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C-reactive protein (CRP) is a n@pecific marker of systemic inflammation that has been
associated with heart disease, obesity, and metabolic disardetslis and children. Previous
physical activity interventions have yielded inconsistent results regarding the effects of exercise
training on CRP concentrations in childr@®urpose: The purpose of this study was to determine
the effects of a 16veek aeobic activity intervention on serum CRP concentrations 1 §ear
old African American and Caucasian children, and to evaluate the extent to which body
compositioninfluencedthis outcomeMethods: Serum CRP was analyzed from blood samples
collected befee and after 16 weeks of an aerobic physical activity intervention in 60 healthy pre
pubescent children (Tanner stage whp were not taking medication other than for attention
deficit hyperactivity disorder or seasonal allergies, and whose baselifalandup CRP
concentrations were 10 mg/L. Participants wergaced into the physical activity intervention
(n =39) or control (n = 21) groupBesults: 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 associatsbelitie age
(r=0.356; p = 0.006), BMpercentile (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 (6.455; p = 0.000) yet not with sex, race, or baseline vi@ist



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 ikareand Caucasian

children.






EFFECTS OF A 16 WEERHYSICAL ACTIVITY INTERVENTION ON SERUMC -
REACTIVE PROTEIN CONCENTRATIONS IN 811 YEAR OLD AFRICANAMERICAN

AND CAUCASIAN CHILDREN.

A Thesis
Presented To the Faculty of the Departmeriioésiology

East Carolina University

In Partial Fulfillment of the Requirements for the Degree
Master of Science in Exercise and Sport Science

Exercise Physiology

by
Joshua Reid Vick

Decenber, 2013



© Joshua Reid Vick2013



EFFECTS OF A 16 WEEK PHYSICAL ACTIVITY INTERVENTION ON SERUM-C
REACTIVE PROTEIN CONCENTRATIONS INA1YEAR OLD AFRICAN AMERICAN

AND CAUCASIAN CHILDREN

by

Joshua Reid Vick

APPROVED BY:

DIRECTOR OF THESIS

Robert HicknerPh.D.

COMMITTEE MEMBER:

Michael McCammonM.A.

COMMITTEE MEMBER:

Katrina DuBosePh.D.

COMMITTEE MEMBER:

Kimberly Myers,Ph.D.

CHAIR OF THE DEPARTMENT
OF KINESIOLOGY:

Stacey AltmanJ.D.

DEAN OF THE COLLEGE OF HEALTH AND HUMAN PERFORMANCE

Glen G. Gilbert, Ph.D.

DEAN OF THE
GRADUATE SCHOOL:

Paul J. Gemperline, PhD



Acknowledgement:

| would like to acknowledge the Lord Jesus Christ for dying in my place, that | may
inherit life through Him. | also acknowledge him for giving me stremngttompletehis thesis.

May all glory be given to Him.

| would like to thank Dr. Robert Hicknéor allowing me to work with him on this
project, having ampen door office policy, and encouragimgollaborative work environmeni.

coul dnot have asked for a better mentor .

| would like to thank Mr. Mike McCammon, Dr. Kimberly Myers, Dr. Katrina Dsbp
Dr. Matthew Mahar, Dr. Terry Jones, Morgaeace,Joe PeirceDr. Andrada Ivanescand
Chuck Tanner for their help with this projectvould also like to acknowledge the students and
personnel involved in the activity intervention and data colladtiom which this study was

derived.

| would like to acknowledge my beautiful wife for her lopeayer,encouragemenand
supportthroughout this process. Sisetruly my helpmate; what a giftwould alsolike to
acknowledge my parents, wonderful faynnd brothers and sisters in Christ whayed for me

during this process



TABLE OF CONTENTS

LIST OF TABLES ot e e e e e e e e e e e e ammrn s X
LIST OF FIGURES ...ttt e e e et e Xi
CHAPTER 1: INrOQUCTION ...oeviiiiiieieieiieee e eeee e eena e e e e e 1

Statement Of PUIMPOSE. .....uuuiiii e eeee e 3

7

Hypothese6 e e é e ééeééeééeeéeeéeecé. eéeeée. . .3

s 7

Delimitaton® é ¢ é ¢ ééééééeééeécéécéeeéeeéeeéeeéeece ..

Limitaton®e é e é e é e éeééeéeééeéeéeéeéeéeé. ... 4
Operational DefinitionSs € € € . ..o.ooiiiiiiiii e 4
Acronyms and ADDIeViatioNS........ccooiiiieeeieiiiiceeeie e eeeeeeeeee e 4
CHAPTER 2: ReVieW Of LItErature .........coooeeiiiieiicceeee e ee e 6
CRP QN0 DISBASE.......uuvvuuuiiiiii e e e e ceeeiiisasaa s e e e e e e e e et e eeeaneeaaaeeaeaeeeeeeeeeeesseennnnneeees 6
HEAI DISBASE. ... uuuuiiiie i e e e et et ceeei s e e ettt nnne e e e e e e e e e eeeseaeannn s 6

Body COMPOSIION........uuiiiiiiiiei i eeer e e e e e e e eeeeaaeans 10
Metabolic Syndrome and Type Il Diabetes.............ccoooiiiiiieeeeee 12
Physical Activity and CRP..........ooooiiiieeee e 14
Physical Activity and CRP in AdUILS.........coooiiiiiiiis 14
Physical Activity and CRP in Children............cccooi e 17

Summarg e é éeééeééeeééeeéeeéeeéececéeceéeee. 24

CHAPTER lll: Methods é é e é é e ééeéeeééeeéeeéeeéeeéee. 25

s sz s 2z z 7 7z 7

Participants..e e 6 é é ééééeéceeceeééééeeeceeceeeéeée. 25

l nclusion Criteriaéééeéééeecécéececcecéeceeprrrectée

s s s £ sz £ r 7 7z 7

ExclusionCriteri@d ¢ é € € € éé e éééeécééeecééeeeéece

N
N
N
N
N
N
N
N
N
N
N
N
N
(¢}

7 s 7z

Recruitment ééééééééééeéeécééeéeeéecéeec

sz

Measurementsé é é ¢ é ééééééééééeéééeeeéeééeeé

D~
D~
N
(o]

D
D
D
D
m
&
D



Participant groups € € € € € é

7

e

é

é

Physical Activity Interventioé € é é é

CRP Analysigé é é é é é

7

e

é

Statistical Analysié é é é é é

CHAPTERIV:Resultsé ¢ ¢ é é e éééeceécééceecééceeéeéececeé.

Baseling ¢ ¢ € é é é é

Correlationg é é é

é

é

é

é

s 7

Follow-upMeasureé é é ¢ é é é

s 7

Aerobic Fitnesé é é é é é

é

7

e

é

é

é
é
é

é

Body Compositiog é é é é

Cireactive Protei@
Correlationg ¢é é é

CHAPTER V: Discussioré é é é

[N

REFERENCES . . é ééeééé

é
é
é

é

é
é
é

é

é
é
é

é

é
é
é

é

é

é

é

s

s 7

éé
é

é

s

é

é
é

s

é

é

é

é

é

s

é
é
é

é

é
é

s

e

é
é
é

é

é

é

é

é

APPENDIX A: IRB Approval Forngé € é é é

7

e

é

é

é

é
é
é

é

APPENDIX B: Informed Consent Foréné é é é é

APPENDX C: Parental Informed Consent Fang é é é é

APPENDX D: Childhood Assent Forené é é é é

APPENDX E: Medical History Form é é é é

7

e

7

e

APPENDX F: Assay Protocol Diagraéné é é é é

é
é

é

é

é

é
é

s

é

é

é

é

é

é

7

e

7z

é
é

7

e

é

é
é

é

é

é

é
é

s

é

é

é
é
é

é

é

é

é

é

é

é
é

é

é

é

é
é

s

é

é

é
é
é

é

é

é

é

é

é

é
é

é

é

é

é
é

s

é

é

é
é
é

é

é

é

é

é

é

é
é

é

é

e

é

é
é

s

é

é

é
é
é

é

é
é
é

é

é

é
é

é

é

é

é

é
é

s

é

é

é
é
é

é

é

é

é

é

é

é
é

é

é

é

é

é
é

s

é

é

é
é
é

é

é

é

é

é

é

é
é

é

é

é

é

é
é

s

é

é

é
é
é

é

é

é

é

é

é

é
é

é

é

é

é

é
é

s

é

é

é
é
é

é

é

é

é

é

é

é
é

é

é

é

é

é
é

s

é

é

é
é
é

é

é

é

é

é

é

é
é

é

é

é

é

é
é

s

é

é

é
é

é

é.

