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Abstract
Background—Racial differences in carotid intima-media thickness (cIMT) have been suggested
to be associated with the disproportionally high prevalence of cardiovascular disease in black
adults. The objective of this study was to evaluate the effects of cardiovascular risk factors on the
racial differences seen in cIMT in obese children.
Methods—Obese subjects ages 4 to 21 were recruited prospectively. Height, weight, blood
pressure, fasting insulin, glucose, lipid panel, high-sensitivity c-reactive protein, and body
composition by dual-energy x-ray absorptiometry were obtained. B-Mode carotid imaging was
analyzed by a single blinded physician.
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Results—A total of 120 subjects (46 white and 74 black) were enrolled. Blacks exhibited greater
cIMT (0.45 ± 0.03cm vs. 0.43 ± 0.02cm, p < 0.01) and higher lean body mass (LBM) index (19.3
± 3.4kg/m2 vs. 17.3 ± 3.2kg/m2, p = 0.02) than whites. Simple linear regression revealed modest
associations between mean cIMT and race (R = 0.52, p < 0.01), systolic blood pressure (R = 0.47,
p < 0.01), and LBM (R = 0.51, p < 0.01). Upon multiple variable regression, LBM remained the
only measure to maintain a statistically significant relationship with mean cIMT (p < 0.01).
Conclusions—Black subjects demonstrated greater cIMTs than white subjects. The relationship
between race and cIMT disappeared when lean body mass was accounted for. Future studies
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assessing the association of cardiovascular disease risk factors to cIMT in obese children should
include lean body mass in the analysis.
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Introduction
In the United States, adults of black African descent have a higher prevalence of obesity and
an increased risk of cardiovascular disease than whites of European origin.1-3 Carotid
intima-media thickness (cIMT) is a strong predictor of cardiovascular disease; it has been
shown to be higher in black vs. white healthy adults.4-10 Traditional risk factors for
cardiovascular disease, such as hypertension, contribute to higher cIMT and increased risk
of cardiovascular disease in black adults.11,12
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Similar to adults, cardiovascular disease risk factors in childhood and adolescence also show
racial differences.13,14 In fact, racial differences in cIMT have been reported in healthy nonobese children.15 The etiology behind the racial differences in cIMT in children is not clear,
and, no studies have examined whether such differences persist in obese children – a group
at high risk for future cardiovascular disease. If racial differences are found in cIMT in
obese patients, the cardiovascular risk factors associated with these differences may provide
targets for intervention in future studies. The primary objectives of this study were to 1)
determine if racial differences exist in cIMT between white and black obese children and, 2)
if such differences are present, to identify measures of body composition and markers of
cardiovascular risk that contribute to these differences. We hypothesized that black obese
children would have higher cIMT than whites and that blood pressure, race, and lean body
mass would be associated with cIMT.

Methods
This was a prospective, cross-sectional study. All tests were conducted during a single
assessment using a standardized protocol. The protocol was approved by the institutional
review board. Informed consent was obtained from the parent or legal guardian of minors or
from the participants of age 18 or older.
Subject Population

