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Abstract: Total cholesterol (TC) directly correlates with overweight/obesity, but it remains unclear if
this association varies by race and ethnicity. We assessed the association as well as the racial/ethnic
heterogeneity in this relationship. Data on 63,863 children were assessed using electronic medical
records between 2010 and 2011. A cross-sectional design was utilized with log-binomial regression
model and chi-squared statistic to examine the data. Overall, abnormal total cholesterol (ATC) was
7.5% (4812). Significant racial variability in ATC was observed: Black/African American (AA)
(7.4%), White (7.0%), Asian (5.1%) and some other race (SOR) children (11.3%), χ2 (5) = 141.5,
p < 0.0001. Black/AA (34.7%) and SOR children (41.2%) were predominantly overweight/obese,
unlike the Asian children, (25.8%), χ2 (5) = 324.6, p < 0.0001. The BMI percentile was highest
among SOR (69.0 ˘ 28.6) and Black/AA children (65.2 ˘ 29.1), but lowest among Asian children
(55.7 ˘ 31.5). A significant racial variability was also observed in weight, with the highest mean
among Black/AA children (36.8kg ˘ 23.0) and the lowest among Asian children (28.7kg ˘ 16.8),
f = 7.2, p < 0.001. Relative to normal TC, children with ATC were 2.6 times as likely to have abnormal
BMI, relative risk (RR) =2.60, 99% CI, 2.54–2.68). Compared to non-Hispanic (RR = 2.62, 99% CI,
2.54–2.69), the risk was lower among Hispanics (RR = 2.34, 99%, 2.21–2.48). Among children with
ATC, risk for abnormal BMI was highest among Asians, adjusted RR = 2.91, 99% CI, 2.34–3.62),
intermediate among AA (ARR = 2.68, 99% CI, 2.59–2.77), but lowest among Whites (ARR = 2.40,
99% CI, 2.39–2.64), and SOR (ARR = 2.33, 99% CI, 2.19–2.50). In a large sample of children, total
cholesterol directly correlates with BMI, with an observed racial and ethnic heterogeneity.
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1. Introduction

Serum lipids, namely triglycerides, total cholesterol (TC), high density lipoprotein (HDL) and
low-density lipoprotein (LDL) levels have been shown to be associated with adiposity implying
body fatness [1]. High levels of total cholesterol, triglycerides, and LDL have also been indicated to
be directly associated with peripheral resistance [2–5] hypertension [6], and certain cardiovascular
diseases such as arterial stenosis [5,7]. Epidemiologic data on serum lipids and the obesity
epidemic have also identified a direct correlation between high total cholesterol and excessive body
weight [8–11]. The link between blood lipids and body weight has been seen in adults [3,10] and
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children [12,13] in both clinical and population based studies. A direct correlation between serum
lipids and skeletal muscle adiposity has also been observed [14–16]. Additionally, studies evaluating
BMI and bone density have indicated some variability, while studies focusing on exercise and serum
lipid correlation have indicated a reduction in serum lipid following sustained exercise [17,18].
Consequently, understanding the correlation between total cholesterol, adiposity, and body weight is
essential in exploring the biomarkers of overweight/obesity among children. BMI as an age related
marker of obesity of overweight has been previously shown requiring such adjustment in the process
of understanding the role that BMI may possibly play in the overall understanding of total body
fatness and obesity [19].

In pediatric studies, BMI percentiles are commonly used to examine childhood
overweight/obesity [20]. These studies also address variability based on race and sex among
children in the US, which has been recognized in higher BMI measures [21]. The determinants of this
racial/ethnic and sex variability has not been fully understood.

Although total cholesterol has been utilized as a biomarker of overweight/obesity [14,15,18,19],
it has not been characterized or stratified by race/ethnicity to account for the variance in the
obesity epidemic among United States children. The current study provides a novel approach to
bio-indicator characterization and stratification at the population level. Thus, data on racial/ethnic
characterization and stratification of total cholesterol levels may provide some insight into the
subpopulation predisposition to overweight/obesity. We aimed to assess racial/ethnic differences
in total cholesterol among children, correlate this with BMI, and determine whether or not
the differences in abnormal total cholesterol may explain in part the racial/ethnic variances in
overweight/obesity among children.

2. Experimental Section

2.1. Materials and Methods

Following an Institutional Review Board approval, we conducted a cross-sectional study to
examine the distribution of total cholesterol level by race/ethnicity to determine whether or not total
cholesterol is associated with BMI differently across racial/ethnic groups. This design allows for a
reliable and valid inference if information bias is addressed prior to data processing and analysis.