é

é
é

é

é

é
é

é

é

é

é

é

é

é

é

é

[N

[N

é

é
é

é

é

é
é

é

é

é

é

é

é

é

é

é
é

é

é

é
é

é

é.

éee
é .

é .

é .

é

éeé
éeé

é .

é .

[N

[N

é .

é

é .

é
é

é

M

27
27
28
29
30
30
30
30
30
31
31
33
46
52

58

66
73
75

78

59



1.

2.

3.

Baseline Characteristics.

List of Tables

FOIOW-UP CharaCteriStiCS. .....uuuuiiiiiiiiiiiieiee ettt rmmme e

Differences: Baseline t0 FOHOWPD ...........ovvviiiiiiiiiie e eeeen e



List of Figures

Correlation: Baseline CRP and Baseline BMI Percentile..............cccccoovieee. 38
Correlation: Baseline CRP and Baseline Body Fat Percentage....................... 39
Correlation: Baseline CRP and Baseline Absolute Fitness..............cccvvveeennnes 40
Correlation: Baseline CRP and Baseline Relative Fitness...............ccoovveeee. 41
Correlation: Change in CRP and Baseline Absolute Fitness...............cccuueee.. 42
Correlation: Change in CRP and BaselBRP................cceeiiiiiiiieeceiiiiiieeneen 43
Correlation: Change in CRP and Change in Absolute Fitness........................ 44

Correlation: Change in CRP and Change in Absolute Fitness for Caucasians in the
Physical Activity Group é ¢ é e é e éeéeéecééeéeéeéeéeé. 45

Xi



Chapter I: Introduction

C-reactive protein (CRP) isf@aringed acutghase reactarnhatis produced in the liver,
and functions in nopecific 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 +specifc marker of systemic inflammatigiolankis,
2001) Concentrations of €eactive proteirmay vary by ag¢Ford, et al., 2001and normative
values formen, women, andhildren have been cited 4sl mg/L, 5.5mg/L, and 0.3 mg/L,
respectively(Wong, Pio, Valencia, & Thakal, 200Eord, et al., 2001 However, hough these
valuesrepresent averageRP concentratioamongchildren and adultghey by no means
indicate acceptable levels for optimal healERP concentrations as low2224.99mg/L have

been associated witteart diseasi adults(Wong, Pio, Valencia, & Thakal, 20Q1)

Increased @eactive proteirlevelshavebeen associated with heart dise@®é&der,
Cushman, Stampfer, Tracy, & Hennekens, 198pge Il diabetegFord, Body Mass Index,
Diabetes, and ®Reactive Protein Among U.S. Adults., 1999etabolic syndrom@_aaksonen,
et al., 2004)increased BM[(Wee, et al., 2008iervo, et al., 2012and low cardiorespiratory
fitness(Isasi, et al., 2003 adults and childrerbeveral studies have shown associations
between risk factorfor diseasgresent in childhood and disease risk in adulti@=alenson,
2002 Sun, et al., 2008 orrison, Friedman, Wang, & Glueck, 2008hich may implythat

increased inflammation during childhood could lead to disease in adulthood.

Furthermore,mproved symptomef some oftheadverse health conditisassociated

with increased CRP concentratiapgear to becoupled withlowering CRP values



(Yokoe, et al., 2003Steiropoulos, et al., 200¥i, et al., 2008) Therefore freatments designed

to lowerCRP concentrations may be worth investigating.

Physical activity interventions in adults and children have been shown toGiRwer
levels(Balducci, et al., 20LMartins, Neves, Coelh8ilva, Verissimo, & Teixeira, 201@unis,
et al., 201QRoberts, Chen, & Barnard, 200However, somevidencesuggestshat only
specific types of exercissuch as mixed aerobic and resistance traimray, be useful in
accomplising these resultéBalducci, et al., 2010andthat improvedCRP valus with physical
activity are moregoronounced in African Americans than Caucasiéiieffernan, et al., 2009)
Furthermore, some studies indicate that the improvement in CRP vathgshysical activity
may be mediated through changes in body compositiomauasarily physical activity alone
(Ounis, et al., 20LNemet, Oren, Pantanowitz, & Eliakim, 2Q13arantyBogacka, et al.,
2011) while others have found no improvement in CRP values with physical a¢hlibgsis, et

al., 2005Kelly, SteinbergerQlson, & Dengel, 2007)

Limited research has focuspdmarily on examining the influence cdceon CRP
concentrationdhowever there is evidence to suggest tAfican American racenayaffectboth
initial and posexercisenterventionCRPconcentrationgHeffernan, et al., 2009Taken
together, these findingaiggest thaturther investigation regarding the influence of specific
types of physical activity on CRébncentrationgn children of varyingace habius, and

inflammatory characteristics may be useful.



Purposeof the Study

The purpose of this study was to determine the effects ofwee#& aerobiphysical
activity intervention on serum CRP concentrations-iil8/ear old African American and
Caucasian children, and to evaluate the extent to which body compaditiemcel this

outcome.

Hypothesis

Based on previous findings frostudies involving similar physical activity interventions
thathave led to reductions in CRP concentrations in childrevashypothesizedhat CRP
concentrations for children in thpdysical activityinterventionwould bereducedccompare to
those in the control group. Similarly, because CRP concentrations havedpertedo be
elevated among African Americans compared to Caucasians, and because reductions in CRP
have been showto be greater ik\frican Americanthan Caucasiaadults it washypothesized
that CRP concentrationgould beincreased at baselinenddecreasedhoreas a result of the

physical activity interventionin African American than Caucasian children

Delimitations

1. Data for participants with missing CRP data, or with CRP vaus3mg/L were not
analyzed.
2. Prepubescent children betweerethges of 8.1 yearsand Tanner Stage Xwere

selected to avoidery young children and to avomlibertal confounders.



Limitations

. The sample sizes for some participant groups were smaller than others included in the
study, as well as those in tlierature.

. ADHD and seasonal allergyedication use was present during the study. It is unknown
whetherthe medications used influenced CRP concentrations.

. Participation in physical activity outside the scope of the study for children in the
exercise or antrol group had the potential to affect the results.

Operational Definitions

C-reactive proteinan acute phase protein and rspecific measure a&ystemic

inflammation

Body compositiona measure of body fatness

Obesity having a BMI> 30 kg/m2 inadults or > 95" %tile for children of the same age

and sex
Overweight having a BMI of 2529.9 kg/n# in adults, or> 85" %tile for children of the
same age and sex
Aerobic Fitness/Aerobic Capacity a measure of the bodyds max
oxygento perform activity
Absolute Fitnessaerobic fithess expressed in L/min
Relative Fitness aer obi c fitness expresskl/mnn ter ms
Steady State Heart Ratast 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: Greactive protein

DM: diabetes mellitus

HOMA-IR: homeostatienodel assessment of insulin resistance

IDEFICS Identification and prevention of Dietargnd lifestyleinduced health Effects
in Children and Ifants Study

IGT: impaired glucose tolerance

NC: normal control

NCEPATP llI: The Third Report of the National Cholesterol Progexmert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol int&@adult
Treatment Program)

NHANES IlI: Third National Health and Nutrition Examination Survey

PALs: Plysical Activity Leaders

VO2 max: Maximal Volume of Oxygen Consumption

WHR: Waistto-Hip Ratio



Chapter II: 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 statugnafer 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 ckidr

CRP andDisease

Heart Disease Among the most alarming disease states associated with CRP
concentrations is atherosclerostsdker and colleagues reported a positive association between
baseline CRP valuesd myocardial infarctionsk during 8years of follow up in 1,086
physicians enrol |l ed i [Rikdeth@shmdnySsampfar,dracy, & Heal t h
Hennekens, 1997Miller and colleagues found associations between CRP concentrations and
the presence of 1 onore risk factors for heart disease in a cohort of 15,341 men and women

from the NHANES Il study(Miller, Zhan, & Havas, 2005)

