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Sleep is a restorative process acting to conserve energy and is a vital 

component of human health, especially during adolescence. It is recommended 

that adolescence sleep 8-10 hours a night. Abnormal amounts of sleep, either 

not enough or too much, as well as physical inactivity contributes to a higher risk 

of poor health outcomes (i.e. inflammation, cardiovascular disease risk and 

cardiometabolic risk) and a higher prevalence of mortality at a young age. Serum 

uric acid (UA), a by-product of purine metabolism and an acute inflammatory 

marker, has been shown to be associated with cardiometabolic disease risk. 

Between the ages of 15-17, levels of UA reach adult values (5.5 mg/dL for men 

and 4.0 mg/dL for females), with hyperuricemia generally defined as a level ≥ 7.0 

mg/dL for men and ≥ 6.0 mg/dL for women. Studies investigating sleep and UA 

among adolescents remain scarce, but existing literature suggests that high UA 

is associated with sleep duration and other sleep variables. However, more 

research is needed to understand how physical activity (PA) and sleep may 

improve UA levels among adolescents and young adults. Therefore, the purpose 

of this study was to investigate the influence of abnormal sleep durations and PA 

levels on UA among adolescents in an ongoing longitudinal study of self 

regulation and cardiometabolic risks, also known as Right Track (RT). Data for 

this research were collected from a sample of adolescents (16 to 19 years or



 
 

older), participating in a longitudinal study called RT Health (RTH). Sleep was 

assessed using the validated 19-item questionnaire Pittsburgh Sleep Quality 

Index (PSQI) and PA was assessed using the Godin-Shephard Leisure-Time PA 

Questionnaire (GSLTPAQ). Lastly, UA concentration was measured from fasted 

serum samples using the colorimetric QuantiChromTM Kit. Due to different 

patterns of missing data across time, N’s varied across analyses. A Pearson’s 

bivariate correlations was conducted and found that at age 17, UA was 

negatively correlated with females (r=-0.438, p< 0.001), optimal sleep durations 

were negatively correlated (r=-0.226, p=0.012), and raw individualized BMI was 

positively correlated (r=0.386, p<0.001). Conversely, only UA levels in females 

(r=-0.495, p<0.001) were negatively correlated with age 19 UA. A hierarchical 

linear regression analysis was conducted to assess the relationship between PA 

and UA. No association was found between strenuous PA and UA, even after 

controlling for race-ethnicity and sex. An ANCOVA compared values of mean UA 

between adolescents who had optimal sleep durations (8-10 hours) to those who 

had abnormal durations. After controlling for covariates, a significant interaction 

between sleep duration with sex was observed, indicating that males with 

abnormal sleep durations had significantly higher mean UA (p=0.022). An 

ANOVA was conducted to examine adolescents with lower sleep quality [PSQI 

score > 5] compared to those who had higher sleep quality [PSQI score ≤ 5]. 

Results showed that the poor sleep group (PSQI score > 5) had higher mean UA 

levels (6.92±1.52 mg/dL) compared to the higher sleep quality group (PSQI score 



 
 

≤ 5) (6.39±1.64 mg/dL), however, these differences were not statistically 

significant (t(121)=-1.55, p=0.124). A moderated hierarchical multiple regression 

analysis was employed to test whether sleep duration and/or strenuous PA at 

age 17 moderated the link between BMI at age 16 and serum UA levels at age 

19. After adjusting for race-ethnicity and sex, neither sleep (b=0.021, p=0.238) 

nor strenuous PA was a significant moderator (b=-0.011, p=0.410) of the relation 

between BMI and UA. Overall, these findings provide preliminary insight on how 

sleep duration, sleep quality, and strenuous PA may influence UA levels among 

adolescents. Because the literature indicates that multiple factors contribute to 

UA levels, the null findings suggest that these relations may not hold in 

adolescents or that more complex regulatory mechanisms exist between UA, 

sleep and PA. Future research should examine different models and other 

measures of sleep, PA and obesity (i.e. body fat percent). 



   

THE INFLUENCE OF ABNORMAL SLEEP DURATIONS AND PHYSICAL 

ACTIVITY ON SERUM URIC ACID LEVELS AMONG 

A SAMPLE OF ADOLESCENTS 
 
 

by 
 
 

Josi R. Gabaldon 
 
 

A Thesis Submitted to 
the Faculty of The Graduate School at 

The University of North Carolina at Greensboro 
in Partial Fulfillment 

of the Requirements for the Degree 
Master of Science 

 
 
 
 
 

Greensboro 
2019 

   

   

   

 Approved by   
 
 _____________________________ 
 Committee Chair               



 ii 

APPROVAL PAGE 
 
 

This thesis written by JOSI R GABALDON has been approved by the 

following committee of the Faculty of The Graduate School at The University of 

North Carolina at Greensboro. 

 

 
         Committee Chair__________________________________                 

Laurie Wideman Gold, PhD 
 
   Committee Members__________________________________                  

Lenka Shriver, PhD 
 

    __________________________________                   
William M. Adams, PhD 

 

 

___________________________ 
Date of Acceptance by Committee 
 
_________________________ 
Date of Final Oral Examination 
 



 iii 

ACKNOWLEDGMENTS 

I would like to sincerely thank Dr. Laurie Wideman for her valuable time 

and encouragement, especially her professional guidance throughout this 

research project and experience. I am proud to have had the opportunity to work 

under supervision of such an inspiring mentor. Without her direction I wouldn’t 

have become a stronger researcher. I deeply appreciate her support and 

confidence in me as I succeeded this study. I would also like to thank Dr. Will 

Adams and Dr. Lenka Shriver for their guidance and professional input with this 

research. Finally, I would like to also thank Dr. Jessica Dollar and Dr. Nate Berry, 

both post-doctoral fellows, for their help in organizing the final dataset of this 

study and their statistical assistance.    



iv 

TABLE OF CONTENTS 

Page 

LIST OF TABLES .................................................................................................. v 

LIST OF FIGURES ............................................................................................... vi 

CHAPTER 

 I. INTRODUCTION ...................................................................................... 1 

 II. REVIEW OF THE LITERATURE .............................................................. 9 

 III. METHODS .............................................................................................. 43  

 IV. RESULTS ............................................................................................... 54 

 V. DISCUSSION .......................................................................................... 59 

REFERENCES .................................................................................................... 73 
 
APPENDIX A. ADOLESCENT CONSENT FORM (AGE 16, 17 and 19) ............. 96 
 
APPENDIX B. AIM TWO MODEL (2a) .............................................................. 134 
 
APPENDIX C. AIM TWO MODEL (2b) .............................................................. 135 
 
APPENDIX D. TABLES AND FIGURES ............................................................ 136 
 



v 

LIST OF TABLES 

Page 

Table 1. Characteristics and Descriptives of the Sample (N = 214) .................. 136 

Table 2a. Bivariate Correlations Between Covariates, Predictors,  
                   Moderators and Dependent Variables. ........................................... 137 
 
Table 2b. Bivariate Correlations Between Covariates, Predictors,  
                   Moderators and Dependent Variables. ........................................... 137 
 
Table 3. Results of Multiple Regression Analyses  
                   Predicting UA from Strenuous Activity (Age 17). ............................ 138 
 
Table 4. Results of Moderated Regression Analyses  
                   Predicting YA Uric Acid at 19 from Raw  
                   BMI at 16 and Sleep Duration at 17. ............................................... 142 
 
Table 5. Results of Moderated Regression Analyses  
                   Predicting YA Uric Acid at 19 from  
                   BMI-Age% at 16 and Sleep Duration at 17. .................................... 142 
 
Table 6. Results of Moderated Regression Analyses  
                   Predicting YA Uric Acid at 19 from  
                   Waist Circumference at 16 and Sleep Duration at 17. .................... 143 
 
Table 7. Results of Moderated Regression Analyses  
                   Predicting YA Uric Acid at 19 from  
                   Raw BMI at 16 and Strenuous Exercise at 17. ............................... 144 
 
Table 8. Results of Moderated Regression Analyses  
                   Predicting YA Uric Acid at 19 from  
                   BMI-Age% at 16 and Strenuous Exercise at 17. ............................ 144 
 
Table 9. Results of Moderated Regression Analyses  
                   Predicting YA Uric Acid at 19 from  
                   Waist Circumference at 16 and Strenuous Exercise at 17. ............ 145



 vi  

LIST OF FIGURES 

Page 

Figure 1. Sleep Stages with Variation of Melatonin  
                   and Cortisol Over a 24-Hour Period ................................................. 18 
 
Figure 2. Positive Association with Uric Acid  
                   and Strenuous Exercise at 17 ......................................................... 138 
 
Figure 3. Comparison of Uric Acid by Sleep Durations  
                   and Sex at Age 17 .......................................................................... 139 
 
Figure 4. Comparison of Uric Acid by Sleep Durations  
                   and Race/Ethnicity at 17 ................................................................. 140 
 
Figure 5. Uric Acid Levels in Poor Quality Sleepers (≤5)  
                   Versus Good Quality Sleepers (>5) (age 17) .................................. 141 

 



 1 

CHAPTER I 

INTRODUCTION 

Sleep is considered a restorative process and is recognized as a vital 

component of human health.1 Sleep is defined as “a state of unconsciousness 

from which one can be aroused as well as a period in which the body and 

nervous system can recuperate”.1 Sleep is important for restoration, neural 

plasticity, consolidating learning and memories2. Since 1960, sleep duration 

among Americans has declined by 1.5-2.0 hours each day.3 The recommended 

amount of sleep for adults ranges from 7-8 and about 35% of individuals in the 

U.S. sleep less than 7 hours.4–6 Abnormal sleep in a 24-hour period may be 

defined as either too much sleep or not enough sleep7; both of which can be 

harmful to human health. Altered sleep duration can result in poor health 

outcomes like obesity, diabetes and elevated risk of cardiovascular disease 

(CVD)8, potentially because it leads to lower levels of physical activity (PA).9 

During sleep, muscles are relaxed, and the body is largely in an anabolic 

state. Physiologically, sleep can be broadly defined in categories of non-rapid 

eye movement (NREM) and rapid eye movement (REM), which occur in a cyclic 

pattern.10 Cycles of REM sleep occur after falling asleep and after the individual 

has gone through the 3 stages of non-REM sleep.11 The non-REM sleep is 
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divided into substages 1, 2, and 3 consisting of 75 to 80 percent of total time 

slept.11,12 Stages 1 and 2 consist of the transition of being awake into sleep, while 

stages 3 is also referred to as slow-wave sleep which represents the human’s 

deepest sleep happening throughout the first third of the night.11,12 During NREM 

less physiological activity is occurring where breathing and heart rate slow down 

and there is a drop seen in blood pressure.2 Also, during the first few hours of 

sleep, growth hormone is secreted then released during slow wave sleep (SWS) 

to assist the body in restoring exposure of daily stressors.2 Throughout the night, 

REM cycles occur at approximately 90 minutes with individuals experiencing the 

longest and most intense REM period right after body temperature reaches its 

minimum—at about 0500.12 REM sleep is known as the stage where most 

dreams occur and physiologically there is an increased activity.2 During REM, 

breathing is rapid, and heart rate and blood pressure are elevated.2 All sleep 

states are necessary for life, meaning no one state of sleep is more important 

and is needed to maintain health and longevity.2 

Sleep can be measured objectively and subjectively, with 

polysomnography (PSG) is being acknowledged as the ‘gold standard’ of 

objective sleep measurement.13 Although PSG is considered the ‘gold standard’ 

it cannot capture the sleep experience of individuals—a critical measure of sleep 

in adolescents.13 Therefore, a common and popular subjective questionnaire is 

used to measure sleep quality, called the Pittsburgh Sleep Quality Index (PSQI). 

The PSQI is a 19 item questionnaire that can be scored to assess subjective 
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sleep measures such as duration of sleep, sleep quality, disturbances in sleep, 

daytime sleepiness, snoring history and sleep medication use over the course of 

the previous month.9  

From infancy through adolescence, individuals go from sleeping 16 hours 

per day as newborns to about half this amount (8 hours of sleep per day), by the 

age of 18.12 The National Sleep Foundation (NSF) recommends a minimum of 9 

hours of sleep per night for children and 9-11 hours per night for adolescents.14 

Adolescence is an especially critical time for adequate amounts of sleep, given 

the importance of sleep on brain development and health later in life.15 In 

adolescence, the rhythms of sleeping and waking have a natural drift to be later 

than normal.16 The circadian system, which starts in the eye and terminates in 

the production of melatonin in the pineal gland, regulates the sleep and wake 

system of the human body. The master circadian clock is located in the 

suprachiasmatic nucleus (SCN) of the hypothalamus and it synchronizes all 

peripheral clocks to the external light-dark cycle.17 Thus, there is a natural 

circadian response for adolescents to go to sleep later. As a result, adolescents 

are prone to abnormal sleep—often not getting enough sleep due to early rising 

times or getting too much sleep because of waking up later.16  

It is well established that sleep is critically important for brain 

development. It is important to recognize that loss of sleep during childhood and 

adolescence may lead to an alteration in hypothalamic regulation, which may 

lead to dysregulation of appetite and energy expenditure.15 In fact, obesity trends 
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have been shown to closely parallel sleep trends of too much and not enough 

sleep, especially in adolescents and children.15,18,19 Abnormal amounts of sleep 

can lead to higher blood pressure, systemic inflammation, higher incidence of 

oxidative stress, diabetes, and many other health concerns at a young age and 

the long-term effects of abnormal sleep may negatively impact the individual later 

in life.18  

A decline in sleep duration has been shown to negatively influence 

metabolism and often lead to metabolic syndrome (MetS), higher cardiometabolic 

risk (CMR), and several other pathologies.18 In adults, MetS is typically defined 

by a clearly agreed upon cluster of CVD risk factors, such as hyperglycemia, 

hypertriglyceridemia, low high-density lipoprotein cholesterol (HDL-C), 

hypertension, and increased waist circumference.20 But, the same is not true for 

MetS in children and adolescents. There are over 40 different definitions of MetS 

that have been applied to children and adolescents, but there is still no 

consensus on which risk factors are most important.20 The inclusion of risk 

factors tends to depend on the researcher21, so the American Academy of 

Pediatrics issued a statement in 2017 emphasizing that it is the clustering of 

CMR factors (obesity, hypertension, dyslipidemia and elevated glucose) within 

the adolescent—rather than meeting criteria for MetS—that is crucial for the 

identification of disease risk and its prevention.20  

Given this, there are numerous CMR factors that could be important for 

long-term health outcomes that have been poorly investigated in adolescents. 
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For instance, elevated uric acid (UA) has been included as a risk factor in some 

MetS profiles, but not others21–23 and it has been suggested that high UA is an 

important CMR factor that is virtually ignored.21 Uric acid is a product that is 

formed by xanthine oxidase and synthesized in the liver as the major end 

production of purine metabolism that the kidney eliminates.24–26 Higher levels of 

UA have been shown to be associated with MetS, inflammation, and abdominal 

obesity, all of which are known to increase risk of CVD events.24 Higher UA 

levels are influenced by age, gender, ethnicity/race and developmental stage, as 

well as several lifestyle behavior factors, including sleep and PA.27  

Physical activity has been shown to be a beneficial in improving overall 

sleep and reducing the risk of all-cause mortality and increasing life expectancy 

for those with elevated levels of serum UA.28 Some research has shown PA to be 

as effective as pharmacotherapy and valuable for reversing increased risk 

associated with elevated UA.28 Studies have found a dose-response of regular, 

consistent exercise may be inversely related to the prevalence of elevated 

UA.28,29 Low levels of PA have been shown to be associated with higher UA and 

has also been shown to be associated with an increased risk for higher UA. 

Therefore, it can be suggested that PA is beneficial in reducing the risk of all-

cause mortality and increasing life expectancy by lowering elevated UA levels.28 

Among adolescents, studies investigating sleep and UA are scarce, but 

the studies that exist suggest that elevated serum UA is associated with 

abnormal sleep duration and other abnormal sleep variables.30 In addition, every 
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1 mg/dL increase in serum UA has been shown to be associated with a 30% 

increase in risk of MetS in adults.31 Prevention of hyperuricemia early on in life 

has been shown to have protective effects for later life.32 It is possible that 

lifestyle changes, such as more regular exercise or consistent PA, may improve 

UA levels but few studies have investigated this issue, especially in 

adolescents.33  

Overall, there are significant gaps in the literature related to the influence 

of sleep and PA on UA levels in adolescents. Studies that focus on how PA and 

sleep may moderate the level of UA in young adolescents are required. Equally 

important is how UA levels in puberty may influence current and future health. 

Therefore, the overall purpose of this research is to evaluate the influence of 

sleep—particularly abnormal sleep duration—and PA on UA levels among a 

sample of female and male adolescents.  

Statement of the Problem/Specific Aims 

Specific Aim 1; Determine the association between sleep, physical activity and 

uric acid levels among a sample of female and male 17-year-old adolescents. 

Hypothesis 1a); Adolescents who have higher levels of physical activity 

will have lower serum uric acid levels while individuals with lower levels of 

physical activity will have higher serum uric acid levels. 

 Hypothesis 1b); Adolescents who have optimal sleep duration will have 

lower serum uric acid levels compared to those who have abnormal (sub-optimal 

and/or above-optimal) sleep durations. 
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 Hypothesis 1c); Adolescents with lower sleep quality [PSQI score > 5] at 

will have higher serum uric acid levels compared to those who have higher sleep 

quality [PSQI score ≤ 5]. 

Specific Aim 2; To test whether sleep and/or physical activity at age 17 

moderates the link between BMI at age 16 and serum levels of uric acid at age 

19.  

Hypothesis 2a); Individual’s sleep levels will moderate the association 

between BMI and uric acid. For example, the relationship between BMI at age 16 

and uric acid levels at age 19 will depend on sleep levels at age 17. 

Hypothesis 2b); Individual’s physical activity will moderate the association 

between BMI and uric acid. For example, the relationship between BMI at age 16 

and uric acid levels at age 19 will depend on physical activity levels at age 17.  

Limitations 

1) We will not utilize objective measures of sleep and physical activity. 

Instead, the current study will use self-report questionnaires for physical activity 

and sleep and this may lead to potential reporting biases in the data.  

2) Although our sample was representative of the community 20 years ago 

when these individuals were recruited, it is not totally representative of the 

current community demographics of 16-19-year-old individuals. 

3) Due to relocation and unwillingness to continue participation, some 

participants were lost at follow-up during various stages of this longitudinal study. 



 8 

Thus, we can’t eliminate the possibility that there is potential bias in the 

remaining study sample (i.e. intrinsic reason to remain in the study). 

Definitions 

- Previous literature provides sex-specific cut-points for elevated serum uric 

acid levels or hyperuricemia. These cut-points were established in adults 

and the same cut-points are used for adolescents. A serum uric acid level 

≥ 7.0 mg/dL is considered hyperuricemic in men and a serum uric acid 

level ≥ 6.0 mg/dL is considered hyperuricemic in women.22,23,25 

- Optimal sleep durations were defined as 8-10 hours of sleep while 

abnormal sleep durations were defined as < 8 or > 10 hours of sleep.14 

- Additionally, a BMI > 5th percentile and < 85th percentile for age and sex 

was defined as healthy weight. Overweight was defined as the percentiles 

between 85 and 95, and obese weight was defined as BMI ≥ 95th 

percentile.34
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CHAPTER II 

REVIEW OF THE LITERATURE 

This literature review will address uric acid (UA) as a biomarker of 

inflammation and future cardiometabolic risk (CMR) in adolescents. This review 

will also discuss the current knowledge related to sleep and physical activity (PA) 

in adolescents and how these lifestyle behaviors influence uric acid (UA) levels. 

In addition, this review will outline demographic variables (i.e. sex, race-ethnicity, 

socioeconomic status (SES)) that may play a role in determining UA, sleep, and 

PA levels in adolescents. 

