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C-reactive protein (CRP) is a non-specific marker of systemic inflammation that has been
associated with heart disease, obesity, and metabolic disorders in adults and children. Previous
physical activity interventions have yielded inconsistent results regarding the effects of exercise
training on CRP concentrations in children. Purpose: The purpose of this study was to determine
the effects of a 16-week aerobic activity intervention on serum CRP concentrations in 8-11 year
old African American and Caucasian children, and to evaluate the extent to which body
composition influenced this outcome. Methods: Serum CRP was analyzed from blood samples
collected before and after 16 weeks of an aerobic physical activity intervention in 60 healthy pre-
pubescent children (Tanner stage < 2) who were not taking medication other than for attention
deficit hyperactivity disorder or seasonal allergies, and whose baseline and follow-up CRP
concentrations were < 10 mg/L. Participants were placed into the physical activity intervention
(n =39) or control (n = 21) groups. Results: Analyses revealed that CRP concentrations
remained unchanged, and BMI %tiles did not decrease, with increases in absolute peak oxygen
consumption in the exercise and control groups. Baseline CRP was associated with baseline age
(r=0.356; p = 0.006), BMI percentile (r = 0.397; p = 0.002), percent body fat (r = 0.603; p =
0.000), absolute peak aerobic oxygen consumption (r = 0.314; p = 0.016) and relative peak

aerobic oxygen consumption (r = -0.455; p = 0.000) yet not with sex, race, or baseline waist-to-



hip ratio. No significant differences existed for CRP change across racial or BMI categories.
Conclusion: Physical activity intervention does not seem to lower CRP concentration in the
absence of BMI percentile or percent body fat reductions in African American and Caucasian

children.
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Chapter I: Introduction

C-reactive protein (CRP) is a 5 ringed acute-phase reactant that is produced in the liver,
and functions in non-specific host defense. Because CRP is capable of binding to numerous
membrane receptors throughout the body, and is overexpressed in times of infection or tissue
injury, it has been recognized as a non-specific marker of systemic inflammation (\Volankis,
2001). Concentrations of C-reactive protein may vary by age (Ford, et al., 2001) and normative
values for men, women, and children have been cited as 4.1 mg/L, 5.5 mg/L, and 0.3 mg/L,
respectively (Wong, Pio, Valencia, & Thakal, 2001; Ford, et al., 2001). However, though these
values represent average CRP concentration among children and adults, they by no means
indicate acceptable levels for optimal health. CRP concentrations as low as 2.22-4.99 mg/L have

been associated with heart disease in adults (Wong, Pio, Valencia, & Thakal, 2001).

Increased C-reactive protein levels have been associated with heart disease (Rikder,
Cushman, Stampfer, Tracy, & Hennekens, 1997), type Il diabetes (Ford, Body Mass Index,
Diabetes, and C-Reactive Protein Among U.S. Adults., 1999), metabolic syndrome (Laaksonen,
et al., 2004), increased BMI (Wee, et al., 2008; Siervo, et al., 2012), and low cardiorespiratory
fitness (Isasi, et al., 2003) in adults and children. Several studies have shown associations
between risk factors for disease present in childhood and disease risk in adulthood (Berenson,
2002; Sun, et al., 2008; Morrison, Friedman, Wang, & Glueck, 2008) which may imply that

increased inflammation during childhood could lead to disease in adulthood.

Furthermore, improved symptoms of some of the adverse health conditions associated

with increased CRP concentration appear to be coupled with lowering CRP values



(Yokoe, et al., 2003; Steiropoulos, et al., 2007; Li, et al., 2008). Therefore, treatments designed

to lower CRP concentrations may be worth investigating.

Physical activity interventions in adults and children have been shown to lower CRP
levels (Balducci, et al., 2010; Martins, Neves, Coelho-Silva, Verissimo, & Teixeira, 2010; Ounis,
et al., 2010; Roberts, Chen, & Barnard, 2007). However, some evidence suggests that only
specific types of exercise, such as mixed aerobic and resistance training, may be useful in
accomplishing these results (Balducci, et al., 2010), and that improved CRP values with physical
activity are more pronounced in African Americans than Caucasians (Heffernan, et al., 2009).
Furthermore, some studies indicate that the improvement in CRP values with physical activity
may be mediated through changes in body composition, not necessarily physical activity alone
(Ounis, et al., 2010; Nemet, Oren, Pantanowitz, & Eliakim, 2013; Garanty-Bogacka, et al.,
2011), while others have found no improvement in CRP values with physical activity (Nassis, et

al., 2005; Kelly, Steinberger, Olson, & Dengel, 2007).

Limited research has focused primarily on examining the influence of race on CRP
concentrations, however, there is evidence to suggest that African American race may affect both
initial and post exercise intervention CRP concentrations (Heffernan, et al., 2009). Taken
together, these findings suggest that further investigation regarding the influence of specific
types of physical activity on CRP concentrations in children of varying race, habitus, and

inflammatory characteristics may be useful.



Purpose of the Study

The purpose of this study was to determine the effects of a 16-week aerobic physical
activity intervention on serum CRP concentrations in 8-11 year old African American and
Caucasian children, and to evaluate the extent to which body composition influenced this

outcome.

Hypothesis

Based on previous findings from studies involving similar physical activity interventions
that have led to reductions in CRP concentrations in children, it was hypothesized that CRP
concentrations for children in the physical activity intervention would be reduced compared to
those in the control group. Similarly, because CRP concentrations have been reported to be
elevated among African Americans compared to Caucasians, and because reductions in CRP
have been shown to be greater in African American than Caucasian adults, it was hypothesized
that CRP concentrations would be increased at baseline, and decreased more as a result of the

physical activity intervention, in African American than Caucasian children.

Delimitations

1. Data for participants with missing CRP data, or with CRP values > 10mg/L were not
analyzed.
2. Pre-pubescent children between the ages of 8-11 years and Tanner Stage < 2 were

selected to avoid very young children and to avoid pubertal confounders.



Limitations

The sample sizes for some participant groups were smaller than others included in the
study, as well as those in the literature.
. ADHD and seasonal allergy medication use was present during the study. It is unknown
whether the medications used influenced CRP concentrations.
Participation in physical activity outside the scope of the study for children in the
exercise or control group had the potential to affect the results.
Operational Definitions
C-reactive protein: an acute phase protein and non-specific measure of systemic
inflammation
Body composition: a measure of body fatness

Obesity: having a BMI > 30 kg/m2 in adults, or > 95" 9%tile for children of the same age

and sex
Overweight: having a BMI of 25-29.9 kg/m2 in adults, or > 85™ %tile for children of the
same age and sex
Aerobic Fitness/Aerobic Capacity: a measure of the body’s maximum ability to use
oxygen to perform activity
Absolute Fitness: aerobic fitness expressed in L/min
Relative Fitness: aerobic fitness expressed in terms of one’s body weight as mL/kg/min
Steady State Heart Rate: last two measured heart rates within 5 beats per minute during
any given stage of an exercise testing protocol

Acronyms and Abbreviations

ADHA: Attention Deficit Hyperactivity Disorder



BMI: Body Mass Index

bpm: beats per minute

CDC: Center for Disease Control
CRP: C-reactive protein

DM: diabetes mellitus

HOMA-IR: homeostatic model assessment of insulin resistance

IDEFICS: Identification and prevention of Dietary- and lifestyle-induced health Effects
in Children and Infants Study

IGT: impaired glucose tolerance

NC: normal control

NCEPATP IlI: The Third Report of the National Cholesterol Program Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult
Treatment Program)

NHANES IlI: Third National Health and Nutrition Examination Survey

PALs: Physical Activity Leaders

V02 max: Maximal Volume of Oxygen Consumption

WHR: Waist-to-Hip Ratio



Chapter 11: Review of Literature

C-reactive protein (CRP) has been associated with several disease states in adults and children
which, if developed early in life, could lead to compromised health status later in life. Literature
regarding the effects of physical activity on CRP concentration in children has yielded mixed
results. The following literature review will examine associations between (a) CRP and disease,

and (b) CRP and physical activity in adults and children.

CRP and Disease

Heart Disease. Among the most alarming disease states associated with CRP
concentrations is atherosclerosis. Ridker and colleagues reported a positive association between
baseline CRP values and myocardial infarction risk during 8 years of follow up in 1,086
physicians enrolled in the Physician’s Health Study (Rikder, Cushman, Stampfer, Tracy, &
Hennekens, 1997). Miller and colleagues found associations between CRP concentrations and
the presence of 1 or more risk factors for heart disease in a cohort of 15,341 men and women

from the NHANES |11 study (Miller, Zhan, & Havas, 2005).

Participants of the Physician’s Health study were without history of stroke, myocardial
infarction, transient ischemic attacks, or cancer at baseline (Rikder, Cushman, Stampfer, Tracy,
& Hennekens, 1997), and those of the NHANES |11 study were selected on the basis of risk
factor information (Miller, Zhan, & Havas, 2005). Regardless of smoking status, BMI, diabetes,
high blood pressure, or family history of premature coronary artery disease, physicians whose
baseline CRP concentrations were at least 2.11 mg/L were 2.9 times as likely (95% CI: 1.8-4.6)
to experience myocardial infarction compared to those with baseline CRP values of no more than

0.55 mg/L (Rikder, Cushman, Stampfer, Tracy, & Hennekens, 1997). Similarly, Miller et al



found that, with the presence of at least 1 borderline or abnormal measurement for heart disease
risk factors of total cholesterol, fasting blood glucose, blood pressure, BMI, HDL, triglycerides,
or smoking status risk, , the risk for high CRP concentrations was nearly 3 fold higher than for
those without any risk factors for heart disease. Further, they identified excess weight, being
female, high blood pressure, smoking, diabetes, and low HDL-C values as risk factors
contributing most to increased CRP values after adjustments for age and sex (Miller, Zhan, &
Havas, 2005). From these studies it was concluded that increased CRP values may be used to
predict myocardial infarction (Rikder, Cushman, Stampfer, Tracy, & Hennekens, 1997) and may
also be attributable to risk factors for coronary heart disease (Miller, Zhan, & Havas, 2005).
Though neither study was able to determine whether heart disease and associated risk factors are
a cause or result of increased CRP concentrations, the associations seem to indicate a

relationship between systemic inflammation and adverse cardiovascular health.

In another study by Wong et al, CRP concentrations were found to be associated with 10
year cardiovascular risk among 9,684 men and women without cardiovascular disease at
baseline. Ten year risk, calculated from algorithms of the Framingham Heart Study risk factor
information was analyzed with categories of increasing CRP across racial stratifications of non-
Hispanic black, non-Hispanic white, and Mexican American. While CRP concentrations were
found to be higher in African American men and women than Caucasian men and women,
increased CRP concentrations were more common in women than men. CRP concentrations
were 4.7 + 7.5 mg/L and 6.1 + 8.6 mg/L in African American men and women, respectively,
compared to 3.7 + 5.2 mg/L and 4.6 + 6.2 mg/L in Caucasian men and women, respectively.
CRP concentrations > 1 mg/L were associated with risk factors of smoking, increased age,

increased BMI, and high blood pressure in men, as well as with increased BMI and diabetes



prevalence in women. Furthermore, ten year cardiovascular disease risk progressively increased
from 13.4% to 21.1% in men, and from 2.4% to 4.2% in women across increasing categories of
CRP concentration. Researchers concluded that CRP concentration differed by race and gender,

and seemed to be related to coronary heart disease (Wong, Pio, Valencia, & Thakal, 2001).

Associations of elevated CRP levels with heart disease risk have also been found in
children (Wijnstok, et al., 2010; Cook, et al., 2000). Significant associations between CRP and
cardiovascular disease (CVD) risk were noted among 276 12-15 year olds (Wijnstok, et al.,
2010), and 699 10-11 year old British children (Cook, et al., 2000), though some of the
associations were attributed to adiposity. Wijnstok et al studied clustered cardiovascular risk
from mean arterial pressure, LDL/HDL ratio, aerobic fitness, skinfolds, and triglyceride
information in obese, overweight, and normal weight children matched for age, sex, and smoking
status that were sampled from the Young Hearts 2000 Study (Wijnstok, et al., 2010). British
children of the Ten Towns Children Study were selected from different towns with low and high

indices of cardiovascular disease mortality in adults (Cook, et al., 2000).

Both studies identified associations between cardiovascular disease risk factors and CRP.
Cook et al found that CRP was 47% higher in girls than boys, increased with age, and was
associated with ponderal index (weight/height?). After adjustments for age, sex, town, and
ethnicity, CRP concentrations were 270% higher in the highest quintile of current ponderal index
than in the lowest. Of all cardiovascular disease risk factors identified by the researchers in the
British children, only HDL concentration (r = -0.13), resting heart rate (r = 0.12), and fibrinogen
levels (r = 0.33) were found to be significantly associated with CRP concentrations after
adjustments for age, sex, town, ethnicity, and ponderal index, while adiposity was related to all

cardiovascular risk factors analyzed, independent of CRP concentrations (Cook, et al., 2000).
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Similarly, Wijnstok et al. reported positive associations between CRP concentrations and
cardiovascular disease risk in children (r = 0.39) that continued after multiple regression analysis
included all significant predictors for CVD risk. However, associations between lifestyle factors,
such as diet composition or physical activity, and CVD risk, diminished after multiple regression
analyses. Furthermore, CRP was associated with four of the five CVD risk factors identified in
the study, including LDL/HDL ratio (r = -0.21), triglycerides (r = 0.21), aerobic fitness (r =0.30),
and skinfold thickness (r = 0.38) (Wijnstok, et al., 2010). Though both groups of researchers
acknowledged the relationship between CRP and risk factors for heart disease, similar
conclusions regarding how strongly the two were associated was not drawn. Wijnstok et al.
concluded that inflammatory markers such as CRP were strong indications of cardiovascular
disease risk (Wijnstok, et al., 2010), while Cook et al. concluded that adiposity was more related
to CRP concentration than the other parameters studied, and that the positive association between
adiposity and cardiovascular risk was independent of CRP (Cook, et al., 2000). However, from
the associations between CRP, HDL, and fibrinogen, after adjusting for adiposity in the Cook et
al. study, it could also be implied that CRP does influence heart disease risk independent of
adiposity. Furthermore, given the negative association between resting heart rate and aerobic
fitness, the positive association between resting heart rate and CRP values in these children,
independent of adiposity, may be an indication that unstudied physical fitness levels
corresponded to lower CRP values in individuals of varying body fat content. The measure of
ponderal index could have; however, been a better measure of adiposity in this population than
those used by Wijnstok et al, which may explain the difference in findings. Nonetheless, there
seems to be evidence to suggest CRP is positively associated with heart disease risk in adults and

children.