A cross-sectional design was used to assess preexisting data from the Nemours Children’s Health
System electronic medical records (EMR) on the variables of interest, including race/ethnicity, total
cholesterol level profile, body mass index (BMI), height, weight and type of medical insurance.
The study population comprised 63,863 children seen at our healthcare system during 2010 and 2011.

2.1.1. Sampling, Sample Size, and Power Estimation

A consecutive sampling technique involving the assessment of the EMR of all eligible patients
was used. The eligibility criteria included patients with information on total cholesterol, insurance,
zip code, BMI, race, and ethnicity. This method is adequate in examining inferential association in the
data, given the representative nature of the sample.

To determine the power, implying the ability of the study to detect the minimal difference in total
cholesterol levels between racial/ethnic groups, we used Type 1 error tolerance of 5% (0.05), effect
size of 10%, and log binomial regression model, including margin probability, as an analytic tool.
With these parameters, we estimated the power of the study to be adequate in assessing the difference
in total cholesterol between Hispanic/Latino and non-Hispanic/Latino Blacks/AAs in comparison
to Whites, as well as some other race (SOR) and Asians.

2.1.2. Variable Ascertainment

The independent variable was total cholesterol as serum lipid profile. Using the American
Academy of Pediatrics (AAP) guidelines on children and adolescents total cholesterol ascertainment,
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we categorized the total cholesterol into two categories: (a) accepted level and (b) high level.
The accepted level, according to AAP is, ď200 mg per 100 mL of blood whereas the high level is
ě200 mg per 100 mL of blood [22,23]. For the purpose of this study, we used normal and abnormal
to represent the Academy’s acceptable and high levels of TC respectively. In order to determine
how total cholesterol is associated wih obesity, we used the BMI as our outcome variable. The BMI
measure was estimated based on the CDC guidelines [24] and was collected as a continuous variable
using BMI percentages, BMI as a continuous variable and BMI as a dichotomous variable into normal
versus higher BMI categories.

Race and ethnicity was used to account for the differences in BMI, as well as to assess how
total cholesterol explains the racial/ethnic differences in BMI. Race which was self-reported was
categorized as White, Black/AA, Asian, American Indian/Alaska Native, Hawaii Native/Pacific
Islander and some other race (SOR). In this sample, some other race represented primarily Hispanics
with an estimated 53% within this category. In order to determine whether or not other variables
played confounding roles on how total cholesterol predicts BMI by race/ethnicity, we used type
of medical insurance as a socioeconomic status proxy, since insurance has been shown to vary
by race/ethnicity and socioeconomic factors have been linked to insurance, race and overweight.
The insurance type was collected as a categorical variable and included private/commercial
insurance, public insurance and uninsured (out of pocket payment for service). Weight and height
were also collected as continuous variables with weight measured in kilograms and height in
centimeters according to CDC guidelines [24].

2.2. Statistical Analysis

We first examined data for missing variables using frequency and percentages. For the race
and ethnicity variables, we excluded from the summary statistics “information not available” as well
as “refused to answer”. This exclusion accounted for less than 1% of the total sample implying
a marginalized influence an acceptable in terms of data processing prior to model estimation.
Additionally, we assessed the distribution and spread of the data. For the continuous variables, we
preformed normality tests to determine the shape and spread of the data mainly for BMI.

To test the hypothesis on racial/ethnic differences in BMI, we used the Pearson chi
squared statistic, and where necessary Fisher’s exact test to compensate for expected small cell
count. Prior to the assessment of the relationship between total cholesterol and BMI, and the
racial/ethnic heterogeneity therein, we assessed for race/ethnicity as effect measure modifier using
Mantel-Haenszel stratification analysis. This analysis allowed for the race-specific stratum data
as well as adjustment for race in the relationship between total cholesterol and BMI. Because we
observed race and ethnicity as effect measure modifier, we built a multivariable model adjusting
for specific race, hence racial/ethnic heterogeneity. The log binomial regression model was used
to assess how total cholesterol predicts BMI. To determine the racial and ethnic differences on the
association between TC and BMI, we used both adjusted risk ratio and risk difference from log
binomial regression model to present the data.

The significance level was set at 5% (type 1 error tolerance) for univariable analysis that involved
the chi squared test. For the univariable and multivariable log binominal regression model, the
significance level was set at 1% (type 1 error tolerance) with margin probability. All analyses were
two-tailed, and STATA statistical software (version 13.0) was used for the entire analysis (STATA
Corporation, College Station, TX, USA).
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3. Results and Discussion

3.1. Results

3.1.1. Study Sample Characteristics

Table 1 demonstrates the overall study characteristics (non-stratified) and describes the
distribution of ethnicity, race, BMI, total cholesterol, and insurance. Of the 63,863 participants in
this study, 4812 (7.5%) had an abnormal total cholesterol. In terms of ethnicity, non-Hispanic/Latino
comprised 89.4% of our sample while Hispanic/Latino comprised 10.6% of our sample. An estimated
33.4% of the children were overweight or obese (abnormal BMI). Abnormal total cholesterol was
observed in 7.5% of the sample. Additionally, 47.5% of the children had public insurance in the form
of Medicaid.