Participantso f t he Physi cweeenibhseut hisory of stroke,snyogaddial
infarction, transient ischemic attacks, or cancer at bagétikder, Cushman, Stampfer, Tracy,
& Hennekens, 1997 andthoseof the NHANES Il study were selected on the basisisk
factor informationMiller, Zhan, & Havas, 2005Regardless of smoking status, BMI, diabetes,
high blood pressure, or family history of premature coronary artery disease, physicians whose
baseline CRP concentrations wetdeast 2.11 mg/L were 2.9 times as likédp% CI. 1.84.6)
to experience myocardial infarcti@ompared to those with baseline CRP values of no more than

0.55 mg/L(Rikder, Cushman, Stampfer, Tracy, & Hennekens, 19iRjilarly, Miller et al



found that with the presence of at least 1 borderline or abnomegsurement fdreart disease
risk factors oftotal cholesterol, fasting blood glucose, blood pressure, BMI, HDL, triglycerides,
or smoking statussk, , the risk forhigh CRP concentrations was nearly 3 fold highan for
those without ayrisk factors for heart diseadeurther, theydentified excess weight, being
female, high blood pressure, smoking, diabetes, and low-EDalues as risk factors
contributing mosto increased CRP values after adjustments for age an®deex, Zhan, &
Havas, 2005)From these studies it was concluded thateasedCRP values may be used to
predict myocardial infarctio(Rikder, Cushman, Stampfer, Tracy, & Hennekens, 188d)nay
also be attributable to risk factors for coronary heart digd¢didler, Zhan, & Havas, 2005)
Though neither study was able to determine whether heart disehassociated 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 weralftmube 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 Framingteart Study risk factor
information was analyzed with categories of ineineg CRP across racial stratifications of non
Hispanicblack, nonHispanic white, and Mexican AmericaiWhile CRP concentrations were
found tobe higterin African Americanmenand women than Caucasian men and wgmen
increased CRP concentrations were ntan@mon in women than me@RP concentrations
were 4.7+ 7.5mg/L and 6.1+ 8.6 mg/L in African American men and women, respectively,
compared to 3.7 5.2mg/L and 4.6t 6.2mg/L in Caucasian men and women, respectively.
CRP concentrations 1 mg/L were asociated withrisk factors olsmoking,increased age,

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



prevalence in womersurthermore,dn year cardiovascular disease risk progressively increased
from 13.4% ta21.1% in men, and from 2.4% to 4.2% in women across increasing categories of
CRP concentration. Researchers concluded thatd@Ré&entration differed by race and gender,

andseemed to be related doronaryheartdiseasgWong, Pio,Valencia, & Thakal, 2001)

Associations of elevated CRP levels whtkart disease risk have also been found in
children(Wijnstok, et al., 2010Cook, et al., 2000Significant associations between CRP and
cardiovascular disea$€VD) risk werenotedamong276 1215 year oldgWijnstok, et al.,

2010) and699 10611 year old British childre(Cook, et al., 200Qthough some of the
associationsvereattributed taadiposity.Wijnstok et alstudied clustered cardiovascular risk
from mean arterial pressure, LDL/HDL ratio, aerobic fithess, skinfolds, and triglyceride
informationin obese, overweight, and normal weight childmestched for age, sex, and smoking
statushatweresampled fromhe Young Hearts 2000 StudyVijnstok, et al., 2010)British
childrenof the Ten Towns ChildreStudy wereselected frondifferent townswith low and high

indices of cardiovascular diseasertalityin adults(Cook, et al., 2000)

Both studies identified associations between cardiovascular disease risk factors and CRP.
Cook et al found that CRP wds% higher in girls than boys, increased with age, and was
associated witponderaindex (weight/heighi). After adjustments for age, sex, town, and
ethnicity, CRP concentrationsere270% higher in the highest quintile airrentponderal index
than in the lowesOf all cardiovascular disease risk factors identified by the reseaiiohtes
British children onlyHDL concentration (r =0.13), resting heart ratg = 0.12),and fibrinogen
levels(r = 0.33)were found to be significantly associated with CRP concentreagitbers
adjustments for age, sex, town, ethnicity, padderalindex while adiposity was related to all

cardiovascular risk factors analyzed, independent of CRP concenti@muis et al., 2000)

8



Similarly, Wijnstok et al. reported positive associations between CRP concentrations and
cadiovascular disease rish children(r = 0.39 that continued after multiple regression analysis
includedall significant predictors for CVD riskHoweverassociations between lifestyle factors,
such as diet compositi@r physical activityand CVD risk,diminished after multiple regression
analysesFurthermore, CRP was associated vigtlr of thefive CVD risk factorsgdentifiedin

the study, including LDL/HDL ratio (r =0.21), triglycerides (r = 0.21), aerobic fitness (r =0.30),
and skirold thickness (r = 0.38Wijnstok, 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 twereassociate@vasnot drawnWijnstok et al.
concluded that inflammatory markers such as CRP were strong indgcatioardiovascular
disease riskWijnstok, et al., 201Q)while Cook et alconcluded that adiposity wasorerelaed

to CRP concentration than the other parameters studied, and that the positive association between
adiposity and cardiovascular riskasvindependent of CRE 00k, et al., 2000However,from

the associations between CRP, HDL, and fibrinogen, after adjusting for adipdbgyGQook et

al. study,it could also be implied that CRP does influence heart disease risk independent of
adiposity. Furthermorgjiven the negative association betweesting heart rate and aerobic
fitness,the positive association between resting heart rate and CRP wathese children
independent of adiposity, may be an indication that unstudied physical fitness levels
corresponded to lower CRP values in indixals of varying body fat contefithe measure of
ponderal index could haykowever, bena better measure of adiposity in this population than
those used by Wijnsk et al, which may explain the difference in findings. Nonetheless, there
seensto be evignce to suggest CRP is positively associated with heart disglaseadults and

children.



Body Composition While the relationship between heart disease and obesity has been
well established, a positive relationship between CRP and obesity has alsmtiesthamong
populations of adultéYudkin, Stehouwer, Emeis, & Coppack, 1999rd, 1999xand children
(Ford, et al., 200INappo, et al., 203 RAlvarez, Higgins, Oster, Darnell, & Gower, 2008]pt
only have CRP concentratiomschildrenbeenassociated with current measures of body
composition, but have also been reported to be an indicatioodgfcomposition later in life
Ford et al. noticed significant association betwe@&MI| and CRP values among a cohort of
5,3058-18 year oldchildrenfrom the NHANES Il study(Ford, et al., 2001yhile Nappo and
colleagues found associations betwbageline CRP and baseline BMI, baseline cardiovascular
risk factos, and BMI at2-yearfollow up in a group obver 6,50@-9 year oldchildren of the
Identification and Prevention of Dietargnd LifestyleInduced Health Effects in Children and

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

Both studies found increasing adiposity with categories of increasing CRP
concentrationsCRPwas classified aseither2 . 1 mg/ L or > 2.1 mg/ L (fAel
(Ford, et al., 2001)and was sectioned into threex speific categorieganging from < 0.2 mg/L
to > 1.8 mg/Lin the study by Nappo et.dNappo, et al., 2013After 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 <18, 85"- < 95" and> 95" percentiles were 1.7(05% Cl: 0.963.01) 2.20(95%

Cl: 1.33.75) and 4.9495% CI: 3.397.15) respectively(Ford, et al., 2001 Also noteworthy
was that CRP was not associated with sex or ethn&ittyilarly, Nappo et al. reported that
averagebaselineBMI z-score increased fror0.059 to 0.611 and averabaselinewaist

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

10



concentration in boys, whileaselineBMI z-scorewas increasettom -0.288 to 0.68&nd
baselinewaist circumference increased from 52.1 cm to 57.2 crayerage, across increasing
categories of baseline CRP concentration in dtisthermorethoughBMI z-score increased
across all categories of baseline CRP concentratitre 4,110 children participating fayear
follow-up, higher increases were seamong children with increasing baseline CRP categories,
regardless of baseline BMiscore BMI z-scoredncreasedy an average of 0.107, 0.196 and
0.279 in boys and 0.071, 0.188, 0.235 in girls across categoiiesnd Il of baseline CRP
values, regectivelyand the odds ratios for becoming overweight/obese for children in baseline
CRP categories I, Il, and Il were computed as 1.0(2506 CI: 1.492.9), and 2.0095% CI:1.1-
3.5)in boys, and 1.0, 2.385% CI: 1.23.2), and 2.695% CI: 1.44.7)in girls, respectivly
(Nappo, et al., 2013Findings from both studies seem to indicate an increased risk for
overweightobese status in boys and girls with increasing G&ees.