Body Composition. While the relationship between heart disease and obesity has been
well established, a positive relationship between CRP and obesity has also been noticed among
populations of adults (Yudkin, Stehouwer, Emeis, & Coppack, 1999; Ford, 1999) and children
(Ford, et al., 2001; Nappo, et al., 2013; Alvarez, Higgins, Oster, Darnell, & Gower, 2009). Not
only have CRP concentrations in children been associated with current measures of body
composition, but have also been reported to be an indication of body composition later in life.
Ford et al. noticed a significant association between BMI and CRP values among a cohort of
5,305 8-18 year old children from the NHANES 111 study (Ford, et al., 2001) while Nappo and
colleagues found associations between baseline CRP and baseline BMI, baseline cardiovascular
risk factors, and BMI at 2-year follow up in a group of over 6,500 2-9 year old children of the
Identification and Prevention of Dietary- and Lifestyle-Induced Health Effects in Children and

Infants study (IDEFICS) (Nappo, et al., 2013).

Both studies found increasing adiposity with categories of increasing CRP
concentrations. CRP was classified as either < 2.1 mg/L or > 2.1 mg/L (“elevated”) by Ford et al.
(Ford, et al., 2001), and was sectioned into three sex specific categories ranging from < 0.2 mg/L
to > 1.8 mg/L in the study by Nappo et al. (Nappo, et al., 2013). After statistical adjustment for
age, sex, ethnicity, poverty income ratio, white blood cell count, and history of chronic
bronchitis, Ford et al. found that odds ratios for having elevated CRP within groups of BMI
categories <15™, 85™- < 95" and > 95" percentiles were 1.71 (95% CI: 0.96-3.01), 2.20 (95%
Cl: 1.3-3.75), and 4.92 (95% CI: 3.39-7.15), respectively (Ford, et al., 2001). Also note-worthy
was that CRP was not associated with sex or ethnicity. Similarly, Nappo et al. reported that
average baseline BMI z-score increased from -0.059 to 0.611 and average baseline waist

circumference increased from 53.3 cm to 57.5 cm, across increasing categories of baseline CRP

10



concentration in boys, while baseline BMI z-score was increased from -0.288 to 0.688 and
baseline waist circumference increased from 52.1 cm to 57.2 cm, on average, across increasing
categories of baseline CRP concentration in girls. Furthermore, though BMI z-score increased
across all categories of baseline CRP concentration in the 4,110 children participating in 2-year
follow-up, higher increases were seen among children with increasing baseline CRP categories,
regardless of baseline BMI z-score. BMI z-scores increased by an average of 0.107, 0.196 and
0.279 in boys and 0.071, 0.188, 0.235 in girls across categories I, 11, and 111 of baseline CRP
values, respectively and the odds ratios for becoming overweight/obese for children in baseline
CRP categories I, I, and 111 were computed as 1.0, 2.0 (95% CI: 1.49-2.9), and 2.0 (95% CI: 1.1-
3.5) in boys, and 1.0, 2.0 (95% CI: 1.2-3.2), and 2.6 (95% CI: 1.4-4.7) in girls, respectively
(Nappo, et al., 2013). Findings from both studies seem to indicate an increased risk for
overweight/obese status in boys and girls with increasing CRP values.

Similarly, in a group of 59 healthy 7-12 year old children, CRP concentrations were
found to be higher in obese participants before and after meal consumption than in lean
counterparts. Children were in Tanner stage 1-3, and were excluded from the study if they were
taking medications that could potentially affect body composition or physical activity
participation. Obese children displayed significantly higher concentrations of CRP during
fasting, and after meal consumption, than did lean children, with fasting CRP concentration of
0.17 + 0.21 mg/L and 1.10 + 1.11 mg/L observed in lean and obese children, respectively.
Though no markers of inflammation were significantly associated with lean body mass, CRP was
significantly associated with fasting and postprandial measures of BMI (r = 0.51 and -0.36,
respectively), BMI percentile (r = 0.52 and -0.47, respectively), total body fat (r = 0.67 and -

0.45), and percent body fat (r = 0.71 and 0.47, respectively). (Alvarez, Higgins, Oster, Darnell, &
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Gower, 2009). Given that CRP has been associated with increased BMI measures in children, the
relationship between CRP concentrations and other disease states related to obesity is worth
investigating.

Metabolic Syndrome and Type Il Diabetes. Associations have also been shown
between CRP concentrations, metabolic syndrome, and type Il diabetes (Santos, Lopes,
Guimara“es, & Barros, 2005; Laaksonen, et al., 2004; Yuan, et al., 2006), which may not come
as a surprise given the similarity in the risk factors for these conditions with those of heart

disease and obesity.

In a group of 957 Portugal residents, Santos and colleagues found associations between
CRP and risk factors for metabolic syndrome. Participants were 18-92 years of age, most of
whom were between 40-60 years old. CRP values >10 mg/L were excluded from the analysis.
After statistical adjustment for age, sex, smoking status, and alcohol consumption, values for
each of the 5 risk factors for metabolic syndrome were associated with higher mean CRP
concentrations than were normal values for these risk factors. A significant positive trend (p <
0.001) was also noticed between the number of metabolic syndrome risk factors present and CRP
values among the population, with CRP values progressing from 0.97 mg/L (95% CI: 0.84-1.12)
to 3.18 mg/L (95% ClI: 1.42-7.10) across risk number categories of 0-5. Furthermore, the
combination of increased waist circumference and high blood pressure showed a 2 fold increase
in CRP values compared to the reference group, and the addition of 1 of the 3 other
NCEPATPIII risk factors for metabolic syndrome to these two did not correspond to significant
increases in CRP concentrations. The researchers concluded that central obesity and high blood
pressure seemed to be the 2 characteristics of metabolic syndrome most associated with

inflammation (Santos, Lopes, Guimara™es, & Barros, 2005)
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A longitudinal study of 762 Finnish men without diabetes or metabolic syndrome at
baseline showed associations between increased serum CRP concentrations at baseline and the
risk of developing either condition at 11 year follow-up (Laaksonen, et al., 2004). Participants
were 42, 58, 54, or 60 year old at baseline and followed for 11 years. CRP was classified as 0.1-
1.99 mg/L, 1.0-2.99 mg/L, and 3.0-9.99 mg/L and participants with CRP concentrations of 10
mg/L or more were excluded from the analysis. Participants with high baseline CRP
concentrations were 2.91 (95% CI: 1.65-5.10) and 3.60 (95% CI: 1.98-6.57) times more likely to
develop metabolic syndrome according to NCEP and WHO criteria, respectively, than those with
low baseline CRP concentrations. However, after adjusting for BMI, waist girth, WHR, blood
pressure, insulin, glucose and triglyceride levels, these findings were no longer significant.
Similarly, after statistical adjustment for age, participants with high baseline CRP concentrations
were 3.6 (95% CI: 1.84-7.41) times more likely to develop diabetes later on than those with low
baseline CRP concentrations. Furthermore, after additional adjustments for cardiovascular
disease, socioeconomic status, lifestyle factors, family history of diabetes, BMI and WHR, blood
pressure, insulin, glucose and triglyceride levels, a significant 2.3 (95% CI: 1.04-5.07) fold
increased risk of developing diabetes was seen among participants with high baseline CRP
concentrations compared to those with low baseline CRP concentrations. Interestingly, no
significant associations were noticed between BMI, CRP concentrations, and the development of
either metabolic syndrome or diabetes, perhaps suggesting that BMI may not mediate the
association between CRP and the two conditions. The researchers concluded that CRP
concentrations were more associated with diabetes than metabolic syndrome at follow up, though

inflammation seemed to increase the risk of both conditions (Laaksonen, et al., 2004).

13



Associations have also been seen between CRP concentration and insulin resistance in a
group of 90 middle aged participants with and without impaired glucose tolerance (IGT) and
type 1l diabetes (DM) (Yuan, et al., 2006). After adjustments for BMI and WHR, serum CRP
concentration was significantly increased in IGT and DM groups compared with the normal
control (NC) group. Mean concentrations of CRP were 0.40 mg/L (0.21-1.67), 3.56 mg/L,
(1.73-9.47), and 2.46 mg/L (1.04-6.7) in NC, IGT, and DM groups, respectively. Increased CRP
concentrations in the IGT and DM groups were significantly positively correlated with BMI (r =
0.528), WHR (r = 0.359), fasting plasma glucose levels (r = 0.281), and fasting insulin
concentration (r = 0.456), while increased CRP concentrations were negatively associated with
insulin sensitivity index (r = -0.271). The researchers concluded that CRP is strongly associated
with components of metabolic syndrome in patients with impaired glucose tolerance or type 11
diabetes, though many of the associations may be mediated through body composition.
Furthermore, the researchers acknowledged that whether chronic systemic inflammation leads to
increased insulin sensitivity, or increased insulin sensitivity leads to increased systemic
inflammation is not well understood (Yuan, et al., 2006). These findings seem to indicate that
increased CRP concentrations have been associated with characteristics of disease, though
whether or not the CRP values are directly related with the cause of these conditions, their risk
factors, or are a result of them, remains unclear.

Physical Activity and CRP

Physical Activity and CRP in Adults. There seems to be an association between CRP
concentrations and physical activity interventions in the literature, though some findings indicate
specific exercise modalities may be necessary for this relationship to be observed. Martins and

colleagues found an association between improvement of CRP concentrations as a result of
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either aerobic or strength training in forty-five sedentary men and women over 64 years of age
who did not have CRP concentrations of more than 15 mg/L. Hypertension, diabetes, and angina
pectoris were the most common conditions noted among the study group. After assignment to
either a normal activity control group, an aerobic training group, or a strength training group for
16 weeks, participants were asked to discontinue activity for another 16 weeks. Aerobic and
strength training groups exercised for 45 minutes, 3 times a week. Aerobic training intensity
progressively increased from 40 to 70-85% heart rate reserve throughout the 16 week training
period and strength training sessions consisted of calisthenics and elastic band exercises for 8
major muscle groups. Small correlations between CRP and, both, waist circumference and BMI
values were noticed at baseline. The aerobic training group experienced a 3.9 cm reduction in
waist circumference, a 0.9 kg decrease in body mass, and a 0.42 mg/ L reduction in log CRP,
from baseline to 32 weeks. Log CRP concentrations the strength training group decreased by
0.21 mg/L during this time as well. A significant correlation between waist circumference and
CRP concentration (r = 0.552) was also noticed at week 32 for the strength training group. CRP
was unchanged in the control group. From baseline, 51% and 31% reductions in CRP
concentrations were experienced by the aerobic and strength training groups, respectively. From
these findings, the researchers concluded that exercise resulting in increased muscular strength
and adiposity loss was anti-inflammatory in this population (Martins, Neves, Coelho-Silva,

Verissimo, & Teixeira, 2010).

Similarly, in a group of 82 men and women with type 1l diabetes and metabolic syndrome
that performed no exercise, aerobic training only, or mixed aerobic and strength training,
reductions in CRP differed from non-exercisers only for those prescribed mixed aerobic and

strength training. Lean and obese 40-75 year old participants were placed into either sedentary
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(A), low-intensity aerobic exercise counseling (B), aerobic activity only (C), or mixed aerobic
and strength training (D) groups for 12 months. The aerobic training only group (C) exercised
aerobically for 60 minutes at 70-80% VO, max each session, while the mixed training group (D)
performed 40 minutes of aerobic exercise at 70-80% VO, max, as well as 20 minutes of strength
training at 80% 1RM. Standard diabetes care, including continuation of pharmacologic
medication, was continued throughout the study for all patients. VO, max increased in groups C
and D, regardless of weight loss, while increases in strength and flexibility were only noted in
group D. Compared to baseline measures, CRP decreased by 28% and 54% in groups C, and D,
respectively, at follow-up, though only group D participants were shown to experience a
significantly higher 12 month reduction in CRP concentrations than participants who did not
exercise. The reduction in CRP for participants in group D was nearly twice that of group A. The
combination of exercise type, exercise duration, VO, max, and waist circumference change was
identified as a significant “predictor” CRP concentration change (r* = 0.73), though BMI and fat
mass were not. The researchers concluded that exercise seemed to produce an anti-inflammatory
effect in men and women with diabetes and metabolic syndrome, regardless of weight loss, and,
that specific exercise type, volume, and duration, specifically, high intensity mixed training that
increased levels of daily physical activity, were needed to see these results (Balducci, et al.,
2010). These results are significant, since other studies have indicated reductions in CRP with
lifestyle modification were mediated through weight loss (Ounis, et al., 2010; Nemet, Oren,

Pantanowitz, & Eliakim, 2013; Garanty-Bogacka, et al., 2011).

Interestingly, a difference in the response of CRP concentrations to strength training has
been noted between 39 young African American and Caucasian men. All participants were

healthy, were asked to avoid aerobic training, participated in an hour of resistance training 3
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times per week for 6 weeks, then detrained for 4 weeks. Baseline concentrations of CRP were
increased in African American, as compared to Caucasian men, with African American men
having CRP concentrations of 4.84 + 0.9 mg/L and Caucasian men having CRP concentration of
1.34 + 0.9 mg/L. Decreases in CRP concentration with training were only seen for the African
American participants, as their CRP concentration was reduced to 2.34 + 0.5 mg/L after 6 weeks.
This decrease remained significantly lower than baseline CRP concentrations after detraining.
From these findings, it was concluded that resistance training may be appropriate for lowering
cardiovascular disease risk in men (Heffernan, et al., 2009). Not only do these studies provide
evidence for modality specific decreases in CRP concentration with exercise training in adults,

but also suggest race as a viable factor for inflammatory responses.

Physical Activity and CRP in Children. Physical activity has also been found to be
associated with CRP concentration in children. Childhood CRP values have been shown to be
significantly related to predicted VO, max and BMI, but not with self-reported physical activity
levels in a group of 10.25 + 0.75 year old boys (Sadeghipour, Rahnama, Salesi, Rahnama, &
Mojtahedi, 2010). Among a group of 44 male school aged children from Shiraz, Iran,
Sadeghipour et al. studied the relationship between serum CRP concentrations and physical
fitness, physical activity, obesity, and cardiovascular risk factors. A significant, negative
correlation was noticed between CRP and relative VO, max (r = -0.45), while a significant,
positive, correlation was noticed between CRP and BMI (r = 0.55). No significant correlations
were seen between CRP and physical activity (r = -0.31; p = 0.08). From these findings, it was
concluded that BMI was a strong predictor of CRP values in young children, and that body
weight control may mediate associations between CRP and physical fitness. Researchers

acknowledged, however, that the small sample size and potential inaccurate physical activity
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reflections may have skewed the results (Sadeghipour, Rahnama, Salesi, Rahnama, & Mojtahedi,

2010).

