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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 prepubescent 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 II 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, Veríssimo, & 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.
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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.
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Limitations
1. The sample sizes for some participant groups were smaller than others included in the
study, as well as those in the literature.
2. ADHD and seasonal allergy medication use was present during the study. It is unknown
whether the medications used influenced CRP concentrations.
3. 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 > 95th %tile for children of the same age
and sex
Overweight: having a BMI of 25-29.9 kg/m² in adults, or > 85th %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
4

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 III: 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 III: Third National Health and Nutrition Examination Survey
PALs: Physical Activity Leaders
VO2 max: Maximal Volume of Oxygen Consumption
WHR: Waist-to-Hip Ratio
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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 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 III 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 III 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 nonHispanic 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
7

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/height³). 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).
8

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.
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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 III 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 <15th, 85th- < 95th, and > 95th percentiles were 1.71 (95% CI: 0.96-3.01), 2.20 (95%
CI: 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, II, and III of baseline CRP
values, respectively and the odds ratios for becoming overweight/obese for children in baseline
CRP categories I, II, and III were computed as 1.0, 2.0 (95% CI: 1.49-2.9), and 2.0 (95% CI: 1.13.5) 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 II Diabetes. Associations have also been shown
between CRP concentrations, metabolic syndrome, and type II 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% CI: 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)
12

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 0.11.99 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).
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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 II 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 II
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
14

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,
Veríssimo, & Teixeira, 2010).
Similarly, in a group of 82 men and women with type II 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% VO2 max each session, while the mixed training group (D)
performed 40 minutes of aerobic exercise at 70-80% VO2 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. VO2 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, VO2 max, and waist circumference change was
identified as a significant “predictor” CRP concentration change (r2 = 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 VO2 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 VO2 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 (Isasi, 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 VO2 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 VO2 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 817 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; GarantyBogacka, 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 (β = -0.02, SE = 0.01) was independent of ethnicity in 95 boys, ages 6-24 years
old (Isasi, 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 III: 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 (BMI<85th%tile), or non-lean (BMI>85th %tile).
Inclusion criteria
Blood samples from participants that were ages 8-11 years, African American or
Caucasian, who had Tanner stage I or II 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 II, diabetes (fasting blood glucose > 125 mg/dL), blood
pressure values > 95th %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, WI).
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 VO2 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 (PALs), 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 II 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 VO2, relative peak
VO2, time to exhaustion, and CRP concentration were analyzed with t-tests. Differences in BMI,
BMI %tile, WHR, body fat%, absolute peak VO2, relative peak VO2, 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.
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Chapter IV: 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

31

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 nonlean 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.
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Physical Activity Group

Control Group

mean ± σ (n)

mean ± σ (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/m2)

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 VO2 (L/min)

1.67 + 0.36 (n=39)

1.71 + 0.32 (n=19)

Relative peak VO2

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)

(ml/kg/min)

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

Control Group

mean ± σ (n)

mean ± σ (n)

BMI (kg/m2)

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)

Absolute Peak VO2 (L/min)

1.81 + 0.38* (n = 33)

1.85 + 0.40* (n = 18)

Relative Peak VO2 (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: 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

Control Group

mean ± σ (n)

mean ± σ (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 VO2 (L/min)

0.12 + 0.19 (n = 33)

0.13 + 0.13 (n = 18)

Relative peak VO2

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)

(ml/kg/min)

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/m2.
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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 1230% 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 16weeks 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 (GarantyBogacka, 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
50

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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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) ______
____________________________________________________________
____________________________________________________________
____________________________________________________________
Any hospitalization or surgery? (if yes, explain) ...... (date) _________
____________________________________________________________
____________________________________________________________
____________________________________________________________

yes no

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? .............................

yes

no

Medication
Dosage
Reason
Times taken per day
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________

4. Cardio-Respiratory History of your Child
Any heart disease ?.......................................................................................

yes

no

Heart murmur?...................................................................................................

yes

no

Occasional chest pains?.....................................................................................

yes

no

Chest pains on exertion?..................................................................................

yes

no

Fainting?..........................................................................................................

yes

no

Daily coughing?...............................................................................................

yes

no

High blood pressure?.............................................................................................yes

no

Shortness of breath -at rest.......................................................................................................
lying down..............................................................................................
sleeping at night.....................................................................................
after 2 flights of stairs...........................................................................

no
no
no
no

5.

yes
yes
yes
yes

Muscular History of your Child

Any muscle injuries or illnesses now?................................................................ yes

no

Any muscle injuries in the past?......................................................................... yes

no

Muscle pain at rest?............................................................................................ yes

no

Muscle pain on exertion?...................................................................................

no

6.

yes

Bone-Joint History of your child

Any bone or joint (including spinal) injuries or illnesses now?........................

yes

no

Any bone or joint (including spinal) injuries or illnesses in the past?..............

yes

no

Ever had painful joints?...................................................................................

yes

no

Ever had swollen joints?..................................................................................

yes

no

7. Sleeping Habits of Your Child
Do your child ever experience insomnia (trouble sleeping)?
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Yes ____

No ____

If yes, approximately how often: _______________________
How many hours of sleep does he/she usually average per night: _____________
8. Family History of Your Child
Age
Father
______
Paternal Grandmother ______
Paternal Grandfather ______
Mother
______
Maternal Grandmother ______
Maternal Grandfather ______

Age of death
________
________
________
________
________
________

Cause of death
____________________
____________________
____________________
____________________
____________________
____________________

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

--High blood pressure ...... yes
--Heart attack.....................yes
--By-pass surgery...............yes
--Stroke..............................yes
--Diabetes...........................yes
--Gout.................................yes
--Obesity.............................yes

no
no
no
no
no
no
no

Relationship
Age of Occurrence
_____________________________________
_____________________________________
_____________________________________
_____________________________________
_____________________________________
______________________________________
______________________________________

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
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