Table 1. Study sample characteristics.

Variable Number Percentage (%)

Ethnicity

Hispanic/Latino 6803 10.6
Non-Hispanic/Latino 57,060 89.4

Race

AI/AN 102 0.2
Asian 1324 2.2

Black/AA 31,485 49.5
HN/PI 43 0.07

SOR 5703 9.0
White 24,971 39.3

Body Mass Index

Normal 42,564 66.6
Overweight/Obese 21,309 33.4

Total Cholesterol

Normal < 200 mg 59,061 92.5
Abnormal ě 200 mg 4812 7.5

Insurance

Commercial 31,550 49.4
Public 30,333 47.5

Uninsured 1990 3.1

Notes and Abbreviations: AA: African American, SOR: Some Other Race, HN/PI: Hawaiian Native/Pacific
Islander, I/AN: American Indian/Alaska Native. Total cholesterol was ascertained using acceptable level as
normal while high level as abnormal (American Academy of Pediatrics) The BMI was ascertained using the
CDC guidelines for children BMI.

3.1.2. Study Characteristics by Race/Ethnicity (Categorical Variables)

Table 2 presents study characteristics including total cholesterol distribution by race/ethnicity.
The abnormal total cholesterol was highest among Black/AA children (7.4%) and SOR children
(11.3%), intermediate among White children (7.0%) and the lowest among Asian children (5.1%,
χ2 (7) = 141.9, p < 0.0001). Black/AA children (34.3%) and SOR children (40.6%) were observed to
be predominantly overweight/obese while White children (30.0%) were intermediate. In contrast to
SOR and Black/AA children, abnormal BMI was lowest among Asian children, 25.7%, χ2 (6) = 324.6,
p < 0.0001. Significant variability was observed in the distribution of insurance where Black/AA
children (61.4%) and SOR children (60.1%) were observed to be more likely associated with public
insurance. White children (69.8%) and Asian children (64.5%) were more likely to be primarily
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associated with commercial insurance. Finally, Black/AA children (3.2%) and SOR children (3.5%)
were more likely to be uninsured as well.

Table 2. Study characteristics by race (categorical variables).

Variable
Race

AI/AN Asian Black/AA HN/PI SOR White
χ 2 (df) p

n(%) n(%) n(%) n(%) n(%) n(%)

Ethnicity 3,0004 (18) <0.0001
Hispanic/Latino 12 (11.6) 21 (1.57) 434 (1.36) 20 (40.8) 3934 (68.2) 2357 (9.33)

Non-Hispanic/Latino 90 (87.4) 1303 (97.7) 31,051 (97.3) 23 (46.9) 1769 (30.7) 22,614 (89.5)
Refused 0 (0) 2 ( 0.15) 26 (0.08) 0 (0) 6 (0.10) 25 (0.10)

Information NA 1 (0.97) 8 (0.60) 384 (1.20) 6 (12.2) 60 (1.04) 280 (1.11)

Body Mass Index 321.3 (6) <0.0001
Normal 71 (68.9) 999 (74.9) 20,959 (65.7) 35 (71.4) 3429 (59.4) 17,697 (70.0)

Overweight/Obese 32 (25.1) 335 (25.1) 10,936 (34.3) 14 (28.6) 2340 (40.6) 7579 (30.0)

Total cholesterol 141.9 (6) <0.0001
Normal 96 (93.2) 1266 (94.9) 29,548 (92.6) 48 (97.0) 5116 (88.7) 23,493 (92.9)

Abnormal 7 (6.80) 68 (5.10) 2347 (7.36) 1 (2.04) 653 (11.3) 1783 (7.05)

Insurance 7400 (12) <0.0001
Commercial 62 (60.2) 860 (64.5) 11,280 (35.4) 17 (34.7) 2104 (36.5) 17,635 (69.8)

Public 39 (37.9) 435 (32.6) 19,586 (61.4) 31 (63.3) 3465 (60.10) 6915 (27.4)
Uninsured 2 (1.90) 39 (2.9) 1029 (3.2) 1 (2.0) 200 (3.5) 726 (2.9)

Notes and Abbreviations: Significant p-value ď 0.001; df: degree of freedom. AA: African American,
SOR: Some Other Race, HN/PI: Hawaiian Native/Pacific Islander, AI/AN: American Indian/Alaska Native,
NA: Not Available.