Similarly, in a group of 59 healthy-¥2 year old childrenCRP concentrations were
found to be higher inbeseparticipantdefore and after meal consumption than in lean
counterpartsChildren were infanner stage-B, and wereexcluded from the study if they were
taking medications that could potentially affect body compositigrhgsical activity
participation Obese children displayed significantly higher concentrations of CRP during
fasting, and after meal consumption, tlaeh lean childrenwith fasting CRP concentration of
0.17+0.21 mg/L and 1.1 1.11 mg/Lobserved in lean and obese children, respectively.
Though no markers of inflammation were significantly associated with lean body mass, CRP was
significantly associed with fasting and postprandial measures of B\ 0.51 and0.36,
respectively) BMI percentile(r = 0.52 and0.47, respectively)otal body fa(r = 0.67 and

0.45) andpercent body fafr = 0.71 and 0.47, respectivelyAlvarez, 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
betweenCRPconcentrations, metabolic syndrome, &k Il diabetegSantos, Lopes,
Gui mar aées, ;RaakBoaman,rebak, 200u8n0ebal., 2006which may not come
as a surprisgiven the similarity in the risk factors for teconditiors with those of heart

disease and obesity.

In a group of 95Portugal residentsSantos and colleagues found assti@ns between
CRP and risk factors for metabolic syndrome. Participants we® }@ars of aganost of
whomwere between 460 years oldCRP values >10 mg/L were excluded from the analysis.
After statistical adjustment for age, sex, smoking status, and alcohol consumglies, for
each of the 5 risk factors for metabolic syndeowere associated with higher mean CRP
concentratioathan were normal values for these risk factérsignificant positive trengp <
0.001)was also noticed between the numbemetabolic syndromesk factors present and CRP
values among the populatiowith CRP valuegrogressingfrom 0.97mg/L (95% CI: 0.841.12)
to 3.18 mg/L(95% CI. 1.427.10)acrosgisk number categories of®) Furthermorethe
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
NCEPATPIIIrisk factors for metabolic syndrome to thése did notcorrepond tosignificant
increases in CRP concentrations. The researchers concluded that central obesity and high blood
pressure seemed to be the 2 charactesisti metabolic syndrome most associated with

inflammation(Santos, Lopes,Gi mar aées, & Barros, 2005)
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A longitudinal study of 76Zinnishmen without diabetes or metabolic syndrome at
baseline showed associations between increased serum CRP concentrations at baseline and the
risk of developingeither condition a1 yearfollow-up (Laaksonen, et al., 2004 articipants
were 42, 58, 54, or 60 year atlbaselineand followed for 11 yearCRPwas classified a8.1-

1.99 mg/L, 1.62.99 mg/L, and 30.99 mg/L and participants with CRP concations of 10

mg/L or more were excluded from the analyBerticipantswith high baseline CRP

concentrations wer2.91(95% CI: 1.655.10)and 3.60(95% CI: 1.986.57)times more likely to
develop metabolic syndronaecording to NCEP and WHO criteri@spectivelythan those with

low baseline CRP concentratirHowever afteradjustng for BMI, waist girth WHR, blood
pressure, insulin, glucose and triglycerieieels,thesefindings were no longer significant.
Similarly, after statistical adjustmefor age, participants with high baseline CRP concentrations
were 3.6(95% CI: 1.847.41) times more likely to develop diabetes later on than thaigelow
baseline CRP concentratio®airthermoreafteradditionaladjustments for cardiovascular
diseasesocioeconomic status, lifestyle factors, family history of diabetes, BMI and WHR, blood
pressure, insulin, glucose and triglyceride levalsignificant 2.395% CI: 1.045.07)fold

increased risk of developing diabetes was seen among participantsghithakeline CRP
concentrations compared to those with low baseline CRP concentratiensstingly, no

significant associatits were noticed between BMIRP concentrations, and the development of
either metabolic syndrome or diabetes, perhaps sugg#sanBMI may not mediate the
associatiorbetween CRP and the two conditiomberesearchersoncluded that CRP
concentrations were more associated with diabetes than metabolic syndrome at follow up, though

inflammaion seemedo increase the risk of dotonditiongLaaksonen, et al., 2004)
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Associations have also been seen between CRP concentration and insulin resistance in a
group of90 middle aged participants with and without impaired glucose tole@3d¢ and
type Il diabetegDM) (Yuan, et al., 2006 After adjustments for BMI and WRl serum CRP
concentration wasignificantlyincreased in IGT and DM groups compared withrtbemal
control (NC)group. Mean concentrations of CRP were OrfiL (0.211 1.67), 3.56mg/L,
(1.739.47) and2.46mg/L (1.046.7)in NC, IGT, and DM groups, respectivelpcreased CRP
concentrationg the IGT andDM groups weresignificantly positively correlated with BMKr =
0.528),WHR (r = 0.39), fasting plasra glucose level§ = 0.281) andfasting insulin
concentratior{r = 0.456) while increased CRP concentratiomsre negatively associated with
insulin sensitivityindex (r = -0.271) The researcherncluded thaCRP is strongly associated
with components of metabolic syndrome in patients with impaired glucose tolerance or type Il
diabetes, though many of the associations may be mediated through body composition.
Furthermore, the researchers acknowledged that whether chronic systemic inflanead8do
increased insulin sensitivity, or increased insulin sensitivity leads to increased systemic
inflammation is not well understogduan, et al., 2006)These findingseem to indicate that
increased CREBoncentrationkave been associated with characteristics of disease, though
whether or not the CRP values are directly related with the cétisese conditions, their risk
factors, or are a result of theremains unclear

Physical Activity and CRP

Physical Activity and CRP in Adults. There seems to be an association between CRP
concentrations anghysical activity interventioni the literature, though some findings indicate
specific exercise modalities may be necessary for this relationshiptsbe/edMartins and

colleagues found an association between improvement of CRP concentataresult of
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eitheraerobicor strength trainingn forty-five sedentarynen and women over 64 years of age
who did not have CRP concentrations of more than 15 rktyjpertension, diabetes, and angina
pectoris were the most common conditions noted among the study gftarpassignmento

either a normal activity control group, an aerobic training group, or a strength training group for
16 weeksparticipantsvere askd to discontinue activity for another 16 weeksrobic and

strength training groups exercised for 45 minutes, 3 times a Wesdbic training intensity
progressively increasdtbm 40to 70-85% heart rate reserve throughout the 16 week training
petiod and strength trainingsession consisted of calisthenics and elastic band exertises

major muscle groupSmall correlations betweerRP and, both, waist circumferenaed BMI

values were noticed baseline The aerobic training group experiencad.9 cm reductiomn

waist circumferenceg 0.9 kg decrease body massanda 0.42 mg/ L reduction ilog CRP,

from baseline to 32 weekkog CRP concentrationké strength training grougecreasety

0.21 mg/Lduring this timeas well.A significantcorrelation between waist circumference and
CRP concentratio(r = 0.552)was also noticed at week 8% the strength training groufCRP

was urchanged in the control grouprom 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 exeesigking inincreased muscular strength

and adiposity los was antinflammatory in this populatio(Martins, Neves, Coelh8ilva,

Verissimo, & Teixeira, 2010)

Similarly, in a group of 82 men and women with type |l diabategmetabolic syndrome
that performed no exercise, aerotraining only, ormixedaerobic and strength training,
reductions in CRP differed from naaxerciser®nly for thoseprescribednixedaerobic and

strengthtraining Lean and obese 41b year old participants weptaced intceithersedentary
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(A), low-intensity aerobic exercismunseling B), aerobic activity only (C)pr mixed aerobic
andstrengthtraining (D)groupsfor 12 months.The aerobic training only group (C) exercised
aerobically for 60 minutes at D% VO, max each session, while threxed training group (D)
performed 40 minutes of aerobic exercise a8@% 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 studyalfigpatientsVO, maxincreased in groups C

and D,regardless of weight losahile increases in strength and flexibilityereonly noted in

group D.Compared to baseline measures, CRP decreased by 28% and 54% in groups C, and D,
respectively, at followup, though amly group D participants were shown to experience a
significantly higher 12 month reduction in CRP concentrattbasparticipantsvho didnot

exercise. The reduction in CRP for participants in group D was nearly twice that of grohp A.
combination of gercise type, exercise duration, ¥@ax, and waist circumference changsas
identifiedasas i gni f i cant cdnpentatibichengedrr=®.73F, Bidugh BMI and fat
mass were nof he researchers concluded that exercise seemed to padacinflammatory

effect in m& and women with diabetes and metabolic syndrome, regardless of weight Igss, and
that specific exercise type, volume, and duration, specifidati intensity mixed training that
increased levels of daily physical activity, were needed to see these (Baldtgcci, et al.,