Uric Acid 

A cardiovascular disease (CVD) risk factor that often goes under-

recognized is UA.35 Serum UA is an acute phase marker of inflammation and a 

risk factor for CMR. Some researchers have suggested that uric acid may be an 

innocent bystander in the development of cardiometabolic risk, while others 

suggest a bidirectional relation to central adiposity and a significant influence on  

insulin resistance.22,33 Prevention of hyperuricemia early on in life has been 

shown to have protective effects for later life.32 

Uric acid is formed by the enzyme xanthine oxidase from hypoxanthine 

and synthesized in the liver as one of the major end products of purine (dietary 

proteins and endogenous nucleic acids) metabolism.24–27,33,36 The catabolism 
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and production of purines remains constant between 300 and 400 mg per day.37 

Uric acid is distributed as monosodium urate and is cleared from the body’s 

plasma by the kidney’s glomerular filtration system, with 10% of the urate-filtered 

load excreted through urine.25,27 Approximately two-thirds of UA is eliminated by 

the kidneys, while the other one-third is eliminated by the gastrointestinal system 

(i.e. bowel movement).37  

To protect the erythrocyte membrane from lipid oxidation, UA acts as a 

scrounger of oxygen radicals and can behave as a pro-oxidative and 

proinflammatory element.31 However, excess production of UA can generate of 

reactive oxygen species (ROS) as a by-product, it can affect health outcomes.38 

Research has shown that production of ROS and high UA concentrations are 

associated with greater risk for cardiovascular disease (CVD).38 

The concentration of UA can be measured in serum, plasma, urine and in 

the condensate of exhaled breath.37 In healthy individuals, the waste product of 

UA is filtered and removed from the blood by the kidneys, followed by excretion 

into the urine.25 However, abnormally high levels of UA present in the blood tend 

to crystalize in body joints, often resulting in gout and painful inflammation.39 The 

pathway of xanthine oxidoreductase (XOR) and its increased activity is thought to 

be responsible for the overproduction of UA and association with hypertension, 

dyslipidemia, atherosclerosis, and diabetes.37 Thus, elevated UA concentrations 

can be used as a marker of inflammation and can be used as a cardiovascular 
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risk factor marker similar to other inflammatory markers used for cardiovascular 

risk.40  

Adolescents, Gender Differences and Uric Acid 

Specific to adolescents, serum UA concentrations rise during the onset of 

puberty and can be related to central obesity, especially via increased intake of 

fructose and sucrose.41,42 Between the ages of 15-17 UA levels reach normal 

adult values in both genders.42 During puberty, males tend to demonstrate a rise 

into the adult range sooner than females.25,42,43 Specifically, adolescent males 

illustrate a progressive rise in serum UA levels during the ages of 12-14 which 

coincides with the onset of linear growth, plateaus near ages 15-17 and then 

gradually levels off at approximately 18 years of age42,44,45. Peak UA levels in 

adolescent males are around 5.5 mg/dL, while peak levels for adolescent 

females are near 4.0 mg/dL.44 Although no true definition exists for 

hyperuricemia, it has generally been defined as a level ≥ 7.0 mg/dL for men and 

≥ 6.0 mg/dL for women. However, regardless of gender, greater levels of UA are 

related to greater risk for cardiovascular events.22,25 

Research has commonly shown males to have higher UA levels than 

females since estrogen increases the excretion of UA at the kidney.25,27,41,42,46–48 

Meanwhile, testosterone increases the activity of xanthine oxidase, resulting in 

an increased production of UA in males.49 Additionally, male children who are 

obese and/or have hypertension have been shown to have higher serum UA 

levels than female children who also have these health conditions.27  
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Race/Ethnicity, SES and UA 

Several factors have been shown to affect UA levels. Research has 

shown elevated levels of serum UA to be associated with poverty, whereas those 

with lower levels of serum UA (4.3-5.1 mg/dL) were found to live in less 

poverty.46 It is found that those who live in poverty typically experience protein-

energy malnutrition and access to a complete diet.46 In addition, racial 

differences have been shown to significantly affect UA levels.44,46 

At particularly greater risk for CVD and all-cause mortality are Caucasians 

with untreated hypertension who also have elevated serum UA.25,29 Some 

studies show higher serum UA levels in white adolescents compared to young 

black adolescents.41,44 However, gender differences also exist, and males 

typically show to be at higher risk of metabolic syndrome (MetS) regardless of 

racial/ethnic group.22,47,50,51 

Abnormal Uric Acid Levels and Poor Health Outcomes 

Elevated serum UA levels can be influenced by factors other than age, 

gender, and race/ethnicity; alcoholism, obesity, diabetes, hyperlipidemia, 

hypertension, renal disease, heart disease, and use of diuretics causing elevated 

UA.26,27,43 High UA is a contributing factor for several poor health outcomes like 

hypertensions, renal disease, cardiometabolic risk factors and other 

cardiovascular risk factors. Uric acid has been shown to be a possible mediator 

of high blood pressure by vascular dysfunction—whereby abnormally high levels 

of UA can lead to the development of hypertension and thus, UA is considered a 
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risk factor for hypertension.51 Consistent with other research, elevated serum UA 

levels have been linked with an increased risk of CVD26, hypertension and 

obesity.27 In fact, higher than normal levels of UA may be found in a third of 

individuals with hypertension.25 

Metabolic Syndrome, Cardiometabolic Risk and Uric Acid 

 While factors such as gender, age, race and BMI z-scores have been 

shown to be contributors to elevated levels of UA however, other influencing 

factors exist that go under-studied.22,23,27,33,46 Poor diet (i.e. too much meat, fish, 

alcohol) is associated with a higher prevalence of hyperuricemia.52 Serum UA 

level is also a significant predictor of a metabolically unhealthy status.45  

Researchers have found elevated serum UA levels and CVD risk factors 

in children and adolescents to be associated with obesity as well as 

MetS.22,24,27,43,45,51,53 The reason for this relation is thought to be associated with 

overproduction of UA and poor renal excretion in obese individuals leading to risk 

for other MetS factors (e.g. dyslipidemia, hypertension).43 Also, excess 

accumulation of visceral fat leads to an elevated influx of free fatty acids in 

plasma causing a stimulation of the triglyceride synthesis followed by a linked 

surge in the production of UA through the activation of the UA synthesis 

pathway.43 

Moreover, little is known about the associations of UA levels and MetS 

among children and adolescents.22 Metabolic syndrome is defined as a cluster of 

cardiovascular disease risk factors such as hyperglycemia, hypertriglyceridemia, 
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low high-density lipoprotein cholesterol (HDL-C), hypertension, and increased 

waist circumference and affects over 50 million Americans.20,22,23,35 From 1988 to 

1994 the prevalence of MetS among American children and adolescents was 

4.2% and has since increased22,23, with most research indicating the current 

prevalence is near 10%.54,55 In 2013, it was estimated that over 42 million 

children were overweight and obese worldwide.51 

A contributor to obesity is the increase in fructose consumption, which has 

been shown to be associated with childhood obesity and is also known to elevate 

serum UA levels and eventually thought to impair endothelial function.22–24 Both 

MetS and hyperuricemia may be influenced by food intake, such as a diet rich in 

purines, complex carbohydrates and saturated fats.33,36 Research indicates that 

the rise in this type of diet and fructose intake over the past few decades 

correlates with the increased rate of MetS in Americans.21,56 

 While researchers have found weight loss to decrease concentrations of 

UA, previous research has shown a significant and positive association between 

serum UA and obesity, especially among overweight and obese individuals 

around the age of 19.49,57 Additionally, research has shown significant 

associations between hyperuricemia and BMI and waist-to-hip ratio.52 However, 

results in the literature are varied with UA and obesity variables. Some studies 

have shown waist circumference to be positively correlated and to have a better 

correlation with UA, while BMI showed no significant correlation to UA.58,59 
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Some studies suggest high UA could be a potential indicator of obesity 

when using BMI as the obesity indicator. Data has shown UA to have a linear 

correlation with obesity and a rising BMI as well as an elevation in UA in young 

adults.57 Some research has also shown higher BMI measures to be associated 

with higher concentrations of UA.58  

Interestingly, another study by Kuwahara et al. (2016) found an increase 

in childhood BMI had an effect on serum UA values.32 This study found increased 

levels of UA to be associated with increases in childhood BMI even after 

controlling for BMI in adulthood.32 Therefore, this study suggested there may be 

pathway that results in elevated UA in adulthood that is independent of obesity.32 

Similar to previous research, it may be suggested that dietary habits cause an 

excessive increase in childhood BMI and continuing on into adulthood that result 

in an increased purine consumption.32  

Further, in individuals ranging in age from 5-35 years-old, a linear dose 

response has been found among risk of MetS and elevated serum UA 

levels.31,36,51 Several of these studies found an increase in serum UA levels of 1 

mg/dL was associated with a 30% increase in the risk for MetS.24,31,60 Another 

study found an indirect association between UA levels and MetS, which was 

mediated by the degree of visceral obesity.33 Although gender differences exist 

among UA levels, one study found that visceral adiposity in girls is directly 

associated with abnormally high UA levels.42 Another study found higher UA 

levels in males than females, but a more pronounced association of BMI was 
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shown with UA in females.61 Therefore, obesity poses elevated risk of MetS, 

which may result in higher levels of serum UA and lead to greater risk for both 

CVD and type 2 diabetes.31,51 

Several studies demonstrate that serum UA levels are a strong predictor 

for the risk of emerging MetS.21 One study found this prediction to be stronger for 

males than females and also found that mean serum UA concentrations 

increased linearly with adults who had 0, 1, 2, 3, ≥ 4 risk factors for 

MetS.21,24,36,51,53,60 As many authors have suggested, these findings insinuate 

that perhaps serum UA levels should be included in the definitions of MetS21 or at 

the very least, be considered as a valid biomarker for cardiometabolic risk. 

Defining Sleep  

During sleep, muscles are relaxed, and the body is largely in an anabolic 

state. Sleep is important for restoration, neural plasticity, and consolidating 

learning and memories.2 Sleep is defined as a state from which one can be 

aroused while unconscious.1 It is considered more than a period of rest; it is a 

period when one’s body and nervous system can recover.1 Physiologically, sleep 

can be broadly defined in categories of non-rapid eye movement (NREM) and 

rapid eye movement (REM), which occur in a cyclic pattern.10 

Cycles of REM sleep occur after falling asleep and after the individual has 

gone through the 3 stages of NREM sleep, where stage 3 is also known as the 

deepest sleep.11 The non-REM sleep is divided into 3 substages (numbered 1 

through 3), that account for approximately 75 to 80 percent of total time slept.10,11 
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Stage 3 is also referred to as slow-wave sleep, which represents the human’s 

deepest sleep occurring throughout the first third of the night.10,11 Slow-wave 

sleep is not a certain set duration, but rather increases in direct proportion to the 

amount of time an individual has been awake.10 During NREM, less physiological 

activity is occurring where breathing and heart rate slow down and there is a drop 

in blood pressure.2 After the onset of sleep and during the first few hours of 

sleep, growth hormone is secreted then released during SWS to assist the body 

in restoration after exposure to daily stressors.2 Additionally, SWS, a restorative 

process, has a major role in energy metabolism and maintaining proper health as 

well as physical activity.62 

The first stage of non-REM serves as the transition from being awake to 

falling asleep and lasts approximately 1 to 7 minutes.11 The next stage of non-

REM, a stage of light sleep, lasts about 10 to 25 minutes in duration.11 The third 

and last stage of non-REM only lasts between 20-40 minutes.11 Research has 

shown NREM sleep to decline throughout life but most importantly, it declines 

across the Tanner stages of puberty and especially in young girls.10,63 In turn, 

throughout the night, REM cycles are approximately 90 minutes with individuals 

experiencing the longest and most intense REM period right after body 

temperature reaches its minimum, usually around 0500 or two hours before 

waking time.10 REM sleep is known as the stage where most dreams occur and 

physiologically there is an increased activity.2 During REM breathing is rapid, and 

heart rate and blood pressure are elevated.2 All sleep states are necessary for 
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life meaning no one state of sleep is more important and is needed to maintain 

health and longevity.2 

 

 
Figure 1. Sleep Stages with Variation of Melatonin and Cortisol Over a 24-Hour 
Period.64 (from Giersch et al. 2018) 
 
 
Recommended Amounts of Sleep and Abnormal Sleep 

The amount of recommended sleep has varied over the years however, 

the National Sleep Foundation (NSF) currently recommends sleeping a minimum 

of 10 hours per night for children, 8-10 hours per night for adolescents and adults 

needing around 7-9 hours per night.5,65 Although these are the recommended 

amounts of sleep, several studies have shown abnormal sleep to be very 

common (i.e. school schedules, work schedules, technology). Abnormal sleep 

can be defined as sleep durations which do not fall within the recommended 
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amounts.66 Abnormal sleep durations can contribute to a higher risk of 

depression, obesity, diabetes and other poor health outcomes that increase the 

overall risk for cardiovascular disease (CVD) and increased mortality.7,67 

The importance of sleep is not in question, however, what is often 

overlooked is the harm of abnormal sleep duration—too much sleep and not 

enough sleep—on human health.1 Insufficient sleep, inadequate sleep, short 

sleep duration, sleep loss and sleep restriction are used interchangeably and 

serve as generic descriptive terms only and do not imply specific amounts of 

sleep, but rather “less sleep than needed”.1,68 Although no specific definition 

exists for short sleep duration, it has previously been defined as < 6 hours of 

sleep per night, whereas long sleep duration is considered ≥ 10 hours or more of 

sleep per night.14  

It is important to note that chronic sleep restriction and acute sleep 

deprivation are not the same. Within the sleep literature, acute sleep deprivation 

is usually considered complete loss of sleep for one or more days, whereas 

chronic sleep restriction, defined as less than 6 hours, can vary between 2-5 

consecutive days of sleep restriction equaling less than 6 hours.69–71 Altered 

sleep (either sleep deprivation or sleep restriction) can impinge upon several 

biological pathways such as cardiovascular autonomic control, oxidative stress, 

inflammatory responses and endothelial function.16,69–71 

Bartel et al (2015), explains that sleeping less than 8 hours increases the 

likelihood of sleepiness during the day, in addition to decreasing mood motivation 
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with a potential for impaired function during the day.16 Even more inadequate 

sleep (< 6 hr), is related to interpersonal and psychological problems such as 

decreased satisfaction with life, lower self-esteem and increased likelihood for 

drug use and incidence of motor vehicle accidents.1,16 Therefore, to lessen the 

risk of cardiovascular and metabolic diseases, abnormal sleep durations need to 

be addressed, especially in children and adolescents.5 

Historic Trends in Sleep 

Nearly one-third of a human’s lifetime is spent sleeping and still, the 

average American lacks sleep. Since 1960, average nightly sleep duration 

among individuals in the U.S. has declined by 1.5-2.0 hours.3 In 1980, the 

average sleep duration for an adult was estimated to be 7 hours per night, in 

1990 it had increased to an average of 9 hours per night, but by 2000 the 

average adult was only sleeping 6.5 hours per night.5 In 2014, a third of adults 

were sleeping less than 6 hours per night, well under the recommended amount.5 

This decline in sleep has been shown to be associated with demographic factors 

such as increased age, gender like females sleeping less than males, race-

ethnicity such as minorities generally sleeping less than whites, lower SES 

contributing to less sleep, and health behaviors like poor diet, excessive 

smoking/alcohol consumption, physical inactivity and excessive technology.7  

Over the last century there has been a secular declining trend in sleep 

occurring in children, adolescents, and adults.8,72 In 1969, adolescents slept an 

average of 8-9 hours per night, but in 1995, this average had dropped to 7 hours 
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of sleep per night—less than the recommended amount.19,65,73 Additionally, a 6% 

drop was seen from 1985 to 2004, when the average hours slept per night was 

only 6.15 Only, 10% of American adolescents achieve NSF recommendations.2 

Two heavy factors influencing the declined sleep pattern may be due to 

autonomy and cellphone usage causing sleep problems.74 Technology appears 

to be harming sleep due largely to the disruption of the circadian rhythm from the 

effects of artificial light, leading to poor health outcomes and over sleeping on the 

weekends.17,63,68,75 Additionally, the freedom of being able to fall asleep late and 

sleep in later may contribute to this, as adolescents get older parents may not 

enforce a set bedtime.6 From a developmental perspective, this is of concern for 

children and adolescents, especially since 20% of adolescents report suffering 

from some sort of sleeping problem, and these values are well below the 

recommended amount of sleep per night for this age group.9,65,73 

Subjective and Objective Sleep Measurement 

Sleep can be measured both objectively and subjectively, including 

measures of sleep quality, sleep disturbances, daytime sleepiness, sleep 

hygiene and many more.13 Polysomnography (PSG) and wrist actigraphy are 

commonly used as objective measures in studies on adolescent sleep, but PSG 

is considered the ‘gold standard’ for quantifying sleep architecture and identifying 

sleep disturbances.13 PSG is a multi-parametric test and common diagnostic tool 

in sleep medicine. Additionally, PSG can measure physiologic parameters and 

functions such as the respiratory, endocrine and GI system, as well as 
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neuromuscular and cardiac function.13 However, it requires participants to be 

monitored in a sleep laboratory for one, or preferably two or more nights by sleep 

technicians.76 These assessments are both time and labor intensive.76   

Further, sleep experts have questioned the authenticity of information from 

PSG when collected in a sleep laboratory, since the environment is artificial and 

uniquely different from the home environment. Actigraphy has been shown to 

reliably distinguishing between quiet wakefulness and sleep using a wristwatch-

like device that measures movement as a proxy for wakefulness.13  

However, neither PSG nor actigraphy can capture perceived experience in 

sleep, a component of adolescent sleep that is particularly important.13 

Therefore, when characterizing sleep, the most practical tools are questionnaires 

since they allow researchers and clinicians to assess not only the quantitative 

facets of sleep but also individual’s perception of insufficient sleep and sleep 

disturbances.13 

Several sleep questionnaires exist but this study will focus on the 

Pittsburgh Sleep Quality Index (PSQI), a subjective measure of sleep and a 

validated questionnaire for use in adults that has been administered in clinical 

populations of adolescents for differentiating poor sleepers from good sleepers.9 

For the seven components of the global PSQI score, the questionnaire has an 

internal consistency and a reliability coefficient (Cronbach’s alpha) of 0.83.77 The 

self-rated questionnaire uses 19-items designed to measure self-reported sleep 

duration, overall perception of quality of sleep, sleep disturbances, daytime 
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sleepiness, history of snoring and the use of any sleep medication over a 1-

month period.9 Each question is scored and answered based on a scale of 0 

(best) to 3 (worst).77,78 The total global score summarizes seven sleep 

components: subjective sleep quality, sleep latency, sleep duration, habitual 

sleep efficiency, sleep disturbances, use of sleeping medication and daytime 

dysfunction.78,79 A total global score > 5 signifies a poor sleeper and ≤ 5 indicates 

a good sleeper.79 

While the PSQI is perhaps the most commonly used subjective sleep 

questionnaire, several other studies have used the Basic Nordic Sleep 

Questionnaire (BNSQ), which assesses various sleep complaints.80 It is a 

validated tool consisting of 27 items80 that assesses a wide variety of sleep 

complaints such as difficulties falling asleep, staying asleep, subjective sleep 

quality, medication use to induce sleep, excessive feeling of daytime sleepiness, 

napping, snoring and overall general sleep habits.80  

Another subjective measure that may be used is the Epworth Sleepiness 

Scale for Children and Adolescents, which was developed in 1980.81 It is a 

questionnaire consisting of eight questions and is a validated tool to measure 

daytime sleepiness and physical health among adolescents.81 Sleepiness has 

been associated with poor outcomes in both physical and mental health, as well 

as poor academic performance, which is why sleepiness among adolescents has 

become an important outcome variable.81  
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Some common subjective measures include bedtime and sleep onset 

latency (SOL)—the amount of time it takes to fall asleep or the process of staying 

awake later at night.16,82 Another facet is sleep quality, which is the sleep 

experience of an individual.16,82 Additionally, total sleep time (TST) can also be 

assessed and has also been found to be associated with fatigue.16 Specifically, 

SOL has been shown to have negative correlations to bedtime and total sleep 

time (TST) leading to a later wake up time and declined sleep duration.16  

Some risk factors that are thought to contribute to a later SOL are; 

electronic use, stress due to extracurricular activities, length of the day, and 

light/darkness.16 Less sleep at night and greater daytime sleepiness is thought to 

be due to the use of multiple electronic devises.68 However, some protective 

measures to overcome declined TST and increased daytime sleepiness could 

include parents setting bedtimes and enforcing PA.16 Some other protective 

measures to overcome low TST may include an optimistic family and using a bed 

only for sleep.16 In fact, one study showed that using one’s bed for sleep and 

relaxation shows a positive correlation with duration of sleep, whereas sleep 

latency showed a negative correlation.16  

Ultimately, sleep measures originally intended for children and adults 

should always be altered for adolescents’ developmental changes and 

adolescent stages.13 In fact, both subjective and objective sleep measures are 

informative and complement each other since subjective questionnaires provide 
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patient- or participant-centered health needs and/or responses to sleep 

intervention.13  

Sleep Duration and Quality in Adolescence  

Adolescence to early adulthood is marked by three developmental stages: 

adolescence, emerging adulthood and young adulthood. In the developmental 

literature, adolescence covers age 13-18 years, emerging adulthood is defined 

as the ages of 19-22 years and lastly, young adulthood is defined as age 23-32 

years.73 Adolescence is a period of immense physical change that is often 

assessed by Tanner staging.63  During Tanner staging, pubertal maturation 

occurs that can alter circadian rhythms in adolescents leading to reduced sleep 

durations and potentially more sleep problems and health problems.63 

As important as sleep is, it is very clear that as children move along the 

trajectory toward adulthood, sleep duration declines. On average, one fourth to 

one-third of adolescents sleep less than the recommended 9 hours of sleep per 

night, which is an important issue considering adolescence is a critical time 

period for brain development.9,15,65 Some risk factors research has shown to 

contribute to inadequate sleep are older adolescent age due to a circadian shift 

change, physical inactivity where activity has been shown to improve sleep and 

lower socioeconomic status which may affect access to health and the proper 

knowledge on knowing the importance of sleep duration and quality.65  

Following adolescence, emerging adulthood may result in increased sleep 

duration, typically due to the freedom of scheduling sleep. However, early 
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adulthood may result in significantly less sleep due to full-time jobs, relationships, 

parenthood and other responsibilities diminishing sleep duration each night. The 

exception appears to be age 23, where sleep levels have been shown to be at 

their highest and most adequate, possibly due to the upturn of sleep duration 

during emerging adulthood driven by the liberty to sleep in longer, as well as not 

having to abide by early school wake up times.73  

Circadian Rhythms, Melatonin, and Sleep 

The human system coordinates sleep and wake behaviors by a circadian 

system which responds in a systematic and predictable manner.83 The circadian 

system starts in the eye and ends at the pineal gland where production of 

melatonin occurs.17,83 An absolutely essential neurohormone, melatonin 

maintains the circadian rhythm and is also a marker of the circadian ‘clock’.17,83 

