully.  

● You will choose a Fitbit HR at random that has its serial number assigned to in 

order to ensure confidentiality and privacy.  
● Height, weight, stride length, age, and gender will be recorded and edited in 

each Fitbit account.  

● Then you will receive instruction on how to function, charge, and use the Fitbit 

HR. 

● You will be asked to wear the Fitbit for 7 consecutive days and charge it three 

times during the week.  

● Also, you will be given 7 copies of the Pittsburg Sleep Quality Index to 

complete upon waking each day.  

● You will be instructed not to change your physical activity levels or sleeping 

patterns and to wear the Fitbit HR at all times.  
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Starting with the second session, where we will meet to collect the Fitbits, turn in 

sleep diary, and complete the Yale physical activity survey (YPAS). A personal 

training consult will be offered to you upon completion of the study to share personal 

data and provide professional feedback. 

 

Length of Participation 

You will have to meet at a fitness center of choice for two sessions. Both session will 

take 60 minutes. You will be one of 100 study participants if you agree to be in this 

study. 

 

Risks and Benefits of Participation 

Risks: You will be asked to recall and disclose emotional information as well as have 

qualitative information about your daily activity monitored, both of these may cause 

distress or embarrassment. During informed consent you will be asked to not change 

your normal activity thus minimizing risk of injury to performing new activity to 

improve activity that is monitored. If the Fitbit HR is lost or damaged a replacement 

will be the responsibility of the subject. Costs will be $129.95 + tax and will need to be 

replaced within one week of second testing session. 

 

Benefits: This study will help researchers develop better recommendation for physical 

activity for older adults. Additionally, this study allows participants to meet with a 

certified personal trainer about your current physical activity and sleep behavior. 

 

Alternatives 

If at any point a study wishes to no longer participate in the study they are free to do so. 

 

Possible Injury Statement 

If you are hurt during this study, we will make sure you get the medical treatment you 

need for your injuries. However, the university will not pay for the medical treatment or 

repay you for those expenses. 

 

Volunteer Statement 

You are a volunteer. The decision to participate in this study is completely up to you.  

If you decide to be in the study, you may stop at any time. You will not be treated any 

differently if you decide not to participate in the study or if you stop once you have 

started. 

 

Confidentiality Statement 

Any information about your participation, including your identity, is completely 

confidential. The following steps will be taken to ensure this confidentiality: You will be 

assigned a code number and all questionnaires and step logs will contain your number. 
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The master sheet with your name and assigned number will be kept separate from the 

data locked in a filing cabinet in the investigators office. All data collection sheets will 

be stored in a locked filing cabinet in the primary investigator’s personal office (224 

Belk Gym). Only the investigators will have access to your information. 

 

Statement of Fair Treatment and Respect 

UNC Charlotte wants to make sure that you are treated in a fair and respectful manner. 

Contact the university’s Research Compliance Office (704­687­1871) if you have 

questions about how you are treated as a study participant. If you have any questions 

about the actual project or study, please contact Ali Wilcox (awilcox7@uncc.edu) or Dr. 

Mike Turner (miturner@uncc.edu) 

 

Approval Date:  

This form was approved for use on Month, Date, 2016 for one year 

 

 

Participant Consent 

I have read the information in this consent form. I have had the chance to ask questions 

about this study, and those questions have been answered to my satisfaction.  I am at 

least 18 years of age, and I agree to participate in this research project. I understand that I 

will receive a copy of this form after it has been signed by me and the principal 

investigator of this research study. 

 

 

___________________________________________     ___________________       

Participant Name (PRINT)                             Date 

 

 

__________________________________________      

Participant Signature 

 

 

___________________________________________     ___________________       

Investigator Signature                             Date 

 

  

about:blank
mailto:miturner@uncc.edu
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APPENDIX A.2: FITBIT RETURN AGREEMENT 

 

 

 

Welcome to a Kinesiology study that assesses the energy expenditure and sleeping habits 

of the aging population. Before taking part in this study, please read the FitBit Return 

Agreement form below and sign if you consent to wearing and returning your assigned 

FitBit 
 

FitBit Return Agreement 

Form 

 

Taking part in this study involves wearing a FitBit Flex wristwatch for seven 

consecutive days. The FitBit will measure daily caloric expenditure and sleep 

behavior. You will be asked to keep the FitBit on your wrist at all times.  

 

All participants will be required to schedule a Day 2 testing session within 10 days 

from today in order to return the FitBit in good condition. You must sign and date this 

form in order to this study. By signing this form, you agree to return the FitBit and 

charging cable during your scheduled Day 2 testing session with no damage. If the 

FitBit is not returned, you will be required to pay for a replacement, purchased 

through fitbit.com will be $129.95+tax.  

If you have further questions or concerns about your rights as a participant in this study 

regarding use of the FitBit device, please contact the principal investigator, Ali Wilcox, 

at (xxx) xxx-xxxx or awilcox7@uncc.edu or the responsible faculty member, Dr. Mike 

Turner, at (xxx) xxx-xxxx or miturner@uncc.edu. 

I have read the information in this FitBit Return Agreement Form. I have had the 

chance to ask questions about this study, and those questions have been answered to my 

satisfaction.  I am at least 18 years of age, and I agree to return my assigned FitBit 

during my follow­up session one week from today. I understand that failure to return the 

FitBit will result in myself having to replace the Fitbit. I understand that I will receive 

this signed agreement form as a receipt upon returning the FitBit. 

 

 

___________________________________________     ___________________       

Participant Name (PRINT)                             Date 

 

__________________________________________      

Participant Signature 

mailto:awilcox7@uncc.edu
mailto:miturner@uncc.edu
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___________________________________________     ___________________       

Investigator Signature                             Date 

 

­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­----------

­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­----------The above referenced 

FitBit has been returned in good working order. 

 

___________________________________________     ___________________       

Investigator Signature                             Date 
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APPENDIX A.3: SHORT FORM 36 

 



40 

 

 

 

 



41 

 

 



42 
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APPENDIX A.4: PSQI  

  