2010) These results are sifjnant, since other studies have indicated reductions in CRP with
lifestyle modification were mediated through weight I(@snis, et al., 20L(Nemet, Oren,

Pantanowitz, & Eliakim, 20335arantyBogacka, et al., 2011)

Interestingly,a difference in theesponse of CRBoncentration$o strength training has
been noted betwe&® young African American and Caucasiman 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 foB weeks, then detrained for 4 weeks. Baseline concentrations of CRP were
increased imfrican American, as compared @aucasiamen with African American men

having CRP concentrations 4184+ 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 participantsas their CRP concentration was reduced to 2.84 mg/L after 6 weeks.
This decrese 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 mgteffernan, 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. Phystal activity has also been found to be
associated with CRP concentration in childi@hildhoodCRP values have been shown to be
significantly related to predicted \\@nax and BM]J but notwith selfreported physical activity
levelsin a group of 10.25 0.75 year old boygSadeghipour, Rahnama, Salesi, Rahnama, &
Mojtahedi, 2010)Among a group of 44 male school aged children from Shiraz, Iran,
Sadeghipouet al.studied the relationship between serum CRP concentrations and physical
fitness, physical activity, obesity, and cardiovascular risk fackosggnificant, negative
correlation was noticed between CRP agldtive VO, max (r =-0.45), while a significant,
positive, correlation was noticed between CRP and BMI0.55) No significant correlations
were seen between CRP and physical act{vity-0.31; p= 0.08) From these findings, it was
concluded that BMI was a strong predictor of CRP values in young childrethathady
weight control may mediate associations between CRP and physical fRessarchers

acknowledgedhoweverthat the small sample size apotential inaccurate physical activity
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reflections may have skewed the res@adeghipour, Rahnama, Salesi, Rahnama, & Mojtahedi,

2010)

On the other handsasi et. al found an association between physical fithess level and
CRPconcentratiorihat wasndependent of body composition measures and ethimciigys
Participants consisted @b5healthyboys and girls, ages®4 yearsvhoseethnicity was
determined to be Hispanic, black without Hispanic descent, white witheptahic descent, or
Asian or PacificIslande f r o m t h e-repor MdareGRE soncengratiéasd not differ
for boys and girls, thougphysical fithess was moderately associated with CRP values only in
boys (r =-0.35).CRPconcentrations were positively associated with measurements of BMI in
boys and girls (r = 0.23 and 0,2éspectively), 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 concentratiare
negatively associated withagr =-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 louddie, and high fitness levels,
respectively. Furthermore, physical fithess remained significantly inversely associated with CRP
concentration in boy§ =-0.32)after adjustments for age, ethnicity, family history, recruitment
site, and BMI @ sum of skinfolds Though smoking status and Tanner stage were not assessed,
the authors concluded that the relationship between CRP and physical fithess was more evident
in boysthan girls and that higher physical fithess may be helpful in modifying increased CRP
concentrations seen with legradeinflammation(lsasi, et al., 2003)nterestingly, CRP was
significantly associated with physical fitness in boys, regardless of ethnicity or body composition

measures.
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Associations between CRi®ncentration and exercise trainingzbalso been found in
the literaturgOunis, et al., 203;(Roberts, Chen, & Barnard, 200Qunis et al. showed that 8n
weekexercise program leading to weight loss in obese chilalsaied 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 theffects of an 8 week lifestyle intervention on metabolic parameters
in 28 obese childremvith an average age of 13.2 yedpdsinis et adetermined that exercise
training, coupled with diet modification and improved body composition was significantly
assocated with improvements in inflammatory markers, including GREticipants were
matched for age, anthropometric measurements, and pubertal status before the intervention, and
were placed into either a diet/exercise group normal activity control groufor 8 weeksThe
diet/exercig group received @alorically reducedliet, exercise instruction, and educational
sessions for the duration of the intervention, while participants in the control group were
instructed to raintain their normal behaviargraining consisted of supervised, 90 minute,
exercise sessions per weskaheart rate corresponding to the maximum level of lipid oxidation
Sessions involvedarming up, running, jumpingnd playing with a ballooi€aloric intake,
body weight, percent body fat, a@iRP concentrationsere reduced in the diet/exercise group,
while no changes for any of these measuremeeateabserved in the control grougoupled
with a9.4 ml/kg/min increase in VEmaxwas a 0.9 mg/ldecrease in CRP concentration
experienced by the diet/exercise grpagainwithout any significant change foreke
parametesin the control group. Changes in BF% were positively associated with changes in

CRP values, while changes in Y@ax were negéavely correlated with changes CRP values
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(Ounis, et al., 20105rom these findings, it wancluded that exercise combination with

diet modification and improved body compositiomy significantly affect thenprovement of
inflammatory markerssuch as CRAn obese childrenThough 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 exentesgentions alone, aside from

weight loss, are able to lower levels of inflammaii@Gunis, et al., 2010)

Similarly, Roberts and colleagues reported reductions in CRP levEssovkerweights-
17 year olcchildrenwho all participated it diet and exerogsprogram lasting only 2 weeks
The program consisted of a qualitatively modified diet 2205 hours per day of supeseid
activitiessuch as tennis, beach games, and gym based physicalextintensitywas
unmonitored sincpurpose of the intervention was to increase physical activity levels, not
improvefitness On average, the participants experienced a 4.3% reduction imBdvéserum
CRPreduction of1.47 mg/L, from3.61 mg/L to 2.14ng/L (Roberts, Chen, & Barnard, 2007)
These authorsoncluded that, in obese children without disease, reductions in cardiovascular risk
factors and inflammation levels may be achieved through vigorous diet and exercise interventio
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 designeastorenghich part of
the intervention may have been responsible for improvements, or to what extent these
intervention components impacted the res{ifsberts, Chen, & Barnard, 2007he lack of a
control group, and identifican of 7 participants with metabolic syndrome in a previous article

from the same interventidi€hen, Roberts, & Barnard, 200@&)ay further limit the credibility
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and generalizability of the findings. Never the less, the stdwed that improvemenis CRP

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

Though interentions including physical actty have been shown to lower-f2active
protein values, authors of some of these studies have attributed the improvements to
improvements in body compositigNemet, Oren, Pantanowitz, & Eliakim, 2Q13aranty
Bogacka, et al., 2011A study performed with 50 obese Polish children ag&8 8ers 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 lakschildrenwere provided
instruction for including exercise intverydaylife, reducing tv time, and reducing fat and sugar
intake.Thus, there was no contrgtoup. Significanpositive correlationgr values between 2.0
and 4.0were noticedetween CRP and BMtscores, percent body fat, and waist
circumferencez-scores abaseline CRP was reducefiiom 1.5+ 0.8 mg/L & baseline to 0.#

0.5 mg/L at followup, andchanges in botpercent boy fat and HOMAIR were positively
correlated with changes in CRP (033 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 intervetgaming to weight
reduction ad improved lipid profilesvas sufficient to improve insulin resistance and lower

inflammatory markers, such as CRP, in obese chilffeamantyBogacka, et al., 2011)

Another3 monthlife-style interventiorlead toimprovements in weight, body
compositionphysical activity levelsphysical fithess, inflammationpd insulin resistance a
group of 21 obese-63 year old childreiNemet, Oren, Pantanowitz, & Eliakim, 2013)
Participants in théiet/physical activity interventiogroup werematched for age and sex with
participants in the control grougvho were referred to at least 1 nutritional consult and were
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instructed to perform physical activity on thewn at least 8lays per weeklhediet/exercise
group met 46 times with a dietician, received hypaloric diets, was encouraged to limit
sedentary time, participated in supervised physical activity twice per week, aedewasaged
to participate in 3@15 minutes of wlking/weight bearing activities at least one more day per
week.Exercisewas completed in age groups anthmickedtype and intensy of thattypically
performed by elementary and middle school childidemet, Oren, Pantanowitz, Bliakim,