NIH-PA Author Manuscript

Patients were recruited from the Medical University of South Carolina’s childhood obesity
management clinic. Inclusion criteria included: 1) BMI > 95th percentile, 2) ages 4 to 21
years old, and 3) white or black race. Patients of Hispanic ethnicity were not included in the
analysis. Subjects who were pregnant, taking insulin, or were on oral steroids were
excluded. Patients were enrolled consecutively so long as they were not of Hispanic
ethnicity and did not have one of the three exclusion factors listed. Study visits were
rescheduled if the patient had experienced a febrile illness within 72 hours of the planned
study date.
Procedures
Patients’ anthropomorphic assessments were performed at the Clinical and Translational
Research Center. Blood pressure was measured (DINAMAP automatic cuff, GE Healthcare)
with an appropriate sized cuff after seated for 5 minutes. The average of two blood pressure
J Am Soc Echocardiogr. Author manuscript; available in PMC 2015 May 01.
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measurements was used in the analysis – taken once at the beginning of the visit and once at
the end. Patients’ fasting status was confirmed prior to phlebotomy. Labs obtained included
serum insulin, glucose, low-density lipoprotein (LDL), high-density lipoprotein (HDL),
triglycerides, and high sensitivity c-reactive protein (hsCRP). Body composition (total body
fat, % body fat, and lean body mass) was quantified using dual-energy x-ray absorptiometry
(DXA).
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Carotid arteries were studied with a duplex scanner using a 7.5 MHz linear array transducer
(Philips IE33 4-8 MHz). All B-Mode carotid imaging was performed by a single
sonographer. Participants were positioned supine with their neck rotated at 45° to expose an
area from the clavicle to the angle of the jaw. Recommendations from the American Society
of Echocardiography’s consensus statement on cIMT were followed, that is, measurements
from both carotid arteries were used and that cIMT was only measured from the far wall of
the artery.16 Measurements from the near wall were not used, as recommendations from the
METEOR study group were not published prior to the start of the study.17 Right and left
common carotid intima-media thicknesses were imaged longitudinally 1 cm proximal to the
carotid bifurcation with the transducer placed both in the lateral and anterior-posterior
windows. Three five-second acquisitions were recorded and three magnified end-diastolic
frames of the far wall were selected and analyzed at each position (Figure 2). All studies
were read offline by a single physician blinded to the clinical and laboratory data using
QLAB version 8.1 (Phillips Medical Systems, Bothell, WA) with automatic detection of
cIMT by the software (Figure 3). For each subject, the mean cIMT was calculated as the
average of the twelve measurements from the left and right common carotid arteries (3
frames for each position x 2 positions x 2 carotid arteries = 12 measurements). A subgroup
of thirty studies (the initial 15 and the final 15) was reanalyzed at a four week time interval
to assess for intraobserver and interobserver variability. All twelve measurements were
repeated and averaged. Observers were free to choose the image and frame to re-measure.
Calculations
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Body mass index (BMI) was calculated as weight (kg)/height2 (m2). Lean body mass index
was calculated as lean body mass (kg)/height2 (m2) and fat mass index as fat mass (kg)/
height2 (m2). Body surface area (BSA) was calculated by method of Haycock18: BSA =
0.024265 × height0.3964 × weight0.5378. Quantitative insulin sensitivity check index
(QUICKI) was calculated as 1/[log(fasting insulin μU/mL) + log(fasting glucose mg/dL)].19
Insulin level was divided dichotomously as normal (< 20 μIU/mL) or abnormal (≥ 20 μIU/
mL).
Statistical Analysis
To assess for differences between white and black patients two-group t-tests were used for
parametric data while Mann-Whitney U tests were used for non-parametric data. Simple
linear regression was used to assess the individual effects of cardiovascular risk factors on
cIMT. Multiple variable regression was used to model the relationship between two or more
independent variables and cIMT. Intraobserver and interobserver variability were assessed
using intraclass correlation coefficient using a random effects model measuring absolute
agreement. Based on clinical relevance and previous studies investigating the correlation of
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LBM to cIMT, an effect size of r = 0.25 was chosen to base sample size calculation. 20 This
resulted in a sample size of 120 subjects giving a power of 80% with alpha = 0.05 to detect
the chosen effect size. All statistics were performed using IBM® SPSS® Statistics software
v. 20.

