
GENETIC AND ENVIRONMENTAL DETERMINANTS OF LIPID PROFILE IN BLACK AND

WHITE YOUTH: A STUDY OF FOUR CANDIDATE GENES

Objective: To identify genotypes and gene-

environment interactions, which may explain

ethnic differences on lipid profile in Black and

White youth.

Design, Setting, Participants: Healthy ado-

lescents and young adults (N5413, 18.6 6

2.8 yrs, 44% Black, 53% Male) drawn from

a cardiovascular study.

Main Outcome Measures: Total cholesterol

(TC), high-density lipoprotein cholesterol

(HDLC), and triglyceride (TG) concentrations

were obtained from frozen plasma. The ApoB

Glu4154Lys, LDL receptor (LDLR) T1773C,

PPARc Pro12Ala, and TNFa 2308G/A poly-

morphisms were genotyped. Analyses adjusted

for age, sex, ethnicity, body mass index (BMI),

socioeconomic status (SES), and interactions.

Results: The ApoB Glu4154Lys polymorphism

interacted with obesity and age to predict TC

levels. As BMI increased, 4154Lys ApoB allele

carriers had higher TC levels than 4154Glu

homozygotes (difference50.23 mmol/L at

BMI530 kg/m2, 0.54 at BMI540, P,.05).

Juvenile, but not adult, ApoB 4154Lys allele

carriers had higher TC (0.34 mmol/L, P,.01).

Male 2308A TNFa allele carriers had lower

HDLC (0.10 mmol/L, P,.01). Carriers of the

T1773 LDLR allele had higher TG (0.26 mmol/

L, P,.01). No effect of the PPARc Pro12Ala

polymorphism was found; the 12Ala PPARc

allele was rare among Blacks (2%).

Conclusions: The ApoB, TNFa, and LDLR

candidate genes influenced lipid profiles in

youth independent of environmental factors.

The T1773 LDLR allele, which is rare among

Blacks (7%), may contribute to lower TG in

Blacks. The 2308A TNFa allele may contrib-

ute to lower HDLC in males. These gene

effects and gene-environment interactions may

inform prevention and treatment of athero-

sclerosis. (Ethn Dis. 2005;15:568–577)
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INTRODUCTION

Total cholesterol (TC) and high-

density lipoprotein cholesterol (HDLC)

are recognized as important risk factors

for coronary heart disease. Triglyceride

(TG) levels are a component of the

metabolic syndrome and have recently

been identified as an additional in-

dependent risk factor.1 Prospectively,

HDLC has been found to predict slower

progression of atherosclerosis in the left

main coronary artery.2 Cholesterol lev-

els in childhood predict carotid artery

intimal-medial thickness in adult-

hood.3,4 Dyslipidemia is associated with

other aspects of the metabolic syndrome

including obesity, visceral adiposity,

hypertension and insulin resistance.5,6

Triglyceride (TG) and HDLC are in-

versely correlated, with both genetic and

environmental contributions to this link

indicating a complex determination of

coronary risk.7 Greater understanding

of the genetic and environmental deter-

minants of lipid profile may improve

our ability to quantify risk, prevent and

treat metabolic syndrome and coronary

heart disease. We chose to examine four

candidate genes which have been linked

to obesity and which have potential

roles in regulating lipid profile.8

Interesting differences have been

found between Blacks and Whites on

lipid profile. Total cholesterol (TC)

concentrations in Blacks and Whites

tend to be similar, but HDLC concen-

trations are higher and TG concentra-

tions lower in Blacks than Whites in the

United States.9 Longitudinal studies

show that ethnic differences in lipid

profile are already present in child-

hood.10,11 Since plasma lipids in the

young are strongly related to the initial

stages of atherosclerosis, early ethnic

differences in these levels may confer

a protective effect in Blacks on coronary

heart disease rates in adulthood, as seen

in African populations.12

The puzzling advantage Blacks have

for lipid profile stands in contrast to the

higher prevalence of obesity, hyperten-

sion, and diabetes, and greater mortality

from coronary heart disease among

Blacks in the United States.13 How do

these closely interrelated risk factors

interact to influence the development

of atherosclerosis? Understanding of the

determinants of early ethnic differences

in lipids may help sort out genetic

effects in a population not yet affected

by advanced cardiovascular risk or

secondary effects of disease.