2013)

The intervention groupxperienced significant reductions in BMI percen(ile.96+
1.29, waist circumferencé 2.1+ 2.7 cm), fasting CRRi 0.06+ 0.29mg/L), andHOMA-IR
score(i 0.15+ 0.57) from baseline to followup, none of which were experienced by the control
group.Though CRReoncentrationslecreased only slightiguring the interventiom the
diet/physical activity group, CRP concentrations doubled in the control ¢roup+ 0.86
mg/L). Interestingly, CRP reductions were found to be associated only wittepelfted
physical activity levels (r =0.421), and no other parametdtsvasconcluded that the
multidisciplinary intervention resulted in significant favorable effects in body weight, BMI
percentilesyvaist circumference, physical activity, physical fithess, insulin resistance, and
inflammatory markers in obese children, and thatpreventive role of exercise in obesity is at
least partially mediated througiie accompanying attenuation of inflammatory respgNsenet,
Oren, Pantanowitz, & Eliakim, 2013)

Though these findings seem to present ayfatdble argument for the association of CRP
with physical activity, not all studies examining the two variables reached theceaniasions
(Nassis, et al., 200K elly, Steinberger, Olson, & Dengel, 200Rassis et al and Kelly et al

both reported changes in fitness level, yet not CRP concentrations after aerobic exercise
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interventionsin a group of 21 overweight and obese gmsn Athens, GreeceéNassis et al

found that a 12 week exercise program impabfitness andnsulin sensitiviy, yet not CRP
concentrations, while Kelly et al reportedprovements in fithess, without changes in CRP
concentratioror body composition after 8 weeks of exercise igroup ofl9 overweight

children Though all participnts of the Nassis et al study were placed in the exercise group,
Kelly et al placed children into an exercise or cdngroup. Exercise sessions of both studies
were supervised arakrobic in natureconsisting of a variety of actives 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 metifhes per weekor 40 minutes, while those in the Kelly et al study
met 4 times per week for 3D mnutes.The intensity of training sessions were measured via
heart rate for both studies, as Nassis et al encouraged children to keep hear rates dimate 150
per minuteand Kelly et al facilitated exercise to elicit heart rates corresponding&@0%0v/O2

max as the program progresgdssis, et al., 200Kelly, Steinberger, Olson, & Dengel, 2007)

Neither weight nor BMI changdd any group of participania either studythough
aerobic fitness increased in exercise groups of both stadide/as 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 theegcise intervention of either stu@assis, et al.,
2005Kelly, Steinberger, Olson, & Dengel, 200%)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 antildren

There is evidence to suggest similar arithmetic CRP concentratiorkSiy&ar ¢d

African American (0.4 mg/L) and Caucasian (0.4 mg/L) children, differences in geometric mean

23



CRP concentrations between African Ameri¢@d0mg/L) and Caucasian (0.9 mg/L) children,
andincreasednedian CR P concentrations in African American (0.4lpghd Caucasian (0.3
mg/L) children(Ford, et al., 20010ne study indicated that the association between physical
fitness and CRIP b -0.82,SE =0.01) was independent of ethnicity @b boys, ages-84 years
old (Isasi, et al., 2003However the reviewed literature was lacking in terms of comparing
change in CRP concentration during physical activity interventions in African American and

Caucasian children.

Summary

CRPhas been linked with numerous disease statadults and children antédre is
evidence to suggest associations between reductions in CRP conceatrdtexercise training
in these populationgHowever, the inconsistency of these findings with respeantd¢ovention
design, race and body composition, leave room faurther study of the effect of exercise

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

8-11 yearold African American and Caucasi@nepubescent children from Eastern North
Carolina were included in the study. Pubertal status was assessed with criteria from Tanner
staging. Children were further groupedrageand baseline body composition statusild@an
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 lasin (BMI<88'%tile), or nonlean (BM>85" %tile).
Inclusion criteria

Blood samples fromarticipants that were agesl8 yearsAfrican American or
Caucasianwho hadTanner stage | or Il pubertal statusere healthy, were not taking
medication other than for attention deficit hyperactivity digo or seasonal allergiesere not
participating in purposeful physical activity or sports, and whose baseline and-tqlGRP

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

Blood samples fromhsldren whowere races other than African American or Caucasian,
hadpubertal status> Tanner stage I, diabetéasting blood glucose > 125 mg/dL), blood
pressure values 95" %tile for age and sexveretaking medications other than for attention
deficit hyperactivity disorder or seasonal allergies, vpamricipating in regular, purposeful
physical activityor sports had orthopedic injury limiting physical activity participatiam who

had CRP concerdtions> 10 mg/L at baseline or followp were excluded from the analysis.



Recruitment

Participants were recruited from Pitt County, North Carolina through local pediatricians,
physical education teachers, as well as througtai and newspapedvertisementshe

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

Measurements

Tanner staging was as s Amghsopothetriz ywnd aenobic c hi | dr e
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 wassaesktusin@ standard stadiometer to the nearest
cmand weight measurements were gathered wsinglectronic scale and recorded to the nearest
0.1 kg. BMI was calculated from height and weight information and percent body fat was
estimated from fafree mass (lean mass + bone mineral content) and fat mass (android + gynoid)
values that were assessed using-@éma&rgy xray absorptiometry (DXA; GE Lunar Prodigy

Advance, Madison, WI).

Aerobic fitness was evaluated using peak VO2 values ascertained fromahaxim
treadmill exercise testingach participant completed two tests to assure that there was adequate
effort during maximal treadmill testing and to determine-tiaglay variability in the test. If peak
VO2 values from the initial two tests were not withkPb, 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 sessiopsrformed.
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Exercise testing sessions began wittubmaximal Bninute walk at 2.5 miles per hour
(mph) at 0% grade to determine submaximah¥Oa given absolute exercise intensity, followed
by a graded maximal run/walk test. Once steady state heanastachieved 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 increaséd®r minute thereafter. Participant heart rate and
Rating of Perceived Exertion (RPE) were monitored and recorded each minutepxybée
consumption was determined and averaged every 20 seconds by indirect calorimetry with a
Parvomedics metabolic caReak 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
interventbn 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 | ntervention

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. Participagrts ancouraged 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 sessioBarticipants were allowed to choose activities, saglennis,

racquetball, kickball,&g stair climbing, andreadmill, cycle ergometry, or ellipticakercise.
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Physical activities were performed in a way that average heart rates during the sessions werel140
bpm.Heart rates were monitoreiring each sessian order toevaluate mean heart ratBALs

were resposible for leading groups of three to five participaktseping childremmvolved and

active. Dropouts were defined as thede attenckdless than 75% of the exercise sessions

(which would be less than 3 days per week on average) or pedtegss than 7% of the total

accumulated minutes of physical activity.

CRP analysis

Blood samples werdrawn from an antecubital or hand vein, the morning after a 12 hour
overnight fast and were frozéetween 26 yearsat-80 degrees Celsius until analysigre and
post intervention blood samples from 60 participants in the physical activityoatl| groups

were retrieved for the analysis GRPconcentrations.

CRP was analyzed with a MSD-®8ell MULTI-SPOT Vascular InjurfPanelll Assay
kit from Meso Sca Discovery (Rockville, Maryland). The mulipot 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 % Twe&® (PBST). An eight point standard curve consisting of
calibrators ranging from-Q000 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 PB&nd detection antibodyas applied. After the
appropriate incubation time, the plates were washed and a 1x read buffer was applied. The plate
wasimmediately read in thB1ISD SECTOR Imager 2400 (model #1250). Plasma concentrations

of CRP were derived uslboxfgrsoftBadiedversioDdad a Anal ysi s
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Statistical Analysis

Demographic data were analyzed with +p@ired ttests.Between groups comparisons
for baseline and followap BMI, BMI %tile, WHR, body fat%, absolute peak ¥@elative peak
VO,, time to exhaustiorgndCRPconcentration were analyzed witheists Differencesin BMI,
BMI %tile, WHR, body fat%, absolute peak @elative peak V@ time to exhaustiorCRP
concentratiorduring the intervention were calculated by subtracting pre from post
measurementsand analyzed withtests. 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 wel
African Americans and Caucasians in the control group were also analyzeeesith t
Comparisons of difference in CRP for females in the physical activity and control groups, males
in the physical activity and control groups, males and femaleg iimtihe physical activity
group, as well as males and females in the control group were also analyzetkstih t
Comparisons of difference in CRP for lean participants in the physical activity and control
groups, norlean participants in the physicaitevity and control groups, lean and Rlean
participants in the physical activity group, as well as lean ande@mparticipants in the control
group were also analyzed withests. Similar-tests were used to compakfican Americans

and Caucasiansy lean and notean status.