Results
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From September 2009 to December 2011, 142 patients were eligible for inclusion. Nineteen
declined participation and three met exclusion criteria. Therefore, 120 obese children [46
white (72% female) and 74 black (64% female)] were enrolled. Figure 1 demonstrates the
age distribution of subjects. Differences by race in clinically derived anthropometrics and
laboratory data can be found in Table 1. Five patients were on anti-hypertensive medicines.
Eight other patients had blood pressure >95th percentile for age, sex and height at the time
of the visit without the diagnosis of hypertension. No patients were diagnosed with diabetes
mellitus. Two patients were smokers. Black patients had higher insulin levels and evidence
of insulin resistance by QUICKI than white patients, while whites had increased
triglycerides when compared to blacks. Body composition and cIMT results are summarized
in Table 2. Intraobserver and interobserver variability for cIMT measures had an intraclass
correlation coefficient of r = 0.92 and r = 0.86, respectively. While body mass index was
higher in blacks than whites by ~13%, fat mass index and % body fat were not significantly
different between groups. This was consistent with the finding that lean body mass was
significantly higher in blacks by almost 16%. Also, black patients demonstrated higher
cIMT when compared with white patients. There were no statistically significant differences
in anthropomorphic, laboratory, or imaging data between males and females.
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Simple linear regression revealed modest associations between mean cIMT and race (r =
0.52, p < 0.01), systolic blood pressure (r = 0.46, p < 0.01), and lean body mass (r = 0.51, p
< 0.01) (Figure 4). Age, height, diastolic blood pressure, LDL level, total cholesterol to
HDL ratio, hsCRP, QUICKI, total body fat, and % body fat did not demonstrate any
association with mean cIMT. Variables which showed a statistically significant relationship
with cIMT after simple linear regression and variables that have been associated with cIMT
in previous studies were included in a multiple variable regression analysis.21,22 These
variables included race, age, hsCRP, QUICKI, LDL, systolic blood pressure, and lean body
mass. Then, a second multiple variable regression analysis was performed with only those
variables which showed a statistically significant relationship with cIMT (race, systolic
blood pressure, and lean body mass). Lean body mass remained the only measure to have a
statistically significant relationship with mean cIMT in both analyses (p < 0.01 and < 0.01,
respectively). Another reduced model with only race and lean body mass was then created.
Again, only lean body mass had a statistically significant relationship with cIMT (p < 0.01).
No variables showed collinearity with race (Variance Inflation Factors of all variables and
interaction terms < 5). Comprehensive results of the simple and multiple variable linear
regression are presented in Table 3.

J Am Soc Echocardiogr. Author manuscript; available in PMC 2015 May 01.

Chowdhury et al.