3.1.3. Study Characteristics by Race (Categorical Variables)

Table 3 demonstrates the distribution of anthropomorphic variables namely height, weight,
BMI percentile and BMI. The BMI percentile was highest among SOR children (69.0 ˘ 28.6) and
Black/AA children (65.2 ˘ 29.1), intermediate among White children (62.4 ˘ 29.0) and lowest among
Asian children (55.7 ˘ 31.5). A significant racial variability was observed by weight, with the
mean weight highest among Black/AA children (36.8 kg ˘ 23.0), intermediate among SOR children
(32.6 kg ˘ 20.5) and White children (34.0 kg˘ 20.8), and lowest among Asian children (28.7 kg˘ 16.8,
f = 7.2, p < 0.001). The proportion of abnormal BMI, given total cholesterol (TC) is illustrated by race
(Figure 1).

Table 3. Study characteristics by race (continuous variables).

AI/AN Asian Black/AA HN/PI SOR White F p

Variables mean (SD) mean (SD) mean (SD) mean (SD) mean (SD) mean (SD)
Height 126.6 (25.6) 122.2 (25.0) 130.4 (27.3) 115.6 (25.6) 123.7 (25.6) 128.2 (26.9) 73.9 <0.0001
Weight 31.4 ((17.6) 28.7 (16.8) 36.8 (23.0) 26.5 (16.5) 32.6 (20.5) 34.0 (20.8) 71.2 <0.0001
BMI% 58.1 (33.1) 55.7 (31.5) 65.2 (29.1) 65.8 (26.4) 69.0 (28.6) 62.4 (29.0) 58.6 <0.0001

BMI 17.9 (3.79) 17.7 (3.69) 19.5 (13.1) 18.0 (3.36) 19.2 (4.85) 18.8 (11.2) 10.5 <0.0001

Notes and Abbreviations: Height and weight measured according to CDC guidelines for BMI [23]; Significant
p-value ď 0.001. AA: African American, SOR: Some Other Race, HN/PI: Hawaiian Native/Pacific Islander,
AI/AN: American Indian/Alaska Native, BMI: Body Mass Index, BMI%: Body Mass Index Percentage.
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Figure 1. BMI and total cholesterol by race. NTC: Normal total cholesterol, ATC: abnormal
total cholesterol.

3.1.4. Multi-Level Risk Ratio (adjusted) Relationship between Total Cholesterol and Other Factors
with BMI

Table 4 presents the race stratified or race-adjusted model for the relationship between total
cholesterol and BMI. Although not shown on the table, relative to normal total cholesterol, children
with abnormal total cholesterol were 2.6 times as likely to have abnormal BMI (overweight/obesity)
(ARR = 2.60, 99% CI, 2.55–2.65). There were significant differences in the stratum specific OR for
the relationship between BMI and ATC, implying race as effect measure modifier. The adjusted
OR = 8.93, 99% CI, 7.65–8.83.

Table 5 presents the race-stratified relationship between TC and BMI, adjusted for insurance, sex
and age. There remains racial and ethnic heterogeneity in the relationship between BMI and TC after
adjustment for the potential confounders namely age, sex and insurance as the surrogate for access
and care utilization (Figure 2). The risk for abnormal BMI given TC was highest among Asians and
AI/AN, intermediate among Blacks/AA and lowest among Whites and SOR.
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Figure 2. The overall and adjusted RR on the association between BMI and Total Cholesterol in
Children, AA: African American; AI: American Indian; AN: Alaska Native; SOR: Some Other Race.
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Table 4. The odds ratio effect modification by race on the association between total cholesterol and
BMI in children.

Race Odds Ratio 99% CI p

AI/AN 16.8 1.68–168.0 0.001
Asian 7.3 4.24–12.64 <0.001

Black/AA 11.0 9.75–12–64 <0.001
White 5.8 5.23–6.49 <0.001
SOR 8.9 7.13–11.19 <0.001

Notes and Abbreviations: The Type 1 error level was 0.01 (1%), CI: Confidence Interval, AA: African American,
SOR: Some Other Race, AI/AN: American Indian/Alaska Native.

Table 5. Adjusted multi-level risk ratio on the relationship between total cholesterol and BMI by
race/ethnicity.

Variable ARR 99% CI p

Ethnicity

Non-Hispanic 2.61 2.54–2.69 <0.001
Hispanic 2.34 2.21–2.48 <0.001

Race

White 2.40 2.29–2.53 <0.001
Black/AA 2.68 2.60–2.77 <0.001

AI/AN 3.08 1.80–5.28 <0.001
Asian 2.91 2.34–3.62 <0.001
SOR 2.34 2.19–2.50 <0.001

Notes and Abbreviations: The Type 1 error level was 0.01 (1%), Significant p-value ď 0.001. RR: Risk Ratio,
CI: Confidence Interval, AA: African American, SOR: Some Other Race, AI/AN: American Indian/Alaska
Native, BMI: Body Mass Index, BMI%: Body Mass Index Percentage Adjusted for insurance, sex and age.