On the other hand, Isasi et. al found an association between physical fitness level and
CRP concentration that was independent of body composition measures and ethnicity in boys.
Participants consisted of 205 healthy boys and girls, ages 6-24 years whose ethnicity was
determined to be Hispanic, black without Hispanic descent, white without Hispanic descent, or
Asian or Pacific Islander from the mother’s self-report. Mean CRP concentrations did not differ
for boys and girls, though physical fitness was moderately associated with CRP values only in
boys (r = -0.35). CRP concentrations were positively associated with measurements of BMI in
boys and girls (r = 0.23 and 0.24, respectively), sum of skinfolds in boys and girls (r = 0.34 and
0.31, respectively), and waist/hip ratio in boys (r = 0.27), while CRP concentrations were
negatively associated with age (r = -0.12). Low, middle, and high physical fitness values in boys
were significantly associated with graded decreases in CRP concentrations, with average CRP
concentrations of 2.0 mg/L, 1.6 mg/L, and 1.1 mg/L for low, middle, and high fitness levels,
respectively. Furthermore, physical fitness remained significantly inversely associated with CRP
concentration in boys (r = -0.32) after adjustments for age, ethnicity, family history, recruitment
site, and BMI or sum of skinfolds. Though smoking status and Tanner stage were not assessed,
the authors concluded that the relationship between CRP and physical fitness was more evident
in boys than girls, and that higher physical fitness may be helpful in modifying increased CRP
concentrations seen with low-grade inflammation (lsasi, et al., 2003). Interestingly, CRP was
significantly associated with physical fitness in boys, regardless of ethnicity or body composition

measures.
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Associations between CRP concentration and exercise training have also been found in
the literature (Ounis, et al., 2010; Roberts, Chen, & Barnard, 2007). Ounis et al. showed that an 8
week exercise program leading to weight loss in obese children also led to a decrease in CRP
levels (Ounis, Elloumil and Zouhal) and one group of researchers found that a 2 week diet and
physical activity program lead to a reduction in CRP concentrations in overweight children

(Roberts, Chen and Barnard).

While examining the effects of an 8 week lifestyle intervention on metabolic parameters
in 28 obese children with an average age of 13.2 years, Ounis et al determined that exercise
training, coupled with diet modification and improved body composition was significantly
associated with improvements in inflammatory markers, including CRP. Participants were
matched for age, anthropometric measurements, and pubertal status before the intervention, and
were placed into either a diet/exercise group or a normal activity control group for 8 weeks. The
diet/exercise group received a calorically reduced diet, exercise instruction, and educational
sessions for the duration of the intervention, while participants in the control group were
instructed to maintain their normal behaviors. Training consisted of 4 supervised, 90 minute,
exercise sessions per week at a heart rate corresponding to the maximum level of lipid oxidation.
Sessions involved warming up, running, jumping, and playing with a balloon. Caloric intake,
body weight, percent body fat, and CRP concentrations were reduced in the diet/exercise group,
while no changes for any of these measurements were observed in the control group. Coupled
with a 9.4 ml/kg/min increase in VO, max was a 0.9 mg/L decrease in CRP concentration
experienced by the diet/exercise group, again, without any significant change for these
parameters in the control group. Changes in BF% were positively associated with changes in

CRP values, while changes in VO, max were negatively correlated with changes in CRP values
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(Ounis, et al., 2010).From these findings, it was concluded that exercise, in combination with
diet modification and improved body composition, may significantly affect the improvement of
inflammatory markers, such as CRP, in obese children. Though changes in both body
composition and aerobic fitness levels were correlated with lower CRP values, the researchers
indicated that their results contradicted the idea that exercise interventions alone, aside from

weight loss, are able to lower levels of inflammation (Ounis, et al., 2010).

Similarly, Roberts and colleagues reported reductions in CRP levels of 19 overweight 8-
17 year old children who all participated in a diet and exercise program lasting only 2 weeks.
The program consisted of a qualitatively modified diet and 2-2.5 hours per day of supervised
activities such as tennis, beach games, and gym based physical activities. Intensity was
unmonitored since purpose of the intervention was to increase physical activity levels, not
improve fitness. On average, the participants experienced a 4.3% reduction in BMI and a serum
CRP reduction of 1.47 mg/L, from 3.61 mg/L to 2.14 mg/L (Roberts, Chen, & Barnard, 2007).
These authors concluded that, in obese children without disease, reductions in cardiovascular risk
factors and inflammation levels may be achieved through vigorous diet and exercise intervention
in a relatively short time frame. Researchers recognized that these participants were very
motivated and that generalizations of their adherence to the study protocol may not be
extrapolated to other populations, and that the study was not designed to measure which part of
the intervention may have been responsible for improvements, or to what extent these
intervention components impacted the results (Roberts, Chen, & Barnard, 2007).The lack of a
control group, and identification of 7 participants with metabolic syndrome in a previous article

from the same intervention (Chen, Roberts, & Barnard, 2006), may further limit the credibility
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and generalizability of the findings. Never the less, the study showed that improvements in CRP

concentration are possible with 2 weeks of diet and exercise in motivated, overweight children.

Though interventions including physical activity have been shown to lower C-reactive
protein values, authors of some of these studies have attributed the improvements to
improvements in body composition (Nemet, Oren, Pantanowitz, & Eliakim, 2013; Garanty-
Bogacka, et al., 2011). A study performed with 50 obese Polish children ages 8-18 years old,
indicated that inflammatory biomarkers as well as blood lipid profiles were improved after a 6
month diet and physical activity intervention leading to weight loss. All children were provided
instruction for including exercise into everyday life, reducing tv time, and reducing fat and sugar
intake. Thus, there was no control group. Significant positive correlations (r values between 2.0
and 4.0) were noticed between CRP and BMI z-scores, percent body fat, and waist
circumference z-scores at baseline. CRP was reduced from 1.5 + 0.8 mg/L at baseline to 0.7 +
0.5 mg/L at follow-up, and changes in both percent body fat and HOMA-IR were positively
correlated with changes in CRP (r = 0.33 and 0.29, respectively).The authors concluded that
measures of adiposity and insulin resistance were significantly associated with inflammatory
markers, and that the half year diet/physical activity lifestyle intervention leading to weight
reduction and improved lipid profiles was sufficient to improve insulin resistance and lower

inflammatory markers, such as CRP, in obese children (Garanty-Bogacka, et al., 2011).

Another 3 month life-style intervention lead to improvements in weight, body
composition, physical activity levels, physical fitness, inflammation, and insulin resistance in a
group of 21 obese 6-13 year old children (Nemet, Oren, Pantanowitz, & Eliakim, 2013).
Participants in the diet/physical activity intervention group were matched for age and sex with

participants in the control group, who were referred to at least 1 nutritional consult and were
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instructed to perform physical activity on their own at least 3 days per week. The diet/exercise
group met 4-6 times with a dietician, received hypo-caloric diets, was encouraged to limit
sedentary time, participated in supervised physical activity twice per week, and was encouraged
to participate in 30-45 minutes of walking/weight bearing activities at least one more day per
week. Exercise was completed in age groups and mimicked type and intensity of that typically
performed by elementary and middle school children (Nemet, Oren, Pantanowitz, & Eliakim,

2013).

The intervention group experienced significant reductions in BMI percentile (-0.96 +
1.29), waist circumference (2.1 + 2.7 cm), fasting CRP (-0.06 + 0.29 mg/L), and HOMA-IR
score (—0.15 + 0.57) from baseline to follow-up, none of which were experienced by the control
group. Though CRP concentrations decreased only slightly during the intervention in the
diet/physical activity group, CRP concentrations doubled in the control group (+ 0.5 + 0.86
mg/L). Interestingly, CRP reductions were found to be associated only with self-reported
physical activity levels (r = -0.421), and no other parameters. It was concluded that the
multidisciplinary intervention resulted in significant favorable effects in body weight, BMI
percentiles, waist circumference, physical activity, physical fitness, insulin resistance, and
inflammatory markers in obese children, and that the preventive role of exercise in obesity is at
least partially mediated through the accompanying attenuation of inflammatory response (Nemet,
Oren, Pantanowitz, & Eliakim, 2013).

Though these findings seem to present a fairly stable argument for the association of CRP
with physical activity, not all studies examining the two variables reached the same conclusions
(Nassis, et al., 2005; Kelly, Steinberger, Olson, & Dengel, 2007). Nassis et al and Kelly et al

both reported changes in fitness level, yet not CRP concentrations after aerobic exercise
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interventions. In a group of 21 overweight and obese girls from Athens, Greece, Nassis et al
found that a 12 week exercise program improved fitness and insulin sensitivity, yet not CRP
concentrations, while Kelly et al reported improvements in fitness, without changes in CRP
concentration or body composition after 8 weeks of exercise in a group of 19 overweight
children. Though all participants of the Nassis et al study were placed in the exercise group,
Kelly et al placed children into an exercise or control group. Exercise sessions of both studies
were supervised and aerobic in nature, consisting of a variety of activities for children in the
Nassis et al study, and cycle ergometry only for those in the study by Kelly et al. The participants
in the Nassis et al study met 3 times per week for 40 minutes, while those in the Kelly et al study
met 4 times per week for 30-50 minutes. The intensity of training sessions were measured via
heart rate for both studies, as Nassis et al encouraged children to keep hear rates above 150 beats
per minute and Kelly et al facilitated exercise to elicit heart rates corresponding to 50-80% VO2

max as the program progressed (Nassis, et al., 2005; Kelly, Steinberger, Olson, & Dengel, 2007).

Neither weight nor BMI changed in any group of participants in either study, though
aerobic fitness increased in exercise groups of both studies, and was reported to decrease in the
control group studied by Kelly et al. No significant changes in baseline CRP were reported
between exercise and control groups of the Kelly et al study, and CRP was not found to be
significantly different in any groups after the exercise intervention of either study (Nassis, et al.,
2005 Kelly, Steinberger, Olson, & Dengel, 2007). It can be concluded from these studies that
exercise without changes to body composition may not be a means by which to improve CRP

concentrations in overweight and children.

There is evidence to suggest similar arithmetic CRP concentrations in 3-19 year old

African American (0.4 mg/L) and Caucasian (0.4 mg/L) children, differences in geometric mean
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CRP concentrations between African American (0.10 mg/L) and Caucasian (0.9 mg/L) children,
and increased median CR P concentrations in African American (0.4 mg/L) and Caucasian (0.3
mg/L) children (Ford, et al., 2001). One study indicated that the association between physical
fitness and CRP (B =-0.02, SE = 0.01) was independent of ethnicity in 95 boys, ages 6-24 years
old (lsasi, et al., 2003). However, the reviewed literature was lacking in terms of comparing
change in CRP concentration during physical activity interventions in African American and

Caucasian children.

Summary

CRP has been linked with numerous disease states in adults and children and there is
evidence to suggest associations between reductions in CRP concentration and exercise training
in these populations. However, the inconsistency of these findings with respect to intervention
design, race, and body composition, leave room for further study of the effect of exercise

training on CRP concentrations in children.
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Chapter I11: Methods
Participants

8-11 year old African American and Caucasian prepubescent children from Eastern North
Carolina were included in the study. Pubertal status was assessed with criteria from Tanner
staging. Children were further grouped by race and baseline body composition status. Children
with African American parents and grandparents were classified as African American, while
children with Caucasian parents and grandparents were classified as Caucasian. Body

composition was categorized as lean (BM1<85"%tile), or non-lean (BM1>85" %itile).
Inclusion criteria

Blood samples from participants that were ages 8-11 years, African American or
Caucasian, who had Tanner stage | or Il pubertal status, were healthy, were not taking
medication other than for attention deficit hyperactivity disorder or seasonal allergies, were not
participating in purposeful physical activity or sports, and whose baseline and follow-up CRP

concentrations were < 10 mg/L were included in the analysis.
Exclusion criteria

Blood samples from children who were races other than African American or Caucasian,
had pubertal status > Tanner stage 11, diabetes (fasting blood glucose > 125 mg/dL), blood
pressure values > 95" %tile for age and sex, were taking medications other than for attention
deficit hyperactivity disorder or seasonal allergies, were participating in regular, purposeful
physical activity or sports, had orthopedic injury limiting physical activity participation, or who

had CRP concentrations > 10 mg/L at baseline or follow-up were excluded from the analysis.



Recruitment

Participants were recruited from Pitt County, North Carolina through local pediatricians,
physical education teachers, as well as through e-mail and newspaper advertisements. The

population in Pitt County was approximately 35% African American at the time of recruitment.

Measurements

Tanner staging was assessed by the children’s parents. Anthropometric and aerobic
fitness measurements were taken at baseline and after the 16 week intervention, as were blood

samples.

Anthropometric measurements included height and weight, as well as waist and hip
circumference measurements. Height was assessed using a standard stadiometer to the nearest
cm and weight measurements were gathered using an electronic scale and recorded to the nearest
0.1 kg. BMI was calculated from height and weight information and percent body fat was
estimated from fat-free mass (lean mass + bone mineral content) and fat mass (android + gynoid)
values that were assessed using dual-energy x-ray absorptiometry (DXA; GE Lunar Prodigy

Advance, Madison, W1).

Aerobic fitness was evaluated using peak VO2 values ascertained from maximal
treadmill exercise testing. Each participant completed two tests to assure that there was adequate
effort during maximal treadmill testing and to determine day-to-day variability in the test. If peak
VO2 values from the initial two tests were not within +5%, a third test was conducted. Peak
aerobic capacity was defined as the average oxygen consumption of all tests performed. Relative
peak aerobic oxygen consumptions were calculated using the average of all weights recorded for
exercise testing sessions performed.
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Exercise testing sessions began with a submaximal 5-minute walk at 2.5 miles per hour
(mph) at 0% grade to determine submaximal VO, at a given absolute exercise intensity, followed
by a graded maximal run/walk test. Once steady state heart rate was achieved during the
submaximal session, the test transitioned to a maximal protocol. During the maximal protocol,
treadmill speed increased (0.5 mph) each minute up to 5 mph, at which point, the speed remained
constant (5 mph) and the grade increased 3% per minute thereafter. Participant heart rate and
Rating of Perceived Exertion (RPE) were monitored and recorded each minute, while oxygen
consumption was determined and averaged every 20 seconds by indirect calorimetry with a
Parvomedics metabolic cart. Peak oxygen consumption and total time on the treadmill were the

outcome variables used for analyses of changes in peak aerobic capacity.