Page 5

Discussion
NIH-PA Author Manuscript

There are two primary findings from this study. First, black obese children exhibit higher
cIMT compared to whites. Second, higher cIMT in black obese children is associated with
the differences in lean body mass between groups.
Black adults have higher cIMT than white adults.7-10 Healthy non-obese children exhibit
similar racial differences.15 The current study shows that similar racial differences in cIMT
exist in obese children. Obese black participants had a higher cIMT when compared to
whites. Studies have shown that blood pressure, race, BMI, and body fat are associated with
increased cIMT in children.21,22 Some have hypothesized that the racial differences in these
cardiovascular risk factors contribute to the differences seen in cIMT, and hence, contribute
to the racial differences in cardiovascular outcomes.15 However, in the current study, groups
did not differ in age, height, blood pressure, HDL, LDL, or % body fat. While the groups did
differ in insulin level and insulin resistance, these risk factors did not appear to be associated
with cIMT.
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We found an association between lean body mass and cIMT in obese children. This is
similar to what has been found in healthy adults and in obese women with polycystic
ovarian syndrome.20,23 The proposed explanation behind this association is based on the
linear relationship between the size of cardiovascular structures and cardiac output. As the
amount of metabolically active tissue (lean body mass) increases, oxygen demand increases.
This leads to an increase in cardiac output and, thus, an increase in cIMT. Therefore,
increases in cIMT may be in part reflective of increased somatic growth. For example, one
group found a linear relationship between common carotid diameter and cIMT with normal
shear-stress relationships indicating, at specific cIMT ranges, an increased cIMT reflects an
adaptive response to increased flow instead of atherosclerosis.24 Our finding that race and
blood pressure do not independently associate with cIMT may be because both are related to
lean body mass. For example, black patients are known to have a higher lean body mass
than whites at similar levels of body mass index.21,25 Also, lean body mass has been
proposed as a more significant predictor of blood pressure than traditional cardiovascular
risk factors.26 Thus, while recognizing that cross-sectional associations do not amount to
causality, it is conceivable that the differences in cIMT between obese white and black
children may be in part due to the differences seen in lean body mass between the groups
and may not necessarily represent increased atherosclerotic burden. In fact, in adults, black
patients have been shown to have higher cIMT despite showing lower coronary calcium
levels than whites.27
In similar fashion, multiple studies have associated obesity (as defined by elevated BMI
percentiles) with higher cIMT values in children.28-31 These studies are limited by their
inability analyze the body composition of their subjects. In the present study, fat mass as
measured by DXA had no relationship to cIMT. This may be secondary to fat mass’
metabolically inert nature, requiring little changes in cardiac output, and thus, having an
insignificant relationship to the size of cardiovascular structures such as cIMT. It is well
known that obese children have a higher fat mass than their normal weight counterparts, but
they also exhibit a higher lean body mass.25 Hence, lean body mass may have contributed
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more to the increased cIMT than fat mass in these previous studies. It may be useful for
future studies to compare cIMT in children with similar LBM but different levels of
adiposity to further quantify adiposity’s influence on atherosclerotic burden.
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Carotid IMT is a surrogate for cardiovascular disease risk.4 Groups have investigated racial
differences in cIMT in adults and healthy children in an attempt to identify modifiable risk
factors that may predispose black patients to a higher incidence of cardiovascular
disease.4,15 The utility of performing this analysis in the pediatric population is unknown
because prospective studies establishing pediatric cIMT as a useful predictor of
cardiovascular outcomes have not been performed. It is probably fair to observe that the
likelihood of significant “atherosclerotic burden” in healthy children is small. Therefore, we
studied obese pediatric patients – those with a theoretically higher risk for atherosclerosis.
Even so, we found no relationship between cIMT and cardiovascular risk factors, such as
race, after lean body mass was accounted for. We feel this study neither supports nor
detracts from the use of cIMT in the obese pediatric population when assessing for racial
differences in cardiovascular disease risk. However, despite scatter in the relationship
between cIMT and lean body mass, we feel this study supports the inclusion of measures of
body composition in future studies assessing the association of cardiovascular disease risk
factors, including race, to cIMT in obese children.
Normal values for cIMT in non-obese children may not be appropriate standards for which
to compare cIMT values in obese patients due to their increased lean body mass. However,
the development of cIMT reference values based on an obese population is unappealing due
to the possibility of underestimating cardiovascular risk. Alternatively, it may be prudent to
index cIMT to lean body mass to make comparisons between obese vs. non-obese patients
viable, as has been suggested for other cardiovascular structures such as left ventricular
mass.32 Further investigation of validated sex-specific formulae to calculate lean body mass
may aid in accounting for lean body mass in future studies.33
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Black subjects did demonstrate small but statistically significant elevations in insulin levels
and insulin resistance than white subjects. This is consistent with previous studies in adults
and children.15,34-36 These findings were not associated with increased cIMT; however, they
may be contributors to the racial differences that are encountered in cardiovascular disease
outcomes in adults.37,38 Further investigations aimed at identifying the etiologic factors
contributing to the racial differences in these pediatric cardiovascular risk factors are
warranted.
There are limitations to this study. The lack of a control group and cross-sectional nature of
this study does not allow extrapolation of this data to other populations, such as non-obese
children. Further, it is difficult to compare the cIMT values in this obese population to other
studies attempting to establish reference cIMT values in normal children due to the wide
variability in methods and results. For example, the mean cIMT values in this study
population are, as expected, greater than the reference values produced by Jourdan et al but
are smaller than those reported by Sass et al.39,40 The patient sample included subjects over
a wide age range who have varying cardiovascular risk factor exposure time. The ability to
account for the effect of risk factor exposure time on cIMT is inhibited by the cross-
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sectional nature of this study. It is conceivable that the effect of lean body mass becomes
less significant and the effects of cardiovascular risk factors become more significant over
time as the atherosclerotic process advances. The relationship of cardiovascular risk factors
to cIMT may be more evident with a larger, more balanced sample size.

Conclusion
Black subjects demonstrated greater cIMTs than white subjects. The relationship between
race and cIMT disappeared when lean body mass was accounted for. Since lean body mass,
and not intrinsic racial factors, appears to explain the difference in cIMT found in this study,
assessment of LBM should be included in future studies of the association of cardiovascular
risk factors with cIMT in obese children.

Acknowledgments
Funding Sources This project was supported by the South Carolina Clinical & Translational Research (SCTR)
Institute, NIH/NCRR grants UL1 RR029882 and UL1 TR000062.