Regulation of the circadian rhythm originates in the ‘master clock’ located in the 

suprachiasmatic nucleus (SCN).17,84 The SCN functions to synchronize the 

peripheral clocks and ultimately entrains the peripheral clocks to the master clock 

based on the external light-dark cycle.17,84 The circadian system is critical in 

regulating adaptive behaviors such as the sleep and wake cycles, feeding and 

reproduction.83 

Based off the solar day, the circadian system aligns with the light-dark 

cycle, also known as the sleep-wake cycle, which regulates sleep and waking 

patterns.85 Within the light-dark cycle, melatonin is typically suppressed by light 

during the daytime, whereas it increases and is secreted during the dark phase 
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of the cycle (i.e. bedtime/evening hours).17 Ultimately, melatonin remains 

uninterrupted during the night until it begins to decrease near the time of waking, 

resulting in nadir concentrations (near undetectable levels) during daytime 

hours.17 However, the “digital age” with significant exposure to artificial and blue 

light heavily influences abnormal sleep, causing a variation in the light-dark cycle 

and ultimately resulting in abnormal secretion of melatonin.16   

Sleep and Wake Rhythms in Adolescents 

Traditionally, newborns go from sleeping 16 hours a day down to 

approximately 8 hours by the time they reach age 18.10 During adolescent 

maturation, sleep regulation changes toward a more ‘adultlike’ pattern of REM 

sleep.10 Specifically, the duration of sleep declines and the depth of NREM and 

REM sleep cycles also declines.10 Studies show NREM sleep to decline with 

advancing pubertal development with the exception of an increase in stage 2 of 

sleep.11 Additionally, the duration of REM sleep decreases and as an individual 

ages, total time spent sleeping decreases.11  

Daytime sleepiness often occurs during adolescent maturation because of 

the common phase shift in the circadian rhythm towards a more ‘owl-like’ pattern, 

where betimes get later causing the individual to also have delayed wake up 

times.10 The ‘owl-like’ pattern can be caused by light exposure during the end of 

the day and into early nighttime, whereas light throughout the end of night times 

or into early daytime causes the circadian rhythm to shift earlier.83  



 28 

When the onset of puberty occurs, adolescents experience a phase delay 

in the ‘clock’.16,17 This delay is thought to be contributed by two processes 

associated with sleep regulation, including the intrinsic timing of the circadian 

system and the homeostatic sleep-wake system.86 This delay leads to a natural 

drift in adolescents to go to bed later.16,17 This natural drift can be observed on 

weekends and during the holidays, when the actual sleep period shifts to later 

hours, since the human biological clock is slightly longer than 24 hours.75  

Blue Light, Melatonin and Sleep 

Melatonin production has been shown to diminish with age and 

significantly diminishes in those with age-related diseases such as CVD.38 It has 

been shown that the pattern of melatonin release in the evening occurs later for 

adolescents who are older compared to younger adolescents, prolonging the 

onset of sleepiness during evening hours.16 However, an important outside 

contributor to abnormal melatonin levels can be exposure to artificial light.17 

Light exposure and electronics have been shown to be positively 

associated with bed times (later) and shorter sleep duration.16 Light is considered 

one of the most “potent” aspects for synchronizing our circadian system. In 

addition, other factors that help synchronize our circadian rhythm include the 

times we eat each meal, PA, and social interaction with others.17 Although lights 

are an important regulator of our circadian system, blue light exposure prior to 

going to bed can negatively influence the circadian clock and alters the timing of 

adolescent circadian rhythms.16,17  
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The blue light coming from electronics during the evening, prior to bedtime 

can cause a ‘phase delay’ in the circadian system resulting in a slower secretion 

of melatonin during dark hours in the evening. This ultimately causes adolescent 

bedtimes to be later and increases the time it takes for them to fall asleep 

(SOL).16,17 These electronics, which are common to this era and heavily utilized 

by children and adolescents, pose harm to individuals since they emit blue light, 

suppressing melatonin secretion, and leading to a ‘phase delay’.87  

Abnormal Sleep and Adolescent Health 

Lower amounts of sleep can result in higher blood pressure, systemic 

inflammation, diabetes and obesity.18,88,89 Several studies report shorter 

durations of sleep to be associated with elevated blood pressure.90 In addition, 

short sleep durations and lower levels of PA among adolescents is significantly 

associated with prehypertension or hypertension.91,92 Both low PA and poor 

sleep (sleep disturbances and short duration), result in higher blood pressure, 

increased odds of hypertension and activation of systemic inflammation.9,18,93 

“Sleep debt” or lack of sleep has also been shown to be associated with 

less PA, and a higher likelihood of snacking and consuming alcohol.15,19,72,94,95 

Several researchers have shown short sleep durations as a predictor of 

obesity.96 Sleep duration and obesity have shown a bidirectional relation of 

excess weight affecting sleep quality and poor sleep quality affecting diet quality 

and resulting in weight gain.97,98 A misaligned circadian rhythm may lead to short 

sleep durations and research has shown that there is an association between < 6 
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hours of sleep and weight gain, as well as an increase in BMI, waist 

circumference and overall obesity.85 

Lack of sleep in young individuals has the effect of altering hypothalamic 

mechanisms, which influences appetite and energy expenditure regulation, 

ultimately resulting in weight gain and obesity.15,93 Scientifically, insufficient sleep 

(≤6 hours) increases the risk of obesity by impairing glucose tolerance, lowering 

leptin levels, and elevating ghrelin levels, sympathetic nervous system activity 

and cortisol levels.15,97,99,100 Short sleep durations are associated with negative 

influences on metabolism leading to elevated cardiometabolic risk and increased 

activity of inflammatory signaling leading to elevated inflammation.18,97 

Shorter sleep durations reported from PSQI has been shown to be 

associated with increased consumption of soft drinks and caffeinated beverages, 

but not with other high fat, high sugar foods.9 This may be due to an altered 

circadian rhythm and alterations in lipid metabolism.9 Compared to lean 

individuals, those who were overweight and obese had an increased prevalence 

of caffeinated beverages which was significantly associated with a greater intake 

of fried chicken, chips and soft drinks.9 Additionally, lower durations of sleep 

were seen to be associated with lower levels of PA, which can ultimately lead to 

obesity at a young age.9  

In children, a significant linear dose response with less sleep and higher 

BMI measures has been observed.15,19,101 Research shows general trends of 

obesity (higher BMI) to be near parallel to sleep trends, especially in children and 
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adolescents.15,18,19,102 Shorter sleep durations in adolescents are correlated with 

higher BMI.97 Sleep duration has also been shown to be associated with waist 

circumference and BMI among youth with those who have lower sleep durations 

to have a higher BMI.15  

Research has shown adolescents who sleep 6-8 hours are less likely to 

become overweight compared to those who sleep less than 6-8 hours.1 It has 

been shown that in comparison to healthy weight adolescents, obese individuals 

have lower total sleep time, PA and REM sleep, and greater NREM stages of 

sleep.94 Additionally, obese individuals from this same study participated in a 12-

week exercise intervention, which ultimately showed an increase in REM sleep 

while NREM decreased.94 Overall, abnormal sleep durations do impact diet, and 

weight management programs should address sleep in adolescents as it could 

affect health later in life.  

Demographic Influences on Sleep in Adolescents 

Research has shown total sleep time can vary significantly in adolescents 

due to age, gender, minority race/ethnicity, neighborhood distress, SES, pubertal 

status, and BMI.65,102 Studies show adolescents from a lower socioeconomic 

status report shorter sleep duration compared to those who have higher SES 

potentially due to the lack of knowledge on the importance of sleep duration and 

quality.73,90,103 Also, males have been shown to generally sleep more than 

females. 
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Among adults, males show more time spent in stage 1 of NREM sleep but 

experience more sleep disturbances, while women maintain longer durations of 

slow-wave sleep compared to men.11 Gender differences typically show males 

sleeping more than females65,73, although the influence of gender may be age 

dependent. Females have been shown to have a preference for ‘morningness’, 

resulting in shortened sleep and greater adiposity.19 However, one study showed 

that females in emerging and early adulthood slept longer than males.73 

Although, depression and anxiety were not controlled for, this study showed 

significant differences were seen at ages 22 and 23 where females slept 45 to 50 

minutes longer than males.73  

The Center for Disease Control estimates sleep duration for adolescents 

between the ages of 14 and 18 is equal to 9 hours/day, while those between the 

ages of 10 to 17 years old is between 8.5 to 9.5 hours/day. However, studies 

have shown that adolescents who are among a minority population and/or 

disadvantaged economically may get either less or well over the recommended 

amount compared to their counterparts.65,73,90,103  

Specifically, adolescents who are not white are less likely to report ≥ 7 

hours of sleep.65,90,103 And specific to the three developmental periods, 

adolescence who were African Americans report shorter sleep durations 

compared to white and Hispanics.73 Adolescents who were both white and 

Hispanic reported longer sleep durations while other races and ethnicities 

reported shorter sleep durations.73,102 Overall, minorities tend to have more 
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abnormal sleep durations, sleeping both too much and too little compared to their 

white counterparts.7,102 In adults, shorter free-running circadian rhythms have 

been reported in black adults compared to white adults90,103 and it is possible that 

a similar pattern occurs in adolescents as well, but this difference has not been 

confirmed in adolescents.   

Physical Activity, Exercise and Sleep 

Sleep is considered a restorative process, conserving energy and 

stabilizing thermoregulatory function, which also helps with PA.76 Additionally, 

one effective, non-pharmacological method of improving sleep is participation in 

PA. Physical activity lends to a series of physiological changes favorable to 

homeostatic sleep regulation.104,105 Therefore, there appears to be a reciprocal 

association between PA or exercise and sleep; all appear to be related, but 

depending on the study, the findings remain mixed and the order of the relation 

and the importance of each in determining the pathway is not completely 

understood.78,106  

One of the physiological effects of regular PA is a greater body-

temperature, which triggers thermoregulatory mechanisms that leads to 

peripheral heat dissipation and vasodilation that ultimately results in a lower body 

temperature after exercise107,108—a factor that is essential for improving quality of 

sleep.107–109 Research has shown higher levels of PA to restore sleep in 

adolescents.104,105 The importance of PA for healthy living is known and evidence 

has shown greater psychological function in adolescents with regular PA, 
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including better mood, sleep quality, decreased REM sleep, less depressive 

symptoms, less stress, and less anxiety.82,104,109 

Since 1996, literature has shown that sex, age, fitness level, and exercise 

duration moderate the effects of PA on various sleep outcomes.110,111 Today, 

researchers consistently have shown PA and exercise to be a moderator of 

sleeping habits and sleep outcomes in people, regardless of age.109,112 Although, 

some studies show greater levels of PA are associated with improved sleep 

quality and quantity82,104,112–114 others show no association.78,109 

Despite the knowledge that PA is important for health, physical inactivity 

remains one of the biggest health problems in the 21st century.115 Although PA 

lifestyles begin developing in early childhood, it has been shown to decrease 

along the course of life into adulthood.116 Thus, throughout the lifespan of an 

individual, PA tends to decline from childhood to adulthood.76,115,117,118 Research 

has shown that childhood PA decreases by approximately 4% and research 

clearly shows that during adolescence, PA decreases by 7%, all while sedentary 

time increases.118,119 Most research concurs that large declines in PA occur 

during adolescence, when individuals have increasing; 1) demands on their time 

(i.e. school, job), 2) autonomy in choosing whether or not they participate and 3) 

freedom in mobilizing themselves (i.e. starting to drive). 

However, as of 2018, new research is reporting a trend for this decline to 

start during childhood, and not in adolescence.117 Some studies show that the 

volume of PA is already declining by the age of 5 (when children start 
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school).117,120,121 This suggests that the decline in PA is occurring earlier in 

childhood and declines even more during adolescence and that this decline in PA 

is potentially impacting sleep.117,121–123 

 Physical activity has been shown to be correlated with earlier bed times 

and reduces the amount of time it takes to fall asleep (SOL), but does not appear 

to be related to total sleep time (TST).16 Studies have shown PA to be beneficial 

for sleep, but the timing of exercise and PA is also important.16 For example, a 

study with an adult population exercising at a moderative to vigorous level in the 

morning was associated with better sleep quality as opposed to those who did 

not exercise at all in the morning.16 Additionally, another study also found timing 

of exercise to be critical. In this study, individuals who engaged in exercise 0-2 

hours before bed had significant associations with duration of sleep and quality of 

sleep.124 Thus, the literature is mixed on the most beneficial time to engage in 

exercise to maximize benefits for sleep. Further research is needed to delineate 

the best time of day for exercise if improved sleep is the outcome of interest. 

It is known that more time spent in sedentary activity is associated with 

poor quality of sleep.78 Additionally, individuals who have short term sleep loss or 

poor quality of sleep have been shown to perform less daytime spontaneous PA 

and sports, resulting in greater physical inactivity.19,94,95,109 Importantly, even 

when adolescents with short term sleep loss do engage in PA, it is performed at 

lower intensity levels.94 Conversely, adolescents who slept more than 10 hours 

spent more time being physically active at all intensity levels and less time being 
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sedentary.95 Thus, one can surmise that proper amounts of sleep are necessary 

to exercise at higher intensity levels. 

Among adolescents, exercise has been shown to be linked to earlier 

bedtimes and to provide a protective measure towards sleep.16 Research has 

shown adolescents who exercise 60 minutes per day, ≥ 4 times per week are 

more likely to get sufficient sleep compared to adolescents who do not engage in 

any exercise or PA on any given day.16 Another study found adolescents who 

were involved in ≥ 3.5 hours per week of PA had better sleep quality, greater 

slow-wave sleep and lower REM sleep in comparison to adolescents engaged in 

< 3.5 hours of PA per week.94,104 In adolescents, PA is correlated to longer sleep 

durations as well as a greater sleep quality.94 Thus, it seems imperative that 

adolescents maintain a greater level of PA if they want to improve their sleep 

quality and duration. 

Assessment of Physical Activity 

Like sleep, PA can be measured subjectively and objectively. Subjectively 

and objectively measured levels of PA have both been shown to produce a 

greater likelihood of quality subjective and objective sleep than those with poor 

PA habits.76 As of 2016, there is no known gold standard to measure the relation 

between PA and sleep.113 A common objective PA measure includes 

accelerometry.82 Some common subjective PA measure includes International 

Physical Activity Questionnaire (IPAQ), Godin and Shephard Physical Activity 

Questionnaire, and the Physical Activity Questionnaire for Adolescents 
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(PAQ).82,122 However, research shows whether PA is objective or subjectively 

measured, vigorous PA is more likely to have a positive impact on restoring sleep 

compared to a moderate intensity of PA.82 Compared to moderate intensity, 

vigorous PA has been shown to increase the duration in SWS, reducing the 

duration in light sleep and sleep complaints, and shortening the time it takes to 

fall asleep (SOL).104 

Among adolescents, gender differences typically show PA levels in girls to 

significantly decrease more compared to boys.117,121–123 However, some research 

found no association between sleep quality and PA regardless of age or sex112, 

but other studies have found an association between exercise and better sleep 

quality.112,125 One study found that with respect to PA and gender, acute exercise 

was more beneficial for men than women in relation to specific sleep 

outcomes.112 However, another study did not find gender to significantly 

moderate the association between acute exercise and sleep components 

including TST, SOL and sleep quality.112 But, gender did significantly affect wake 

time and the effect was moderated by age, sex, and exercise duration.112  

Overall, research has shown gender to moderate the impact of inadequate 

amounts of sleep, while diet and PA could mediate this relationship.126 These 

gender differences are thought to be due to the advanced pubertal maturation in 

girls compared to boys, putting them at “high risk” for low PA.117 Regardless of 

gender, lower levels of PA have been shown to be correlated with a greater 
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chance of MetS, inflammation, and higher risk of cardiovascular disease114, and 

some of this effect may be due to the interactions between PA and sleep. 

Sleep, Inflammation and Uric Acid 

Poor sleep quality and duration among adolescents have been shown to 

be correlated with an increase in inflammation.97 Among adolescence, shorter 

sleep durations have been linked with greater inflammation levels whereas, sleep 

duration by itself among adults, has not consistently been linked with 

inflammatory markers.97 Research has shown short durations of sleep to result in 

elevated activation of the HPA axis, the stress regulator, with an increase in the 

release of proinflammatory cytokines.4,5,93,97,114,127,128 

One study by Kanagasabai et al. (2015), showed adults over the age of 20 

who got between 7 and 8 hours of sleep per night (measured by the Sleep 

Disorders Questionnaire) had optimal profiles of inflammation, oxidative stress, 

and antioxidants compared to those who got shorter durations of sleep who had 

elevated CRP and higher UA.3 In contrast, another study showed that when a 

subjective measure of sleep duration was used as a continuous variable it was 

not associated with either CRP or IL-6.129 However, this finding may be a 

reflection of using a subjective measure of sleep duration and not that sleep 

duration is unrelated to inflammation. Research has shown both objective and 

subjective measures of longer and shorter amounts of sleep were found to be 

related with increased levels of IL-6 and CRP.129,130 Regardless of whether a 

subjective or objective measure was used, short sleep duration was correlated 
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with increased levels of CRP, but not with IL-6.3 Another study by Wiener et al. 

(2012), found that sleep duration was significantly associated with elevated UA 

and mean UA increased with poor sleep quality compared to those who had 

better sleep quality. Although results differ across studies, there appears to be 

some correlation between sleep duration and systemic inflammation.3 

Similar to other studies on sleep, the relation among short sleep duration 

and inflammation seems to be influenced by demographic variables such as 

race/ethnicity.4 Specifically, black males, adults with lower education levels, and 

those from a lower income report shorter sleep (<7 hr) and higher levels of 

inflammation4. It is unclear if short sleep duration in specifically promoting 

inflammation or if these two variables are both altered by a common 

pathophysiologic pathway that is influenced by these demographic 

characteristics. In contrast, longer sleepers were more likely to be female, black, 

have an income less than 50k, educated with a high school degree or less, with 

no engagement in PA.4 Thus, both short and long durations of sleep were 

associated with lower SES. Although data on sleep and inflammation within the 

adolescent population is scarce, studies have shown sleep duration to be 

significantly associated with elevated serum UA levels, a marker of acute 

inflammation.30 

Uric Acid and Physical Activity 

In addition to poor sleep, abnormal levels of PA are associated with high 

UA. Higher levels of UA may be an independent predictor of mortality from 
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CVD.32 Research has shown those who have a higher serum UA have a higher 

risk of all-cause mortality.28 Lifestyle changes have been suggested to maintain 

normal UA levels and may lower serum UA concentrations.33 Beneficially, PA 

may be as effective as pharmacotherapy and be a valuable consideration that 

could reverse the increased mortality associated with abnormally elevated serum 

UA levels.28 Additionally, a dose-response of regular exercise may be inversely 

related to the prevalence of abnormally higher levels of UA and show that there 

may be a direct effect of exercise on levels serum UA.28 Another study by Xiong 

et al. (2013) also found a dose-response association between PA and 

hyperuricemia.52 

Previous literature has found a significant association with PA and a lower 

prevalence of hyperuricemia.52 Lower levels of PA have been shown to be 

associated with higher serum UA and lower levels of PA can increase the risk for 

higher UA.131 However, research has shown improvements of UA from PA may 

be dependent on the intensity of exercise.28 

Previous literature has shown an inverse association between PA and 

UA.52 Research has shown PA and exercise to be beneficial in abnormal UA 

levels, but the intensity may be important.52 Research has shown that meeting 

nationally recommended levels for PA (150 min/week of mod-vig activity), may 

have an effect of overcoming the hazards of abnormally higher serum UA 

levels.28 Chronic levels of exercise have been shown to reduce levels of serum 

UA.52 However, acute bouts of exercise, lasting between one-half and three 
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hours, may cause a rise in UA in proportion to the intensity of the exercise due to 

a temporary increase in the production of UA due to an increase in oxidative 

stress.52  

A study by Chen et al. (2015) found an increased risk in all-cause mortality 

among individuals who had high levels of serum UA compared to individuals who 

were within normal ranges of UA.28 Another researcher who defined elevated UA 

at levels ≥ 6.2 mg/dL for adult males and ≥ 4.6 mg/dL for adult females, found 

individuals above these levels had an increased risk for cardiovascular events 

and mortality.25 Chen et al. (2015) found a 27% increase in mortality among 

those who were inactive with elevated UA compared to those with normal values 

for UA.28 This study further found those who met recommended guidelines for PA 

(150 min/week of moderate to vigorous activity), had a significant 11% reduction 

and a disappearance of the 27% increased risk in mortality.28 Those who met PA 

guidelines had a lower risk of all-cause mortality, reduced UA by 3.4 mg/dL and 

improved life expectance by 4-6 years.28 Even more interesting, those who were 

minimally active (≥15 min/day) had a reduced risk of all-cause mortality, with a 

UA reduction of 2.0 mg/dL and also resulted in an increased life expectancy28. 

Therefore, it can be suggested PA is beneficial in reducing the risk of all-cause 

mortality and increasing life expectancy for those with elevated serum UA28.

 Overall, it is known that both sleep duration of 8-10 hours, sleep quality, 

and PA of ≥ 60 minutes/day are vital to adolescent health and can influence UA 

levels. The positive and significant association between obesity and UA has been 
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found in several studies and needs to be addressed among adolescents. 

Although the research in sleep, PA and UA among adolescents remains scarce, 

this review has clearly stated the importance of preventing elevated UA levels 

early on in life to protect individuals later in life. Because UA has been shown to 

be associated with MetS, systemic inflammation and an increased risk of CVD it 

is important to address the gaps in the literature by assessing how sleep and PA 

may moderate the levels of UA in adolescents.



 43 

CHAPTER III 

METHODS 

Background on Right Track (RT) and Right Track Health (RTH) 

Data used for this study were collected from a sample of adolescents, who 

were 16-years-old, 17-years-old and 18 or older participating in a 

multidisciplinary study initially called RIGHT Track (RT) and later, the Right Track 

Health (RTH) study.132 This ongoing, longitudinal study started data collection in 

childhood at 2 years of age and has continued through the present (young 

adulthood). The primary data collection taking place in the RTH study is 

comprised of three cohorts with the pilot study taking place during the fall of 2012 

(when adolescents were 15-years-old). With a total of 447 families, the first 

cohort began in 1997 in Greensboro, NC. At age 2, cohorts 1 (1994-1996) and 2 

(2000-2001) were recruited and cohort 3 (1998) were recruited as infants at age 

6- months of age. Recruiting took place in child day care centers in central North 

Carolina, the County Health Department, and the local Women, Infants and 

Children (WIC) program. Completed by their caregiver, all cohorts were screened 

using the Child Behavior Checklist for over-sampling and externalizing reported 

behavior problems. Among all three cohorts, an effort was made to obtain nearly 

equal numbers of males and females. The resulting total of participants resulted 
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in 70% Caucasian and the remainder of the sample consisted of African 

American. Data collection took place at ages 2, 4, 5, 7, 10, and 15, 16, 17, 18 

years and is currently occurring in subjects over the age of 20. Exclusion from 

the research study included chronic diseases or developmental abnormalities. 

Subjects from the original RT study were invited to participate in the 

follow-up RTH study to help predict cardiovascular risk (CVR) in adolescence. 

The purpose of the RTH study is to explore the role of childhood self-regulation in 

the development of adolescent cardiovascular risk factors and test the role of 

health behavior in this association. The ongoing RTH is a longitudinal study, has 

served to follow subjects from the age of 2 to young adulthood in an effort to 

understand the association between self-regulation during childhood and how it 

might alter trajectories of cardiometabolic risk in adolescence via health 

behaviors.54 Measures during visits included physical fitness, PA, dietary intake, 

sleep quality, and biomarkers related to metabolic syndrome (MetS), 

inflammatory status, and several hormones.54  

Procedures of Current Study 

 Both RT and RTH studies have been approved by the Institutional Review 

Board of the University of North Carolina at Greensboro and University of North 

Carolina Chapel Hill. All research participants gave consent to participate in 

every visit and legal guardians of the minors gave consent for participation. 

The current analysis includes a sample of n=447 participants with data on UA, 

BMI, sleep, and PA. At ages 15-16 years [Time 1 visit (T1)], 17 years [Time 2 
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visit (T2)], and 18 or older [Young Adult Visit (YA)] adolescents reported to the 

Exercise Physiology lab with their parent(s)/legal guardians (at T1 and T2) for a 

health visit. The health visits included health behavior questionnaires, 

anthropometric measurements, a blood draw, and recruitment for dietary recalls.  