Participant groups

Children were placed into either a normal activity control group or a physical activity
intervention group. Participants in the physical activity group completed 16 weeks of supervised
physical activity while those in the normal activity group were instructed to continue their

normal activity patterns during this time.

Physical Activity Intervention

The 16 week physical activity intervention was led by undergraduate physical activity
leaders (PALSs), and was designed to provide a noncompetitive, supportive environment for
children to develop confidence in physical activity participation. Participants were encouraged to
come to the program 4 days per week and were required to attend at least 3 days per week for a
minimum of 1 hour per session. Participants were allowed to choose activities, such as tennis,

racquetball, kickball, tag, stair climbing, and treadmill, cycle ergometry, or elliptical exercise.
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Physical activities were performed in a way that average heart rates during the sessions were140
bpm. Heart rates were monitored during each session in order to evaluate mean heart rate. PALS
were responsible for leading groups of three to five participants, keeping children involved and
active. Dropouts were defined as those who attended less than 75% of the exercise sessions
(which would be less than 3 days per week on average) or performed less than 75% of the total

accumulated minutes of physical activity.

CRP analysis

Blood samples were drawn from an antecubital or hand vein, the morning after a 12 hour
overnight fast and were frozen between 2-6 years at -80 degrees Celsius until analysis. Pre and
post intervention blood samples from 60 participants in the physical activity and control groups

were retrieved for the analysis of CRP concentrations.

CRP was analyzed with a MSD 96-Well MULTI-SPOT Vascular Injury Panel 1l Assay
kit from Meso Scale Discovery (Rockville, Maryland). The multi-spot 96 well plate was blocked
with 5% Blocker A Solution overnight at 4 degrees C. The plate was washed with phosphate
buffered saline with 0.05 % Tween-20 (PBS-T). An eight point standard curve consisting of
calibrators ranging from 0-1000 ng/mL of CRP was applied to the plate. Plasma samples were
diluted 200x using diluent provided with the kit and applied to the plate. After the appropriate
incubation time plates were washed with PBS-T and detection antibody was applied. After the
appropriate incubation time, the plates were washed and a 1x read buffer was applied. The plate
was immediately read in the MSD SECTOR Imager 2400 (model #1250). Plasma concentrations

of CRP were derived using MSD’s Data Analysis Toolbox for software version 3.0.
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Statistical Analysis

Demographic data were analyzed with non-paired t-tests. Between groups comparisons
for baseline and follow-up BMI, BMI %tile, WHR, body fat%, absolute peak VO, relative peak
VO,, time to exhaustion, and CRP concentration were analyzed with t-tests. Differences in BMI,
BMI %tile, WHR, body fat%, absolute peak VO, relative peak VO,, time to exhaustion, CRP
concentration during the intervention were calculated by subtracting pre from post
measurements, and analyzed with t-tests. Comparisons of difference in CRP for African
Americans in the physical activity and control groups, Caucasians in the physical activity and
control groups, African Americans and Caucasians in the physical activity group, as well as
African Americans and Caucasians in the control group were also analyzed with t-tests.
Comparisons of difference in CRP for females in the physical activity and control groups, males
in the physical activity and control groups, males and females in the in the physical activity
group, as well as males and females in the control group were also analyzed with t-tests.
Comparisons of difference in CRP for lean participants in the physical activity and control
groups, non-lean participants in the physical activity and control groups, lean and non-lean
participants in the physical activity group, as well as lean and non-lean participants in the control
group were also analyzed with t-tests. Similar t-tests were used to compare African Americans

and Caucasians by lean and non-lean status.

Pearson correlations were carried out to evaluate the relationship between baseline CRP
and CRP change with other variables. Data are presented as mean + standard deviation. The

significance level was set as p<0.05.

29



Chapter 1V: Results

Baseline Measures

Table 1 shows the baseline characteristics of the physical activity and control group. There were
no statistical differences in age, race, BMI percentile, percent body fat, waist to hip ratio, CRP,
exercise time to exhaustion, or relative and peak aerobic oxygen consumption found between
physical activity and control groups at baseline. There was also no difference in baseline CRP

concentration between African American and Caucasian participants.

Correlations. Figures 1-4 display significant correlations with baseline CRP. Baseline
plasma CRP values were significantly correlated with baseline age (r = 0.356; p = 0.006) (not
shown), BMI percentile (r = 0.397; p = 0.002) (Figure 1), and percent body fat (r = 0.603; p =
0.000) (Figure 2), yet not with sex, race, or baseline waist-to-hip ratio. Baseline CRP values were
also correlated to absolute (r = 0.314; p = 0.016) and relative (r = -0.455; p = 0.000) measures of

baseline peak oxygen consumption (Figure 3 and Figure 4, respectively).

Follow-up Measures

Table 2 shows characteristics by group at follow-up, while Table 3 shows the change in these

characteristics by group during the 16 week intervention.

Aerobic Fitness. Absolute peak oxygen consumption was found to be higher after,
compared to before, the 16-week physical activity program in both the exercise and control
groups (Table 2). No significant differences were seen for pre and post peak oxygen
consumption in either group when expressed relative to body weight. No significant differences

were seen for changes in absolute or relative peak oxygen consumption between the exercise and



control group. Exercise time to exhaustion increased in the exercise group (p = 0.001), yet not
the control group (Table 2). A difference in the magnitude of change in exercise time to
exhaustion was seen between the physical activity and control group (p = 0.012), such that the
physical activity group increased time to exhaustion to a greater extent than did the control group

(Table 3).

Body Composition. BMI percentile significantly increased (p = 0.001) during the 16
weeks in the control group (Table 2), while no significant difference between pre and post
percent body fat or waist to hip ratio was found for participants in this group. No significant
differences in BMI percentile, percent body fat, or waist to hip ratio were detected in the exercise
group pre versus post training. Changes in percent body fat (p = 0.023) and waist to hip ratio (p =
0.037) during the intervention were different between the exercise and control group (Table 3).
Differences in percent body fat change were seen between the exercise and control group, such
that percent body fat tended to decrease from pre to post intervention in the exercise group and
decrease pre to post intervention in the control group (Table 3). Waist to hip ratio decreased
more in the control group than in the exercise group (Table 3). There was no significant
difference for the change in BMI percentile during the intervention between the exercise and

control group.

C - reactive protein. No significant changes in average pre and post CRP concentrations
were seen for the exercise or control group. There were no significant differences found for

change in CRP concentration between exercise and control groups.

No difference was seen in CRP change between males in the physical activity (-0.47 +

1.74 mg/L) and control (-0.04 + 0.92 mg/L) groups, (p = 0.48) or between females in the
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physical activity (-0.35 + 2.40 mg/L) and control (-0.03 + 0.95 mg/L) groups (p = 0.68). Neither
were there differences for CRP change between males (-0.47 + 1.74 mg/L) and females (-0.35 +
2.40 mg/L) in the physical activity group (p = 0.864) or between males (-0.04 + 0.92 mg/L) and

females (-0.03 + 0.95 mg/L) in the control group (p = 0.993).

No differences in CRP change were seen between African American children of the
physical activity (-0.72 + 2.16759 mg/L) and control (-0.41 + 1.07 mg/L) groups (p = 0.69), or
between Caucasians in the physical activity (-0.12 + 2.07 mg/L) or control (+0.2474 + 0.68
mg/L) groups (p = 0.56). Similarly, no differences in CRP change were seen between African
Americans (-0.72 + 2.16759 mg/L) and Caucasians (-0.12 + 2.07 mg/L) in the physical activity
group (p = 0.38), or between African Americans (-0.41 + 1.07 mg/L) and Caucasians (+0.2474 +

0.68 mg/L) in the control group (p = 0.10).

No differences for change in CRP were seen between lean children in the physical
activity (-0.24 + 0.70 mg/L) and control (+0.02 + 0.12 mg/L) groups (p = 0.40), or between non-
lean children of the physical activity (-0.46 + 2.47 mg/L) and control (-0.06 + 1.17 mg/L) groups
(p = 0.58). Also, no differences for change in CRP were seen between lean (-0.24 + 0.70 mg/L)
and non-lean (-0.46 + 2.47 mg/L) children in the physical activity group, or between lean (+0.02

+0.12 mg/L) and non-lean (-0.06 + 1.17 mg/L) children in the control group.

Furthermore, no differences in CRP change were seen between lean African Americans
in the physical activity (+0.28 + 0.48 mg/L) and control (-0.04 + 0.06 mg/L) groups (p = 0.44),
or between lean Caucasians in the physical activity (-0.43 + 0.69 mg/L) and control (+0.04 +
0.14 mg/L) groups (p = 0.21). Similarly, no differences in CRP change were seen between lean

African Americans (+0.28 + 0.48 mg/L) and lean Caucasians (-0.43 + 0.69 mg/L) in the physical
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activity group (p = 0.14), or between lean African Americans (-0.04 + 0.06 mg/L) and lean

Caucasians (+0.04 + 0.14 mg/L) in the control group (p = 0.47).

Also, no significant differences in CRP change were seen between non-lean African
Americans in the physical activity (-0.93 + 2.33 mg/L) and control (-0.60 + 1.31 mg/L) groups (p
= 0.75), or between non-lean Caucasians in the physical activity (+0.07 + 2.60 mg/L) and control
(+0.39 + 0.89 mg/L) groups (p = 0.76). Similarly, no difference in CRP change were seen
between non-lean African Americans (-0.93 + 2.33 mg/L) and non-lean Caucasians (+0.07 +
2.60 mg/L) in the physical activity group (p = 0.29), or between non-lean African Americans (-

0.60 + 1.31 mg/L) and non-lean Caucasians (+ 0.39 + 0.89 mg/L) of the control group (p = 0.13).

Correlations. Figures 5 and 6 show significant correlations between CRP change during
the 16 week intervention and baseline variables. The overall average change in CRP during 16
weeks was negatively associated with absolute baseline peak oxygen consumption (r = -0.263; p
= 0.046) and baseline CRP (r =-0.599; p = 0.001). Overall CRP change over the 16 week
intervention period was not significantly associated with any other aforementioned baseline
parameter. Figures 7 and 8 show significant correlations between CRP change during the 16
week intervention and changes in aerobic fitness during the 16 week intervention. The change in
CRP during the 16 week intervention was positively associated with the change in absolute peak
oxygen consumption (r = 0.281; p = 0.046) during the same time frame, yet not with the change
in any other aforementioned parameter. A significant correlation was found between the change
in CRP concentration and change in absolute peak aerobic oxygen consumption for Caucasians
in the exercise group (r = 0.527) (p = 0.036), yet not for African Americans in the exercise group
(r=0.22; p = 0.41). No significant correlations were found between change in CRP

concentration and change in absolute fitness for African Americans (r = -0.33; p = 0.43) or
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Caucasians (r = 0.04; p = 0.91) in the control group. No significant correlations were found
between change in CRP concentration and change in relative fitness for African Americans (r =
0.08; p=0.76) or Caucasians (r = 0.15; p = 0.58) in the physical activity group, nor for African
Americans (r = -0.18; p = 0.67) or Caucasians (r = -0.21; p = 0.60) in the control group.
Likewise, no significant correlations were found between change in CRP concentration and
change in BMI %tile for African Americans (r = -0.14; p = 0.59) or Caucasians (r = 0.15; p =
0.58) in the physical activity group, nor for African Americans (r = -0.18; p = 0.67) or
Caucasians (r =-0.13; p = 0.73) in the control group. No significant correlations were seen
between change in CRP concentration and change in WHR for African Americans (r =0.43; p =
0.12) or Caucasians (r = 0.27; p = 0.42) in the physical activity group, nor for African Americans
(r=-0.01; p =0.99) or Caucasians (r = 0.26; p=0.50) in the control group. Finally, no significant
correlations were found between change in CRP concentration and change in percent body fat for
African Americans (r = 0.03; p = 0.92) or Caucasians (r = -0.30; p = 0.25) in the physical activity
group, nor for African Americans (r = 0.48; p = 0.28) or Caucasians (r =-0.12; p =0.73) in the

control group.

34



Physical Activity Group

mean = o (n)

Control Group

mean = 6 (n)

Age (yrs.)

9.54 + 1.05 (n=39)

9.85 + 1.09 (n=20)

Tanner Stage

1.15 + 0.36 (n = 34)

1.29 + 0.46 (n = 18)

African American (%)

46.2

42.9

Female (%)

56.4

52.4

BMI (kg/m°)

23.39 + 5.68 (n=39)

22.16 + 5.03 (n=19)

BMI (%tile for age and sex)

83.38 + 24.22 (n=39)

79.37 + 29.27 (n=19)

WHR

0.83 + 0.05 (n=29)

0.86 + 0.05 (n=15)

Body fat (%)

37.17 + 10.70 (n=37)

31.93 + 10.20 (n=19)

Absolute peak VO, (L/min)

1.67 + 0.36 (n=39)

1.71 + 0.32 (n=19)

Relative peak VO,

(ml/kg/min)

33.76 + 7.71 (n=39)

37.74 + 7.63 (n=19)

Time To Exhaustion (sec)

359 + 89 (n = 39)

373 + 114 (n = 20)

CRP (mg/L)

1.72 + 1.93 (n=39)

0.95 + 1.24 (n=21)

Table 1: Baseline Characteristics (*p<0.05 between groups difference).
BMI = Body Mass Index; WHR = Waist-to-Hip Ratio; CRP = C - reactive protein.
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Physical Activity Group

mean £ 6 (n)

Control Group

mean = 6 (n)

BMI (kg/m?)

24.28 + 5.86 (n = 36)

22.65 + 4.98* (n = 19)

BMI (%tile for age and sex)

84.81 + 24.07 (n = 36)

81.29 + 27.15* (n = 17)

WHR

0.76 + 0.26 (n = 31)

0.83 + 0.05 (n = 15)

Body Fat (%)

35.65 + 11.62 (n = 34)

32.47 + 1052 (n = 19)

Absolute Peak VO, (L/min)

1.81 +0.38* (n = 33)

1.85 + 0.40* (n = 18)

Relative Peak VO, (ml/kg/min)

33.68 + 9.67 (n = 34)

34.73 + 15.15 (n = 19)

Time To Exhaustion (sec)

441 + 96 (n = 34)

410 + 128 (n = 18)

CRP (mg/L)

132+ 1.84 (n = 39)

0.91 +0.92 (n = 21)

Table 2: Post-Intervention Characteristics (*p<0.05 difference from pre).
Note: BMI = Body Mass Index; WHR = Waist-to-Hip Ratio; CRP = C - reactive protein.
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Physical Activity Group

mean = 6 (n)

Control Group

mean = 6 (n)

BMI (kg/m”2)

0.32 + 1.15 (n = 36)

0.59 + 1.00 (n = 18)

BMI (%tile for age and sex)

-0.97 + 11.76 (n = 36)

3.65 + 6.28 (n = 17)

WHR

0.00 + 0.05 (n = 26)

-0.03 + 0.04* (n = 14)

Body fat (%)

-0.75 + 2.46* (n = 32)

0.83 + 1.95 (n = 18)

Absolute peak VO, (L/min)

0.12 + 0.19 (n = 33)

0.13 +0.13 (n = 18)

Relative peak VO,

(ml/kg/min)

1.08 + 4.13 (n = 33)

1.08+3.17 (n=17)

Time To Exhaustion (sec)

72 + 66* (n = 34)

21+ 71 (n =18)

CRP (mg/L)

-0.40 + 2.11 (n = 39)

-0.04+0.91 (n=21)

Table 3: Change (post-pre) in Characteristics during 16 week intervention (*p<0.05 between

groups).