NIH-PA Author Manuscript

References

NIH-PA Author Manuscript

1. Feinstein M, Ning H, Kang J, Bertoni A, Carnethon M, Lloyd-Jones DM. Racial differences in risks
for first cardiovascular events and noncardiovascular death: the Atherosclerosis Risk in
Communities study, the Cardiovascular Health Study, and the Multi-Ethnic Study of
Atherosclerosis. Circulation. 2012; 126:50–9. [PubMed: 22693351]
2. Pickle LW, Mungiole M, Gillum RF. Geographic variation in stroke mortality in blacks and whites
in the United States. Stroke. 1997; 28:1639–1647. [PubMed: 9259762]
3. Howard G, Howard VJ, Katholi C, Oli MK, Huston S. Decline in US stroke mortality: an analysis of
temporal patterns by sex, race, and geographic region. Stroke. 2001; 32:2213–2220. [PubMed:
11588303]
4. Lorenz MW, Markus HS, Bots ML, Rosvall M, Sitzer M. Prediction of clinical cardiovascular
events with carotid intima-media thickness: a systematic review and meta-analysis. Circulation.
2007; 115:459–467. [PubMed: 17242284]
5. O’Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL, Wolfson SK Jr. Carotid-artery intima
and media thickness as a risk factor for myocardial infarction and stroke in older adults.
Cardiovascular Health Study Collaborative Research Group. N Engl J Med. 1999; 340:14–22.
6. Hodis HN, Mack WJ, LaBree L, Selzer RH, Liu CR, Liu CH, et al. The role of carotid arterial
intima-media thickness in predicting clinical coronary events. Ann Intern Med. 1998; 128:262–269.
[PubMed: 9471928]
7. Manolio TA, Burke GL, Psaty BM, Newman AB, Haan M, Powe N, et al. Black–white differences
in subclinical cardiovascular disease among older adults: the Cardiovascular Health Study. CHS
Collaborative Research Group. J Clin Epidemiol. 1995; 48:1141–1152. [PubMed: 7636516]
8. D’Agostino RB Jr. Burke G, O’Leary D, Rewers M, Selby J, Savage PJ, et al. Ethnic differences in
carotid wall thickness. The Insulin Resistance Atherosclerosis Study. Stroke. 1996; 27:1744–1749.
[PubMed: 8841322]
9. Schreiner PJ, Heiss G, Tyroler HA, Morrisett JD, Davis CE, Smith R. Race and gender differences
in the association of Lp(a) with carotid artery wall thickness. The Atherosclerosis Risk in
Communities (ARIC) Study. Arterioscler Thromb Vasc Biol. 1996; 16:471–478. [PubMed:
8630675]
10. Li R, Duncan BB, Metcalf PA, Crouse JR III, Sharrett AR, Tyroler HA, et al. B-mode-detected
carotid artery plaque in a general population. Atherosclerosis Risk in Communities (ARIC) Study
Investigators. Stroke. 1994; 25:2377–2383. [PubMed: 7974576]

J Am Soc Echocardiogr. Author manuscript; available in PMC 2015 May 01.

Chowdhury et al.