Pearson correlations were carried out to evaluate the relationship between baseline CRP
and CRP change with other variablBata are presented as mean * standard devidinen

significance level was set as p<0.05.
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Chapter IV: Results

Baseline Measures

Table 1 shows the baseline characterigifdfie physical activity and control grouphere 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 activityand control groups at baseline. Téa@ras also no difference in baseline CRP

concentration between African American and Caucasian participants.

Correlations. Figures 14 display significant correlations with baseline CBBseline
plasma CRP values were significantly correlated with baselge (r = 0.356; p 0.006)(not
shown) BMI percentile (r = 0.397; p 0.002)(Figure 1) and percent body fat (r = 0.6037p
0.000)(Figure 2) yet not with sex, race, or baseline wagship ratio. Baseline CRP values were
also correlated to absolufe= 0.314; p= 0.016) and relative (r #.455; p= 0.000) measures of

baseline peak oxygen consumpt{igure 3 and Figure 4, respectively)

Follow-up Measures

Table 2 shows characteristics by group at follgey while Table 3 shows the change in these

characteristicby groupduringthe 16 week intervention.

Aerobic Fitness Absolute peak oxygen consumption was found to be higher after,
compared tdefore, the 1&veek 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 difference

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 gre@pOQi), yet not
the control grougTable 2) A difference in the magnitude of change in exercise time to
exhaustion was seen between phgsical activityand control group (g 0.012) such that the
physical activity group increased time to exhaustion to a greater extent than cbhatiiod group

(Table 3).

Body Composition BMI percentile significantly increased §0.001) during the 16
weeks in the control grou@able 2) while no significant difference between pre and post
percent body fabr waist to hip ratiavas found for participants imis group. No significant
differences in BMI percentile, percent body fat, or waist to hip ratio were detected in the exercise
group preversuspost training. Changes in percent body fat (n023) and waist to hip ratio
0.037) during the interventiowere different between the exercise and control gfdaple 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 exercisedjyroup an
decrease pre to post intervention in the control g@aple 3) Waist to hip ratio decreased
more in the control group than in the exercise grdgble 3) There was no significant
difference for the change in BMI percentile during the interveriigtween 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 grotiperewere no significant differences found for

change in CRP concentration betwesercise and control groups

No difference was seen in CRP change betwealesin the physical activity-0.47+

1.74 mg/L) and controtQ.04+ 0.92 mg/L) group, (p = 0.48) or between femalasthe
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physical activity {0.35+ 2.40 mg/L) and control-0.03+ 0.95 mg/L) group (p = 0.68). Neither
were there differences for CRP change between mélg ¢ 1.74 mg/L) and femalgs0.35+
2.40 mg/L)in the physical activity group (p = 0.864) or between mal@94+ 0.92 mg/L) and

females {0.03+ 0.95mg/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+ 2.16759mg/L) and control{.41+ 1.07 mg/L) groups (p = 0.69), or
between Caucasians in the physical atti{d0.12+ 2.07 mg/L) or control (+0.24740.68
mg/L) groups (p = 0.56). Similarly, no differences in CRP change were seen between African
Americang(-0.72 + 2.16759 mg/Land Caucasians0.12 + 2.07 mg/L)n the physical activity
group (p = 0.38), or between African Americdrs41 + 1.07 mg/Land 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 contd (+0.02+ 0.12 mg/L) groupgp = 0.40) or between non
lean children of the physical activityd(46+ 2.47 mg/L) and contrdt0.06+ 1.17 mg/L) groups
(p = 0.58) Also, no differences for change in CRP were seen betweeit@&3ad+ 0.70 mg/L)
and nonrlean(-0.46+ 2.47 mg/L)children in the physical activity group, or between |¢gn02

+0.12 mg/L)and nonAlean(-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 controtQ.04 + 0.06 mg/L) groups (p = 0.44),
or between lean Caucasians in the physical activdty8 + 0.69 mg/L) andontrol (+0.04 +
0.14 mg/L) groups (p = 0.21%imilarly, no differencegn CRP change were seen between lean

African Americans<{0.28 + 0.48 mg/Land lean Caucasia(€.43 + 0.69 mg/L)n the physical
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activity group (p = 0.14), or between lean African émsans(-0.04 + 0.06 mg/Land lean

Caucasian§t+0.04 + 0.14 mg/L)n the control group (p = 0.47).

Also, no significant differences in CRP change were seen betwedparoAfrican
Americans in the physical activityQ.93 + 2.33 mg/L) and controiQ.60+ 1.31 mg/L) groups (p
= 0.75), or between nelean Caucasians in the physical activity (+0.07 + 2.60 mg/L) and control
(+ 0.39 + 0.89 mg/L) groupp E 0.76) Similarly, no difference in CRP change were seen
between noflean African American§-0.93 + 233 mg/L)and norlean Caucasians0.07 +
2.60 mg/L)in the physical activity group (p = 0.29), or between-te@an African Americang

0.60 + 1.31 mg/Land norlean Caucasians 0.39 + 0.89 mg/Ldf the control group (p = 0.13).

Correlations. Figures 5 and 6 show significant correlations between CRP change during
the 16 week intervention and baseline variablég overall average change in CRP during 16
weeks was negatively associated with absolute baseline peak oxygen consumptib268;p
= 0.046) and baseline CRP (r8.:599; p=0.001). Overall CRP change over the 16 week
intervention period was not significantly associated with any other aforementioned baseline
parameterFigures 7 an@ stow significant correlations betwe&@RP chang during thel6
weekinterventionand changes in aerobic fitness during the 16 week intervemti@change in
CRP during the 16 week intervention was positively associated with the change in absolute peak
oxygen consumption (r = 0.281790.046) duringhe same time frame, yet not with the change
in any other aforementioned paramefesignificant correlation was found between the change
in CRP concentration and change in absolute peak aerobic oxygen consumption for Caucasians
in the exercise group (r&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 Amer{can®.33; p = 0.43pr
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Caucasias(r = 0.04; p = 0.91in the control group. No significant correlations were found
between change in CRP concentration and change in relative finégsican Americans (r =
0.08; p=0.76) or Caucasians (r = 0.15; p = 0.58) in the physical activilp,gnor for African
Americans (r =0.18; p = 0.67) or Caucasians (¥G=21; p = 0.60) in the control group.
Likewise, no significant correlations were found between change in CRP concentration and
change irBMI %tile for African Americans (r =0.14; p = 0.59) or Caucasians (r = 0.15; p =
0.58) in the physical activity groupor for African Americans (r =0.18; p = 0.67pr

Caucasians (r 0.13; p = 0.73) in the control group. No significant correlations were seen
between change in CRP concentration and changéHR 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@amtoup. Findly, no significant
correlations were found between change in CRP concentration and chaegeeint body fat for
African Americangr = 0.03; p = 0.92pr Caucasiang@ =-0.30; p = 0.25)n thephysical activity
group, nor for African Amecans (r = 0.48; p = 0.28) or Caucasians {042; p = 0.73) in the

control group.
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Physical Activity Group

mean 0 (n)

ControlGroup

~

me an N

Co

(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 + 0.46n = 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 (%dtile 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)

Bodyfat (%)

37.17+ 10.70 (n=37)

31.93+ 10.20 (n=19)

Absolute peak V@(L/min)

1.67+ 0.36 (n=39)

1.71+ 0.32 (n=19)

Relative peak V@

(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 = Waidb-Hip Ratio; CRP = C reactive protein
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Physical Activity Group

~

mean N g (n

ControlGroup

~

mean N ]