Note: BMI = Body Mass Index; WHR = Waist-to-Hip Ratio; CRP = C - reactive protein.
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Figure 1: Correlation between C - reactive protein at baseline and Body Mass Index percentile at

baseline.
Note: CRP measured in mg/L; BMI measured as kg/m?.
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Figure 2: Correlation between C —reactive protein at baseline and body fat percentage at
baseline.

Note: CRP measured in mg/L.
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Figure 3: Correlation between C —reactive protein at baseline and absolute fitness at baseline.
Note: CRP measured in mg/L; Absolute fitness measured in L/min.
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Figure 4: Correlation between C —reactive protein at baseline and relative fitness at baseline.
Note: CRP measured in mg/L; Relative fitness measured in mL/kg/min.
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Figure 5: Correlation between change in C —reactive protein during the 16 week intervention

and absolute fitness at baseline.
Note: CRP measured in mg/L; Absolut fitness measured in L/min.
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Figure 6: Correlation between change in C —reactive protein during the 16 week intervention
and C —reactive protein at baseline.
Note: CRP measured in mg/L.
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Figure 7: Correlation between change in C —reactive protein during the 16 week intervention
and change in absolute fitness during the 16 week intervention.
Note: CRP measured in mg/L; Absolute fitness measured in L/min.
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Figure 8: Correlation between change in C —reactive protein during the 16 week intervention and
change in absolute fitness during the 16 week intervention for Caucasians in the exercise group.
Note: CRP measured in mg/L; Absolute fitness measured in L/min.
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Chapter V: Discussion

The purpose of this study was to determine the effects of a 16-week aerobic activity
intervention on serum CRP concentrations in 8-11 year old African American and Caucasian
children, and to evaluate the extent to which body composition influenced this outcome. Serum
CRP concentrations were not significantly changed during the 16 week intervention for
participants in the exercise or control group. These findings contradict results from other studies
that reported significant decreases in CRP concentrations for participants in exercise, yet not
control groups during diet/exercise interventions of various durations in children (Ounis, et al.,
2010) (Roberts, Chen, & Barnard, 2007; Garanty-Bogacka, et al., 2011; Nemet, Oren,
Pantanowitz, & Eliakim, 2013). Findings from the current study support others that reported no
changes in CRP concentration during exercise interventions of similar duration (Nassis, et al.,
2005; Kelly, Steinberger, Olson, & Dengel, 2007). It should be mentioned that absolute aerobic
fitness improved to similar extents in children of the exercise and control groups during the 16
week intervention. Though these findings weaken the argument that the activity intervention
influenced aerobic fitness levels of children, it should also be noted that treadmill time to
exhaustion was increased only in the exercise group, suggesting the intervention lead to some
improvement in the ability to perform treadmill exercise. The emphasis of this discussion will be

to expound upon the relevance of these findings.

It could be that reductions in CRP with exercise training reported from other studies are
due to longer, 6 month and 3 month, interventions (Garanty-Bogacka, et al., 2011; Nemet, Oren,
Pantanowitz, & Eliakim, 2013); however, this is unlikely because other physical activity
interventions lasting 8 weeks and 2 weeks have been associated with reductions in CRP

concentration in children (Ounis, et al., 2010; Roberts, Chen, & Barnard, 2007).



It is also possible that the nature of intervention used in the current study was not suitable to
reduce inflammation in children of this age group. Balducucci et al showed that the response of
CRP concentrations to exercise training may be contingent on exercise modality in older adults,
with those participating in mixed training experiencing greater reductions in CRP than those with
aerobic training only (Balducci, et al., 2010). The exercise interventions in the aforementioned
childhood studies that reported reductions in CRP also included diet components designed to
encourage improvements in body composition, further supporting the argument that intervention
type may influence changes in CRP concentration (Ounis, et al., 2010; Roberts, Chen, &
Barnard, 2007; Garanty-Bogacka, et al., 2011; Nemet, Oren, Pantanowitz, & Eliakim, 2013).
Characteristics of these diet components included caloric reduction (Nemet, Oren, Pantanowitz,
& Eliakim, 2013; Ounis, et al., 2010), less sugar and fat intake (Garanty-Bogacka, et al., 2011),
as well as macronutrient ratios of approximately 12-15% protein, 55-70% carbohydrate, and 12-
30% fat (Ounis, et al., 2010; Roberts, Chen, & Barnard, 2007). Two of these studies provided
educational sessions as well as meals consisting of high fiber whole grains (5 servings/day),
vegetables (4 servings/day), fruit (3 servings/day), plant protein, non-fat diary (< 2 servings/day),
fish/fowl (3-4 days/week), soups and casseroles (2 days/week), no caffeine, and limited sodium
intake (<1600 mg/day) (Ounis, et al., 2010; Roberts, Chen, & Barnard, 2007). Furthermore,
studies showing no change in CRP did not include diet components designed to improve body
composition, though Nassis et al. employed a high carbohydrate diet to encourage the
maintenance of body weight during the intervention (Nassis, et al., 2005; Kelly, Steinberger,
Olson, & Dengel, 2007). Also of note is that two of the four childhood studies reviewed showing
reductions in CRP with exercise training included activity sessions that were 1.5-2.5 hours in

duration (Ounis, et al., 2010; Roberts, Chen, & Barnard, 2007), whereas the current study, and
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others not showing changes in CRP, involved training programs consisting of an hour or less of

activity per session (Nassis, et al., 2005; Kelly, Steinberger, Olson, & Dengel, 2007).

The finding of no significant change in CRP in the current study, despite mean decreases
of 0.04 mg/L and 0.4 mg/L in the control and exercise groups, respectively, is consistent with
other reports in the literature indicating that decreases in CRP of no less than 0.8 mg/L were
needed to achieve statistical significance (Roberts, Chen, & Barnard, 2007; Garanty-Bogacka, et
al., 2011; Ounis, et al., 2010). Other studies that reported no significant changes in CRP
displayed average reductions similar to those in the current study (Nassis, et al., 2005; Kelly,
Steinberger, Olson, & Dengel, 2007). Nonetheless, though statistical significance for the change
in CRP concentrations from pre to post intervention was not seen, the question remains as to
whether reductions in CRP of this magnitude are physiologically relevant, particularly
considering some studies have cited normal values to be 0.3 mg/L for children of similar age and

sex (Ford, et al., 2001).

Findings that baseline CRP concentration was positively correlated with age, baseline
BMI percentile, and baseline percent body fat were comparable to findings of previous studies
(Ford, et al., 2001; Garanty-Bogacka, et al., 2011). Thus, the present study adds additional
support for the hypothesis that serum CRP concentration increases with age and percent body fat
in children. Also in agreement with other studies, was the finding that baseline CRP
concentrations were negatively associated with relative fitness. Sadenpour et al and Isasi et al
have described an inverse relationship between aerobic fitness levels and CRP concentrations in
children (Sadeghipour, Rahnama, Salesi, Rahnama, & Mojtahedi, 2010; Isasi, et al., 2003).
However, contrary to these findings, baseline CRP concentrations in the current study were

positively associated with baseline aerobic fitness expressed in absolute terms, indicating that
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children with higher fitness levels may also display increased CRP concentrations compared to
those who are less aerobically fit when body weight is not accounted for. Though baseline CRP
was positively associated with baseline absolute aerobic capacity, the change in CRP with 16-
weeks of exercise was negatively correlated with baseline absolute aerobic capacity. This
negative correlation between CRP change and baseline absolute fitness is baffling considering
CRP did not change in the exercise or control group over 16 weeks, though absolute aerobic
fitness levels improved in each. This may suggest a plateau effect in which CRP values do not
improve beyond a certain level of absolute fitness, though it is unlikely the untrained children in

this study would have been at this level of fitness at baseline.

Baseline CRP measurements revealed no significant differences in CRP concentration
between African American and Caucasian participants, contradicting other literature that
suggests higher CRP concentrations may be expected in African Americans as compared to
Caucasians (Wong, Pio, Valencia, & Thakal, 2001; Heffernan, et al., 2009). Finding no
difference for the change in serum CRP with a 16 weeks intervention among African American
and Caucasian participants further supports the idea that the two races may not differ with
respect to inflammatory characteristics. Further analysis revealed a positive correlation between
CRP change and baseline aerobic capacity to be significant only for Caucasians in the exercise

group. This is unexpected and could be investigated with further study.

Changes in CRP were not associated with baseline measures of body composition or the
changes in body composition during the intervention. This is in contrast to findings in other
studies showing positive correlations between changes in CRP concentration and changes in
body composition, or changes in body composition and follow-up CRP concentration (Garanty-

Bogacka, et al., 2011; Ounis, et al., 2010). Though it is unexpected that BMI percentile and CRP
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would be significantly correlated at baseline, yet not as they change, it should also be noted that
average BMI percentile values in the current study did not change in the exercise group from
baseline to follow up. This finding is contrary to literature where reductions in BMI are reported
with exercise training in children (Ounis, et al., 2010; Garanty-Bogacka, et al., 2011). Also worth
mentioning is that, of the studies reviewed where CRP concentration decreased in children with
physical activity interventions, either body fat percentage (Ounis, et al., 2010; Garanty-Bogacka,
et al., 2011) or BMI percentile (Roberts, Chen, & Barnard, 2007; Nemet, Oren, Pantanowitz, &
Eliakim, 2013) decreased as well. Body fat percentage was unmeasured in the 2 studies not
indicating changes in this variable. In the current study, BMI percentile increased only in the
control group and remained unchanged in the physical activity group, while body fat percentage
did not change for either group. Furthermore, in agreement with findings from the current study,
other studies reviewed, where no difference in CRP concentration was found with physical
activity interventions in children, did not report decreases in body fat percentage either (Nassis,
et al., 2005; Kelly, Steinberger, Olson, & Dengel, 2007), . Taken together, this suggests that in
the absence of decreases in body composition, specifically decreases in BMI percentile or

percent body fat, a change in CRP concentration may not be expected.

The present study provides evidence to support the hypothesis that there is a positive
relationship between body composition and C-reactive protein concentrations in children;
however, this study contradicts other studies reporting reductions in body composition or CRP
concentration with exercise intervention. Though exercise modalities and exclusion of a dietary
intervention component may have influenced the outcome of the physical activity intervention
with regard to changes in CRP in the current study, it is more likely that changes in CRP with

physical activity interventions in children may be a result of changes in body fat percentage or
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BMI percentile experienced during the training. Further studies with larger sample sizes,
differing exercise modalities, with and without diet components, may be warranted to further

investigate the relationship between exercise training and CRP concentrations in children.
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EAST CAROLINA UNIVERSITY

University & Medical Center Institutional Review Board Office
4N-70 Brody Medical Sciences Building: Mail Stop 682

600 Moye Boulevard - Greenville, NC 27834

Office 252-744-29146} - Fax 252-744-2284% - www.ecu.edu/irb

Notification of Continuing Review Approval: Expedited

From: Biomedical IRB
To: Robert Hickner
CE:

Date: 8/30/2013

Re: CR00001294

UMCIRB 05-0384
[IMPORTED] Reduction in CVD Risk in Children Through Physical Activity

The continuing review of your expedited study was approved. Approval of the study and any consent form(s)
is for the period of 8/29/2013 to 8/28/2014. This research study is eligible for review under expedited
category #8. The Chairperson (or designee) deemed this study no more than minimal risk.

Changes to this approved research may not be initiated without UMCIRB review except when necessary to
eliminate an apparent immediate hazard to the participant. All unanticipated problems involving risks to
participants and others must be promptly reported to the UMCIRB. The investigator must submit a continuing
review/closure application to the UMCIRB prior to the date of study expiration. The Investigator must adhere
to all reporting requirements for this study.

Approved consent documents with the IRB approval date stamped on the document should be used to
consent participants (consent documents with the IRB approval date stamp are found under the Documents
tab in the study workspace).

The approval includes the following items:

Document Description
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Appendix B: Informed Consent Form

Redoction in CVD risk in children throogh phyzical actvity
INFOBMED CONSENT

Principal Investigator: Robert C. Hiclmer, Ph I
Institntion: Human Performance Laboratory
Address: 371 Ward Sports Medicine Enilding
Telephone Nomber: (252) 328-4677

TITLE OF PROJECT: Fedwction in CWVD risk in children throngh physical acdvisy

INTERODUCTION
Wonar child has been asked to pamicipate in a research smdy being conducted by Pober C. Hickner snd
collesmes. This research is dasizmed to determine the effect of physical acdviny oo cardiovasoular

We will spady lezn and overweight preadolescent children  Smdies will tzke place in the Hoean
Parformance Laboratory of East Caroline University and in Minges Colisamm.