 Upon arrival for each visit, participants were given a detailed explanation 

of the laboratory tests, history of RIGHT Track assessments and consent/assent 

was obtained from both participants and their parent(s). Questionnaires were 

completed by parents detailing information about their socioeconomic status and 

details about their general health including vaccination and immunization history, 

any surgeries/hospitalizations, and the use of medications. Participants 

completed surveys about their sleep, PA and trained researchers collected 

anthropometric measures. Pittsburgh Sleep Quality Index (PSQI) and Godin 

Leisure Physical Activity were used to assess sleep and PA, respectively.    

Study Variables  

Socioeconomic Status 

 Socioeconomic status (SES) of each participant was determined using the 

Hollingshead Four Factor Index of Socioeconomic Status. This survey utilizes 

educational status and occupational status of parents to measure SES of the 

participant. The educational status of the subject’s parent is rated on a 7-point 

scale. A score of 7 is equal to a graduate/professional training, 6=standard 

college/university of graduation, 5= partial college, 4= high school graduation, 

3=partial high school, 2=junior year of high school, and 1= <7th grade, and a 
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score of 0 is equal to not applicable or unknown.133 The occupational status of 

the parent is based on a 9-point scale. A rating of 9 is equal to higher executive, 

or major professional, 8 = administrator, 7= smaller business owner, 6=semi-

professional, 5=clerical and sales worker, 4=smaller business owner, 3=semi-

skilled laborers, 2=unskilled laborers, 1= no regular occupation and a score of 0 

is equal to not applicable or unknown.133 The score of this survey is determined 

by multiplying the parent(s) educational status by 3 and the occupational status 

multiplied by 5.133 The totals are then summed together summing up the totals 

together with the scores ranging anywhere from 8 to 66 (lower SES: 8-20, 

average SES: 21-66).133 

Godin-Shephard Leisure-Time Physical Activity Questionnaire  

 To assess leisure time PA (LTPA), the reliable and validated Godin-

Shephard Leisure-Time Physical Activity Questionnaire (GSLTPAQ) was used. 

The purpose of the activity questionnaire is to classify people into several activity 

categories.134 The GSLTPAQ is a self-administered questionnaire consisting of 4 

questions. The first three questions obtain information on the amount of times the 

individuals participate in mild (minimal effort), moderate (not exhausting) and 

strenuous (heart beat rapidly) LTPA sessions of at least 15 minutes during a 

“typical” week.135 The resulting scores from the GSLTPAQ include total weekly 

LTPA. This is called a Leisure Score Index (LSI), where the number of bouts for 

each intensity is multiplied by 3, 5, and 9 metabolic equivalents (METs), 

respectively, and summed for the total LSI.135 The LSI scoring formula is the 
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following: (frequency of mild x 3) + (frequency of moderate x 5) + (frequency of 

strenuous x 9).135 These scores can be used to categorize subjects into active 

and inadequately active categories according to the American College of Sports 

Medicine recommendations for PA.135,136 From this questionnaire, this study will 

only utilize the strenuous activity variable for analyses of both aims.  

Pittsburgh Sleep Quality Index 

To assess sleep quality and sleep duration the Pittsburgh Sleep Quality 

Index (PSQI) was used. The PSQI is a validated questionnaire used in adults 

and has been administered in clinical populations of adolescents for 

differentiating poor sleepers from good sleepers.9 The PSQI is a 19-item 

questionnaire designed to measure self-reported sleep duration, overall 

perception of quality of sleep, sleep disturbances, daytime sleepiness, history of 

snoring and the use of any sleep medication over a 1-month period.9 For the 

seven components of the PSQI global score, the questionnaire has an internal 

consistency and a reliability coefficient (Cronbach’s alpha) of 0.83.77 The self-

rated questionnaire uses a 19-item questionnaire designed to measure self-

reported sleep duration, overall perception of quality of sleep, sleep disturbances, 

daytime sleepiness, history of snoring and the use of any sleep medication over 

a 1-month period.9 Each question is scored and answered based on a scale of 0 

to 3 with 3 reflecting a an extremely negative answer.77 The total global score 

summarizes seven sleep components: subjective sleep quality, sleep latency, 

sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping 
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medication and daytime dysfunction.79,137 The sum of the previously stated 7 

components can yield a total PSQI score ranging from 0 to 21. A total global 

score > 5 signifies someone as a poor sleeper with poor sleep quality and sleep 

duration and a score ≤ 5 indicates a good sleeper with good sleep quality and 

sleep duration.79 

Body Mass Index 

 Prior to the T1 lab cardiovascular risk marker visit, participants were asked 

to refrain from any vigorous exercise for 24-hours, alcohol consumption for 24-

hours, and avoid cigarette smoking prior to their scheduled lab visit and testing. 

Participants were also asked to maintain hydration of 7-8 glasses of water (50-60 

ounces) throughout the 24 hours prior to testing in aid of collecting blood. Using a 

wall mounted measurer calibrated stadiometer (SECA, Chino CA), height was 

measured to the nearest 0.1 cm and using a balance-beam scale (Detecto-

medic, Brooklyn NY) weight was measured to the nearest 0.1kg weight. Prior to 

each visit, subjects were instructed to wear light clothing to the lab visit. Before 

each measurement was taken, subject would be asked to remove any objects 

from their pockets and remove their shoes.  

 Using the standard formula [weight(kg)/height (m²)], body mass index 

(BMI) was calculated. According to the most recent CDC growth charts, BMI 

calculations were used to assign BMI percentiles by sex and age (in months).34 A 

BMI > 5th percentile and < 85th percentile for age and sex was defined as healthy 
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weight. Overweight was defined as the percentiles between 85 and 95, and 

obese weight was defined as BMI ≥ 95th percentile. 

 Using the Gulick tension tape measures by a sex-appropriate research 

assistant in a private area of the laboratory, waist circumference (WC), hip 

circumference (HC) were measured and lying and standing sagittal abdominal 

diameter (SAD) were measured. At the natural waist, also the smallest part of the 

abdominal area, WC was measured, and at the maximal extension of the 

buttocks HC was measured to the nearest 0.1 cm. Using a Holtain- Kahn 

abdominal caliper (Croswell, UK), both lying and standing sagittal abdominal 

diameter (SAD) were measured at the L4-L5 vertebral level to the nearest 0.1 

cm. These procedures are outlined and can be found in the anthropometric 

standardization manual.138 

Procedures to Collect Serum Samples 

Prior to the blood draw, each subject completed a “Laboratory Day 

Checklist” investigating sleep, exercise, and substance use in the 24 hours prior 

to the lab visit. Subjects were also asked to bring any prescribed medications 

where researchers recorded dosage, frequency of use and reason for use. With 

respect to inflammation, glucocorticoids, anti-inflammatory and 

immunosuppressant drugs were of special interest. Additionally, females were 

asked to self-report their menstrual period such as the first day of last period, 

information on their typical menstrual cycles, and use of any hormonal 
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contraceptives. Other assessments included family history of health with 

emphasis on autoimmune, inflammatory and cardiovascular health conditions.   

Prior to the all adolescent time point visits, participants were asked to fast 

from food for a minimum of a 10 hours but were allowed water. Adolescents were 

also asked to refrain from exercise and limit to activities of daily living for 24 

hours prior to their blood draw visit. Visits were rescheduled if participants 

reported any illness in the past week, immunizations within the past two weeks or 

antibiotic, corticosteroids or any use of other prescribed anti-inflammatories 

within the last 10 days. 

Blood collection was completed using a semi-reclined chair where both 

head and feet were near the same elevation. When it was possible, blood was 

collected from an antecubital area, however, when necessary, radial or hand 

blood draw procedures were used. For all blood draws, blood was collected 

using a pediatric sized gauge butterfly needle followed by proper blood handling 

using a vacutainer systems and precautions of OSHA guidelines.54 When 

necessary, the Buzzy® was employed to reduce pain and minimize any anxiety 

by the participant by applying a cold vibration to block/reduce the pain.  

Blood collection equaled a total of 10 ml in serum separator tubes and 

labeled with only the subject ID and date of the blood draw. Following blood 

draws, blood remained at room temperature to allow for coagulation for 20 

minutes. Following the 20 minutes, the blood was centrifuged for 15 minutes, at 

4°C and at 3000 rpm. To limit freeze/thaw cycling, serum was divided into 



 51 

amounts of 500-1000 uL and put into aliquots, stored at -80°C until needed for 

analysis. To minimize variability of inter-assay and ensure consist comparability 

across all age timepoints, all samples from a single subject were analyzed in 

duplicates in the same commercially available assay. Assays are analyzed using 

the EPOCH plate reader (BioTek, Winooski, VT). 

Uric Acid  

Uric Acid was measured using the colorimetric QuantiChromTM Kit 

(Bioassays, Hayward, CA). In a 96-well plate, this sensitive and accurate assay 

uses 5uL of thawed serum samples and utilizes 2,4,6-tripyridyl-s-triazine which 

forms a blue colored complex particularly with iron when UA is present 

(Bioassays, Hayward, CA). The simple procedure involves one working reagent 

of 200uL, and is quick, only requiring a 30-minute incubation prior to analyzing. 

After incubation, the assay is read between 510nm-630nm.The peak absorbance 

is measured at 590nm and is directly proportional to the concentration of the UA 

present in the serum (Bioassays, Hayward, CA).  

Statistical Analyses 

 Data were analyzed using the Statistical Package for Social Sciences 

(25.0 SPSS Inc., Chicago IL 2017). Data were screened for outliers by 

eliminating those over 2 standard deviations above the mean and to identify any 

potential differences in the main variables a preliminary analysis such as 

descriptive statistics (Table 1) was conducted for all main variables, PA, sleep, 

and UA (i.e. frequencies, mean and standard deviation). The next step of the 
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analysis was to conduct Pearson’s bivariate correlations to assess any 

correlations between the main variables and covariates in the study (Table 2). 

Each analysis used mean UA as a continuous variable and was controlled for 

sex and race as covariates.  

 To address the first aim of determining the influence and significance of 

sleep and PA on UA levels a variety of analyses were conducted at the same 

time point, T2 (age 17). Statistical significance for all tests were set at α <0.05 for 

all tests. Due to different patterns of missing data, the N varied across each 

analysis. Details of the N for each analysis can be seen in the descriptives (Table 

1).  A Pearson’s bivariate correlation and regression analysis was conducted for 

hypothesis 1a with strenuous exercise as the PA variable at 17 (T2) and mean 

UA at 17 (T2) as the outcome variable. Both variables were left as continuous 

and analyzed at 17 (T2). For hypothesis 1b and 1c, categorical variables were 

used for sleep duration and sleep quality at 17 (T2). Hypothesis 1b was 

conducted using a one-way ANOVA. The sleep duration in this hypothesis was 

used as a dichotomous variable; optimal and non-optimal sleep. Those that had 

optimal sleep were individuals who had a sleep duration within recommended 

NSF values (8.0-10.0 hr). Those that had non-optimal sleep are those who had < 

8 or > 10 hours of sleep per night. A separate ANCOVA was also conducted to 

test for differences between sex and race-ethnicity after controlling for BMI. 

Additionally, for hypothesis 1c sleep quality was set as a dichotomous variable by 

those who had an overall total PSQI score > 5 (poor sleep quality) and those that 
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had ≤ 5 (good sleep quality). Hypothesis 1c was conducted using an ANOVA and 

further as a univariate analysis to control for sex and race. Since this analysis 

was not controlled for sex and race-ethnicity, a separate ANCOVA was 

conducted to test for differences between sex and race-ethnicity.  

 To address the second aim, a moderated correlation was conducted as 

well as a moderated hierarchical regression analysis. To avoid multicollinearity, 

BMI was centered and then multiplied to the moderators to create an interaction 

term. For both hypotheses, BMI was analyzed as BMI percentile and with raw 

BMI at age 16 (T1). In each model, sex and race/ethnicity were first entered as 

covariates in the first block of the regression model, BMI was entered into the 

second block of the regression, moderators (sleep duration and PA at 17) were 

entered in the third block of the regression and the interaction term (moderator at 

17 x UA at 19) was entered into the fourth block of the model of the hierarchical 

regression analysis. Additionally, mean UA was run as a continuous variable and 

analyzed at 19 (YA). Both moderators of the second aim were analyzed at T2. 

For hypothesis 2a, sleep duration (hours + minutes) was analyzed as a 

continuous variable. Additionally, for hypothesis 2b strenuous exercise was a 

continuous moderator variable similar to the first aim.  
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CHAPTER IV 

RESULTS 

A total of 447 participants were recruited into the Right Track study at age 

2. At age 17 (T2), a total of 129 (29% of the original sample, 60% females, 66% 

whites) participants had data for uric acid (UA), which was included in the 

analyses for aim one of this study. Additionally, at age 19 (YA), a total of 214 

(48% of the original sample, 53% females, 63% whites) participants had data for 

UA which was included in the analyses for aim two. Due to different patterns of 

missing data, the N varied across each analysis. Details of the N for each 

analysis can be seen in the descriptive characteristics of the sample (Table 1). 

Additionally, statistical significance was set at α <0.05 for all tests.  

Pearson’s bivariate correlations were calculated between dependent 

variables and covariates and are presented in Table 2. Several variables were 

significantly correlated with T2 UA including: a negative correlation with optimal 

sleep durations (r=-0.226, p=0.012), a positive correlation with raw BMI (r=0.386, 

p<0.001), a positive correlation with BMI percentile by age (r=0.296, p=0.001), 

and a positive correlation with waist circumference (r=0.388, p<0.001). 

Additionally, for age 17 and 19 UA, female was negatively correlated (r=-0.438, 

p<0.01 and r=-0.495, p<0.001, respectively), but waist circumference was 

positively correlated with UA at age 19 (r=0.280, p=0.001). Females had 
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significantly had lower UA compared to males (p<0.01) at both T2 and YA (T2: 

5.93±1.47 mg/dL and YA: 5.87±1.26 mg/dL for females and T2: 7.35±1.40 mg/dL 

and YA: 7.44±1.51 mg/dL for males).   

For aim one, hypothesis 1a, a hierarchical linear regression analysis 

(n=124) was conducted to test the relationship between strenuous physical 

activity (PA) and UA for age 17. Model 2 included strenuous PA and showed an 

r2 = 0.219 (p=0.221) (Table 3). Results did not support the original hypothesis 

and showed that strenuous PA was not associated with UA (b=0.071, p=0.221), 

even after controlling for race-ethnicity and sex. No significant linear relationship 

was found with PA (r2=0.034) (Figure 2).  

To test Hypothesis 1b, an ANOVA was used to compare values of mean 

UA between adolescents who had optimal sleep duration to those who had 

abnormal sleep durations. As originally hypothesized, those with optimal sleep 

durations had lower UA (6.08±1.35 mg/dL) levels compared to those who had 

abnormal (sub-optimal or above-optimal) sleep durations (6.82±1.72 mg/dL) 

(p=0.012). Results showed statistical significance between groups supporting the 

original hypothesis of this study.  

Furthermore, a separate ANCOVA (n=124) was conducted to test for 

differences between sex and race-ethnicity after controlling for BMI. A significant 

interaction between sleep duration with sex was observed (Figure 3), indicating 

that males with abnormal sleep had significantly higher mean UA (p=0.011) 

compared to other groups, while no differences in race-ethnicity were observed 
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(p=0.86). Therefore, males in general had higher UA levels than females and 

males with abnormal sleep had significantly higher UA than males with normal 

sleep. However, after adjusting for BMI, females had no change in UA. This 

analysis detected significant differences in sex showing a significant association 

with UA (p< 0.001), while no effect of race-ethnicity was observed (Figure 4). 

The last hypothesis of the first aim (n=123) was analyzed through an 

ANOVA to examine adolescents with lower sleep quality [PSQI score > 5] at age 

17 compared to those who had higher sleep quality [PSQI score ≤ 5]. While the 

poor sleep quality group (PSQI score > 5) appeared to have a slightly higher 

mean UA level (6.92±1.52 mg/dL) compared to the higher sleep quality group 

(PSQI score ≤ 5) (6.39±1.64 mg/dL), these differences were not statistically 

significant (t (121) =-1.55, p=0.124). Since this analysis was not controlled for 

sex and race-ethnicity, a separate ANCOVA was conducted to test for 

differences between sex and race-ethnicity, but sleep quality was not significantly 

associated with UA (r2=0.332, p=0.19) in this analysis (Figure 5).  

To test aim two, moderated hierarchical multiple regression analyses were 

employed to test whether sleep duration or strenuous PA at age 17 moderated 

the link between BMI at age 16 and serum UA levels at age 19. Variables were 

entered in 4 blocks as described in the statistical methods and results are shown 

in Table 4. After adjusting for race-ethnicity and sex, there was no significance 

for the main interaction effect. Block 4, which predicted UA at age 19 showed no 

statistical significance (r2=0.252). Results revealed that sleep is not a significant 



 57 

moderator (n=109, b=0.021, p=0.238). Neither raw BMI or BMI percentile (Table 

5) were statistically significant (n=109, b=0.006, p=0.159). Since BMI is not a 

significant predictor of body fat, a separate exploratory model analysis was 

conducted using waist circumference (Table 6) instead of BMI at age 16. This 

showed that the direct effect of waist circumference on UA was significant 

(p=0.045) but the interaction with waist circumference was not statistically 

significant (n=110, b=0.006, p=0.357). 

Further, the analysis for hypothesis 2b produced similar results utilizing 

adolescent’s strenuous PA levels as a moderator of the association between BMI 

at 16 and UA at 19 (Table 7). An interaction term between BMI scores at age 16 

and strenuous PA at age 17 was used to test whether PA moderates the 

relationship between BMI and total mean UA. Background variables such as sex, 

and race-ethnicity were entered into the first block of the analysis, raw BMI into 

the next level of the model, the moderator, strenuous PA (T2), into the third block 

and block four of the model included the interaction term with the outcome 

expectancy of UA at age 19. After adjusting for race-ethnicity and sex, the main 

interaction effect was not significant. The model that predicted UA at age 19 

showed no statistical significance. Strenuous PA as a moderator of the BMI to 

UA relation was not significant for raw BMI (n=108, b=-0.011, p=0.410) or BMI 

percentile (Table 8) (n=108, b=-0.002, p=0.346). Similar to testing for hypothesis 

2a, another exploratory analysis was conducted using waist circumference 

(Table 9) instead of BMI at age 16, also showing the direct effect of waist 
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circumference on UA was significant (p=0.045) but the interaction with waist 

circumference was also not statistically significant (n=109, b=-0.001, p=0.748). 
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CHAPTER V 

DISCUSSION 

 The overall purpose of this study was to evaluate the influence of 

abnormal sleep and physical activity (PA) on uric acid (UA) levels among 

adolescents in an ongoing longitudinal study of self-regulation and 

cardiometabolic risk (CMR). The first aim of this study was to determine the 

association between sleep duration, sleep quality, PA and UA levels among 17-

year-old adolescents. The second aim was to test whether sleep duration and/or 

strenuous PA at age 17 moderated the link between BMI at age 16 and serum 

UA levels at age 19. Overall, this study found no association with strenuous PA 

and sleep quality with UA, no significant effect between sleep and strenuous PA 

as moderators toward UA, but did find a significant association and difference 

between groups with sleep duration and UA, specifically male abnormal sleepers 

having significantly higher UA levels than optimal male sleepers where females 

had no significant change. 

In adults, PA has been shown to be as effective as pharmacotherapy to 

increase life expectancy and potentially reverse elevated mortality found in 

individuals who have abnormally elevated UA levels.28 Therefore, the first 

hypothesis of this study aimed to test the relation between strenuous PA and UA. 

It was hypothesized that adolescents at age 17 who had higher levels of 



 60 

strenuous PA would have lower serum UA levels, while individuals with lower 

levels of strenuous PA would have higher serum UA levels. Contrary to our 

hypothesis, the results exhibited a positive linear relationship showing those who 

had higher levels of strenuous PA had higher levels of UA, but the relation was 

not statistically significant (p=0.221). Although an association was seen between 

PA and UA, results of this analysis were not supportive of the original hypothesis.  

Research has shown that whether vigorous PA is objectively or 

subjectively measured, it has a positive impact on restoring sleep compared to 

moderate intensity PA.82 Further, research has shown that individuals who had 

history of PA met nationally accepted activity guidelines (150 min/week of 

moderate to vigorous activity), had a reduced risk from abnormally high levels of 

UA of ≥ 7.0 mg/dL by reducing UA levels by 3.4 mg/dL, and had increased life 

expectancy by 4-6 years.28 Interestingly, even individuals who were regularly 

minimally active (≥15 min/day) averaging UA levels between 5.0-5.9 mg/dL had a 

reduced risk of all-cause mortality by reducing UA by 2.0 mg/dL, resulting in an 

increased life expectancy.28 Therefore, several issues should be considered 

when testing the influence of strenuous PA on UA levels. It is possible that 

strenuous PA is beneficial in reducing the risk of all-cause mortality and 

increasing life expectancy for those with elevated serum UA28, through some 

intermediary (indirect) mechanism that was not tested in the current analysis. 

In addition, different intensities of PA and exercise may support different 

roles in the regulation of UA concentrations showing acute, vigorous PA to 
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increase UA whereas chronic, vigorous PA may not be harmful, nor increase the 

concentration of UA.58 Because UA is a water-soluble antioxidant, it increases 

during exercise and more antioxidant defenses are produced as a response to 

oxidative stress during exercise.28 During strenuous exercise, purine degradation 

is accelerated which causes an increase in the end product of purine 

degradation, hypoxanthine and as a result UA levels increase.52 Previous 

literature shows acute strenuous exercise may temporarily produce more UA 

whereas, light exercise may produce a minimal amount of UA.28 So, one could 

suggest more moderate intensity activity may be most beneficial for UA since 

during moderate intensity activity urine volume increases leading to an enhanced 

excretion of UA.58 Specifically, chronic exercise, versus acute exercise should be 

practiced as the body has been shown to adapt to habitual exercise and may 

lower UA levels.58 A study which controlled for age, alcohol, and BMI, found that 

moderate intensity PA significantly and inversely correlated with concentrations 

of serum UA, while light and vigorous intensities did not.58 Although research is 

mixed, light to moderate daily exercise appears most beneficial and is inversely 

related to the prevalence of hyperuricemia, which supports the positive direct 

effect of exercise to improve levels of serum UA over the lifespan compared to 

strenuous intensities.28  

Sleep Duration 

In addition to the importance of PA in adolescence, sleep duration also 

remains a critical and vital component of health in adolescents. Abnormal sleep 
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can be defined as sleep durations which do not fall within the recommended 

optimal amounts of 8 to 10 hours for adolescents.2 Abnormal amounts of sleep 

contribute to a higher risk of poor health outcomes (i.e. inflammation, CVD risk 

and CMR risk) and a higher prevalence of mortality at a young age. Therefore, 

the aim of hypothesis 1b was to compare levels of UA between 17-year-old 

adolescents who had optimal sleep duration to the group who had abnormal 

sleep durations. It was hypothesized that adolescents who were in the optimal 

sleep duration group would have lower serum UA levels compared to the 

abnormal (sub-optimal and/or above-optimal) sleep duration group. Hypothesis 

1b was supported with results showing a statistical significance between groups. 