Although a combination of environ-

mental and genetic factors are assumed

to contribute to these ethnic differ-

ences,14 relatively little is known about

the contribution of genetic factors.

Most association studies relating plasma

lipids and genetic markers involved only

White adults. A polymorphism in the

hepatic lipase promoter (2514C/T) has

been consistently linked with higher

HDLC in adult studies, and is more

common in Black than White men.15,16

Lower hepatic lipase and higher lipo-

protein lipase activity may explain the

higher HDLC in Black than White

adults.17 However, little is known about

the factors responsible for lower TG

levels in Blacks.

Only a few studies have assessed the

role of genetic markers on ethnic lipid
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differences in youth.18–22 Among these

studies, ethnic differences were observed

in the allele frequencies of the common

apolipoprotein E polymorphism, the

adenosine triphosphate-binding cassette

transporter 1 (ABCA1) gene R219K

polymorphism, the C-514T promoter

polymorphism of the hepatic lipase gene,

and lipoprotein lipase serine 447 stop

polymorphism. Similar effects of these

polymorphisms on lipid profile were

found in Blacks and Whites except for

the ABCA1 gene R219K and the hepatic

lipase C-514T polymorphisms, which

only had effects in Whites. Apart from

the hepatic lipase C-514T polymorphism

in which the T allele associated with

higher HDLC levels in Whites showed

a higher frequency among Blacks, a com-

mon characteristic of the other studies is

that the identified risk alleles that in-

creased TG or lowered HDLC had

higher allele frequencies in Blacks than

in Whites. Given the same effect of these

polymorphisms in Blacks and Whites,

these genetic factors would tend to reduce

early ethnic differences in HDLC and

TG levels rather than explain them.

Considering the crucial role of

the low-density lipoprotein receptor

(LDLR) and apolipoprotein B (ApoB)

in lipid homeostasis and common

genetic variations at these two loci

having been associated with altered

circulating cholesterol and TG lev-

els,23–28 these two genes are worth

investigating in a young US population.

In addition, studies implicate tumor

necrosis factor alpha (TNFa) and

peroxisome proliferator-activated recep-

tor gamma (PPARc) in lipid regula-

tion.29,30 TNFa gene knockout mice

exhibit lower TG levels than their wild-

type littermates,31 and the 2308G/A

TNFa promoter polymorphism was

associated with plasma HDLC levels in

obese subjects.32 In vitro studies found

that PPARc can control the expression

of key enzymes of lipid metabolism

(lipoprotein lipase, fatty acid binding

and transfer proteins, hormone-sensitive

lipase) as well as secretory proteins (ie,

leptin and TNFa).33,34 Knoblauch et al

found that the PPARc gene locus was

linked, and a biallelic variant in the

PPARc gene was associated with HDLC

levels in healthy subjects.35 In a Spanish

study, the Ala12 allele of the PPARc

gene’s Pro12Ala polymorphism was

associated with lower TG levels.36

Given these possible roles of TNFa

and PPARc on TG and HDLC metab-

olism, polymorphisms in these two

genes may also contribute to variation

in lipid profile.

The objectives of this study were: 1)

to examine the allele frequencies and the

effects of ApoB Glu4154Lys, LDLR

T1773C, PPARc Pro12Ala, and TNFa

2308G/A polymorphisms on lipid pro-

file in a sample of Black and White

youth; and 2) to explore whether these

polymorphisms partly explain early

ethnic differences in lipid profile.