3.2. Discussion

The purpose of this study was to determine whether or not racial/ethnic heterogeneity exists
in the relationship between total cholesterol and pediatric BMI. Studies in adult populations have
previously shown the correlation between total cholesterol and total body fat as well as obesity.
We postulated that total cholesterol may be distributed unequally across race and ethnic groups,
which may explain in part the racial/ethnic variability in pediatric obesity. There are relevant
findings based on our data and some of which are very novel. First, among children in our
sample, there is a direct correlation between total cholesterol and BMI. Secondly, total cholesterol
varies by race and ethnicity. Thirdly, our data confirm the relationship between total cholesterol
and obesity, while the relationship between total cholesterol and BMI varies by race and ethnicity.
These data affirm previously published studies on the direct correlation between total cholesterol
and obesity [3,10,12,13,25].

Studies have shown in both adult [3,10] and children populations [12,13] as well as in
animal models that lipids and triglycerides exposure are associated with weight gain and
overweight/obesity. The body mass index (BMI) is a commonly used measure of excess body weight,
but it is not a direct measure of adiposity [14,15]. Excessive body weight may reflect high bone
density [16], which directly correlates with an increase in BMI [17]. Despite these findings, BMI
remains a proxy in research for body weight. More specifically, it has been directly associated with
blood lipids [18,19]. While total cholesterol and weight correlation have been fairly well discussed
in the medical and health literature, very few data exist on the variability of this relationship by race
and ethnicity, and indeed data are more sparse with respect to the pediatric population. We assessed
the distribution of total cholesterol by race and ethnicity and found a substantial variability, with
Black/AA and SOR more likely to have abnormal TC. We also observed that Asians had the lowest
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abnormal total cholesterol prevalence. These findings are plausible in the sense that the dietary
profiles of Asians in the US tend to consist mainly of vegetables, fruits and white meat, as well
as several antioxidant-related nutrients [26]. While we are unaware of data on the dietary profile
of Asian children, it is imaginable that children of Asian origin in America are more likely to
comply with the parental/adult dietary choices implying the ingestion of white meat, vegetables
and fruits. In contrast Black/AA and SOR are largely associated with unhealthy diets that have
high fat concentration, high sugar, and low vegetables [26,27]. Although dietary profiles remain a
good indicator for total cholesterol, genetic factors do play a role in the bio-availability as well as
metabolism of lipids, which may also vary by race and ethnicity. Unfortunately, we do not have
any data to illustrate difference in the dietary profile or genetic factors of the racial and ethnic
group in our sample. Availability of these data could have facilitated greatly the implication of total
cholesterol in obesity, as well as its race/ethnicity variability. While total cholesterol contributes to
an estimated 5.3% to potential risk markers for obesity, as per our data, it may account in part for the
racial/ethnicity variability in the observed pediatric obesity epidemic where Black/AA females and
Hispanic/Latino males tend to disproportionately bear the burden of this epidemic [12,21].

Our stratified analysis for assessing race as effect measure modifier indicated significant racial
and ethnic differences in the association between BMI and total cholesterol. Abnormal total
cholesterol in Asians was associated with a relatively increased weight gain. In contrast, SOR and
Black/AA were less likely to demonstrate sensitivity to overweight given abnormal total cholesterol.
It is unclear why we observed this variability and there are no data available to neither support nor
refute our findings. However, we speculate that Black/AA, SOR and perhaps Whites have developed
tolerance to triglycerides, lipids, and fatty diet to the extent that increases in these substrates provide
a small increase in total body fat as well as body weight. We question the relevance of these findings
to intervention.

In spite of the novelty of this study, namely variability in the total cholesterol sensitivity to
overweight/obesity by race and ethnicity, there are some limitations. First, we utilized retrospective
data and cross-sectional design which have tendencies for information bias as well as limiting
temporal sequence with respect to cause and effect. Because we examined our data for reliability,
as well as monitored the timing of serum collection and data on BMI from our EMR, it is
not possible that our entire findings are driven by limited temporality as well as information
biases. Secondly regarding the statistical stability of the findings on AI/AN as well as PI/HN,
our subpopulation analysis was underpowered, implying emphasis on the point estimate and not
on precision (p value) in the interpretation and application of these results. Thirdly, there are
confounding to this relationship that we were unable to assess and address given the nature of
pre-existing data. It is possible that unmeasured confounding might influence the result in this
study. Finally, irrespective of the statistical software used for adjustment of confounding, residual
confounding exist which may influence the results in this study [28].