Those with optimal sleep durations had significantly lower UA levels compared to 

the group who had abnormal sleep durations. Also, after controlling for 

covariates, a significant interaction was observed between sleep duration and 

sex, showing male with abnormal sleep durations had significantly higher levels 

of UA compared to the group with optimal sleep durations.  

These results are similar to what Wiener et al. (2012) found, adults that 

had sleep duration < 8 hours and greater than 8 hours were significantly 

associated with hyperuricemia (~45 years old). Similarly, a study in adolescents 

found that shorter sleep durations were linked with greater inflammation levels 

whereas, sleep duration by itself among adults, has not consistently been linked 

with inflammatory markers.97 Research has found that short durations of sleep 

result in elevated activation of the HPA axis—the stress regulator—ultimately 
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resulting in release of proinflammatory cytokines.4,5,93,97,114,127,139 Kanagasabai et 

al. (2015), showed adults who slept between 7 and 8 hours per night had optimal 

profiles of inflammation, oxidative stress, and antioxidants compared to those 

who had shorter durations of sleep (≤6 hours) and had elevated C-reactive 

protein and UA.3 Although further research is needed among adolescents, there 

appears to be some correlation between sleep duration and systemic 

inflammation.3 

Based on previous studies it was expected that males would have higher 

mean UA compared to females.42 Research has commonly shown males to have 

higher UA levels than females since estrogen increases the excretion of UA at 

the kidney25,27,41,42,46–48. Meanwhile, testosterone increases the activity of 

xanthine oxidase, resulting in an increased production of UA in males.49 In 

addition to sex, some studies show higher serum UA levels in white adolescents 

compared to young black adolescents.41,44 Given this, hypothesis 1b was further 

controlled for race-ethnicity and sex and after controlling for covariates, race-

ethnicity showed no significant relation between sleep duration and UA, but sex 

did. Males who had abnormal sleep durations had higher mean UA compared to 

males who had optimal sleep durations. Additionally, and although insignificant, 

those who were 17 years old and in the non-white group had a higher mean UA 

compared to the white group. It was interesting that race-ethnicity was not 

significant because previous literature has found that in general, non-Hispanic 

blacks have a higher UA value than those who are not considered non-Hispanic 
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black.103 No significant association may have been found due to the lack of 

diversity in the sample with most of the sample being white. 

Sleep Quality 

 In addition to sleep duration, poor sleep quality (PSQI > 5) has been 

shown to result in poor health outcomes in adolescents and these poor outcomes 

may transition to increased cardiometabolic risk in young adults. Sleep variables 

have been found to be correlated with outcomes such as; appetite regulating 

hormones, inflammatory markers, cardiometabolic and CVD risk.9,62,97 This study 

examined 17-year-old adolescents with lower sleep quality [PSQI score > 5] 

compared to those who had higher sleep quality [PSQI score ≤ 5]. It was 

hypothesized that adolescents in the lower sleep quality [PSQI score > 5] group 

would have higher serum UA levels and those who had overall good sleep quality 

(PSQI ≤5) would have lower UA. Although statistically insignificant, the analysis 

showed a difference between groups. Those who had a total PSQI score > 5 had 

higher levels of UA compared to those who had good sleep (PSQI ≤ 5). However, 

since results were not significant hypothesis 1c was not supported.  

Park et al. (2016) showed a significant correlation between higher PSQI 

scores and inflammation however, no regression models that included PSQI 

variables were shown to be associated with biomarkers of inflammation.97 

Similarly, a study by Wiener et al. (2012), found mean UA levels increased 

,greater than 6.0 mg/dL for females and 6.8 mg/dL for males, with poor sleep 

quality. These authors suggest that the association of different sleep variables 
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and high UA may be mediated by other health conditions like depression, 

hypertension, diabetes, lipid profiles, and other cardiovascular disease risks.30  

Anthropometrics, Sleep and Physical Activity with Uric Acid 

Research has shown significant and positive correlations between 

hyperuricemia, BMI, waist circumference and waist-to-hip ratio.52 Some studies 

suggest UA could be a potential indicator of obesity, since higher overweight and 

obese BMI was associated with higher concentrations of UA.57,58 Similarly, 

Kuwahara et al (2017) found BMI during childhood to be associated with UA 

levels during young adulthood.32 Additionally, Kuwahara et al (2017) found 

peaked UA levels around 6.0-6.49 mg/dL for boys and 4.0-4.49 mg/dL for girls, 

and from the difference in BMI in childhood to young adulthood this study 

predicted a UA level of 5.32 mg/dL. Based on previous findings, this study 

investigated whether sleep or PA moderated the relation from BMI to UA. The 

point of this analysis was to see if UA could be predicted at age 19 based on 

different characteristics that affect health outcomes at 16 (i.e. BMI & WC) and 

whether this relation was moderated by sleep duration and strenuous PA at age 

17.  

 As part of the second aim, it was hypothesized that sleep duration and PA 

at 17 would moderate the association between BMI at 16 and UA at 19 in two 

separate moderated analyses. However, results revealed that sleep duration did 

not significantly alter the relation between BMI at age 16 and UA at age 19. Also, 

PA was not a significant moderator between the relation of BMI at 16 and UA at 
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19. As part of an exploratory analyses, the direct effect of waist circumference on 

UA was significant in both hypothesis 2a and 2b but the interaction with waist 

circumference in both analyses were not statistically significant. 

 Although no significant correlations were found between BMI at age 16 

and UA at age 19, moderators were thought to potentially add significance to the 

relation, but this was not the case. However, because literature indicates that 

several factors (i.e. diet, alcohol) contribute to UA levels, the analyses for Aim 2 

may not have had enough power to truly test the role of the moderators on the 

relation between BMI and UA. Consequently, it may not be that the predictors 

assessed in this study are not indicative of UA at age 19, but they may not be 

predictive by themselves. Thus, these null findings could suggest that there are 

more complex regulatory mechanisms associated between the variables 

assessed or that an important confounding variable was not included in the 

analyses.  

 Although research has shown a positive relation for chronic PA in poor 

sleepers, research has shown mixed results on the importance of timing of PA on 

sleep.140 Some studies have shown exercise to be beneficial for SOL however, 

timing may be critical. For example, adults who exercised at a moderate to 

vigorous level in the morning had a significantly better sleep quality as opposed 

to those who had not engaged in any exercise in the morning.16 Additionally, 

another study found individuals who engaged in exercise 0-2 hours before bed 

had significant and positive associations with duration of sleep and quality of 
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sleep.124 Conversely, other studies have found that exercising too close to 

bedtime may cause a negative influence on sleep.140 The literature suggests that 

sleep can be promoted by a lowering in body temperature, but exercise may 

temporarily increase body temperature, which could alter sleep.140 This means 

that when exercise is completed right before the onset of sleep an individual is 

acutely exposed to heat causing a negative influence on total sleep durations 

and SWS.140 Thus, the literature is mixed on the most beneficial time to engage 

in exercise during the day to maximize benefits for total sleep. Further research 

is needed to define the best time of day for exercise if improved sleep duration 

and sleep quality are the outcomes of interest. 

 Additionally, the half-life of UA may have altered results. Research on the 

half-life remain scare, possibly due to the constant production of UA in the body 

and its resorption by the kidney, which may limit the effect of half-life on uric acid 

levels. One study found the half-life of UA to be less than a day, around 0.85, 

which is approximately 20.4 hours.141 Although not controlled for, excess intake 

of purines or strenuous exercise 24-48 hours prior to visits involving blood draws, 

may have influenced the concentrations of UA. Therefore, future analyses should 

include the role of acute exercise and acute abnormal sleep durations on UA. 

 Despite the expected importance of sleep, PA and exercise on adolescent 

health, previous research in this area has largely focused on adults or specific 

populations, showing a gap in literature. Findings from these analyses give some 

insight into the role of sleep and PA as potential moderators between the relation 
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of BMI and UA, as well as the relation between lifestyle behaviors and UA. 

Consequently, a more in-depth analysis is necessary to investigate the 

importance of PA and sleep in determining UA values in adolescents. 

Limitations 

Since adolescents included in the current analysis were originally recruited 

to RIGHT Track at 2 years old, the demographics of the recruited population is 

no longer representative of the local or national adolescents’ population, 

specifically from the race-ethnicity perspective. Additionally, another limitation in 

the current analyses was missing data due to relocations and loss of follow-up, 

resulting in the potential for bias in the remaining sample. For example, those 

who remained in the study may have had an intrinsic reason for doing so and 

influence types of health outcomes affecting these analyses. Another limitation 

was controlling for dietary intake. Since UA is a by-product of purine metabolism, 

a diet rich of purines, complex carbohydrates and saturated fats could be an 

explanation for hyperuricemia in this sample. Additionally, increased alcohol 

consumption may have influenced results of UA levels, since alcohol 

consumption has been shown to be significantly and independently associated 

with elevated UA levels. Research has shown excess alcohol intake to generally 

cause hyperuricemia, while moderate to average intake of alcohol may not.26,142 

An acute excess intake of alcohol may cause a reduction in urate excretion 

causing hyperuricemia while chronic alcohol consumption accelerates purine 

production causing hyperuricemia.52 Another limitation was the fact that in 
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general, BMI is not representative of percent body fat. Although waist 

circumference was used as an exploratory variable in addition to BMI, an 

accurate measure of body fat could be used for future analyses. Finally, the 

assessment of sleep variables was measured using the PSQI, which is a self-

reported questionnaire based on 19 items. In addition to sleep, the assessment 

of strenuous PA was measured using the Godin questionnaire. The subjective 

measure of PA is a limitation due to the common problem of individuals 

overestimating PA or improperly recording PA intensity. Objective measures of 

daily steps and PA levels have been shown to be significantly correlated with the 

concentration of UA.58 Thus, questionnaire assessments in the current study may 

not have captured accurate measures of sleep and PA in adolescents and may 

have increased reporting bias, ultimately influencing the results for this study. In 

addition, it is possible that the questionnaire data was simply not sensitive 

enough to detect subtle differences in sleep or PA that may have influenced UA 

levels in adolescents. 

Future Directions 

Future studies should consider using different models. For example, 

Seixas et al. (2018) found BMI and PA to be mediators of the relationship 

between short sleep and CVD143 and they also found shorter sleepers to have a 

higher risk of all CVD risk factors, higher BMI, and lower levels of PA, with BMI 

being the strongest mediator.143 Another consideration to be included in future 

studies is controlling for changes in nutrition. Because there are numerous ways 
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to measure sleep (i.e. polysomnography, actigraphy, and self-reported 

questionnaires & sleep logs) and PA/exercise (i.e. questionnaires & 

accelerometer) future research should consider accurate and objective measures 

of sleep and PA. Also, the production of UA may depend on the intensity and 

type of PA and exercise. Therefore, aerobic exercise intensity should be 

considered since acute strenuous activity has been shown to temporarily 

increase the production of serum UA due to an increase in oxidative stress.28 

Additionally, in proportion to the intensity of the exercise, acute versus chronic 

exercise should be considered since research has shown acute exercise lasting 

between 30 minutes and 3 hours may cause a rise in UA levels whereas chronic 

exercise may lower UA levels.52 Also, different types of exercise, such as 

resistance training or high intensity sprint training should be considered for their 

ability to influence UA levels in adolescents. Third, future studies should control 

for living status (i.e. at home, college or alone). Change in autonomy may play a 

role in these analyses, since significant life alterations can occur during this 

adolescent to young adult time frame. For instance, most adolescents live at 

home at age 16, 17 and have potentially moved out by age 19. This could have 

an effect on diet and sleep outcomes (i.e. bedtimes). Fourth, given the influence 

of estrogen and testosterone on UA levels future studies should control for sex 

steroids. Additionally, because previous literature has found oral contraceptives 

(OC) and early menarche to induce hyperuricemia, future studies should control 

for oral contraceptives (i.e. estrogen-progestin) and menarche.144,145 Fifth, future 
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studies should control for nonsteroidal anti-inflammatory (NSAIDs) drugs which 

have been shown to influence UA levels.146 Although research is mixed, low 

doses of aspirin have been shown to increase reabsorption of UA and decrease 

the secretion of UA, while other NSAIDs have uricosuric effects and show 

improvements in UA.146 However, future research is needed to examine how 

other NSAIDs may positively or negatively influence UA levels. Sixth, because 

BMI is not an accurate representative of percent body fat and central adiposity, 

an accurate adiposity/body fat measure (i.e. BodPod) should be included in 

future analyses. Lastly, health status should be included and controlled for in 

future analyses such as: CVD risk, CMR and/or inflammation.  

Conclusion 

 In conclusion, this study found no significant association with strenuous 

PA or sleep quality at 17 with UA levels at 17. Also, this study found no 

statistically significant effects of sleep duration or strenuous PA at 17 as 

moderators between the relation of BMI at age 16 and UA at age 19 levels. 

However, this study did find a significant association with optimal and abnormal 

sleep durations and UA at age 17, especially with male adolescents. Overall, 

findings from the current study suggest a potentially complex relation between 

BMI and UA levels that may require more sensitive assessments of PA and sleep 

or additional confounding variables to be added to the analyses to accurately 

explain UA levels in adolescents. To advance the current understanding of how 

PA and sleep may influence UA and moderate the relation between BMI and UA 
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among adolescents, future research should examine these potential confounding 

factors and improved assessments in further analyses. 
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APPENDIX A 

ADOLESCENT CONSENT FORM (AGE 16, 17 and 19) 

UNIVERSITY OF NORTH CAROLINA AT GREENSBORO 

 

Office Phone Number: (336) 256 -1278 
Office Email: right.track.uncg@gmail.com 
 

Health Visit: Adolescent Assent Form – 16 year visit 
Title of Study: Pathways from Childhood Self-Regulation to Cardiovascular Risk 
in Adolescence  
Project Investigators: Susan Calkins, Laurie Wideman, Lilly Shanahan, Susan 
Keane, and Cheryl Lovelady 
 
What are some general things you should know about research studies? 

You are being asked to take part in a research study. Your parent, or 
guardian, needs to give permission for you to be in this study. You do not have to 
be in this study if you don’t want to, even if your parent has already given 
permission. To join the study is voluntary. You may refuse to join, or you may 
withdraw your consent to be in the study, for any reason, without penalty. 

Research studies are designed to obtain new knowledge. This new 
information may help people in the future. You may not receive any direct benefit 
from being in the research study. There also may be risks to being in research 
studies. Deciding not to be in the study or leaving the study before it is done will 
not affect your relationship with the researcher or the University of North Carolina 
at Greensboro.  

Details about this study are discussed below. It is important that you 
understand this information so that you can make an informed choice about 
being in this research study. You will be given a copy of this assent form. You 
should ask the researchers named above, or staff members who may assist 
them, any questions you have about this study at any time. 

 
What is the purpose of this study? 

People’s ability to fight disease (their immune system) and factors related 
to their metabolism play an important part in people’s health. The purpose of this 
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study is to collect information on the immune system and metabolism of Right 
Track Project participants. 
 
How many people will take part in this study? 

There are approximately 400 other people in this research study. 
 
How long will your part in this study last? 

Today’s visit should last no more than 1 hour.  
 
What will happen if you take part in the study? 

You will complete a medical history form and the experimenter will 
document all medications you have brought to the lab for visit purposes. You 
complete some basic questionnaires on health, exercise and nutrition. Your  
height, weight, waist circumference, and blood pressure will be taken by the 
experimenter. Next, you will rest for 5 minutes, and then we will take a small 
amount of blood (10 ml or 2 teaspoons) from your arm. The blood sample will be 
stored in a secure lab facility. In a few months from now, the blood-samples will 
be tested for immune function (e.g., proteins related to inflammation and 
cytokines), and metabolic factors (e.g., cholesterol, glucose, and insulin). Please 
note that we cannot perform medical diagnostic tests from the blood samples. 
Thus, the information from the blood samples will be used for research purposes 
only. 

After your visit, you will receive 2 or 3 phone calls (at the time that’s 
convenient for you) to ask about the food you’ve eaten in the past 24 hours. 
These calls will come from a research team at UNC-Chapel Hill and should last 
about 20-30 minutes each.  

 
What are the possible benefits from being in this study? 

There are no direct benefits to you for your participation in this study. In a 
scientific sense, this research study may give scientists more information about 
how the development of social, academic, and emotional development may lead 
to physical health outcomes for teens. 

 
What are the possible risks or discomforts involved from being in this 
study? 

There are no extraordinary risks to either you from participating in the 
study. Infection is possible when blood samples are taken, but this risk will be 
minimized through the use of sterile techniques by a trained technician. Only 
slight discomfort should occur during the blood draw. You should feel slightly 
more pain than a mosquito bite when the blood sample is taken. Bruising may 
occur following a blood draw and may result in mild-to-moderate soreness to the 
touch for several days. 

The Institutional Review Board at the University of North Carolina at 
Greensboro has determined that participation in this study poses minimal risk to 
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participants. If at any time you feel uncomfortable answering a question, that 
question may be skipped. Similarly, if at any time you are uncomfortable 
participating in any of the assessments, that may be skipped. There may be 
uncommon or previously unknown risks. You should report any problems to the 
researcher. 

If you have questions, want more information or have suggestions, please 
contact Susan Calkins at (336) 334-9836. If you have any concerns about your 
rights, how you are being treated, concerns or complaints about this project or 
benefits or risks associated with being in this study  please contact the Office of 
Research Integrity at UNCG toll-free at (855)-251-2351. 

 
How will your privacy be protected? 

Data collected from you will remain confidential.  All data will be identified 
by participant ID# only and your data will not be stored together with any other 
other identifying information. Hard copies of questionnaire data will be kept in 
locked cabinets in the Right Track laboratory in Eberhart building at UNCG. 
Questionnaire data collected online will use an online survey-collection program 
called Qualtrics, which uses a “Secure Socket Layer”. This is the equivalent to 
the industry standard for securely transmitting credit card information over the 
Internet. In addition, Qualtrics is a secure site with SAS 70 certification for 
rigorous privacy standards. Absolute confidentiality of data provided through the 
Internet cannot be guaranteed due to the limited protections of Internet access. 
Please be sure to close the browser when finished so no one will be able to see 
what you have been doing. Blood samples will be stored at the secure Exercise 
Physiology lab at UNCG. Data can be stored infedinitely, but will be destroyed 
when no longer needed for research.  

Participants will not be identified in any report or publication about this 
study. Although every effort will be made to keep research records private, there 
may be times when federal or state law requires the disclosure of such records, 
including personal information. This is very unlikely, but if disclosure is ever 
required, UNC-Greensboro will take steps allowable by law to protect the privacy 
of personal information. In some cases, your information in this research study 
could be reviewed by representatives of the University, research sponsors, or 
government agencies (for example, the FDA) for purposes such as quality control 
or safety. 

What we find out about you will be private. That means we don’t tell 
anyone anything about you—including your parent, your teacher, or anyone else 
that is not connected to our study. However, there are two situations where we 
would have to tell someone about your answers. First, we have to report any 
child abuse or neglect that we see or that you might tell us about. Second, if you 
give us information that makes us think that you are serious about hurting 
yourself or someone else then we will talk with your parent about that so that you 
can get the help you need to stay safe.
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What if you want to stop before your part in the study is complete? 
You can withdraw from this study at any time, without penalty. You will 

receive your $40 gift card regardless of whether you complete the entire study. 
The investigators also have the right to stop your participation at any time. This 
would only happen if there was reason to be concerned for your well-being as a 
result of participating in this study. 

 
Will you receive anything for being in this study? 

You will be receiving $40 gift card for taking part in this study. In addition, 
you will receive a $10 gift card for the first nutrition phone call, $15 for the second 
call, and $20 for the third call.  
 
What if you have questions about this study? 

You have the right to ask, and have answered, any questions you may 
have about this research. If you have questions about the study (including 
payments), complaints, concerns, or if a research-related injury occurs, you 
should contact the researchers listed on the first page of this form. 
 
What if you have questions about your rights as a research participant? 

All research on human volunteers is reviewed by a committee that works 
to protect your rights and welfare. If you have questions or concerns about your 
rights as a research subject, or if you would like to obtain information or offer 
input, you may contact the Institutional Review Board at (855) 251-2351. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Participant’s Agreement: 

I have read the information provided above. I have asked all the questions I have 
at this time. I voluntarily agree to participate in this research study. 

 

________________________________________________      _____________ 
Your signature if you agree to be in the study                                      Date 

________________________________________________ 
Printed name if you agree to be in the study
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UNIVERSITY OF NORTH CAROLINA AT GREENSBORO 
 

 
Office Phone Number: (336) 256 -1278 
Office Email: right.track.uncg@gmail.com 
 

Health Visit: Adolescent Assent Form  

 
Title of Study: Pathways from Childhood Self-Regulation to Cardiovascular Risk 
in Adolescence 
Project Investigators: Laurie Wideman, Susan Calkins, Lilly Shanahan, Susan 
Keane, and Cheryl Lovelady 
 
What are some general things you should know about research studies? 

You are being asked to take part in a research study. Your parent, or 
guardian, needs to give permission for you to be in this study. You do not have to 
be in this study if you don’t want to, even if your parent has already given 
permission. To join the study is voluntary. You may refuse to join, or you may 
withdraw your consent to be in the study, for any reason, without penalty. 

Research studies are designed to obtain new knowledge. This new 
information may help people in the future. You may not receive any direct benefit 
from being in the research study. There also may be risks to being in research 
studies. Deciding not to be in the study or leaving the study before it is done will 
not affect your relationship with the researcher or the University of North Carolina 
at Greensboro.  

Details about this study are discussed below. It is important that you 
understand this information so that you can make an informed choice about 
being in this research study. You will be given a copy of this assent form. You 
should ask the researchers named above, or staff members who may assist 
them, any questions you have about this study at any time. 

 
What is the purpose of this study? 

People’s ability to fight disease (their immune system) and factors related 
to their metabolism play an important part in people’s health. The purpose of this 
study is to collect information on the immune system and metabolism of Right 
Track Project participants. 
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How many people will take part in this study? 
There are approximately 400 other people in this research study. 