(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+ 10.52(n = 19)

AbsolutePeak VG (L/min)

1.81+ 0.38* (n = 33)

1.85+ 0.40* (n = 18)

RelativePeak VG (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)

1.32+ 1.84(n = 39)

0.91+0.92(n = 21)

Table 2: Postintervention Characteristics (*p<0.05 difference from pre)
Note:BMI = Body Mass Index; WHR = Waidb-Hip Ratio; CRP = G reactive protein
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Physical Activity Group

(n)

~

mean N ]

ControlGroup

~

mean N ]

(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)

Bodyfat (%)

-0.75+ 2.46* (n = 32)

0.83+ 1.95(n = 18)

Absolute peak V@(L/min)

0.12+0.19(n = 33)

0.13+0.13(n = 18)

Relative peak V@

(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+091(n = 21)

Table 3: Change (pospre) in Characteristioduring 16 week interventioffp<0.05 between

groups)

Note:BMI = Body Mass Index; WHR = Waidb-Hip Ratio; CRP = G reactive protein
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Figure 1: Correlation betweef - reactive proteirat baselin@nd Body Mass Indexyercentile at

baseline
Note: CRP measured in mg/L; BMI measured as kg/m
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Figure 3: Correlation between Treactive proteirat baselin@ndabsolutefitness at baseline
Note: CRP measured in mg/L; Absolute fithess measured in L/min.
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Chapter V: Discussion

The purpose of this study was to determinetifiects of a 16veek aerobic activity
intervention on serum CRP concentrations-ihl8year old African American and Caucasian
children, and to evaluate the extent to which body compositfarenced this outcomeSerum
CRP concentrations were not sigedintly changed during the 16 week intervention for
participants in thexercise or control group. These findings contradict results from other studies
that reported significant decreases in CRP concentrations for participants in exercise, yet not
controlgroups during diet/exercise interventions of various durations in chilGnemis, et al.,
2010)(Roberts, Chen, & Barnard, 2003arantyBogacka, et al., 201 Nemet, Oren,

Pantanowitz, & Eliakim, 2013Findings from the current study support others that reported no
changes in CRP concentration during exercise interventions of similar dufdéissis, et al.,

2005 Kelly, Steinberger, Olson, & Dengel, 200R)should be mentioned that absolute aerobic
fithess 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 alsoobedthat treadmill time to

exhaustion was increased only in the exercise group, suggesting the intervention lead to some
improvement in the ability to perform treadmill exercigde emphasis of this discussion will be

to expound upon the relevance aésk findings.

It could be that reductions in CRP with exercise training reported from other studies are
due to longer6é month and 3 montimterventiong GarantyBogacka, et al., 201 Nemet, Oren,
Pantanowitz, & Eliakim, 2013however, this is unlikely because otlpdiysical activity
interventiondasting 8 weeks and 2 weelkave been associated with reductions in CRP

concentration in childreOunis, et al., 203,(Roberts, Chen, & Barnard, 2007)



It is also possible that theature 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 ad
with those participating in mixed training experiencing greater reductions in CRP than those with
aerobic training onlyBalducci, et al., 2010)The exercise interventions in the aforementioned
childhood studies that repged reductions in CRP also included aieinponentsiesigned to
encourage improvements in body compositiorther supporting the argument that intervention
type may influence changes in CRP concentrgfiumis, et al., 20L(Roberts, Chen, &
Barnard,2007 GarantyBogacka, et al., 201 Nemet, Oren, Pantanowitz, & Eliakim, 2013)
Characteristics of these diet components included caloric red(bksonet, Oren, Pantanowitz,

& Eliakim, 2013 Ounis, et al., 2010)ess sugar and fat intakéarantyBogacka, et al., 2011)

as well as macronutrient ratios of approximatelyl®2 protein, 55/0% carbohydrate, and 12
30% fat(Ounis, et al., 20LRoberts, Chen, & Barnard, 200Two of these studies provided
educational sessiors well as meals consisting agh fiber whole graing5 servings/day),
vegetables (4 servings/dayuit (3 servings/day)plant proteinnonfat diary (< 2 servings/day),
fish/fowl (3-4 days/week), soups and casseroles (2 days/weekgffeine andlimited sodium
intake (<1600 mg/dy) (Ounis, et al., 20L(Roberts, Chen, & Barnard, 200Furthermore,

studies showing no change in CRP did not include diet commodesigned to improve body
composition, though Nassis et al. employed a high carboteydiet to encourage the
maintenance of body weight during the interven{idassis, et al., 200Kelly, Steinberger,

Olson, & Dengel, 2007)Also of note is that two of the four childhood studies reviewed showing
reductions in CRP with exercise trainimgluded activity sessions that were-2.5 hours in

duration(Ounis, et al., 203;,(Roberts, Chen, & Barnard, 200Whereas the current studénd
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others not showing changes in CR®olved training programs consisting of an hour or less of

activity persessior(Nassis, et al., 200Kelly, 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 e$sithian 0.8 mg/L were
needed to achieve statistical significafiReberts, Chen, & Barnard, 2003arantyBogacka, et
al., 2011 Ounis, et al., 20100ther studies that reported no significant changes in CRP
displayed average reductions similar to thiosine current studgNassis, et al., 200Kelly,
Steinberger, Olson, & Dengel, 200Ronetheless, though statistical significance for the change
in CRP concentrations from pre to post intervention was not seen, the question remains as to
whether reductins 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 contration was positively correlated with age, baseline
BMI percentile, and baseline percent body fat were comparable to findings of previous studies
(Ford, et al., 2001GarantyBogacka, et al., 2011)Thus, the present study adds additional
support for thdrypothesis that serum CRP concentration increases with age and percent body fat
in children. Also in agreement with other studigas the finding that baseline CRP
concentrations were negatively associated with relative fithess. Sadenpour et al atdlsasi
have described an inverse relationship between aerobic fitness levels and CRP concentrations in
children(Sadeghipour, Rahnama, Salesi, Rahnama, & Mojtahedi, X¥), et al., 2003)
However, contrary to these findings, baseline CRP concentatidhe current study were

positively associated with baseline aerobic fithess 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 aerobicallyihen body weight is not accounted fdhough 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 capaity.
negativecorrelation 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
fithess levels improved in each. This may suggest a plateau effect in whicha@i®B 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 fithess at baseline.

Baseline CRP measurements revealed no significant differences in CRP adiwrentr
between African American and Caucasian participants, contradicting other literature that
suggests higher CRP concentrations may be expected in African Americans as compared to
Caucasian§Wong, Pio, Valencia, & Thakal, 200®effernan, 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 analgsisaled a positive correlation between
CRP change and baseline aerobic capacity to be significant only for Caucasians in the exercise

group. This is unexpectethdcould be investigated with further study.

Changes in CRP were not associated with basele@sures 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 batymposition and followup CRP concentratiof@Garanty

Bogacka, et al., 201 Dunis, 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
avera@ 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 childref©unis, et al., 201,6GarantyBogadka, et al., 2011)Also worth
mentioning is thatof the studies reviewed where CRP concentration decreased in children with
physical activity interventions, either body fat percenf@enis, et al., 203,0GarantyBogacka,

et al., 2011pr BMI percentile(Roberts, Chen, & Barnard, 200¥emet, Oren, Pantanowitz, &
Eliakim, 2013)decreased as weBody 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 goup 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 CBftentratiorwas fourd with physical

activity interventions in childrerdid not repordecreases body fat percentage eith@dassis,

et al., 2005Kelly, Steinberger, Olson, & Dengel, 2007 aken together, this sugge#tat in

the absence afecreases 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 theasigve
relationship between body composition ande@ctive protein concentrations in children;
however, this study contradicts other studies reporting reductions in body composition or CRP
concentration with exercise intervention. Though exerciseatit@$ and exclusion of a dietary
intervention component may have influenced the outcome @htycal activityintervention
with regard to changes in CR#the current studyt is more likely thathanges in CRP with

physical activity interventionsiichildrenmay bearesult of changes ibody fat percentage or
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BMI percentileexperienced during the training. Further studies with larger sample sizes,
differing exercise modalities, with and without diet componants; be warranted to further

investigde the relationship between exercise training and CRP contensran children.
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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).

Virdom: 724807 Paga 2af7 Sobject’s Initials
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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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