4. Conclusions

In summary, there is a correlation between total cholesterol and obesity among children.
Additionally, this relationship varies by race and ethnicity which may explain in part the racial/ethnic
variability in childhood obesity epidemic in our nation. Despite the magnitude of these findings, we
caution the interpretation as well as the application of these data due to its cross-sectional design and
causal inference restriction, which does not allow us to clearly determine the directionality of TC on
the causal pathway of childhood obesity as BMI.

Acknowledgments: We thank the Nemours Data Warehouse for the availability of the data used in this analysis.
However, the Data Warehouse is not responsible for the analysis of these data but the authors assume all
responsibilities. We are grateful to Sequoia Jackson (Biological Sciences Department, Temple University) for
her contribution in initially cleaning the data prior to the analysis and to Ava Cruz (Cab Calloway School of the
Arts) for assisting in the editing the manuscript. We thank Adina Williams, Isabel Morgan and Adrienne Wallace
for the critical reading of this manuscript. This study was not funded by an external source.



Int. J. Environ. Res. Public Health 2016, 13, 19 9 of 10

Author Contributions: Laurens Holmes Jr. conceptualized and designed the study, analyzed the data, prepared
the manuscript, reviewed and approved the final draft. Alex LaHurd assisted in data collection, processed
the data, initiated the manuscript draft preparation, reviewed and approved the final draft. Emily Wasson
assisted in data processing, prepared the tables, drafted the manuscript, reviewed and approved the final draft.
Lavisha McClarin assisted in background literature search, design process, interpreted the output, reviewed and
approved the final draft. Kirk Dabney assisted in study conceptualization, reviewed and approved the final draft.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Lamb, M.M.; Ogden, C.L.; Carroll, M.D.; Lacher, D.A.; Flegal, K.M. Association of body fat percentage with
lipid concentrations in children and adolescents: United States, 1999–2004. Am. J. Clin. Nutr. 2001, 94,
877–883. [CrossRef] [PubMed]

2. Doumatey, A.P.; Lashley, K.S.; Huang, H.; Zhou, J.; Chen, G.; Amoah, A.; Agyenim-Boateng, K.; Oli, J.;
Fasanmade, O.; Adebamowo, C.A.; et al. Relationships among obesity, inflammation, and insulin resistance
in African Americans and West Africans. Obesity 2010, 18, 598–603. [CrossRef] [PubMed]

3. De Lorenzo, F.; Mukherjee, M.; Kadziola, Z.; Suleiman, S.; Kakkar, V.V. Association of overall adiposity
rather than body mass index with lipids and procoagulant factors. Thromb Haemost 1998, 80, 603–606.
[PubMed]

4. Edgell, H.; Petrella, R.J.; Hodges, G.J.; Shoemaker, J.K. Central versus peripheral cardiovascular risk in
metabolic syndrome. Frontiers Physiol. 2012, 3. [CrossRef] [PubMed]

5. Jiang, X.; Srinivasan, S.R.; Urbina, E.; Berenson, G.S. Hyperdynamic circulation and cardiovascular risk in
children and adolescents, the bogalusa heart study. Circulation 1995, 91, 1101–1106. [CrossRef] [PubMed]

6. Eirin, A.; Zhu, X.Y.; Woolard, J.R.; Herrmann, S.M.; Gloviczki, M.L.; Saad, A.; Juncos, L.A.; Calhoun, D.A.;
Rule, A.D.; Lerman, A.; et al. Increased circulating inflammatory endothelial cells in blacks with essential
hypertension. Hypertension 2013, 62, 585–589. [CrossRef] [PubMed]

7. Mangiacapra, F.; de Bruyne, B.; Peace, A.J.; Melikian, N.; Wijns, W.; Barbato, E. High cholesterol levels
are associated with coronary microvascular dysfunction. J. Cardiovasc. Med. 2012, 13, 439–442. [CrossRef]
[PubMed]

8. Hu, D.; Hannah, J.; Gray, R.S.; Jablonski, K.A.; Henderson, J.A.; Robbins, D.C. Effects of obesity and
body fat distribution on lipids and lipoproteins in nondiabetic American Indians: The Strong Heart Study.
Obesity Res. 2000, 8, 411–421. [CrossRef] [PubMed]

9. Chen, T.J.; Ji, C.Y.; Pang, Z.C.; Wang, S.J.; Hu, Y.H.; Qin, Y. Heritability of Total Cholesterols and Lipoproteins
and Its Related Factors in Twins Aged 5 to 19 Years of China; Institute of Child and Adolescent Health,
Peking University: Beijing, China, 2004.