 
How long will your part in this study last? 

Today’s visit should last no more than 1 hour.  
 
What will happen if you take part in the study? 

You will complete a medical history form and the experimenter will 
document all medications you have brought to the lab for visit purposes. You 
complete some basic questionnaires on health, exercise and nutrition. Your  
height, weight, waist circumference, and blood pressure will be taken by the 
experimenter. Next, you will rest for 5 minutes, and then we will take a small 
amount of blood (15-20 ml or 3-4 teaspoons) from your arm. The blood sample 
will be stored in a secure lab facility. In a few months from now, the blood 
samples will be tested for immune function (e.g., proteins related to inflammation 
and cytokines), and metabolic factors (e.g., cholesterol, glucose, and insulin). 
Please note that we cannot perform medical diagnostic tests from the blood 
samples. Thus, the information from the blood samples will be used for research 
purposes only. 

 
What are the possible benefits from being in this study? 

There are no direct benefits to you for your participation in this study. In a 
scientific sense, this research study may give scientists more information about 
how the development of social, academic, and emotional development may lead 
to physical health outcomes for teens. 

 
What are the possible risks or discomforts involved from being in this 
study? 

There are no extraordinary risks to you from participating in the study. 
Infection is possible when blood samples are taken, but this risk will be 
minimized through the use of sterile techniques by a trained technician. Only 
slight discomfort should occur during the blood draw. You should feel slightly 
more pain than a mosquito bite when the blood sample is taken. Bruising may 
occur following a blood draw and may result in mild-to-moderate soreness to the 
touch for several days. 

The Institutional Review Board at the University of North Carolina at 
Greensboro has determined that participation in this study poses minimal risk to 
participants. If at any time you feel uncomfortable answering a question, that 
question may be skipped. Similarly, if at any time you are uncomfortable 
participating in any of the assessments, that may be skipped. There may be 
uncommon or previously unknown risks. You should report any problems to the 
researcher. 
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 If you have questions, want more information or have suggestions, please 
contact Laurie Wideman at (336) 334-3234 or Susan D. Calkins at (336) 334-
9836. If you have any concerns about your rights, how you are being treated, 
concerns or complaints about this project or benefits or risks associated with 
being in this study please contact the Office of Research Integrity at UNCG toll-
free at (855)-251-2351. 

 
How will your privacy be protected? 

Data collected from you will remain confidential.  All data will be identified 
by participant ID# only and your data will not be stored together with any other 
other identifying information. Hard copies of questionnaire data will be kept in 
locked cabinets in the Right Track laboratory in Eberhart building at UNCG. 
Questionnaire data collected online will use an online survey-collection program 
called Qualtrics, which uses a “Secure Socket Layer”. This is the equivalent to 
the industry standard for securely transmitting credit card information over the 
Internet. In addition, Qualtrics is a secure site with SAS 70 certification for 
rigorous privacy standards. Absolute confidentiality of data provided through the 
Internet cannot be guaranteed due to the limited protections of Internet access. 
Please be sure to close the browser when finished so no one will be able to see 
what you have been doing.  Blood samples will be de-identified (code number & 
date only) and stored in the secure Exercise Physiology lab at UNCG. Data can 
be stored infedinitely, but will be destroyed when no longer needed for research.  

Participants will not be identified in any report or publication about this 
study. Although every effort will be made to keep research records private, there 
may be times when federal or state law requires the disclosure of such records, 
including personal information. This is very unlikely, but if disclosure is ever 
required, UNC-Greensboro will take steps allowable by law to protect the privacy 
of personal information. In some cases, your information in this research study 
could be reviewed by representatives of the University, research sponsors, or 
government agencies (for example, the FDA) for purposes such as quality control 
or safety. 

To further help us protect your privacy, we have obtained a Certificate of 
Confidentiality from the United States Department of Health and Human Services 
(DHHS). We can use this certificate to refuse to disclose information (for example 
if there were a court subpoena) that may identify you in any federal, state, or 
local civil, criminal, administrative, legislative, or other proceedings. Disclosure 
will be necessary, however, upon request of DHHS for the purpose of audit or 
evaluation. 

What we find out about you will be private. That means we don’t tell 
anyone anything about you—including your parent, your teacher, or anyone else 
that is not connected to our study. However, there are two situations where we 
would have to tell someone about your answers. First, we have to report any 
child abuse or neglect that we see or that you might tell us about. Second, if you 
give us information that makes us think that you are serious about hurting 
yourself or someone else then we will talk with your parent about that so that you 
can get the help you need to stay safe. 
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What if you want to stop before your part in the study is complete? 
You can withdraw from this study at any time, without penalty. You will 

receive your $50 gift card regardless of whether you complete the entire study. 
The investigators also have the right to stop your participation at any time. This 
would only happen if there was reason to be concerned for your well-being as a 
result of participating in this study. 

 
Will you receive anything for being in this study? 

You will be receiving $50 gift card for taking part in this study. You will also 
be entered into a raffle for winning an iPad mini. There will be a random drawing 
for an iPad mini two times within the next year. 

 
What if you have questions about this study? 

You have the right to ask, and have answered, any questions you may 
have about this research. If you have questions about the study (including 
payments), complaints, concerns, or if a research-related injury occurs, you 
should contact the researchers listed on the first page of this form. 

 
What if you have questions about your rights as a research participant? 

All research on human volunteers is reviewed by a committee that works 
to protect your rights and welfare. If you have questions or concerns about your 
rights as a research subject, or if you would like to obtain information or offer 
input, you may contact the Institutional Review Board at (855) 251-2351. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Participant’s Agreement: 

I have read the information provided above. I have asked all the questions I have 
at this time. I voluntarily agree to participate in this research study. 

________________________________________________      _____________ 
Your signature if you agree to be in the study                                      Date 

________________________________________________ 
Printed name if you agree to be in the study 

________________________________________________      _____________ 
Signature of Research Team Member Obtaining Assent                 Date 

________________________________________________ 
Printed Name of Research Team Member Obtaining Assent 
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UNIVERSITY OF NORTH CAROLINA AT GREENSBORO 
 

 
Office Phone Number: (336) 256 -1278 
Office Email: right.track.uncg@gmail.com 
 

Health Visit Questionnaires Only: Adolescent Assent Form 

 
Title of Study: Pathways from Childhood Self-Regulation to Cardiovascular Risk 
in Adolescence 
Project Investigators: Laurie Wideman, Susan Calkins, Lilly Shanahan, Susan 
Keane, and Cheryl Lovelady 
 
What are some general things you should know about research studies? 

You are being asked to take part in a research study. Your parent, or 
guardian, needs to give permission for you to be in this study. You do not have to 
be in this study if you don’t want to, even if your parent has already given 
permission. To join the study is voluntary. You may refuse to join, or you may 
withdraw your consent to be in the study, for any reason, without penalty. 

Research studies are designed to obtain new knowledge. This new 
information may help people in the future. You may not receive any direct benefit 
from being in the research study. There also may be risks to being in research 
studies. Deciding not to be in the study or leaving the study before it is done will 
not affect your relationship with the researcher or the University of North Carolina 
at Greensboro.  

Details about this study are discussed below. It is important that you 
understand this information so that you can make an informed choice about 
being in this research study. You will be given a copy of this assent form. You 
should ask the researchers named above, or staff members who may assist 
them, any questions you have about this study at any time. 
 
 
What is the purpose of this study? 

People’s ability to fight disease (their immune system) and factors related 
to their metabolism play an important part in people’s health. The purpose of this 
study is to collect information on the immune system and metabolism of Right 
Track Project participants. 
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How many people will take part in this study? 
There are approximately 400 other people in this research study. 

 
How long will your part in this study last? 

Completing these questionnaires should take approximately 10-20 
minutes.  
 
What will happen if you take part in the study? 

You will complete a medical history form and some basic questionnaires 
on health, exercise, and nutrition.  

 
What are the possible benefits from being in this study? 

There are no direct benefits to you for your participation in this study. In a 
scientific sense, this research study may give scientists more information about 
how the development of social, cognitive, and emotional development may lead 
to physical health outcomes for adolescents. 
 
What are the possible risks or discomforts involved from being in this 
study? 

There are no extraordinary risks to either you from participating in the 
study. If at any time you feel uncomfortable answering a question, that question 
may be skipped. There may be uncommon or previously unknown risks. You 
should report any problems to the RIGHT Track office. 

If you have questions, want more information or have suggestions, please 
contact Laurie Wideman at (336) 334-3234 or Susan D. Calkins at (336) 334-
9836. If  you have any concerns about your rights, how you are being treated, 
concerns or complaints about this project or benefits or risks associated with 
being in this study  please contact the Office of Research Integrity at UNCG toll-
free at (855)-251-2351. 

 
How will your privacy be protected? 

Data collected from you will remain confidential. All data will be identified 
by participant ID# only and your data will not be stored together with any other 
other identifying information. Hard copies of questionnaire data will be kept in 
locked cabinets in the Right Track laboratory in Eberhart building at UNCG. 
Questionnaire data collected online will use an online survey-collection program 
called Qualtrics, which uses a “Secure Socket Layer”. This is the equivalent to 
the industry standard for securely transmitting credit card information over the 
Internet. In addition, Qualtrics is a secure site with SAS 70 certification for 
rigorous privacy standards. Absolute confidentiality of data provided through the 
Internet cannot be guaranteed due to the limited protections of Internet access. 
Please be sure to close the browser when finished so no one will be able to see 
what you have been doing.   

Participants will not be identified in any report or publication about this 
study. Although every effort will be made to keep research records private, there 
may be times when federal or state law requires the disclosure of such records, 
including personal information. This is very unlikely, but if disclosure is ever 
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required, UNC-Greensboro will take steps allowable by law to protect the privacy 
of personal information. In some cases, your information in this research study 
could be reviewed by representatives of the University, research sponsors, or 
government agencies (for example, the FDA) for purposes such as quality control 
or safety. 

To further help us protect your privacy, we have obtained a Certificate of 
Confidentiality from the United States Department of Health and Human Services 
(DHHS). We can use this certificate to refuse to disclose information (for example 
if there were a court subpoena) that may identify you in any federal, state, or 
local civil, criminal, administrative, legislative, or other proceedings. Disclosure 
will be necessary, however, upon request of DHHS for the purpose of audit or 
evaluation. 

What we find out about you will be private. That means we don’t tell 
anyone anything about you—including your parent, your teacher, or anyone else 
that is not connected to our study. However, there are two situations where we 
would have to tell someone about your answers. First, we have to report any 
child abuse or neglect that we see or that you might tell us about. Second, if you 
give us information that makes us think that you are serious about hurting 
yourself or someone else then we will talk with your parent about that so that you 
can get the help you need to stay safe. 

 
What if you want to stop before your part in the study is complete? 

You can withdraw from this study at any time, without penalty. You will 
receive your $20 gift card regardless of whether you complete the entire study. 
The investigators also have the right to stop your participation at any time. This 
would only happen if there was reason to be concerned for your well-being as a 
result of participating in this study. 

 
Will you receive anything for being in this study? 

You will be receiving $20 gift card for taking part in this portion of the 
study. For returning your questionnaires within 2 weeks of consenting, you will 
receive an additional $10. After this point compensation will be $50. 
 
What if you have questions about this study? 

You have the right to ask, and have answered, any questions you may 
have about this research. If you have questions about the study (including 
payments), complaints, concerns, or if a research-related injury occurs, you 
should contact the researchers listed on the first page of this form. 

 
What if you have questions about your rights as a research participant? 

All research on human volunteers is reviewed by a committee that works 
to protect your rights and welfare. If you have questions or concerns about your 
rights as a research subject, or if you would like to obtain information or offer 
input, you may contact the Institutional Review Board at (855) 251-2351. 



 107 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Participant’s Agreement: 

I have read the information provided above. I have asked all the questions I have 
at this time. I voluntarily agree to participate in this research study. 

________________________________________________      _____________ 
Your signature if you agree to be in the study                                      Date 

________________________________________________ 
Printed name if you agree to be in the study 
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UNIVERSITY OF NORTH CAROLINA AT GREENSBORO 

 
Office Phone Number: (336) 256 -1278 
Office Email: right.track.uncg@gmail.com 
 

Use of Pain Reduction Method: Adolescent Assent Form 

Title of Study: Pathways from Childhood Self-Regulation to Cardiovascular Risk 
in Adolescence 
Project Investigators: Laurie Wideman, Susan Calkins, Lilly Shanahan, Susan 
Keane, and Cheryl Lovelady 
 

For today’s visit, you have expressed an interest in using a method for 
pain reduction (i.e., numbing spray, numbing cream/gel, or buzzing device) for 
the blood draw. With the use of one of these pain reduction methods, the 
experience of participating in the blood draw should essentially be pain free. 

 
A trained and experienced research technician will apply one these 

products to your arm as directed by the manufacturer, for a couple of seconds-
minutes, before the blood draw. When using the numbing spray, the affected skin 
will turn slightly white and then the blood draw will be performed.  With the use of 
this product, there is a very small risk of frost bite. Our research technician is 
experienced in using this product; therefore, this risk should be minimal. In the 
very unlikely event of excessive or prolonged exposure to the numbing spray, the 
research technician would gently re-warm the affected skin by placing the area in 
warm water, then assist you in arranging further evaluation at the nearest 
medical facility.  

 
The numbing cream/gel will be applied in a layer over the area to be used 

for the blood draw. After several minutes, the area will be cleaned and prepped 
for the blood draw. This product is available over the counter and is often used 
for burns, cuts or scrapes and it contains a low dose of lidocaine (4-5% 
depending on formulation). Individuals with allergies to ‘caine-based’ (amide-type 
local anesthetic) products (novacaine, etc.) should not use this pain reduction 
method. If you are unsure of your reaction to these products (i.e., you have never 
used any of them), we will not offer you this option of pain reduction. With the use 
of this product, there is a small risk of skin irritation (redness), swelling or 
abnormal skin sensations and you should tell the technician if your skin feels 
itchy or painful. Our research technician will carefully clean the numbing 
cream/gel from the blood draw area, which should minimize the risk of skin 
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irritation. If a rash or swelling persists, we will assist you in scheduling an 
appointment with your usual physician. 
 

The Buzzy® is a natural pain reduction method that uses vibration to 
desensitize pain nerves and it is available without a prescription. The Buzzy® is 
placed 3-5 cm above the blood draw site, between the brain and the draw site 
along the nerve pathway. It will be placed 30-60 seconds prior to the blood draw 
and will remain in place until the procedure is complete. The Buzzy® is cleaned 
with anti-bacterial wipes between each use. There are no risks associated with 
the use of The Buzzy®. 
 

The Institutional Review Board at the University of North Carolina at 
Greensboro has determined that participation in this study poses minimal risk to 
participants. There may be uncommon or previously unknown risks. You should 
report any problems to the researcher. 

 
If you have questions, want more information or have suggestions, please 

contact Laurie Wideman at (336) 334-3234 or Susan Calkins at (336) 334-9836. 
If  you have any concerns about your rights, how you are being treated, concerns 
or complaints about this project or benefits or risks associated with being in this 
study  please contact the Office of Research Integrity at UNCG toll-free at (855)-
251-2351. 

 
You have the right to refuse to participate or to withdraw at any time, 

without penalty. If you do withdraw, it will not affect you in any way. You and your 
child will still receive your compensation for this visit. If you choose to withdraw, 
you may request that any of your collected data be destroyed unless it is in a de-
identifiable state.  

 
All research on human volunteers is reviewed by a committee that works 

to protect your rights and welfare. If you have questions or concerns about your 
rights as a research subject, or if you would like to obtain information or offer 
input, you may contact the Institutional Review Board at (855) 251-2351. 
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- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Participant’s Agreement: 

I have read the information provided above. I have asked all the questions I have 
at this time. I voluntarily agree to participate in this research study. 

________________________________________________      _____________ 
Your signature if you agree to be in the study                                      Date 

________________________________________________ 
Printed name if you agree to be in the study 

 

________________________________________________      _____________ 
Signature of Research Team Member Obtaining Assent                 Date 

________________________________________________ 
Printed Name of Research Team Member Obtaining Assent
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UNIVERSITY OF NORTH CAROLINA AT GREENSBORO 

 
Office Phone Number: (336) 256 -1278 
Office Email: right.track.uncg@gmail.com 
 

Health Visit: Parental Consent Form 

Title of Study: Pathways from Childhood Self-Regulation to Cardiovascular Risk 
in Adolescence 
Project Investigators: Laurie Wideman, Susan Calkins, Lilly Shanahan, Susan 
Keane, and Cheryl Lovelady 
 
I. Purpose of this Research 

You and your adolescent have been invited to be a part of a research 
study investigating adolescents’ functioning in social, emotional, and behavioral 
areas. This visit extends that study by examining physical health outcomes. You 
have been invited to participate in this research because of your previous 
involvement in the RIGHT Track study. Participation is entirely voluntary. We are 
specifically interested in understanding whether there is a relation between the 
way an adolescent handles emotion and frustration and how this is related to 
his/her ability to fight disease (their immune system) and factors related to 
metabolism that play an important part in people’s health. 

 
II. Procedures 
 Today’s visit should take no more than 60 mintues and will take place in 
the Exercise Physiology laboratory located in the Health & Human Performance 
building at UNCG. You will complete a medical history form and the researcher 
will document all medications you have brought to the lab for visit purposes. You 
and your teen will also complete some basic questionnaires on health, exercise 
and nutrition. Your teen’s height, weight, waist circumference, and blood 
pressure will be taken by the researcher. Next, your teen will rest for 5 minutes, 
and then we will take a small amount of blood (15-20 ml or 3-4 teaspoons) from 
his/her arm. The blood sample will be stored in a secure lab facility. In a few 
months from now, the blood samples will be tested for immune function (e.g., 
proteins related to inflammation and cytokines), and metabolic factors (e.g., 
cholesterol, glucose, and insulin). Please note that we cannot perform medical 
diagnostic tests from the blood samples. The information from the blood samples 
will be used for research purposes only.   
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III. Risks 
There are no extraordinary risks to either you or your teen from 

participating in the study. Infection is possible when blood samples are taken, but 
this risk will be minimized through the use of sterile techniques by a trained 
technician. Only slight discomfort should occur during the blood draw. Your teen 
should feel slightly more pain than a mosquito bite when the blood sample is 
taken. Bruising may occur following a blood draw and may result in mild-to-
moderate soreness to the touch for several days. 

The Institutional Review Board at the University of North Carolina at 
Greensboro has determined that participation in this study poses minimal risk to 
participants. If at any time you or your adolescent feels uncomfortable answering 
a question, that question may be skipped. Similarly, if at any time you or your 
adolescent is uncomfortable participating in any of the assessments, that may be 
skipped. There may be uncommon or previously unknown risks. You should 
report any problems to the researcher. 

If you have questions, want more information or have suggestions, please 
contact Laurie Wideman at (336) 334-3234 or Susan Calkins at (336) 334-9836. 
If  you have any concerns about your rights, how you are being treated, concerns 
or complaints about this project or benefits or risks associated with being in this 
study  please contact the Office of Research Integrity at UNCG toll-free at (855)-
251-2351. 
 
IV. Benefits of This Research 

There are no direct benefits to you or your teen for your participation in 
this study. In a scientific sense, this research study may give scientists more 
information about how the development of social, cognitive, and emotional 
development may lead to physical health outcomes for adolescents. 
 
V. Extent of Confidentiality 

Data collected from you and your teen will remain confidential.  All data 
will be identified by participant ID# only and your data will not be stored together 
with any other other identifying information. Hard copies of questionnaire data will 
be kept in locked cabinets in the Right Track laboratory in Eberhart building at 
UNCG. Questionnaire data collected online will use an online survey-collection 
program called Qualtrics, which uses a “Secure Socket Layer”. This is the 
equivalent to the industry standard for securely transmitting credit card 
information over the Internet. In addition, Qualtrics is a secure site with SAS 70 
certification for rigorous privacy standards. Absolute confidentiality of data 
provided through the Internet cannot be guaranteed due to the limited protections 
of Internet access. Please be sure to close the browser when finished so no one 
will be able to see what you have been doing.  Blood samples will be de-
identified (code number and date only) and stored in the secure Exercise 
Physiology lab at UNCG. Data can be stored infedinitely, but will be destroyed 
when no longer needed for research.  

Participants will not be identified in any report or publication about this 
study. In some cases, your information in this research study could be reviewed 
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by representatives of the University, research sponsors, or government agencies 
for purposes such as quality control or safety. 

All information obtained in this study is strictly confidential. Information 
collected from you and your son/daughter will remain confidential with the 
following exceptions. Should you or your teen reveal that s/he has been abused, 
or that you or your teen are at risk of self-harm or harming another individual, we 
will take appropriate action so that all parties are protected from impending harm. 
Furthermore, during this visit your adolescent may disclose to the research 
assistant (RA) that they have a particular area of concern or are experiencing 
distress or psychological impairment. In these situations, the RA will conduct a 
follow-up with your adolescent to determine the severity of their distress and the 
RA will offer to speak to you and, if applicable, another trusted adult of your 
teen’s choice to help him or her obtain appropriate support. We do not plan to 
routinely disclose the results of this research to you, although you have a right to 
request this information.  

We will do everything we can to keep others from learning about your 
participation in this study. To further help us protect your privacy, we have 
obtained a Certificate of Confidentiality from the United States Department of 
Health and Human Services (DHHS). We can use this certificate to refuse to 
disclose information (for example if there were a court subpoena) that may 
identify you in any federal, state, or local civil, criminal, administrative, legislative, 
or other proceedings. Disclosure will be necessary, however, upon request of 
DHHS for the purpose of audit or evaluation.  

You should understand that a Confidentiality Certificate does not prevent 
you or a member of your family from voluntarily releasing information about 
yourself or your involvement in this research. Note however, that if an insurer or 
employer, learns about your participation, and obtains your consent to receive 
research information, then the investigator may not use the Certificate of 
Confidentiality to withhold this information. This means that you and your family 
must also actively protect your own privacy.  

The Certificate of Confidentiality will not be used to prevent disclosure to 
local authorities of child abuse and neglect, or harm to self or others. 

 
VI. What about new information/changes in the study?  

If significant new information relating to the study becomes available 
which may relate to your willingness to continue to participate, this information 
will be provided to you. 
 
VII. Compensation 

You and your teen will each be compensated with $50 after today’s visit. 
Your teen will also be entered into a raffle for winning an iPad mini. There will be 
a random drawing for an iPad mini two times within the next year. 
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VIII. Freedom to Withdraw 
You have the right to refuse to participate or to withdraw at any time, 

without penalty. If you do withdraw, it will not affect you in any way. You and your 
child will still receive your compensation for this visit. If you choose to withdraw, 
you may request that any of your collected data be destroyed unless it is in a de-
identifiable state.  