PLAN AND FROCEDUEES
Prior to tesdng, wou, 85 A goandian(s) will read snd sizn this Informed Consent for research, as well 2= 811
ot & meedical bistory quesdonnaire peraining to your child

Your child’s partdcpation will imvolve:

+  Youwill A1l out & personal hizstory form that pertaine to your child  Yoor child will f11 ot forms
consisang of a yowdh sk behavior somvey, leisure tims exercise questionnsire 3 personz] history
form, 3 medical form 3 30-day phyzical actvity recall, pediamic quality of life inventory, and a
physical self-perception profla snd children®s affraction foward phyzical actvity scale

+  Deemination of bedy composition nsing body mass index (BMT), waist-to-hip rato {WEER),
ckinfalds, and a3 DEXA Scan will be coaducted st the Hoean Performance Laborsiory. To caloulats
BMT height and weight will be measnmed  Cirounference measores will be taken at the waist and hip
to calonlate WHEL Finally, skinfold thickness of the micep, subscapular (shonlder blade), sbdomen
thizh suprmlm{lupb-:n&} and calf will be takan on the nght sids of the body, in daplicate, witha
ckinfpld caliper Your child will imdergo a test of body composifion called a DEXA sean. It is like
an x-ray of vour eatire body. Tharng this test your child will be asked to wear minineal clothing (e.z.,
swimesuit, or shorts and & shirt, or 3 gown), and to remove all jewelny,. He'she will lie 561l oo 3 padded
table for the length of the scan (zpprocdmiately 6 ninares). The table will move across and up and
down to scan hisher body. Your child will nes feel anything and can breathe nommally doring the
gean If youmr child has mets] in hic'her body, then your child will not be abls to pardcipata in the
DEXA sran Padiafion exposurs from a DEXA scan is spproximately {004 mrern. The effective
radiaton exposars that your child wold recaive in this stady is lass than 0.6% of the radiaton
exposme an individns] receives: Som naniral backsround sounces in one year.

+ Defemination of Aerobic Capadify
Two rmeamimal treadmill tests will be completed to evalnate inidal asrobic capacity. Two tests will ke
performed to assure that there iz adequate effoert by the childen during the masites] treadmdll test and
to datermine day-to-day variability in the tast If thaze mavo fesis are not very similar, A thivd tast meay
naed to be conducted. so it is important that your child pat out 3 meecimal effort for this test. For this
tast, your child will walk or run on a treadmill for approximaiely 10-15 minges. Dhring this test, your
Veradom: 72697 Page 1 of 7 Sobject’s Initials



Reduoction in CVD risk in children throogh physical activity
child will wear & mowhpisce 0 the air they breathe out can be collected for anslysis of cogygen At
first, your child will walk leisumaly on the level meadrmill, ut the speed and level of hill dimbing will
tecome hardar imil yowm child can oo lenger continne.

Yiou will be asked to complete the p-3 FEQ) at baseline 4 waeks, 8 weeks, 12 wesks and 16 weeks,
This will allow us to detemmins 1) what vour child eats over time and ¥) seasonal variadioens in your
childs ags group and populadon

+ Your child will completz a 3 or 4 day food record =t bazeline (before microdizlyzis), 4 weeks, 8
weeks, 12 weeks and 16 wesks.

+ Ypur child will wear a physical activity monitor (BT3 Triaal Accelerometer) and 2 padometes
(Yamax Tapan) five days prior to micraedialysic and diming the micradialysic pordon of the stdy.
Addigenslly, voar child will wesr the accaleromater and pedomater for 3 days at 4 weekes, 8 weeks,
and 12 weaks,

+ A fasting blood sample will be obtained from an arm or hand vein. This will invelve cne to three
emal] neadle sticks. The procedure will take place in the Fimsan Perfonmance Taboratory.

+  Wour child will be given a cotton swab to test for salivary cortisol levels and will be instructed to
chew on it for 45-60 seconds. Samples will be collectad af 7 am (fasting), 1:45 (priortoa
standardized 2 pm hunch), and 30, 45, and &0 mimites after hmeh  Additional samples will be
collectad every hour oa the bowr fom 9 am. to 3 pm The collection of samples will taka place in the
Himan Performance Lab.

+ At the Hopan Performance Lab, the incerion of up to thres smeall probes to determine glvoaro] levels
and rates of lipolysiz will take place. This probe, called a microdialysic probe, is 2 small flexibla
piece of plastic tubing (zbow an inch long and the width of a needle)) that is insertad through the skin
and thea through the suboutansous St abows 108 o 14 inch below the skin of the stomach. First, to
umaky the ares of insertion, a fopical cold spray {ethy] chlomide) or 3 monbing creme (Emla crems) will
be applied to the :kin. A peadle surmoundzd by plastc mibing will be insened into the soboataneons
fat of your child®s stomach The needle will be taken ouf of the fif and replaced with the small piecs
of mbinz, The tubing will not be lecated in & bleod vessel b betwean fat cells. A Finger solumion (a
caline’salt-water sohidoa) will be punped through the piece of mbing to moniter blood flow and fat
toezk down in the fat tssua. The poomped fhiid will be hammless to your child sincs it is similar to the
thnd already present between the cells of the body. The Ringer seludea will be punmped at a ez of
oo mofe than 5 microliters per mimate (equivaleat to & very toy drop). Your child will not fesl the
presence or effects of this sobaica. Sammples will be collectad every hour while your child is st ECTT
and &t home for the remainder of that day mntil the following moming. Cmoly one evermnight sanipla
will be collected when your child wakes up the following moming.

*  Afier the microdizly=is pimp is setap, vour child will parficipate in acdvides pre-planned and
pronided by the study imvestgators. Activites will take place in Minges Coliseum. Possible activities
will inchada welking on & oeadnill, riding & stationary cycle argometer, roller-skating, and g
roping. Orher activities will include waiching movias snd playing board games. All actvities will be
mooaitored by & rained exerdce physiclogist whe is famniliar with the nsage and safety precautions for
each activity. By no means will youz child be lirdted in what be'she can do during the day, except for
aciwities that impelve rousgh physical contact (for exanpla, football).
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Reduction in CVD risk in children thronsh physical activity
+ The full day monitoring will take place on a day that the child is already out of school
(ie. vacation, weekand).

#  If your child is randomized (zimilar to picking sroups by fipping a coin) to the 16-wesk phyzical
activity program, be'she will wmdergo all testing described above (preliminary measmremends and a
separate visit of approximately & hours for microdiatysis in the lab) before and after the 16 week
program. If your child is randomized to the conirel growge that does not participate in the 16 wesk
physical activity program, they will be required to underzo only the preliminsry mesamements and
annther visit (micredialysis) of spproxmately & howrs in the Lsb.

RISES AND DISCOMFORTS
There are cemain risks and discomforts that may be associated with this research. They inchide:

+ The total amount of blood drawn for fsting blood draw is neglimibla. There iz an extramaly small
risk of local bematoms or mfection asseciated with the needle stick.

* Inserton of the microdialysis probe is associated with mild discomfort, similar 1o that experienced
during an intrarmsonlar mjection. Your child will not feel discomfiort fom the mbstances (for
example, Finger solution) pumped throwszh the microdialysis probe. Blisks associated with this
procedure are small, and inchode hemstoms (swellng and boising) and infecion. Toe minimize the
risk of hematoms or infection associated with the msertion of the microdialysis probes mio the
subcutanens adipose fsne, these procedures will be performed using sterils technigues. The probes
are also made of biscompatble materials.

* There are some risks associated with physical actvity such as amps, bndsing, scrapes and othes
imjuries sssociated with active children.

o Pisks aszocizted with the manims] exercize are dizziness, venfricular srhythoia (odd beart beats),
and in very rare instances death. These risks are very small, with an incidence of fewer than 1in
10,0000 deaths in patients who are knowm to, or suspected of having heart diseasa. The fck is
enmpectadly mnch smaller than this in a group of youmg, healthy subjacts. To fiurther minimize the
sk, faculty and smadent: that have been exensively wamed in adninistering maximal exerriza
tests will administer the assessments. If duning a test & subject complains of dzmness, chest
discomfiort or other signs of exercise intolsrance, the test will be prompidy stopped. In the event of
loss of consciousness, breathing or heart beat, appropriate CPR and AFD administration will ke
initisted and Gresnille FireFesome will be notfied vis 911,

# Fuisks of the body composifion assessment are those associated with exposure to low levels of
radiation. Fisks will be minimized by using an FDA-spproved bone density machine (Prodizy, GE
Lumnar Corp., Madizon, WT). This procedure imvalves 8 minimal amomnt of radiation. 1-3
nicrafieverts) that is within an soceptable range as provided by “Morth Caroling Plemlations for
Protection Apaimst Badiadon™ The amount of radiation (1-3 microSieverts) exposure of ons
procedure is quite minimal. For example, radiaton exposure is approximately 80 microSieverts
on A ransatlantic airline flight of 8 hours, 30 microSieverns living in Demver, Colorado, at an
alevation of 5,000 feat for approcimately 4 wasks or 30 to 40 microSieverts during a typical chest
x-ray. There iz 3 potentia] risk to unbom children for those who are presmemt: therefore. presmeant
wWomen nuast not umdergo this procedurs,
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Redoction in CVI risk in children throngh physical actvity
+ Yoorchild should be sware that there are imforeseen rcks imvobeed with this snd all resesrch

POTENTIAL BENEFITS

Subjects will be abla to participats in superviced phyzical activity and gamas. Tha ricks ars nrnirmeal
ralatve to thezs benefite and the henefits of prining knowledze with respect to the role of cortizal in
childheod chesity.

TERMINATION OF PARTICTPATION

Your child’s parfcipadon in this research stody may be termuinated without your coaseat if the
imvestizators belivve that these procedares will pose unnecsscary risk fo your child Your child may alzo
be tznminated from the participaden if your child does not adhera fo the study protecol

CO5T AND COMPENSATION

Fonr child will be paid $50.00 as well as prizes worth §25 for hisher dme and incomvenience for
contpletion of each microdizlysis procedure. Each farmily with child'children in the exsrcise group will ke
contpeasated 540 for Tansportaton ralated expenses at & weaks.

The policy of East Caroling University does not provida for the conmensadon or madical
resment for subjects bacmse of the physical or other injury resultine Som thiz research activity.
However, every affon will be made to maks the facilities of Brody School of Medicine, Pit Cowmty
Memorial Hospital available for meamient in the event of such physical injury.

CONFIDENTIALITY

Craly the irvectizators associated with this stody will have access to the data obtained Mo identifying
information will be released MNimeric coding, which oaly the primery invesdzator will have accass to,
will protect the idenrity of vour child and athar mabjects. Dtz will be saparad in a locked Sling cabinat in
the office of the primary imvestizator in the Fiman Perfonmence Laboratory. The data will be kept for 7
years. Semples will be stored in freezers at the Humsn Performance Laboratory for & mesdnmam of 7
years, Yo child can request destacion (discarded info biohazard containers and disposed of by ECTT
bichazard persormal) of hishar samples at amy doe.

VOLUNTARY PARTICTPATION

Yo child wmderstands that hizher pardcipation in thiz stady is volmtary, Pefusal to perticipate will
imrvolve oo penalty or loss of benefits to which your child is otherwise enfifled  Funhemmore, your child
may stop panicipating at amy time ha'she choosas withot penslty, loss of benafts, or without
jeapardizing hizher confinuing rmedical care at this instintion.

RESEARCH PARTICTFANT AUTHORIFATION TO USE AND DISCLOSE INFORAATION
Faderal lanz require that researchers and heslth care providsre protect your identifiable health
information  Federal laws also require that resesmchers gt your pemmizsiom o nse collectad health
information for research. The idendfisble information we will collect from subjects in this research
praject will inchude:

*Feneral Medical History including: Femily haslth hizstory, medicatdons, miimiten, physical acivinr levels
end body waight history

*Body commposition informaden, adipose tistue blood flow and metsbolism blood levsls of insulin
glucose, frea fatty acids, and other compounds related to candiovasonlar diseazs sk,

The members of our research team that will have access to your information will inclode the Principle
imvestizator, co-iovestgators, as well as techmical and muring persomnel imvalved im thiz projec.
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Reduction in CVI risk in children throongh phy=sical activity

Information sboat vou will be used and releazed in such a way that will protect your idsntity a5 omch as
possible; however, confidendality cannot be ghsolutely susrantesd W will only share your information
with those indibvdiduals listed sbove. IE we peed to share informstion with other mdividwals other than
thosa listed, we will requast vour permizsion a second tme.

Tou will be mven a sizmed copy of your authorization to release medica]l infommaton for vour
records. You czn limit the srooamt and npe of informadon that is shared and you omest make this raguest
in writing, howsvar, the researcher iz able touse Aoy and all information collected prior to the request not
o discloze informadon. Althoush vou can limit the releass of your madical informatien, withhelding
somna informadion may caose you to become inslisible for thic mcearch project. Because research
information confimes to be looked at aSer a sady is finished, it is difficult to say when the use of vour
information will stop. There is oumently ot an expirstion date for the use and disclosire of your
information for this smdy.

PERSONS TO CONTACT WITH QUESTIONS

If you have quastions relzted to the sharing of information, please call Bobert Hickner at 232-737-34677
(days) or 252-353-5556 nmizhts or weekends or David Collier, M T at 7441853 {days) or 353-2825
(nights and weekends). You may also telephone the University and Medical Center Instinsionsl Beview
Board at 252-744-2914. In addiden ifyon have concerns about confdantiality and prvacy righs, vou
may phone the Frivacy Ofcer a2 Pitt Coumty Memorial Hospital at 252-847-6543 or at East Caroling
University at 252-7344-2030.
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Beduoction in CVD risk in children throogh physical actvity

CONSENT TO PARTICTPATE

Yo child cartifias that he'sha has read all of the sbove informaton, ackad questions, and raceived
answers concerming areas ha'she did not understand | and have received sadefactory mewers to thaze
questipns. Your child willingly consents for partcpadon in this research stady. (A copry of this consant
form will be given to the person siming as the subject or 25 the subject’s antherized representatve.)

Partcipant’s Mama (Prinf)

Anthorized Fepresentatiyve’s Name (Prind) — Guardian =1

Sigmanmre of Anthorized Representative — Guardian #1 Diata

Anthorized Fepresentatiyve’s Name (Prind) — Guardian =2

Simanmre of Antherized Feprecentatve - Guandian =2 Date

AUDITOE. WITWESS: I confirm that the contents of this conzent'assant form wers orally presenad,

Anditor’s Mames (Print)

Simmanire of Anditor Diata

Principal Imcactizator’s Mame (Pring

Simanire of Principsl Investzator Date
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Reduoction in CVD risk in children throngh physical actvity

FUTUEE TESTING OF BLOODANCEODIAT Y515 SAMPTES

Upon terminaton of this smdy, the blood and nrine samples collacied for this study will be stored for up
to 10 years to research scienfific quastions specifically relatad to candiovasoular diseaza risk in children I
will condmue to be the owner of the samples and retain the mght to have the sarople matarial desmoyed at
any tims during this shady by contacting the stady principal invesdeator. During this study the samplag
will be stored with mmiber idantifiers only; howsver, the nmuwber identifisr will be linked to 2 specific
name and will be kept on file in the pessession of the principal invesdestor. The linked fils will be storad
pazsword protected oo the Principal Invesdzater’s compater with CD backup. No ather individuals will
have access 1o these idenfifying matarials unless the principal invesdestor is raguired by law to provida
such identifying information. Data will not be publicly available and participants will not be identifed or
linked to the sammles in publication. If & commencial product is devaleped fom this research project, 1
will not profit finsncially from such a prodact

CONSENT TO PARTICTPATE IN FUTURE TESTING OF BLOOD SAMPIES

I certify that I have read all of the above, acked quastions and received answers concerning areas I did nod
understand and hews recaived safsfactory amswars to thess quesdons. I willingly give nne consent for
participation in this resaarch smdy. (A copy of this consent form will e given to the person sizning as
the sabjact or as the mbject’s authorized repracantabve.)