10. Foster, C.J.; Weinsier, R.L.; Birch, R.; Norris, D.J.; Bernstein, R.S.; Wang, J.; Pierson, R.N.; van Itallie, T.B.
Obesity and total cholesterols: An evaluation of the relative contribution of body fat and fat distribution to
lipid levels. Int. J. Obes. 1986, 11, 151–161.

11. Wilks, R.J.; McFarlane-Anderson, N.; Bennett, F.I.; Reid, M.; Forrester, T.E. Blood pressure in Jamaican
children: Relationship to body size and composition. West Indian Med. J. 1999, 48, 61–68. [PubMed]

12. Kit, B.K.; Carroll, M.D.; Lacher, D.A.; Sorlie, P.D.; DeJesus, J.M.; Ogden, C. Trends in total cholesterol s
among US youths aged 6 to 19 years, 1988–2010. JAMA 2012, 308, 591–600. [CrossRef] [PubMed]

13. Magkos, F.; Piperkou, I.; Manios, Y.; Papoutsakis, C.; Yiannakouris, N.; Cimponerio, A.; Aloumanis, K.;
Skenderi, K.; Papathoma, A.; Arvaniti, F.; et al. Diet, blood lipid profile and physical activity patterns in
primary school children from a semi-rural area of Greece. J. Hum. Nutr. Diet. 2006, 19, 101–112. [CrossRef]
[PubMed]

14. Shah, N.R.; Braverman, E.R. Measuring adiposity in patients: The utility of body mass index (BMI), percent
body fat, and leptin. PLoS ONE 2012, 7. [CrossRef] [PubMed]

15. Freedman, D.S.; Sherry, B. The validity of BMI as an indicator of body fatness and risk among children.
Pediatrics 2009, 124, S23–S34. [CrossRef] [PubMed]

16. Miljkovic, I.; Kuipers, A.L.; Kuller, L.H.; Sheu, Y.; Bunker, C.H.; Patrick, A.L.; Wheeler, V.W.; Evans, R.W.;
Zmuda, J.M. Skeletal Muscle Adiposity is associated with total cholesterol and Lipoprotein Levels in
Afro-Caribbean Men. Obesity 2013, 21, 1900–1907. [PubMed]

http://dx.doi.org/10.3945/ajcn.111.015776
http://www.ncbi.nlm.nih.gov/pubmed/21775565
http://dx.doi.org/10.1038/oby.2009.322
http://www.ncbi.nlm.nih.gov/pubmed/19798069
http://www.ncbi.nlm.nih.gov/pubmed/9798978
http://dx.doi.org/10.3389/fphys.2012.00038
http://www.ncbi.nlm.nih.gov/pubmed/22375126
http://dx.doi.org/10.1161/01.CIR.91.4.1101
http://www.ncbi.nlm.nih.gov/pubmed/7850947
http://dx.doi.org/10.1161/HYPERTENSIONAHA.113.01621
http://www.ncbi.nlm.nih.gov/pubmed/23798347
http://dx.doi.org/10.2459/JCM.0b013e328351725a
http://www.ncbi.nlm.nih.gov/pubmed/22343265
http://dx.doi.org/10.1038/oby.2000.51
http://www.ncbi.nlm.nih.gov/pubmed/11011907
http://www.ncbi.nlm.nih.gov/pubmed/10492604
http://dx.doi.org/10.1001/jama.2012.9136
http://www.ncbi.nlm.nih.gov/pubmed/22871871
http://dx.doi.org/10.1111/j.1365-277X.2006.00675.x
http://www.ncbi.nlm.nih.gov/pubmed/16533372
http://dx.doi.org/10.1371/journal.pone.0033308
http://www.ncbi.nlm.nih.gov/pubmed/22485140
http://dx.doi.org/10.1542/peds.2008-3586E
http://www.ncbi.nlm.nih.gov/pubmed/19720664
http://www.ncbi.nlm.nih.gov/pubmed/23671057


Int. J. Environ. Res. Public Health 2016, 13, 19 10 of 10

17. Morin, S.; Leslie, W.D. Manitoba bone density program. high bone mineral density is associated with high
body mass index. Osteoporos. Int. 2009, 20, 1267–1271. [CrossRef] [PubMed]

18. Katzmarzyk, P.T.; Leon, A.S.; Rankinen, T.; Gagnon, J.; Skinner, J.S.; Wilmore, J.H.; Rao, D.C.; Bouchard, C.
Changes in blood lipids consequent to aerobic exercise training related to changes in body fatness and
aerobic fitness. Metabolism 2001, 50, 841–848. [CrossRef] [PubMed]

19. Dai, S.; Fulton, J.E.; Harrist, R.B.; Grunbaum, J.A.; Steffen, L.M.; Labarthe, D.R. Blood lipids in children:
Age-related patterns and association with body-fat indices. Am. J. Prev. Med. 2009, 37, S56–S64. [CrossRef]
[PubMed]

20. Centers for Disease Control and Prevention, Division of Nutrition, Physical Activity and Obesity. Defining
Childhood Obesity, 2015. Available online: http://www.cdc.gov/obesity/childhood/defining.html
(accessed on 28 June 2015).