Page 8

NIH-PA Author Manuscript
NIH-PA Author Manuscript
NIH-PA Author Manuscript

11. Cappuccio FP, Cook DG, Atkinson RW, Strazzullo P. Prevalence, detection, and management of
cardiovascular risk factors in different ethnic groups in south London. Heart. 1997; 78:555–563.
[PubMed: 9470870]
12. Chaturvedi N, McKeigue PM, Marmot MG. Resting and ambulatory blood pressure differences in
Afro-Caribbeans and Europeans. Hypertension. 1993; 22:90–96. [PubMed: 8319998]
13. Cruickshank JK, Mzayek F, Liu L, Kieltyka L, Sherwin R, Webber LS, et al. Origins of the ‘black/
white’ difference in blood pressure: roles of birth weight, postnatal growth, early blood pressure,
and adolescent body size: the Bogalusa Heart Study. Circulation. 2005; 111:1932–1937. [PubMed:
15837946]
14. Ford ES, Li C, Imperatore G, Cook S. Age, sex, and ethnic variations in serum insulin
concentrations among US youth: findings from the National Health and Nutrition Examination
Survey 1999–2002. Diabetes Care. 2006; 29:2605–2611. [PubMed: 17130192]
15. Whincup PH, Nightingale CM, Owen CG, Rapala A, Bhowruth DJ, Prescott MH, et al. Ethnic
differences in carotid intima-media thickness between UK children of black African-Caribbean
and white European origin. Stroke. 2012; 43:1747–54. [PubMed: 22569936]
16. Stein JH, Korcarz CE, Hurst RT, Lonn E, Kendall CB, Mohler ER, et al. Use of carotid ultrasound
to identify subclinical vascular disease and evaluate cardiovascular disease risk: a consensus
statement from the American Society of Echocardiography Carotid Intima-Media Thickness Task
Force. Endorsed by the Society for Vascular Medicine. J Am Soc Echocardiogr. 2008; 21:93–111.
[PubMed: 18261694]
17. Dogan S, Plantinga Y, Crouse JR 3rd, Evans GW, Raichlen JS, O’Leary DH, et al. Algorithms to
measure carotid intima-media thickness in trials: a comparison of reproducibility, rate of
progression and treatment effect. J Hypertens. 2011; 29:2181–93. [PubMed: 21918474]
18. Haycock GB, Schwartz GJ, Wisotsky DH. Geometric method for measuring body surface area: a
height-weight formula validated in infants, children, and adults. The Journal of Pediatrics. 1978;
93:62–6. [PubMed: 650346]
19. Katz A, Nambi SS, Mather K, Baron AD, Follmann DA, Sullivan G, et al. Quantitative insulin
sensitivity check index: a simple, accurate method for assessing insulin sensitivity in humans. J
Clin Endocrinol Metab. 2000; 85:2402–10. [PubMed: 10902785]
20. Kozakowa M, Palombo C, Paterni M, Anderwald CH, Konrad T, Colgan MP, et al. Body
composition and common carotid artery remodeling in a healthy population. Journal of Clinical
Endocrinology and Metabolism. 2008; 9:3325–3332.
21. Litwin M, Niemirska A. Intima-media thickness measurements in children with cardiovascular risk
factors. Pediatr Nephrol. 2009; 24:707–19. [PubMed: 18784945]
22. Mittelman SD, Gilsanz P, Mo AO, Wood J, Dorey F, Gilsanz V. Adiposity predicts carotid intimamedia thickness in healthy children and adolescents. J Pediatr. 2010; 156:592–7. [PubMed:
20004913]
23. Carmina E, Guastella E, Longo RA, Rini GB, Lobo RA. Correlates of increased lean muscle mass
in women with polycystic ovary syndrome. Eur J Endocrinol. 2009; 161:583–9. [PubMed:
19605540]
24. Bots ML, Hofman A, Grobbee DE. Increased common carotid intima-media thickness. Adaptive
response or a reflection of atherosclerosis? Findings from the Rotterdam Study. Stroke. 1997;
28:2442–7. [PubMed: 9412629]
25. Wagner DR, Heyward VH. Measures of body composition in blacks and whites: a comparative
review. Am J Clin Nutr. 2000; 71:1392–402. [PubMed: 10837277]
26. Duncan MJ, James L, Griffiths L. The relationship between resting blood pressure, body mass
index and lean body mass index in British children. Ann Hum Biol. 2011; 38:324–9. [PubMed:
21271813]
27. Manolio TA, Arnold AM, Post W, Bertoni AG, Schreiner PJ, Sacco RL, et al. Ethnic differences in
the relationship of carotid atherosclerosis to coronary calcification: the Multi-Ethnic Study of
Atherosclerosis. Atherosclerosis. 2008; 197:132–8. [PubMed: 17412347]
28. Woo KS, Chook P, Yu CW, Sung RY, Qiao M, Leung SS, et al. Overweight in children is
associated with arterial endothelial dysfunction and intima-media thickening. Int J Obes Relat
Metab Disord. 2004; 28:852–857. [PubMed: 15170465]

J Am Soc Echocardiogr. Author manuscript; available in PMC 2015 May 01.

Chowdhury et al.