CONSENT TO FARTICIFATE

our child cerdfies that he'sha has read all of the abeve infommation, askad questions, and received
Snswers concerning areas ha'she did not understand and have received sefsfactory smewers to thase
questigns. Your child willingly consents for participadon in this research stdy. (A copy of this consant
will be given fo the parson sizning 3= the mbject or as the subjec’s authorized reprasentative)

Pardcipant’s Marms (Prinf)

Anthorized Fepresentativa’s Name (Pring) — Guardian =1

Simanire of Anthorized Feprezentative — Guardian #1 Diata

Anthorized Fepresentatve’s Name (Pring) — Guardian =2

Simmanire of Autherized Fepresenfative - Guardian =2 Draze

AUDITOR WITKESS: Iconfirm that the comtents of this consent/aszant form were arally prasemtad.

Anditor’s Mamsa (Print)

Simmanmre of Anditer Dhata

Principel Ivestizator's Mame (Pring)

Simanre of Principal Ivestzator Date

Verdom: 72507 Paga Tof 7 Sobject’s Initials

65



Appendix C: Parental Informed Consent Form

Feduction ln CVD risk in children through physical activity

INFORMED CONSENT- PARENT

FFrincipal Investigator: Roberi C. Hickner, Ph.D.
Institaiion: Human Performance Laboratory
Address: 371 Ward Sporis Medicine Building
Telephone Mumber: (252) 328-4677

TITLE OF FROMECT: Rediztion in CVD sk in childzzn through physical activigy

INTRODUCTION

Yo and vour child have boon asked fo participate ina reseanch sludy bermg canducied by Babert C,
Higkner and colleagues. This research is desigred 1o determing the effect of physical activity on
cardiovascular disease risk in children. U wall alsa look 2 the offect of physical activity on tle children’s
kady compasition as well as comparing the children™s physical activity lovel to their pasents,

We wall study lean and everweipht preadolescent children and one of their parentz. Studios will ke
place i the Human Perfonmance Laboratery of Bast Caselina University and in Minges Colisenm,

PLAN AND MPROCEDURES
Prior 1o festing, vou, &= a guardianis) will read aied sign this informe:d Consent for research, aswell as fill

ol a medical history questiannaire pertining 10 you and your child,

Youand wour child's partizipation will involas;

Fou will fill ow & persanal histary form that pertadns to your child as well os ene for yourself. Y our
child will fill eur fozms consisiing of a youth sk behavier survey, leisure lime exercise
questiannnine, a peesonal history fenn, a medizal form, a 30-doy physical activity recall, pediatric
quality af life inventary, and a physical selfperception profile and children's atraction toward
physical activity scale. You will Gl ol a Physicsl Activity Readiness Questionnaite (PAR-0Q) and a
30-day plivsical aciivity recall,

Decermination of body ¢omposition using kady mass index (BME), waisl-to-hip ralio (WHI,
skinfolds, and a DEXA Scan will be comfugied o1 the Human Peclormance Laboratory. To calculaie

BMI, height and weighs will be messured, Circumierenee measures will be takien at the waist and I:i]-;:j?

T ealeulzie WHR, Finally, skinfold thickness of the tricep, subseapular shoulder bade), abdomen,
thigh, suprailium {hip bone), and calf will be taken on the vight side of the body, i duplicate, with a
skinfdd caliper, Both you und your child will undergo a test of bady compositon called a BEXA
scan. I is like an x-ray of vour entire Body. Durng this 1est yow will bach be asked 1 wear minimal
clothing (e.g., swimsauil, or shorts and a shin, or 8 gown), and 10 remove all jawelry, Youwheshe will
lie: still or a padded table for the fength of the svon {approximately 6 minutes), The 1able will move
acrass and up and down to scen yeurshisther body, Neither vou or your child will feel anything amd
casn kreathe nommally during the scan, 1F either you or vour child has metal theis body, dwen voutthey
will i e able 1o padticipate in the DEXA scan. Radiation exposure from a DEMNA scan iz
appraximately 0.04 mrem, The effective radiation exposuse thal you and your child wonld receive in
thiz study is lese than 0.6% of the radiation exposure an individisl reegives fram noteral background
BOUTCES il o year.
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[Detenination of Aerobic Capaclty

Two maimal freadmill tests will be completed to evaluate sl acrabic capacity, Two tests will be
parforoved to mssure i thers s ndesuite effort by e children dwring the maximal treadmill test ond
10 determing day-to-dzy variahility inthe fest. 17 these two tests are ool very similar, a third test may
need to be conducted, 5o it is impaortant that your child put out o masimal efTon for this test. For this
test, your ehild will walk or run on 8 treadmill for approsimatedy 10-15 minules, Duang s test, your
cliild will wear a mowihpices so Qe aiv they breathe oud can be collested for analysis of exygen, At
firat, wour child will walk leiswrely on the level treadmill, but the speed and level of hill climbing wall
become harder until your child can wo lapger coitinue. You will complets one maximal treadmill best
to evaluate your serobdc capacity, This test will be dore the saime way 25 the ehild's maximal
treadmill fest,

You will be asked 10 compleee the -3 FFC for yoar child at boseling, 4 waeks, B weeks, 12 weeks,
and 16 weeks. Tlis will aliow us to determine 1) what your child eats over ime and 2) seasonal
sariaties in yaur child®s age group and papulation.

Yo child will coanplate 3 3 of 4 day fead recond at baseline (hefore microdialysis), 4 weeks, §
weeks, |3 weeks amd 16 weeks.

Yo and your child wall wear o physical activity svooitor (RT3 Teiaxial Accelerometer) ond o
pedometer (Yamax, Japan) five days peior 1o microdialysis and duding the microdialysis pertion of the
simdy, Additionally, vour child will wear the scceleramater and pedometer for 3 days of ¢ weeks, ¥
woeks, and 12 wesks You will ol ke a part of ke nkil_‘rl'b-d:iah'ﬁii.

A fasting Bloml swmple will be obtained from an ann o hand vein of your child. This will involve
ome b three smoll needle seks, The procedurs wall take place in tw Human Performance Laboratory,

Your child will be riven a citton swab to test for solivary enrtiaol levels and will be instrucied Lo
whew on it Tor 43-60 seconds, Samples will be collected at 7 wom. (fsting), 1245 (priar tea
standardized 2 pon. lunch), amd 30, 43, and 60 minutes after lunch, Addittenal samples will be
collested every lour o the hour from 9 am. to 2 pm. The callection of samples will take place fn the
Human Peclormance Lab.

At the Human Perfannance Lab, the inscrtion of up to three smoll probes b determineg glyeeral levels
and rates of lipalysis will take place. This prote, called o microdialysis probe, is o small Qexgble
piece of plastic 1ibing {about an inch lang and the widih of o needle) that is inserted throuph the skig =
angl the hronegh the subcwtanedas fat akout 158 10 14 inch below the skin of the slomoch. Firsl, fo g
namb the i ef inszrtion, o topieal cold spray (ethyl chleride) or a numbing creme (Emla creme)
be opplicd to the skin, A peedle surrounded by plasiac wbing will be inserted into the subsutanzous
fat of vour child’s stomech, The nesdle will be taken out of the fid and replaced with the small pice
of tubing. The tubing will not be located ina Blocd vessel bt between Tatcells, A Tinger solution
saline'salt-water solution) will ba pumped through the pisce of tuwbing o maniter blood ow and fat
Teeak downs in the fat tissue. The pumped Muid will be harmless to your child sines 1t 35 similar fo 1 1
Nuid already present betwean e cells of e body. Tle Ringer solutien will be pumpsd s a rate of 24
no more lhan 3 microliters per minuwe {equivalent 1o-a very tiny deap). Your child will nat fizl the
presency o elfects of this solwlion. Sunples will be collected every hour while your child is at ECL
and at bome for the remoinder of that diy until the follewing moerming, Oaly ane evernight sample
will be collected when vour child vakes up the follewing moming.
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Reductlon n CVD risk in children throwgh physical activity

Afier the microdialvsis pump is set up, vour child will participate in activities pre-planned and
provided by the study investipators, Activitizs will take place in Minges Coliszum, Possible activities
will include walking on a treadenill, riding a stationary evele erpometer, roller-skating, and jump
roplitg. (her activities will inclade watching movies and playing board games. All activities will be
ernitgred by a tralived exercise physiologisl whe bz familiae with the wage and safety precautions for
einch u.l;l'i'l'i!:,', By nir means will yaur chald be limifed 1n what hefdhe can dn-during the da_l.-, exoEpt for
pcdivities that irvelve rough physical contact (for example, fooltall),

The full day menitoring will take placs on a day that the child 15 alresly out of schosl
{Le. vacation, weekend).

I wour child is randomized (similar o picking groups by flipping o coin} o the 16-week physical
activity program, he'she will undzrgo all testing described above (preliminary measurements and a
separate vigil of approximately & hours for microdialyais in the Lab) before emd after the 16 week
progradn. IF your child s sandomized to the cantee] group that does not participate in the 16 week
phvaical activity program, they will ke required to undergo only the preliminary measurements and
anatber visit (microdialvsis) of approximately B hours in the lab,

RISKS AND IMSCOMFORTS
There are certain risks and discomforts that mey be associated with this research. They melude:

The total emount of blead draam for tasting Bood drow s negligitle. There is an extremely small
risk of local hematoma or infection associated with the needbe stick,

Insertion of the microdialysis probe is associnted with mild discomfon, similar to that experienced
during an intramuscular injection, Your child will not feel discomifon from the substances (for
example, Rinper solution) pumped throogh the microdialysis probe. Risks associated with this
procedure are small, and include hematoma (swelling and broising) and infection. To minimize the
rigk of hemsatoana of infection associated witl the insertion of the microdialysis probes into the
sibcutaneouy adipose tissae, these procedures will be performed using sterile techaigues. The probes
ane alw made I'.Ifl:il:ll.‘qlmpﬂl“‘lll,’ malerials.

There are some risks associated with physical activity such as bumps, bruising, scrapes and odher 5'§
injuries associated with active subjects,

= Risks associated with the maximal exercise are dizemess, ventncular arthyvthimia (odd heart h-:au}ﬂ
and in very rire instances death, These risks are very small, with an incidence of fower than Lin [ |\
I10,000 deaths in pafients whe ane known o, or suspected of, having heart disease, The risk 15 o
expectedly much smaller than this in a group of young, healthy subjects, To further minimize the HHi
rigk, faculty and students that have been extensively trained in sdmimistering mesimal excreise =
tegts will administer the assessments. 1f during g lest a subject complaing of dizziness, chest
discomfort or other signa of exescies intolerance, tha teat will be prampaly stopped. In the event of]
loss of coneclousness, breatling of heast beat, appropriate CPR and AED administration wall be
initizted and Greesville Fire/Rescue will be notified via 911,

WHLWI

o Risks of the body compesitbon assessment are thosa associated with exposuee fo low levels of
radiation. Risks will be minimized by using an FDA-approved bone density machine (Prodigy, GE
Lamar Corp,, Madison, W1 This precedure involves & minimal ameount of radiation, 1-3
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Reduction in CVD risk in children through physical activity
miicreSieverts) that is within an acceplable range as provided by “North Caraline Regulations for
Prodection Against Redintion”. The smount of mdintion {1-3 microSieveris] exposure of one
procedurs is quite minimal. For exomple, radiation exposure is approximately 80 microSeverts
om A iransatlantic airline Might of 8 hours, 30 microSieverts living in Deover, Colorado, at an
elevation of 5,000 feet for approxinsately 4 weeks, or 30 1 40 microBievens during a typical chest
s-ray. There is a patential sk to unbom children for those who are pregnant;, therefoee, pregnant
wirnen musl nol m'u:lrrgn this |'|rr||.'|:1:|un:.

*  Youand vour child should be aware that there are unloreseen risks invilved with this and all
resenrch shxlies,

FOTENTIAL BENEFITS

Subjects will be able to participate in supervised physical activity and games, The risks are minimal
relative to these benefits and the bencfis of gaining knowledge with reapect 1o the role of cortisol in
childhood abesaty.

TERMINATION OF PARTICIPATION

Wou and your child’s participation in this research study may be ferminated without your consent i the
investipators belicve that these procedures will pose unnecessary risk 1o either of vou, You and your child
may alee be terminated from the participation if one or both of you do not adhers to the study protocel,

COST AND COMPEMNSATION

Your child will be paid $50000 as well as prizes worth $25 for bisher tinse and inconvenicnce for
completion of each microdialyais procedure. Each family with childfchildeen in the exercize gronp will ba
commpensated 340 for iransporiation related expenses at B weeks, You will be compensated 30000 for
your participation in the research,

The policy of Enst Camlina University does not provide for the compensation or megical
ireatment for subjects because of the physical or other injury resulling from this research aetivity,
However, every effort will be made te make the facilities of Brody School of Medicine, Pitt County
Memorial Hespital available for treatment in the event of such physical injurny.

CONFIDENTIALITY

Only the investigators aaociated with this study will have access o the data obtained. Mo idemtifving
information will be released, Mumene coding, which only the primary imvestigator will have aceess ti,

will pridect the dentity of your child and other subjects, Data will be secured jo 2 lecked lling cabinet ir\\_:l| %
the office of the primary investigator in the Human Performance Laboratory. The datn will be kepd for 7 |
yenrs, Somples will be stored in freczers sl the Human Performance Laboratory for a maximum of 7

years. Your child can request destruction (discarded inte biohazard containers and disposed of by ECL
bicharard personnel} of histher 2amiples af any fime.

E
YVOLUNTARY PARTICIEATION gg
You and your child understand that vouw and histher participation in this study is voluntary, Fefusal 1o 7 DE
participate will invalve no penalty ar loss of benafits to which yow and your child are otherwise entitled.
Furthermare, vou and your ¢hild may stop paricipating at any time you or hefshe chooses withow

penalty, loss of benefits, or without jopardizing your and his'her continuing medical care at this

inatifution.
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RESEARCH PARTICIPANT AUTHORIZATION TO USE AND DISCLOSE INFORMATION
Federal laws require thet researchers and health care peoviders peotect your identifiable health
information,  Fecleral lTaws alse require that researchers get your permission o use collected health
infonmmation for research,  The idenifiohle information we will collect from subsjects in this reszacch
projecd will include:

*General Medical History including: Family health histery, medisations, macition, physical activity levels
and kady weight history,

*Body composition infarmation, adipose tissus Bood Aow and metabelism, Blosd Jevels af insulin,
gliegse, Free ity acids, and otler compeunds related to cardiovaseular disease rick.