 
VIII. What if you have questions about your rights as a research 
participant? 
 

All research on human volunteers is reviewed by a committee that works 
to protect your rights and welfare. If you have questions or concerns about your 
rights as a research subject, or if you would like to obtain information or offer 
input, you may contact the Institutional Review Board at (855) 251-2351. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Title of Study: Adolescent Inflammation and Health 
Principal Investigator: Laurie Wideman 
 
By signing this consent form you are agreeing that you read, or it has been read 
to you, and you fully understand the contents of this document and are openly 
willing consent to take part in this study and give consent to have your 
adolescent participate as well. All of your questions concerning this study have 
been answered. By signing this form, you are agreeing that you are 18 years of 
age or older and are agreeing to participate, or have the individual specified 
above as a participant participate, in this study described to you by 
_____________________.  

Participant’s Agreement: I have read the information provided above. I have 
asked all the questions I have at this time. I voluntarily agree to participate in this 
research study. 

________________________________________________      _____________ 
Your signature if you agree to be in the study                               Date 

________________________________________________ 
Printed name if you agree to be in the study 

May we contact you in the future for follow-up participation in this study? 

  _____ Yes     ______ No 

  



 115 

UNIVERSITY OF NORTH CAROLINA AT GREENSBORO 
 

 
Office Phone Number: (336) 256 -1278 
Office Email: right.track.uncg@gmail.com 
 

Health Questionnaires Only: Parental Consent Form 

 
Title of Study: Pathways from Childhood Self-Regulation to Cardiovascular Risk 
in Adolescence 
Project Investigators: Laurie Wideman, Susan Calkins, Lilly Shanahan, Susan 
Keane, and Cheryl Lovelady 
 
I. Purpose of this Research 

You and your adolescent have been invited to be a part of a research 
study investigating adolescents’ functioning in social, emotional, and behavioral 
areas. This visit extends that study by examining physical health outcomes. You 
have been invited to participate in this research because of your previous 
involvement in the RIGHT Track study. Participation is entirely voluntary. We are 
specifically interested in understanding whether there is a relation between the 
way an adolescent handles emotion and frustration and how this is related to 
his/her ability to fight disease (their immune system) and factors related to 
metabolism that play an important part in people’s health. 
 
II. Procedures 
 You will complete a medical history form and document all medications 
your teen is taking. You and your teen will also complete some basic 
questionnaires on health, exercise and nutrition. These questionnaires should 
take approximately 15 – 20 minutes.  
 
III. Risks 

There are no extraordinary risks to either you from participating in the 
study. If at any time you feel uncomfortable answering a question, that question 
may be skipped. There may be uncommon or previously unknown risks. You 
should report any problems to the RIGHT Track office. 
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If you have questions, want more information or have suggestions, please 
contact Laurie Wideman at (336) 334-3234 or Susan Calkins at (336) 334-9836. 
If  you have any concerns about your rights, how you are being treated, concerns 
or complaints about this project or benefits or risks associated with being in this 
study  please contact the Office of Research Integrity at UNCG toll-free at (855)-
251-2351. 
 
IV. Benefits of This Research 

There are no direct benefits to you or your teen for your participation in 
this study. In a scientific sense, this research study may give scientists more 
information about how the development of social, cognitive, and emotional 
development may lead to physical health outcomes for adolescents. 
 
V. Extent of Confidentiality 

Data collected from you and your teen will remain confidential.  All data 
will be identified by participant ID# only and your data will not be stored together 
with any other other identifying information. Hard copies of questionnaire data will 
be kept in locked cabinets in the Right Track laboratory in Eberhart building at 
UNCG. Questionnaire data collected online will use an online survey-collection 
program called Qualtrics, which uses a “Secure Socket Layer”. This is the 
equivalent to the industry standard for securely transmitting credit card 
information over the Internet. In addition, Qualtrics is a secure site with SAS 70 
certification for rigorous privacy standards. Absolute confidentiality of data 
provided through the Internet cannot be guaranteed due to the limited protections 
of Internet access. Please be sure to close the browser when finished so no one 
will be able to see what you have been doing. 

Participants will not be identified in any report or publication about this 
study. In some cases, your information in this research study could be reviewed 
by representatives of the University, research sponsors, or government agencies 
for purposes such as quality control or safety. 

All information obtained in this study is strictly confidential. Information 
collected from you and your son/daughter will remain confidential with the 
following exceptions. Should you or your teen reveal that s/he has been abused, 
or that you or your teen are at risk of self-harm or harming another individual, we 
will take appropriate action so that all parties are protected from impending harm. 
Furthermore, during this visit your adolescent may disclose to the research 
assistant (RA) that they have a particular area of concern or are experiencing 
distress or psychological impairment. In these situations, the RA will conduct a 
follow-up with your adolescent to determine the severity of their distress and the 
RA will offer to speak to you and, if applicable, another trusted adult of your 
teen’s choice to help him or her obtain appropriate support. We do not plan to 
routinely disclose the results of this research to you, although you have a right to 
request this information.  

We will do everything we can to keep others from learning about your 
participation in this study. To further help us protect your privacy, we have 
obtained a Certificate of Confidentiality from the United States Department of 
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Health and Human Services (DHHS). We can use this certificate to refuse to 
disclose information (for example if there were a court subpoena) that may 
identify you in any federal, state, or local civil, criminal, administrative, legislative, 
or other proceedings. Disclosure will be necessary, however, upon request of 
DHHS for the purpose of audit or evaluation.  

You should understand that a Confidentiality Certificate does not prevent 
you or a member of your family from voluntarily releasing information about 
yourself or your involvement in this research. Note however, that if an insurer or 
employer, learns about your participation, and obtains your consent to receive 
research information, then the investigator may not use the Certificate of 
Confidentiality to withhold this information. This means that you and your family 
must also actively protect your own privacy.  

The Certificate of Confidentiality will not be used to prevent disclosure to 
local authorities of child abuse and neglect, or harm to self or others. 

 
VI. Compensation 

You and your teen will each be compensated with $20 for completing this 
set of questionnaires. For returning your questionnaires within 2 weeks of 
consenting, you will receive an additional $10. After this point compensation will 
be $50. 
 
VII. Freedom to Withdraw 

You have the right to refuse to participate or to withdraw at any time, 
without penalty. If you do withdraw, it will not affect you in any way. You and your 
child will still receive your compensation for this visit. If you choose to withdraw, 
you may request that any of your data which has been collected be destroyed 
unless it is in a de-identifiable state.  

 
VIII. What if you have questions about your rights as a research 
participant? 

All research on human volunteers is reviewed by a committee that works 
to protect your rights and welfare. If you have questions or concerns about your 
rights as a research subject, or if you would like to obtain information or offer 
input, you may contact the Institutional Review Board at (855) 251-2351. 
 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
By signing this consent form you are agreeing that you read, or it has been read 
to you, and you fully understand the contents of this document and are openly 
willing consent to take part in this study and give consent to have your 
adolescent participate as well. All of your questions concerning this study have 
been answered. By signing this form, you are agreeing that you are 18 years of 
age or older and are agreeing to participate, or have the individual specified 
above as a participant participate, in this study.  
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Participant’s Agreement: I have read the information provided above. I have 
asked all the questions I have at this time. I voluntarily agree to participate in this 
research study. 

________________________________________________      _____________ 
Your signature if you agree to be in the study                               Date 

________________________________________________ 
Printed name if you agree to be in the study 

 
May we contact you in the future for follow-up participation in this study?  _____ 
Yes     ______ No 
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UNIVERSITY OF NORTH CAROLINA AT GREENSBORO 

 
Office Phone Number: (336) 256 -1278 
Office Email: right.track.uncg@gmail.com 
 

Use of Pain Reduction Method: Parental Consent Form 

Title of Study: Pathways from Childhood Self-Regulation to Cardiovascular Risk 
in Adolescence 
Project Investigators: Laurie Wideman, Susan Calkins, Lilly Shanahan, Susan 
Keane, and Cheryl Lovelady 
 

For today’s visit, your child has expressed an interest in using a method 
for pain reduction (i.e., numbing spray, numbing cream/gel, or buzzing device) for 
the blood draw. With the use of one of these pain reduction methods, the 
experience of participating in the blood draw should essentially be pain free. 

 
A trained and experienced research technician will apply one these 

products to your child’s arm as directed by the manufacturer, for a couple of 
seconds-minutes, before the blood draw. When using the numbing spray, the 
affected skin will turn slightly white and then the blood draw will be performed.  
With the use of this product, there is a very small risk of frost bite. Our research 
technician is experienced in using this product; therefore, this risk should be 
minimal. In the very unlikely event of excessive or prolonged exposure to the 
numbing spray, the research technician would gently re-warm the affected skin 
by placing the area in warm water, then assist you and your child in arranging 
further evaluation at the nearest medical facility.  

 
The numbing cream/gel will be applied in a layer over the area to be used 

for the blood draw. After several minutes, the area will be cleaned and prepped 
for the blood draw. This product is available over the counter and is often used 
for burns, cuts or scrapes and it contains a low dose of lidocaine (4-5% 
depending on formulation). Individuals with allergies to ‘caine-based’ (amide-type 
local anesthetic) products (novacaine, etc.) should not use this pain reduction 
method. If you are unsure of your child’s reaction to these products (i.e. your 
child has never used any of them), we will not offer your child this option of pain 
reduction. With the use of this product, there is a small risk of skin irritation 
(redness), swelling or abnormal skin sensations and your child should tell the 
technician if their skin feels itchy or painful. Our research technician will carefully 
clean the numbing cream/gel from the blood draw area, which should minimize 
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the risk of skin irritation. If a rash or swelling persists, we will assist you and your 
child in arranging an appointment with your usual physician. 
 

The Buzzy® is a natural pain reduction method that uses vibration to 
desensitize pain nerves and it is available without a prescription. The Buzzy® is 
placed 3-5 cm above the blood draw site, between the brain and the draw site 
along the nerve pathway. It will be placed 30-60 seconds prior to the blood draw 
and will remain in place until the procedure is complete. The Buzzy® is cleaned 
with anti-bacterial wipes between each use. There are no risks associated with 
the use of The Buzzy®. 
 

The Institutional Review Board at the University of North Carolina at 
Greensboro has determined that participation in this study poses minimal risk to 
participants. There may be uncommon or previously unknown risks. You should 
report any problems to the researcher. 

 
If you have questions, want more information or have suggestions, please 

contact Laurie Wideman at (336) 334-3234 or Susan Calkins at (336) 334-9836. 
If  you have any concerns about your rights, how you are being treated, concerns 
or complaints about this project or benefits or risks associated with being in this 
study  please contact the Office of Research Integrity at UNCG toll-free at (855)-
251-2351. 

 
You have the right to refuse to participate or to withdraw at any time, 

without penalty. If you do withdraw, it will not affect you in any way. You and your 
child will still receive your compensation for this visit. If you choose to withdraw, 
you may request that any of your collected data be destroyed unless it is in a de-
identifiable state.  

 
All research on human volunteers is reviewed by a committee that works 

to protect your rights and welfare. If you have questions or concerns about your 
rights as a research subject, or if you would like to obtain information or offer 
input, you may contact the Institutional Review Board at (855) 251-2351. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
By signing this consent form you are agreeing that you read, or it has been read 
to you, and you fully understand the contents of this document and are openly 
willing for the numbing spray to be applied to your adolescent’s arm during the 
blood draw. All of your questions concerning this study have been answered. By 
signing this form, you are agreeing that you are 18 years of age or older and are 
agreeing to participate, or have the individual specified above as a participant 
participate, in this study described to you by _____________________.  
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Participant’s Agreement: I have read the information provided above. I have 
asked all the questions I have at this time. I voluntarily agree to participate in this 
research study. 

________________________________________________      _____________ 
Your signature if you agree to be in the study                               Date 

________________________________________________ 
Printed name if you agree to be in the study
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UNIVERSITY OF NORTH CAROLINA AT GREENSBORO 

 
Office Phone Number: (336) 256 -1278 
Office Email: right.track.uncg@gmail.com 

 

Health Visit and Nutrition Recalls: Young Adult Consent Form 

 
Title of Study: Pathways from Childhood Self-Regulation to Cardiovascular Risk in 
Adolescence 
Project Investigators: Laurie Wideman, Susan Calkins, Lilly Shanahan, Susan Keane, 
and Cheryl Lovelady 
 
What are some things I should know about research studies? 

You are being asked to take part in a research study. You do not have to be in 
this study if you don’t want to. To join the study is voluntary. You may refuse to join, or 
you may withdraw your consent to be in the study, for any reason, without penalty. 

Research studies are designed to obtain new knowledge. This new information 
may help people in the future. You may not receive any direct benefit from being in the 
research study. There also may be risks to being in research studies. Deciding not to be 
in the study or leaving the study before it is done will not affect your relationship with the 
researcher or the University of North Carolina at Greensboro.  

Details about this study are discussed below. It is important that you understand 
this information so that you can make an informed choice about being in this research 
study. You will be given a copy of this consent form. You should ask the researchers 
named above, or staff members who may assist them, any questions you have about 
this study at any time. 

 
What is this study about? 

When you were in high school, you were part of a research study 
investigating adolescents’ functioning in social, emotional, and behavioral areas. 
You are now being invited to participate in an extension of this research because 
of your previous involvement in the RIGHT Track study. This study is interested 
in young adults’ health, including their ability to fight disease (i.e., the immune 
system) and their metabolism and also their overall life circumstances (e.g., living 
arrangements). Participation is entirely voluntary. 

 
How many people will take part in this study? 

There are approximately 400 other people in this research study. 
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Why are you asking me? 
 You have been invited to participate in this research because of your previous 
involvement in the RIGHT Track study. Participation is entirely voluntary. 
 
How long will my part in this study last? 

Today’s visit should last no more than 1 hour.  
 
What will happen if I take part in the study? 

You will complete a questionnaire online (on a secure site called Qualtrics) 
asking about your life since RIGHT Track last interviewed you. This questionnaire will 
ask you basic information about yourself, things like: your living arrangements, 
relationship status, education, health and health-related behaviors such as exercise, 
sleep, and nutrition. 
 You will also complete a Health Visit. The Health Visit should take no 
more than 60 minutes and will take place in the Exercise Physiology laboratory 
located in the Health & Human Performance building at UNCG. You will complete 
a medical history form and the researcher will document all medications you 
have brought to the lab for visit purposes. You will also complete some additional 
basic questionnaires on health, exercise and nutrition. Your height, weight, waist 
circumference, and blood pressure will be taken by the researcher. Next, you will 
rest for 5 minutes, and then we will take a small amount of blood (40 ml or 
approximately 3 tablespoons) from your arm. The blood sample will be stored in 
a secure lab facility. In the future, the blood samples will be tested for immune 
function (e.g., proteins related to inflammation and cytokines), and metabolic 
factors (e.g., cholesterol, glucose, and insulin). Please note that we cannot 
perform medical diagnostic tests from the blood samples. The information from 
the blood samples will be used for research purposes only. 

At your visit today, we will also ask about your availability to participate in 2-3 
short phone interviews in the coming week. These interviews will ask you about the food 
you have eaten in the past 24 hours, in order to better understand people’s nutrition 
habits. These calls will come from a research team at UNC-Chapel Hill that is helping us. 
Each call should last no longer than 20-30 minutes.  

 
What are the possible benefits from being in this study? 

There are no direct benefits to you for your participation in this study. In a 
scientific sense, this research study may give scientists more information about 
how people’s earlier life experiences may impact their physical health later on. 
 
What are the possible risks or discomforts involved from being in this study? 

There are no extraordinary risks to you from participating in the study. 
Infection is possible when blood samples are taken, but this risk will be 
minimized through the use of sterile techniques by a trained technician. Only 
slight discomfort should occur during the blood draw. You should feel slightly 
more pain than a mosquito bite when the blood sample is taken. Bruising may 
occur following a blood draw and may result in mild-to-moderate soreness to the 
touch for several days. 
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The Institutional Review Board at the University of North Carolina at 
Greensboro has determined that participation in this study poses minimal risk to 
participants. If at any time you feel uncomfortable answering a question, that 
question may be skipped. Similarly, if at any time you are uncomfortable 
participating in any of the assessments, they may be skipped. There may be 
uncommon or previously unknown risks. You should report any problems to the 
researcher. 

If you have questions, want more information or have suggestions, please 
contact Laurie Wideman at (336) 334-3234 or lauriewideman@uncg.edu. If  you 
have any concerns about your rights, how you are being treated, concerns or 
complaints about this project or benefits or risks associated with being in this 
study  please contact the Office of Research Integrity at UNCG toll-free at (855)-
251-2351. 

 
How will my privacy be protected? 

Data collected from you will remain confidential.  All data will be identified 
by participant ID# only and your data will not be stored together with any other 
other identifying information. Hard copies of questionnaire data will be kept in 
locked cabinets in the RIGHT Track laboratory in Eberhart building at UNCG. 
Questionnaire data collected online will use an online survey-collection program 
called Qualtrics, which uses a “Secure Socket Layer”. This is the equivalent to 
the industry standard for securely transmitting credit card information over the 
Internet. In addition, Qualtrics is a secure site with SAS 70 certification for 
rigorous privacy standards. Absolute confidentiality of data provided through the 
Internet cannot be guaranteed due to the limited protections of Internet access. 
Please be sure to close the browser when finished so no one will be able to see 
what you have been doing. Data can be stored infedinitely, but will be destroyed 
when no longer needed for research. Blood samples will be de-identified (code 
number & date only) and stored in the secure Exercise Physiology lab at UNCG. 

Participants will not be identified in any report or publication about this 
study. In some cases, your information in this research study could be reviewed 
by representatives of the University, research sponsors, or government agencies 
for purposes such as quality control or safety. 

What we find out about you will be private. That means we don’t tell 
anyone anything about you—including your parent, partner, or anyone else that 
is not connected to our study. However, there are two situations where we would 
have to tell someone about your answers. First, we have to report any child 
abuse or neglect that we see or that you might tell us about. Second, we have to 
report if you give us information that makes us think that you are serious about 
hurting yourself or someone else so that you can get the help you need to stay 
safe.  

We will do everything we can to keep others from learning about your 
participation in this study. To further help us protect your privacy, we have 
obtained a Certificate of Confidentiality from the United States Department of 
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Health and Human Services (DHHS). We can use this certificate to refuse to 
disclose information (for example if there were a court subpoena) that may 
identify you in any federal, state, or local civil, criminal, administrative, legislative, 
or other proceedings. Disclosure will be necessary, however, upon request of 
DHHS for the purpose of audit or evaluation.  

You should understand that a Confidentiality Certificate does not prevent 
you from voluntarily releasing information about yourself or your involvement in 
this research. Note however, that if an insurer or employer, learns about your 
participation, and obtains your consent to receive research information, then the 
investigator may not use the Certificate of Confidentiality to withhold this 
information. This means that you must also actively protect your own privacy.  

The Certificate of Confidentiality will not be used to prevent disclosure to 
local authorities of child abuse and neglect, or harm to self or others. 

 
What if I want to leave the study? 

You can withdraw from this study at any time, without penalty. You will receive 
your $75 gift card or check regardless of whether you complete the entire study. The 
investigators also have the right to stop your participation at any time. This would only 
happen if there was reason to be concerned for your well-being as a result of 
participating in this study. If you choose to withdraw, you may request that any of your 
collected data be destroyed unless it is in a de-identifiable state. 

 
Will I receive anything for being in this study? 

You will be compensated $75 (either by Target gift card today or a check in the 
mail a few weeks from today) for taking part in this study. In addition, you will receive a 
$10 for the first nutrition phone call, $15 for the second call, and $20 for the third call (the 
total payment will be mailed to you after you complete the calls). You will also be entered 
into a raffle for winning an iPad mini. There will be a random drawing for an iPad mini 
two times within the next year. 
 
What if I have questions about this study? 

You have the right to ask, and have answered, any questions you may have 
about this research. If you have questions about the study (including payments), 
complaints, concerns, or if a research-related injury occurs, you should contact the 
researchers listed on the first page of this form. 

 
What about new information/changes in the study?  

If significant new information relating to the study becomes available which may 
relate to your willingness to continue to participate, this information will be provided to 
you. 
 
What if you have questions about your rights as a research participant? 

All research on human volunteers is reviewed by a committee that works to 
protect your rights and welfare. If you have questions or concerns about your rights as a 
research subject, or if you would like to obtain information or offer input, you may contact 
the Institutional Review Board at (855) 251-2351. 
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- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Participant’s Agreement: 

By signing this consent form you are agreeing that you read it, or it has been read to 
you, and you fully understand the contents of this document and are openly willing 
consent to take part in this study. All of your questions concerning this study have been 
answered. By signing this form, you are agreeing that you are 18 years of age or older 
and are agreeing to participate in this study described to you by 
_____________________. 

________________________________________________      _________________ 
Your signature if you agree to be in the study                                      Date 

________________________________________________ 
Printed name if you agree to be in the study 

May we contact you in the future for follow-up participation in this study?  _____ 
Yes     ______ No 
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UNIVERSITY OF NORTH CAROLINA AT GREENSBORO 

 
Office Phone Number: (336) 256 -1278 
Office Email: right.track.uncg@gmail.com 
 

Questionnaires and Nutrition Recalls: Young Adult Consent Form 

 
Title of Study: Pathways from Childhood Self-Regulation to Cardiovascular Risk in 
Adolescence 
Project Investigators: Laurie Wideman, Susan Calkins, Lilly Shanahan, Susan Keane, 
and Cheryl Lovelady 
 
What are some things I should know about research studies? 

You are being asked to take part in a research study. You do not have to be in 
this study if you don’t want to. To join the study is voluntary. You may refuse to join, or 
you may withdraw your consent to be in the study, for any reason, without penalty. 

Research studies are designed to obtain new knowledge. This new information 
may help people in the future. You may not receive any direct benefit from being in the 
research study. There also may be risks to being in research studies. Deciding not to be 
in the study or leaving the study before it is done will not affect your relationship with the 
researcher or the University of North Carolina at Greensboro.  

Details about this study are discussed below. It is important that you understand 
this information so that you can make an informed choice about being in this research 
study. You will be given a copy of this consent form. You should ask the researchers 
named above, or staff members who may assist them, any questions you have about 
this study at any time. 

 
What is this study about? 