Page 9

NIH-PA Author Manuscript
NIH-PA Author Manuscript

29. Meyer AA, Kundt G, Steiner M, Schuff-Werner P, Kienast W. Impaired flow-mediated
vasodilation, carotid artery intima-media thickening, and elevated endothelial plasma markers in
obese children: the impact of cardiovascular risk factors. Pediatrics. 2006; 117:1560–1567.
[PubMed: 16651309]
30. Retnakaran R, Zinman B, Connelly PA, Harris SB, Hanley AJ. Non-traditional cardiovascular risk
factors in pediatric metabolic syndrome. J Pediatr. 2006; 148:176–182. [PubMed: 16492425]
31. Roh EJ, Lim JW, Ko KO, Cheon EJ. A useful predictor of early atherosclerosis in obese children:
serum high-sensitivity Creactive protein. J Korean Med Sci. 2007; 22:192–197. [PubMed:
17449922]
32. Foster BJ, Gao T, Mackie AS, Zemel BS, Ali H, Platt RW, et al. Limitations of Expressing Left
Ventricular Mass Relative to Height and to Body Surface Area in Children. J Am Soc
Echocardiogr. 2013; 26:410–418. [PubMed: 23267782]
33. Foster BJ, Platt RW, Zemel BS. Development and validation of a predictive equation for lean body
mass in children and adolescents. Ann Hum Biol. 2012; 39:171–82. [PubMed: 22621754]
34. Golden SH, Brown A, Cauley JA, Chin MH, Gary-Webb TL, Kim C, et al. Health disparities in
endocrine disorders: biological, clinical, and nonclinical factors--an Endocrine Society scientific
statement. J Clin Endocrinol Metab. 2012; 97:E1579–639. [PubMed: 22730516]
35. Au LE, Economos CD, Goodman E, Houser RF, Must A, Chomitz VR, et al. Dietary intake and
cardiometabolic risk in ethnically diverse urban schoolchildren. J Acad Nutr Diet. 2012;
112:1815–21. [PubMed: 23102181]
36. Lin SX, Pi-Sunyer EX. Prevalence of the metabolic syndrome among US middle-aged and older
adults with and without diabetes--a preliminary analysis of the NHANES 1999-2002 data. Ethn
Dis. 2007; 17:35–9. [PubMed: 17274207]
37. Nazmi A, Victora CG. Socioeconomic and racial/ethnic differentials of C-reactive protein levels: a
systematic review of population-based studies. BMC Public Health. 2007; 7:212. [PubMed:
17705867]
38. Meadows TA, Bhatt DL, Cannon CP, Gersh BJ, Röther J, Goto S, et al. Ethnic differences in
cardiovascular risks and mortality in atherothrombotic disease: insights from the Reduction of
Atherothrombosis for Continued Health (REACH) registry. Mayo Clin Proc. 2011; 86:960–7.
[PubMed: 21964173]
39. Jourdan C, Wühl E, Litwin M, Fahr K, Trelewicz J, Jobs K, et al. Normative values for intimamedia thickness and distensibility of large arteries in healthy adolescents. J Hypertens. 2005;
23:1707–1715. [PubMed: 16093916]
40. Sass C, Herbeth B, Chapel O, Siest G, Visvikis S, Zannad F. Intima-media thickness and diameter
of carotid and femoral arteries in children, adolescents and adults from the Stanislas cohort: effect
of age, sex, anthropometry and blood pressure. J Hypertens. 1998; 16:1593–1602. [PubMed:
9856359]

NIH-PA Author Manuscript
J Am Soc Echocardiogr. Author manuscript; available in PMC 2015 May 01.

Chowdhury et al.

Page 10

NIH-PA Author Manuscript
NIH-PA Author Manuscript

Figure 1. Age distribution of subjects

The figure demonstrates the age distribution of enrolled subjects.
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Figure 2. Common carotid artery ultrasound

Representative still frame at end-diastole from a right common carotid artery 1 cm below the carotid bifurcation with the
ultrasound beam directed anterior to posteriorly. The yellow arrows bracket the intima-media of the far wall of the common
carotid artery where measurements will be made. The distance between the depth markers (major and minor hash marks) to the
right of the figure is 5mm. The two orange opposing triangles indicate the focal depth.
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Figure 3. Measurement of carotid intima-media thickness
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This figure shows the off-line software analysis of the common carotid ultrasound from Figure 2. The software requires the user
to manually place a blue box of 1cm length over the far wall of the carotid artery. The software then automatically traces the
intima-media borders (yellow lines). The reported carotid-intima media thickness in this patient was 0.51 mm. The distance
between the depth markers (major and minor hash marks) to the right of the figure is 5mm.
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Figure 4. Lean Body Mass vs. cIMT

Linear regression plot demonstrating the association of lean body mass to cIMT. cIMT = carotid intima-media thickness.
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Differences by Race in Clinically Derived Anthropometrics and Laboratory Data
Measure

White

Black

t-test or Mann
Whitney U (pvalue)

Age (years)