The members of our reseirch tenm that will have aecess 1o your information will include the Prociple
investipator, co-investipalors, as well oz technical snd nursing personsel dnvelved in this project.
Information about you will be used and releassd in such o way that will protect your identity as much 25
poasible; however, confidentiality cannot be absolulely puaranteed. We will only share your infermatio
with thage Individuals listed above. IF we peed o share information with other individunls other than
thase lisbed, we will reguest your pecmission nsecond time.

Yoz wall be given a signed copy of your authorization o release medical information for yaur
records, Yo can limit the omoumt aod type of information that is shared and you must make this request
in writing; howaver, the researcher is able to use any and all informagion collected peior to the request not
1o disclose informetion, Although you can limit the release of your medical infennation, withbolding
some information may cause you 1o becoms ineligible for this ressarch project.  Because research
information continues 1o be looked at after & study is finished, it is difficalt 10 siy when the we ol your
informsation will stop.  There is careently nat an expiration date for the use ond diselosune of your
informatien for this siody.

PERSONS TO CONTACT WITH QUESTIONS

If you have guestions related 1o 1he sharing of inlonmation, pleass call Robart Hickner at 252-737-4477
(days) or 252-333-3556 nmights or weckends or David Collicr, M. at 744-1953 {days) or 153-2823
(dgliis aisd weekeinds), You may also telephane the University and Medical Center Institutional Review
Board a1 352-F44-2904. [n addition, if you have concerns aboui confidentiality and privecy ighls, you
miry phone the Privacy Officer af Pie Couwty Meowrial Hospical a1 252-847-0545 ar ot East Caraling
Limiversity sl 230-T44-20580,
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Reduoetion in CYVIY visk in children througl plivsieal activity

CONSENT TO PARTICIPATE

You and your child certifies that you both have read all of the above information, asked quesiions, and
received answers conperning areas you or hefshe did not umderstand, ane have received satislactory
nnswers o these questions. You and yeur child willingly conserts for participation in this reseaseh shedy,
(A copy of this consent forn will be given fo the person signing as the subjest or as the subject’s
suthorized represemative.)

Child Participant's Narme (Print}

Authorized Representutive’s Name {Print) = Guerdien #1

Signature of Authorized Representative — Goardian #] [Chabe

Authorized Representative's Mame (Print) — Cujrdian 072

Signature of Aulhorized Representative - Guardian #2 Date

Addule Participant's Mame (Pring

Signature of Adult Participant™s Mame D

AUDITOR WITHESS: 1 confirm hat the contents of this consent'assent form were orolly presentesd,

Audite's Marme (Print)

Signuture of Auditor [afe

L

SN ST WO
AANOEd ST
I

Principal [nvestigator™s Mame {Print)

Signature af Principal |nvestigalos Crate
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Reduetion in CVD risk in children through physical activity

FUTURE TESTING OF BLOODMICRODLALYSIS SAMPLES

Upon termination of this study, the Blood and urine samples collected for this stedy will be stored for up
oo L0 years o research scientific questions specifically related to cardiovascular disease risk in children, [
will comtinws to Be the owner of the samples and retain the rght 1o have ibe sample materizl destroved ad
any Hme during this study by contacting the study principal investigater, During this study the samples
will be siored with number identifiers only; however, the number identifier will be linked 1o a specific
name and will be kept an file in the possesston of the principal investigator, The linked file will be stored
password protected on the Principol Investigntor’s computer with C0 backup, Mo ather individuals will
have access to these identifying materials unless the principal investigator is required by law o provide
such identifying information. Trata will not be publicly available and participants will not be identified or
linked o the samples in publication. If & cormercial product is developed from this research progect, [
will medt profit financially from such a product.

CONSENT TO PARTICIPATE IN FUTURE TESTING OF BLOOD SAMPLES
1 certify that | have read all of the above, asked questions and received answers concemning arens | did not
understand, and have received satisfactory answers to these questions. 1 willingly give my consenl for

participation In this research stady, (A copy of this consenl form will be given to the person signing as
the subject or & the subject's authorized representative.)

CONSENT TO PARTICIPATE

Your child certifies that he'she has read all of the above mfermation, asked questions, and received
ANSWETS Concerning aras heishe did not understand, and have received satisfactory answers 10 these
questions. Your child willingly consents for participation in this research study. (A copy of this consent
will be given to the person signing as the subject or as the subject’s authorized representative. }

Participant’s Mame (Print)

Autherized Representative”s Mame {Print) = Guardian #1

Signoture of Authorized Representative — Guardian #1 Dite

Authorized Representative's Mamse (Print) — Guardian #2

Signature of Autharized Representative - Guardian N2 Itz

AUDITOR WITHESS; | confirm that the contents of this consentfassent form wire osally presenied.
Auditor™s Name {Frint)

Signature of Auditor Dt

Principal Investigator's MNane (Prini)

Signature of Principal Investigator Dhate
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Appendix D: Childhood Assent Form

Reduetion in CVD risk in children through physical activity

ASSENT DOCUMENT FOR CHILDREN

Principal Investigator: Robert C. Hickner, Ph.D.
Institution: Human Performance Laboratory. 371 Ward Sports Medicine Building
Telephone Number: (252) 737-4677

TITLE OF PROJECT: Reduction in CVD risk in children through physical activity

You have been asked by Dr. Robert Hickner and workers in the Human Performance Lab to be part of a
research project at East Carolina University. In this project, you will do several different things.

1.

Version: 7/26/07 Page 1 of2 Child’s Initials

. You will wear activity monitors, which looks like a pager, for 5 days prior to the day visit, and during the

You will fill out forms about physical activity habits, including forms consisting of a youth risk behavior
survey, leisure time exercise questionnaire, a medical form, a 30-day physical activity recall, pediatric
quality of life inventory, and a physical self-perception profile and children’s attraction toward physical
activity scale '

. You will have your height, weight, and skinfolds and percent body fat measured. Skinfolds are

measured by pinching different areas of fat on your body. You may feel a very light pinch. You will
then go to another room where we will do a test called a DEXA Scan. It is like an x-ray of your entire
body. During this test you will wear shorts and a shirt, or a gown, and you will take off any jewelry.
You will then lie still on a padded table for about 6 minutes. The table will move across and up and
down to scan your body, but you do not feel anything and can breathe normally during the scan.

You will come to the Human Performance Lab for a day (7 am. to 3 p.m.), where you will
be able to play fun games, watch movies, and make new friends.

Someone at the lab will draw blood from a vein in your arm or hand. The needle stick will
only hurt for a few seconds, although we may need to try up to three times if we do not get the blood on
our first try.

You will have a small needle put into the fat under the skin of your stomach. You may feel

a slight sting, but Dr. Hickner will try 1o make sure that this hurts as little as possible by

spraying a cold spray or putting a cream on your stomach to numb your skin. A small

plastic tube (as thin as a piece of thread) will be put through this needle under your skin.

The needle will then be taken out after the plastic tube is in place. The plastic tube will then

be hooked up to a little pump (smaller than a Walkman), You will have three of these needle sticks and
plastic tubes put under the skin of the stomach. A liquid, called Ringer’s solution, will be pumped
through the plastic tubes. This solution will help measure the break down of fat in your tissue. You will
wear the pump on a belt while you are at ECU and while you are at home on this day until the next
morning. You will have this test done before and afier the 16-week physical activity program.

day visit. Additionally, you will wear the activity for 3 days during weeks 4, 8, and 12. You will
wear the monitors on your belt or clothes.

You will participate in a maximal exercise test on the treadmill. For this test, you will walk or run on a
treadmill for approximately 10-15 minutes. During this test, you will wear a mouthpiece so the air you
breathe out can be collected. At first, you will walk on the level treadmill, but the speed and level of hill
climbing will become harder until you can no longer continue. You will go through this test on two
separale days. If these two tests are not very similar, a third test may be needed, so it is important that
you put out a maximal effort for this test.
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Reduction in CVD risk in children through physical activity

8. You will participate in a 16-week physical activity program where you will skate, ride bicycles, and play
active games. You will need to come to the activity center 3 to 4 times per week for at least one hour per
time.

9. You will be asked to complete a 3 or 4 day food records at baseline (before microdialysis), 4 weeks, 8
weeks, 12 weeks and 16 weeks.

10. Your personal information and samples collected will be kept private and safe in the Human
Performance Lab. Only Dr. Hickner and co-workers will have access to your data. If you decide that you
want you samples thrown out, your samples will be gotten rid of properly by workers at ECU.

Child's Name (print) (Date)

Child's signature (Date)

PERSONS TO CONTACT WITH QUESTIONS

The investigators will be available to'answer your (or your guardian’s) questions concerning this research, now
or in the future. You or your guardian(s) may contact the investigators, Robert Hickner, Ph.D. at 737-4677
(days) or Joseph Garry, M.D. at 744-1953 (days) or 353-2825 (nights and weekends). Also, if questions arise
about your rights as a research subject, you or your guardian(s) may contact the Chairman of the University and
Medical Center Institutional Review Board at 252-744-2914 (days).

CONSENT TO PARTICIPATE

You certify that you have read all of the above information, asked questions, and received answers concerning
areas you did not understand, and have received satisfactory answers to these questions. You willingly consent
for participation in this research study. (A copy of this consent form will be given to the person signing as the
subject or as the subject’s authorized representative.)

Authorized Representative Name (Print) — Guardian #1

Signature of Authorized Representative — Guardian #1 Date

Authorized Representative Name (Print) — Guardian #2

Signature of Authorized Representative — Guardian #2 Date

AUDITOR WITNESS: I confirm that the contents of this consent/assent form were orally presented,

Objective Third Party Witness Name (Print)

Signature of Objective Third Party Witness Date

&

Principal Investigator’s Name (Print)

AO
SHIOWN

N\
a3

Signature of Principal Investigator Date
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Appendix E: Medical History Form

PLEASE PRINT AND FILL OUT COMPLETELY

1. ID# Date:

Name:

Parent or Gaurdians name

Address:

City: State Zip

Phone: (home) (cell) (work)

E-mail:
2. Date of birth: Age: Race:
3._General Medical History of your Child Circle one
Any medical complaints presently? (if yes, explain) .... yes no
Any major illnesses in the past? (if yes, explain) ..... (date) yes no
Any hospitalization or surgery? (if yes, explain) ...... (date) yes no
Has your child ever had an EKG (electrocardiogram) ? ..... (date) yes no
Has your child ever had asthma, difficulty breathing , shortness of breath
or any respiratory illness ? (date) yes no
Is your child diabetic? .If yes, at what age did you develop diabetes: yes no
Are you currently taking any medications? ............ccccceveeennns yes no

Medication Dosage Reason Times taken per day




4. Cardio-Respiratory History of your Child

ANY NEAIT JISEASE 2.ttt yes  no
HEAM MUIMIUI?...ei ettt sbe e e yes  no
Occasional CheSt PAINS?.........coiiiiiiieieee s yes  no
Chest pains 0N EXEITION..........ciiiiiieieeer e yes  no
FAINTING?. . yes  no
Daily COUGNING?.....eiiieiiee e enes yes  no
High DI00T PreESSUIB?.... .t yes  no
Shortness of breath --
AETESE. ettt yes no
IVING HOWN....oiiiicc s yes no
Sleeping at NIGNL.......ocoviiiee e yes  no
after 2 Flights Of StAIrS.........c.covvieiiiie s yes no
5. Muscular History of your Child
Any muscle injuries or I1INESSES NOW?.........ccviiiiiiriiieieree e yes  no
Any muscle INJuries IN the Past?.........ccoeriiiiee e yes  no
MUSCIE PAIN B FEST?......eieieieee e yes  no
MuSCIe PAIN ON EXEITION?......oviieeiieriieeee e yes  no
6. Bone-Joint History of your child
Any bone or joint (including spinal) injuries or illnesses NOW?..........ccccccevnee.. yes no
Any bone or joint (including spinal) injuries or illnesses in the past?.............. yes no
Ever had painful JOINTS?.........cccoiiiiiiiee s yes no
Ever had SWOIIEN JOINTS?.........ocoiiiiiiiicc s yes no
7. Sleeping Habits of Your Child
Do your child ever experience insomnia (trouble sleeping)? Yes No
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If yes, approximately how often:
How many hours of sleep does he/she usually average per night:

8. Family History of Your Child

Age Age of death Cause of death
Father
Paternal Grandmother
Paternal Grandfather
Mother
Maternal Grandmother
Maternal Grandfather

Does your child have a family history of: (Blood relatives only: give age of occurrence if
applicable)

Relationship Age of Occurrence
--High blood pressure ...... yes no
--Heart attack..................... yes no
--By-pass surgery............... yes no
--Stroke....ooovii yes no
--Diabetes..........ccceveiennn. yes no
==GOUL.....ooeiie yes no
--ObeSity.....ccvveriiiiieenn, yes no

9. Does anyone in the household smoke? yes no
If yes do they smoke in the house or in the car?

10. Is there good physical reason not mentioned here why your child should not
participate in an activity program even if he/she wanted to? yes no

11. Family Physician

Name:

Address:

Phone:

Should it be necessary, may we send a copy of your results to your physician?

Parent or Gaurdian signature:
Date:
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Appendix F: Assay Protocol Diagram

MSD 96-well Multi-Spot Vascular
Injury Panel |l Assay
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Dilution of Samples:

Frepare an initial 10-fold dilution by adding
10uL of sample to 90ul of Blocker A
solution and mixtharaughly.

Frepare the 200X diluted sample by starting
with the 10X diluted sample and diluting by
a factor of 20; add 10uL of the 10X diluted
sampleto 190ul of Blocker A solution.

Audd 10wl
l'!'l':': -':ILL ':I:-':l-:-:ll':
of sample diilurtioin
f\ a
- = E
a <48 =1
E = A =k
d 8 -
@ : :
10-fold 200-fold
dilution dilution

Use 0.65 mL microtubes to prepare dilutions
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MSD human cytokine ultra-sensitive Kits
Analysis using plasma or serum
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MSD assay recording sheet

Plate 1

Banonde

Thmne {neal)
ar sep

13
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Time stamp
(re=d Thme)

Miofes

Plate 2
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