When you were in high school, you were part of a research study 
investigating adolescents’ functioning in social, emotional, and behavioral areas. 
You are now being invited to participate in an extension of this research because 
of your previous involvement in the RIGHT Track study. This study is interested 
in young adults’ health, including their ability to fight disease (i.e., the immune 
system) and their metabolism and also their overall life circumstances (e.g., living 
arrangements). Participation is entirely voluntary. 

 
How many people will take part in this study? 

There are approximately 400 other people in this research study. 
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Why are you asking me? 
 You have been invited to participate in this research because of your previous 
involvement in the RIGHT Track study. Participation is entirely voluntary. 
 
How long will my part in this study last? 

Completing the online questionnaires should take no more than 1 hour.  
 
What will happen if I take part in the study? 

You will complete a questionnaire online (on a secure site called Qualtrics) 
asking about your life since RIGHT Track last interviewed you. This questionnaire will 
ask you basic information about yourself, things like: your living arrangements, 
relationship status, education, health and health-related behaviors such as exercise, 
sleep, and nutrition. 
 We will also ask about your availability to participate in 2-3 short phone 
interviews in the coming weeks. These interviews will ask you about the food you 
have eaten in the past 24 hours, in order to better understand people’s nutrition 
habits. These calls will come from a research team at UNC-Chapel Hill that is 
helping us. Each call should last no longer than 20-30 minutes.  

 
What are the possible benefits from being in this study? 

There are no direct benefits to you for your participation in this study. In a 
scientific sense, this research study may give scientists more information about 
how people’s earlier life experiences may impact their physical health as an 
adult. 
 
What are the possible risks or discomforts involved from being in this study? 

There are no extraordinary risks to you from participating in the study.  
The Institutional Review Board at the University of North Carolina at 

Greensboro has determined that participation in this study poses minimal risk to 
participants. If at any time you feel uncomfortable answering a question, that 
question may be skipped. Similarly, if at any time you are uncomfortable 
participating in any of the assessments, they may be skipped. There may be 
uncommon or previously unknown risks. You should report any problems to the 
researcher. 

If you have questions, want more information or have suggestions, please 
contact Laurie Wideman at (336) 334-3234 or lauriewideman@uncg.edu. If  you 
have any concerns about your rights, how you are being treated, concerns or 
complaints about this project or benefits or risks associated with being in this 
study  please contact the Office of Research Integrity at UNCG toll-free at (855)-
251-2351. 

 
How will my privacy be protected? 

Data collected from you will remain confidential.  All data will be identified 
by participant ID# only and your data will not be stored together with any other 
other identifying information. Hard copies of questionnaire data will be kept in 
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locked cabinets in the RIGHT Track laboratory in Eberhart building at UNCG. 
Questionnaire data collected online will use an online survey-collection program 
called Qualtrics, which uses a “Secure Socket Layer”. This is the equivalent to 
the industry standard for securely transmitting credit card information over the 
Internet. In addition, Qualtrics is a secure site with SAS 70 certification for 
rigorous privacy standards. Absolute confidentiality of data provided through the 
Internet cannot be guaranteed due to the limited protections of Internet access. 
Please be sure to close the browser when finished so no one will be able to see 
what you have been doing. Data can be stored indefinitely, but will be destroyed 
when no longer needed for research.  

Participants will not be identified in any report or publication about this 
study. In some cases, your information in this research study could be reviewed 
by representatives of the University, research sponsors, or government agencies 
for purposes such as quality control or safety. 

What we find out about you will be private. That means we don’t tell 
anyone anything about you—including your parent, partner, or anyone else that 
is not connected to our study. However, there are two situations where we would 
have to tell someone about your answers. First, we have to report any child 
abuse or neglect that we see or that you might tell us about. Second, we have to 
report if you give us information that makes us think that you are serious about 
hurting yourself or someone else so that you can get the help you need to stay 
safe.  

We will do everything we can to keep others from learning about your 
participation in this study. To further help us protect your privacy, we have 
obtained a Certificate of Confidentiality from the United States Department of 
Health and Human Services (DHHS). We can use this certificate to refuse to 
disclose information (for example if there were a court subpoena) that may 
identify you in any federal, state, or local civil, criminal, administrative, legislative, 
or other proceedings. Disclosure will be necessary, however, upon request of 
DHHS for the purpose of audit or evaluation.  

You should understand that a Confidentiality Certificate does not prevent 
you from voluntarily releasing information about yourself or your involvement in 
this research. Note however, that if an insurer or employer, learns about your 
participation, and obtains your consent to receive research information, then the 
investigator may not use the Certificate of Confidentiality to withhold this 
information. This means that you must also actively protect your own privacy.  

The Certificate of Confidentiality will not be used to prevent disclosure to 
local authorities of child abuse and neglect, or harm to self or others. 

 
What if I want to leave the study? 

You can withdraw from this study at any time, without penalty. You will receive 
your $50 gift card or check regardless of whether you complete the entire study. The 
investigators also have the right to stop your participation at any time. This would only 
happen if there was reason to be concerned for your well-being as a result of 
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participating in this study. If you choose to withdraw, you may request that any of your 
collected data be destroyed unless it is in a de-identifiable state. 

 
Will I receive anything for being in this study? 

You will be compensated $50 (either by check or Target gift card that will be 
mailed to you) for taking part in this study. In addition, you will receive a $10 for the first 
nutrition phone call, $15 for the second call, and $20 for the third call (the total payment 
will be mailed to you after you complete the calls). For returning your questionnaires 
within 2 weeks of consenting, you will receive an additional $10. After this point 
compensation will be $50. 
 
What if I have questions about this study? 

You have the right to ask, and have answered, any questions you may have 
about this research. If you have questions about the study (including payments), 
complaints, concerns, or if a research-related injury occurs, you should contact the 
researchers listed on the first page of this form. 

 
What about new information/changes in the study?  

If significant new information relating to the study becomes available which may 
relate to your willingness to continue to participate, this information will be provided to 
you. 
 
What if you have questions about your rights as a research participant? 

All research on human volunteers is reviewed by a committee that works to 
protect your rights and welfare. If you have questions or concerns about your rights as a 
research subject, or if you would like to obtain information or offer input, you may contact 
the Institutional Review Board at (855) 251-2351. 

 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Participants Agreement: 

By signing this consent form you are agreeing that you read it, or it has been read to 
you, and you fully understand the contents of this document and are openly willing 
consent to take part in this study. All of your questions concerning this study have been 
answered. By signing this form, you are agreeing that you are 18 years of age or older 
and are agreeing to participate in this study described to you by 
_____________________. 

________________________________________________      _________________ 
Your signature if you agree to be in the study                                      Date 

________________________________________________ 
Printed name if you agree to be in the study 

May we contact you in the future for follow-up participation in this study?  _____ 
Yes     ______ No  
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UNIVERSITY OF NORTH CAROLINA AT GREENSBORO 

 
Office Phone Number: (336) 256 -1278 
Office Email: right.track.uncg@gmail.com 
 

Use of Pain Reduction Method: Young Adult Consent Form 

Title of Study: Pathways from Childhood Self-Regulation to Cardiovascular Risk 
in Adolescence 
Project Investigators: Laurie Wideman, Susan Calkins, Lilly Shanahan, Susan 
Keane, and Cheryl Lovelady 
 

For today’s visit, you have expressed an interest in using a method for 
pain reduction (i.e., numbing spray, numbing cream/gel, or buzzing device) for 
the blood draw. With the use of one of these pain reduction methods, the 
experience of participating in the blood draw should essentially be pain free. 

 
A trained and experienced research technician will apply one these 

products to your arm as directed by the manufacturer, for a couple of seconds-
minutes, before the blood draw. When using the numbing spray, the affected skin 
will turn slightly white and then the blood draw will be performed.  With the use of 
this product, there is a very small risk of frost bite. Our research technician is 
experienced in using this product; therefore, this risk should be minimal. In the 
very unlikely event of excessive or prolonged exposure to the numbing spray, the 
research technician would gently re-warm the affected skin by placing the area in 
warm water, then assist you in arranging further evaluation at the nearest 
medical facility.  

 
The numbing cream/gel will be applied in a layer over the area to be used 

for the blood draw. After several minutes, the area will be cleaned and prepped 
for the blood draw. This product is available over the counter and is often used 
for burns, cuts or scrapes and it contains a low dose of lidocaine (4-5% 
depending on formulation). Individuals with allergies to ‘caine-based’ (amide-type 
local anesthetic) products (novacaine, etc.) should not use this pain reduction 
method. If you are unsure of your reaction to these products (i.e., you have never 
used any of them), we will not offer you this option of pain reduction. With the use 
of this product, there is a small risk of skin irritation (redness), swelling or 
abnormal skin sensations and you should tell the technician if your skin feels 
itchy or painful. Our research technician will carefully clean the numbing 
cream/gel from the blood draw area, which should minimize the risk of skin 
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irritation. If a rash or swelling persists, we will assist you in scheduling an 
appointment with your usual physician. 

 
The Buzzy® is a natural pain reduction method that uses vibration to 

desensitize pain nerves and it is available without a prescription. The Buzzy® is 
placed 3-5 cm above the blood draw site, between the brain and the draw site 
along the nerve pathway. It will be placed 30-60 seconds prior to the blood draw 
and will remain in place until the procedure is complete. The Buzzy® is cleaned 
with anti-bacterial wipes between each use. There are no risks associated with 
the use of The Buzzy®. 
 

The Institutional Review Board at the University of North Carolina at 
Greensboro has determined that participation in this study poses minimal risk to 
participants. There may be uncommon or previously unknown risks. You should 
report any problems to the researcher. 

 
If you have questions, want more information or have suggestions, please 

contact Laurie Wideman at (336) 334-3234 or Susan Calkins at (336) 334-9836. 
If  you have any concerns about your rights, how you are being treated, concerns 
or complaints about this project or benefits or risks associated with being in this 
study  please contact the Office of Research Integrity at UNCG toll-free at (855)-
251-2351. 

 
You have the right to refuse to participate or to withdraw at any time, 

without penalty. If you do withdraw, it will not affect you in any way. You will still 
receive your compensation for this visit. If you choose to withdraw, you may 
request that any of your collected data be destroyed unless it is in a de-
identifiable state.  

 
All research on human volunteers is reviewed by a committee that works to 

protect your rights and welfare. If you have questions or concerns about your rights as a 
research subject, or if you would like to obtain information or offer input, you may contact 
the Institutional Review Board at (855) 251-2351. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

By signing this consent form you are agreeing that you read, or it has been read 
to you, and you fully understand the contents of this document and are openly 
willing for the numbing agent to be applied to your arm during the blood draw. All 
of your questions concerning this study have been answered. By signing this 
form, you are agreeing that you are 18 years of age or older and are agreeing to 
participate in this study described to you by _____________________.  
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Participant’s Agreement: I have read the information provided above. I have asked all 
the questions I have at this time. I voluntarily agree to participate in this research study. 

________________________________________________      _________________ 
Your signature if you agree to be in the study                               Date 

________________________________________________ 
Printed name if you agree to be in the study  
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APPENDIX B 

AIM TWO MODEL (2a) 
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APPENDIX C 

AIM TWO MODEL (2b) 
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APPENDIX D. 
 

TABLES AND FIGURES 

Table 1. Characteristics and Descriptives of the Sample (N = 214) 
 

Variable Mean ± SD T2 n (%) 
n = 129 

YA n (%) 
n = 214 

T2 UA 
(mg/dL) 
Mean ± SD 

YA1 UA 
(mg/dL) 
Mean ± SD 

Age  
 17.59±0.35 18.78±0.53   

Sex 
Female 
Male 

 
 

77 (60%) 
52 (40%) 

 
114 (53%) 
100 (47%) 

 
5.93+1.47 
7.35±1.40 

 
5.87±1.26 
7.44±1.51 

Race/Ethnicitya 
White 
Non-White 

  
85 (66%) 
44 (34%) 

 
135 (63%) 
79 (37%) 

 
6.42±1.60 
6.67±1.60 

 
6.70±1.56 
6.45±1.61 

Uric Acid    6.50 ± 1.60 6.60±1.58 
Raw BMI (T1) 23.8±5.46     
BMI-for-age 
Percentileb (T1) 63.81±27.48     

Waist 
Circumference 
(T1) 

78.44±14.0     

Godin Scorec 2.99±3.73     
Sleep Durationc 
Optimal (8-10) 
Abnormal (<8/>10) 

7.43±1.43 
(hr)   

 
6.08±1.35 
6.82±1.72 

 

Sleep Qualityc 
Poor (≤5) 
Good (>5) 

4.42±3.05 
  

 
6.92±1.52 
6.39±1.64 

 

Note. ᵃRace included two categories based on the inclusion criteria of the larger study. bBMI-for-age percentile cut offs 
developed by the CDC were used to categorize adolescents into weight categories: underweight=BMI <5%; healthy 
weight=BMI 5th-84.99 %; overweight=BMI 85th-94.99%; obese=BMI 95th-100 percentile. cGodin scores- How many types 
an individual engaged in strenuous PA lasting ≥ 15 minutes during a typical 7-day week period ranging 0-10; sleep 
duration ranging 1-14, sleep quality ranging 1-16. 
 
 
 
 
 
 
 
 
 
 



 137 

Table 2a. Bivariate Correlations Between Covariates, Predictors, Moderators and 
Dependent Variables.  
 

Note. *Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed). Race 
included two categories based on the inclusion criteria of the larger study, white/non-white. Godin score-How many types 
an individual engaged in strenuous PA lasting ≥ 15 minutes during a typical 7-day week period ranging 0-10; sleep 
duration ranging 1-14, sleep quality ranging 1-16. 
 
 
Table 2b. Bivariate Correlations Between Covariates, Predictors, Moderators and 
Dependent Variables.  
 

Note. *Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed). Godin 
score-How many types an individual engaged in strenuous PA lasting ≥ 15 minutes during a typical 7-day week period 
ranging 0-10; sleep duration ranging 1-14, sleep quality ranging 1-16. 
 

 
 
 

Variable Females Race-
Ethnicity 

Raw 
BMI (T1) 

BMI age% 
(T1) WC (T1) 

Females -- -0.024 0.051 0.094 -0.194* 
Whites  -- -0.216** -0.171* -0.13 

Raw BMI    -- 0.787** 0.871** 
BMI age%     -- 0.630** 

WC      -- 

Variable Godin 
 (T2) 

PSQI Sleep 
Duration 

(T2) 

PSQI Sleep 
Quality 
(≤5/>5) 

(T2) 

Serum Uric 
Acid (T2) 

Serum Uric 
Acid (YA) 

Females -0.132 0.036 0.058 -0.438** -0.495** 
Whites 0.067 -0.08 0.046 -0.074 0.076 

Raw 
BMI  -0.145 -0.228** 0.141 0.386** 0.146 

BMI age%  -0.048 -0.12 0.02 0.296** 0.047 
WC  -0.12 -0.139 0.106 0.388** 0.280** 

Godin  -- 0.102 -0.136 0.045 0.132 
PSQI Sleep 

Duration  -- -0.619** -0.145 0.003 

PSQI Sleep 
Quality 
(≤5/>5) 

  -- 0.102 -0.064 

Serum Uric 
Acid (T2)    -- 0.487** 
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Table 3. Results of Multiple Regression Analyses Predicting UA from Strenuous 
Activity (Age 17). 
 

 
 
Figure 2. Positive Association with Uric Acid and Strenuous Exercise at 17. 
 

Figure 3: Comparison of Uric Acid by Sleep Durations and Sex at Age 17 
 

Variables B SE Beta t Test r2 Significance 
Block 1: Control 
Variables 
Sex 
Race/Ethnicity 
 

 
 

-1.482 
-0.034 

 
 

0.264 
0.272 

 
 

-.456 
-0.01 

 
 

-5.612 
-0.126 

 
0.209 

 
 
 

 
 
0 

0.9 

Block 2: Predictor 
Godin Strenuous 
Exercise 

 

 
0.071 

 
0.058 

 
0.102 

 
1.23 
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Figure 3. Comparison of Uric Acid by Sleep Durations and Sex at Age 17 
 

 
 

Optimal vs Abnormal Sleep 

 

Female 

Male  

Abnormal Optimal 

M
ea

n 
U

ric
 A

ci
d 

(m
g/

dL
) 

 



 140 

Figure 4. Comparison of Uric Acid by Sleep Durations and Race/Ethnicity at 17 
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Figure 5. Uric Acid Levels in Poor Quality Sleepers (≤5) Versus Good Quality 
Sleepers (>5) (age 17). 
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Table 4. Results of Moderated Regression Analyses Predicting YA Uric Acid at 
19 from Raw BMI at 16 and Sleep Duration at 17. 
 

 
 
Table 5. Results of Moderated Regression Analyses Predicting YA Uric Acid at 
19 from BMI-Age% at 16 and Sleep Duration at 17. 
 

 

 

 

Variables B SE Beta t Test r2 Significance 
Block 1: Control 
Variables 
Sex 
Race/Ethnicity 
 

 
 
-1.578 
0.119 

 
 
0.291 
0.3 

 
 
-0.47 
0.034 

 
 
-5.416 
0.034 

 
0.218 

 
 
0 
0.693 

Block 2: Predictor 
Raw BMI at 16 
 

 
0.051 

 
0.028 

 
0.156 

 
1.796 

 
0.241 

 
0.075 

Block 3: Moderator  
Sleep Duration at 17 
 

 
0.029 

 
0.097 

 
0.026 

 
0.296 

 
0.241 

 
0.768 

Block 4: Interaction Term 
(Raw BMI x Sleep 
Duration) 

 
 
0.021 

 
 
0.018 

 
 
0.438 

 
 
1.186 

 
 

0.252 

 
 
0.238 

Variables B SE Beta t Test r2 Significance 
Block 1: Control 
Variables 
Sex 
Race/Ethnicity 
 

 
 

-1.578 
0.119 

 
 

0.291 
0.3 

 
 

-0.47 
-0.034 

 
 

-5.416 
0.034 

 
0.218 

 
 
0 

0.693 

Block 2: Predictor 
BMI age % at 16 
 

 
0.004 

 
0.006 

 
0.067 

 
0.761 

 
0.222 

 
0.448 

Block 3: Moderator  
Sleep Duration at 17 
 

 
-0.005 

 
0.096 

 
-0.004 

 
-0.047 

 
0.222 

 
0.963 

Block 4: Interaction 
Term 
(BMI age% x Sleep 
Duration) 

 
 

0.006 

 
 

0.005 

 
 

0.719 

 
 

1.382 

 
 

0.236 

 
 

0.17 
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Table 6. Results of Moderated Regression Analyses Predicting YA Uric Acid at 
19 from Waist Circumference at 16 and Sleep Duration at 17. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Variables B SE Beta t Test r2 Significance 
Block 1: Control 
Variables 
Sex 
Race/Ethnicity 
 

 
 
-1.481 
0.098 

 
 
0.293 
0.304 

 
 
-0.442 
0.028 

 
 
-5.053 
0.321 

 
0.193 

 
 
0 
0.749 

Block 2: Predictor 
Waist Circumference at 
16 
 

 
0.022 

 
0.011 

 
0.18 

 
2.032 

 
0.223 

 
0.045 

Block 3: Moderator  
Sleep Duration at 17 
 

 
0.032 

 
0.095 

 
0.029 

 
0.333 

 
0.224 

 
0.74 

Block 4: Interaction 
Term 
(WC x Sleep Duration) 

 
 
0.006 
 

 
 
0.006 

 
 
0.306 

 
 
0.881 

 
 

0.23 

 
 
0.38 
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Table 7. Results of Moderated Regression Analyses Predicting YA Uric Acid at 
19 from Raw BMI at 16 and Strenuous Exercise at 17. 
 

 
 
Table 8. Results of Moderated Regression Analyses Predicting YA Uric Acid at 
19 from BMI-Age% at 16 and Strenuous Exercise at 17. 
 

 
 

Variables B SE Beta t Test r2 Significance 
Block 1: Control 
Variables 
Sex 
Race/Ethnicity 
 

 
 

-1.541 
0.119 

 
 

0.298 
0.3 

 
 

-0.456 
0.061 

 
 

-5.17 
0.695 

 
0.203 

 
 
0 

0.488 

Block 2: Predictor 
Raw BMI at 16 
 

 
0.052 

 
0.029 

 
0.161 

 
1.829 

 
0.228 

 
0.07 

Block 3: Moderator  
Strenuous Exercise at 
17 
 

0.074 0.059 0.112 1.264 

 
0.24 0.209 

Block 4: Interaction 
Term 
(Raw BMI x Strenuous 
Exercise) 
 

-0.011 0.014 -0.098 -0.827 

 
 

0.245 0.41 

Variables B SE Beta t Test r2 Significance 
Block 1: Control 
Variables 
Sex 
Race/Ethnicity 
 

 
 

-1.541 
0.212 

 
 

0.298 
0.305 

 
 

-0.456 
0.061 

 
 

-5.17 
0.695 

 
0.203 

 
 
0 

0.488 

Block 2: Predictor 
BMI age % at 16 
 

 
0.005 

 
0.005 

 
0.067 

 
0.854 

 
0.209 

 
0.395 

Block 3: Moderator  
Strenuous Exercise at 
17 
 

 
0.059 

 
0.059 

 
0.089 

 
0.995 

 
0.216 

 
0.322 

Block 4: Interaction 
Term 
(BMI age% x Strenuous 
Exercise) 

 
 

-0.003 

 
 

0.002 

 
 

-0.148 

 
 

-1.114 

 
 

0.226 

 
 

0.268 
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Table 9. Results of Moderated Regression Analyses Predicting YA Uric Acid at 
19 from Waist Circumference at 16 and Strenuous Exercise at 17. 
 

Variables B SE Beta t Test r2 Significance 
Block 1: Control 
Variables 
Sex 
Race/Ethnicity 
 

 
 

-1.442 
0.19 

 
 

0.299 
0.308 

 
 

-0.428 
0.055 

 
 

-4.814 
0.615 

 
0.179 

 
 
0 

0.54 

Block 2: Predictor 
Waist Circumference at 
16 
 

 
0.022 

 
0.011 

 
0.18 

 
2.032 

 
0.204 

 

 
0.045 

Block 3: Moderator  
Strenuous Exercise at 
17 
 

 
0.091 

 
0.061 

 
0.134 

 
1.49 

 
0.221 

 
0.139 

Block 4: Interaction 
Term 
(WC x Strenuous 
Exercise) 

 
 

-0.001 

 
 

0.005 

 
 

-0.024 

 
 

-0.21 

 
 

0.221 

 
 

0.834 