21. Freedman, D.S.; Khan, L.K.; Serdula, M.K.; Ogden, C.L.; Dietz, W.H. Racial and ethnic differences in secular
trends for childhood BMI, weight, and height. Obesity 2006, 14, 301–308. [CrossRef] [PubMed]

22. Daniels, S.; Greer, F.; The Committee on Nutrition. Lipid screening and cardiovascular health in children.
Pediatrics 2008, 122, 198–208. [CrossRef] [PubMed]

23. Corson, K. Blood Collection Adverse Reactions and Patient Blood Volumes. Available online:
http://www.frhg.org/documents/Lab_Manuals/Blood-Collection-Adverse-Reactions-and-Patient-Blood-
Volumes.pdf (accessed on 6 May 2015).

24. Centers for Disease Control and Prevention, Division of Nutrition, Physical Activity, and Obesity.
Published 2015. Updated 15 May 2015. Available online: http://www.cdc.gov/healthyweight/
assessing/bmi/childrens_bmi/about_childrens_bmi.html (accessed on 28 June 2015).

25. Frisdal, E.; le Lay, S.; Hooton, H.; Poupel, L.; Olivier, M.; Alili, R.; Plengpanich, W.; Villard, E.F.; Gilibert, S.;
Lhomme, M.; et al. Adipocyte ATP-binding cassette G1 promotes triglyceride storage, fat mass growth, and
human obesity. Diabetes 2014, 64, 840–855. [CrossRef] [PubMed]

26. Nutrition and Weight Status. HealthyPeople.gov, U.S. Department of Health and Human Services, 2015.
Available online: https://www.healthypeople.gov/2020/topics-objectives/topic/nutrition-and-weight-
status (accessed on 8 July 2015).

27. Sijtsma, F.P.; Meyer, K.A.; Steffen, L.M.; Shikany, J.M.; van Horn, L.; Harnack, L.; Kromhout, D.; Jacobs, D.R.
Longitudinal trends in diet and effects of sex, race, and education on dietary quality score change:
The coronary artery risk development in young adults study. Am. J. Clin. Nutr. 2012, 95, 580–586.
[CrossRef] [PubMed]

28. Holmes, L.; Chan, W.; Jiang, Z.; Du, X.L. Effectiveness of androgen deprivation therapy in prolonging
survival of older men treated for locoregional prostate cancer. Prostate Cancer Prostatic Dis. 2007, 10,
388–395. [CrossRef] [PubMed]

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open
access article distributed under the terms and conditions of the Creative Commons by
Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1007/s00198-008-0797-6
http://www.ncbi.nlm.nih.gov/pubmed/19034375
http://dx.doi.org/10.1053/meta.2001.24190
http://www.ncbi.nlm.nih.gov/pubmed/11436192
http://dx.doi.org/10.1016/j.amepre.2009.04.012
http://www.ncbi.nlm.nih.gov/pubmed/19524157
http://dx.doi.org/10.1038/oby.2006.39
http://www.ncbi.nlm.nih.gov/pubmed/16571857
http://dx.doi.org/10.1542/peds.2008-1349
http://www.ncbi.nlm.nih.gov/pubmed/18596007
http://dx.doi.org/10.2337/db14-0245
http://www.ncbi.nlm.nih.gov/pubmed/25249572
http://dx.doi.org/10.3945/ajcn.111.020719
http://www.ncbi.nlm.nih.gov/pubmed/22301926
http://dx.doi.org/10.1038/sj.pcan.4500973
http://www.ncbi.nlm.nih.gov/pubmed/17486111

	Introduction 
	Experimental Section 
	Materials and Methods 
	Sampling, Sample Size, and Power Estimation 
	Variable Ascertainment 

	Statistical Analysis 

	Results and Discussion 
	Results 
	Study Sample Characteristics 
	Study Characteristics by Race/Ethnicity (Categorical Variables) 
	Study Characteristics by Race (Categorical Variables) 
	Multi-Level Risk Ratio (adjusted) Relationship between Total Cholesterol and Other Factors with BMI 

	Discussion 

	Conclusions 