12.5 ± 3.6

11.8 ± 3.3

0.30

Height (cm)

158 ± 12.8

155 ± 13.7

0.30

Weight (kg)

79.5 ± 25.7

88.1 ± 32.3

0.13

Body surface area (m2)

1.8 ± 0.3

1.9 ± 0.4

0.43

Systolic blood pressure
(mmHg)

113 ± 13

112 ± 17

0.63

Diastolic blood pressure
(mmHg)

63 ± 8

61 ± 9

0.15

Insulin (μIU/mL)

22 (7-119)

28 (11-116)

0.03

Glucose (mg/dL)

91 ± 7.6

92 ± 8.2

0.53

QUICKI

NIH-PA Author Manuscript

0.30 ± 0.03

0.29 ± 0.02

0.02

Low density lipoprotein
(mg/dL)

103 ± 24

104 ± 24

0.73

High density lipoprotein
(mg/dL)

41 ± 11

42 ± 9.2

0.49

95 (32-297)

65 (29-175)

<0.01

0.25 (0.02-2.41)

0.38 (0.01-1.98)

0.11

Triglycerides (mg/dL)
hsCRP (mg/dL)

Results are reported in means ± standard deviation for normally distributed data and in median (range) for non-normally distributed data. QUICKI
= quantitative insulin sensitivity check index, hsCRP = high sensitivity c-reactive protein.
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Differences by Race in Body Composition and cIMT
Measure
BMI

(kg/m2)

Lean body mass index

(kg/m2)

Fat mass index (kg/m2)

White

Black

t-test (p-value)

31.2 ± 7.4

35.3 ± 8.9

0.01

17.3 ± 3.2

19.3 ± 3.4

0.02

13.0 ± 4.3

14.3 ± 4.6

0.13

% Body fat

41 ± 4.8

41 ± 5.5

0.60

Mean cIMT (cm)

0.43 ± 0.02

0.45 ± 0.03

<0.01

Results are reported in means ± standard deviation. BMI = body mass index, cIMT = carotid intima-media thickness.
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Results of Simple and Multivariable Linear Regression Analysis
Simple Linear Regression
Model

Variable

B

SE

Constant

0.397

0.008

LBM

0.001

<0.001

β

t

LBM

0.51

F

R

<0.01

38.70

0.51

0.26

30.21

0.46

0.21

34.51

0.52

0.27

p

F

R

R2

<0.01

6.23

0.55

0.30

51.88

<0.01

6.221

<0.01

Race

<0.01
Constant

0.326

0.021

Race

0.001

<0.001

Constant

0.391

0.010

SBP

0.035

0.006

0.46

15.33

<0.01

5.50

<0.01

39.36

<0.01

5.87

<0.01

SBP

<0.01

0.52

R2

p

Multiple Variable Linear Regression
Model

Variable

B

SE

β

t
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1
Constant

0.379

0.049

7.74

< 0.01

LBM

0.001

<0.001

0.48

3.06

<0.01

0.51

Race

0.008

0.004

0.17

1.95

0.05

0.19

SBP

<0.001

<0.001

0.08

0.80

0.43

0.31

Age

<0.001

0.001

−0.4

−0.27

0.78

0.32

LDL

<0.001

<0.001

−0.10

−1.19

0.24

−0.19

QUICKI
hsCRP

0.017

0.116

0.0

0.15

0.88

−0.23

−0.002

0.006

−0.03

−0.37

0.72

0.08

0.363

0.021

2

<0.01
Constant

17.54

<0.01

14.71

0.54

LBM

<0.001

<0.001

0.44

4.81

<0.01

0.51

Race

0.007

0.004

0.15

1.90

0.06

0.18

SBP

<0.001

<0.001

0.12

1.30

3

0.20
<0.01

0.29

0.32
21.32

0.53
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Constant

0.286

0.010

40.18

<0.01

LBM

0.001

<0.001

0.50

6.15

<0.01

0.51

Race

0.007

0.004

0.15

1.78

0.08

0.18

0.28

Results of simple and multiple variable linear regression analysis above. A p value of < 0.05 was considered significant. hsCRP = high sensitivity
c-reactive protein, LBM = lean body mass, LDL = low density lipoprotein, QUICKI = quantitative insulin sensitivity check index, SBP = systolic
blood pressure.
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