METHODS

Subjects
Subjects were 413 healthy adoles-

cents and young adults (mean 6 SD

age, 18.6 6 2.8 years; range: 12.3–

26.9 years). Table 1 presents means by

ethnicity and gender, including age-

adjusted group differences. Twenty-two

percent of subjects had a body mass

index (BMI) of at least 25 and less than

30 kg/m2 (20% of White males, 16% of

White females, 32% of Black males,

22% of Black females) and 15% had

a BMI of at least 30 (8% of White

males, 14% of White females, 15% of

Black males, 24% of Black females).

They were participants in a longitudinal

study of the development of cardiovas-

cular risk factors in which evaluations

have been conducted annually. This

study includes data from one visit for

each participant. Information on subject

recruitment and evaluation has been

previously described.37,38 Subjects were

children who were recruited based on

a family history of CVD, including

essential hypertension and/or premature

myocardial infarction (,55 years of

age) in parents or grandparents. All

subjects were free of any acute or

chronic illness based on parental report.

The Human Assurance Committee at

the Medical College of Georgia gave

approval for the study. Informed con-

sent was obtained from the child and

a parent.

Subjects were classified as Black if 1)

both parents reported being of African

heritage; 2) they and the child were

born and raised in the United States;

and 3) parents considered themselves

and their child to be African American.

Subjects were classified as White if: 1)

both parents reported that they were of

European ancestry; 2) they and the child

were born and raised in the United

States; and 3) they considered them-

selves and their child to be European

American and not of Hispanic, Native

American, or Asian descent.

Measures of anthropometry and

family socioeconomic status (SES) were

obtained during each annual examina-

tion. Body mass index (BMI) was

calculated (weight/height2). Socioeco-

nomic status (SES) was assessed by

parental education level, ie, mother’s

and father’s years of education. Parental

education level was measured on a

7-point scale, ranging from less than

high school to postgraduate educa-

tion and subsequently divided into

three categories: 1) low (,12 yrs, 10%

of sample); 2) medium ($12 and

The puzzling advantage

Blacks have for lipid profile

stands in contrast to the higher

prevalence of obesity,

hypertension, diabetes, and

greater mortality from

coronary heart disease among

Blacks in the United States.13
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,16 yrs, 59%); and 3) high ($16 yrs,

31%). Five subjects had missing values

for father’s education and they were

omitted from analyses in which this

variable was included.

The fact that 70 of the total of 413

subjects in this study were siblings may

have affected the significance of ob-

served effects, because they share genes

and environment. However, when the

relationship between siblings was ac-

counted for in the analyses by using

generalized estimating equations, results

were virtually unchanged, so results for

the entire sample are reported here.

Generalized estimating equations is a re-

gression technique that provides valid

estimators of regression parameters and

their standard errors in related individ-

uals.39

Plasma Lipid Measurements
The Cholestech LDX system (Cho-

lestech, Hayward, Calif) was used to

measure levels of TC, HDLC, and TG

from frozen plasma. Subjects were not

required to fast or queried regarding

fasting status. Product literature indi-

cates that between 95% and 98% of

LDX values for TC, HDLC, and TG

were in complete agreement with the

reference method according to the

National Cholesterol Education Pro-

gram criteria, and coefficients of varia-

tion (CVs) for the LDX lipid profile

tests were 2%–3% for TC, 3%–6% for

HDLC, and 2%–4% for TG. With

respect to the current study, the inter-

assay CVs for TC, HDLC and TG were

3.7%–4.9%, 4.0%–6.6% and 3.7%–

4.6%, respectively. One limitation of

this method is that it only gives results

within a certain range. The range for

TC is 2.59–12.93 mmol/L (100–

500 mg/dL). For HDLC and TG, the

measurement range is 0.39–2.59 mmol/

L (15–100 mg/dL) and 0 .51–

6.77 mmol/L (45–600 mg/dL), respec-

tively.

DNA Analysis
Genomic DNA was extracted from

plasma buffy coats using QiaAmp DNA

Blood Mini Kit (Qiagen, Valencia,

Calif). The extracted DNA was stored

at 272uC until analyzed. The geno-

types for ApoB Glu4154Lys, LDLR

T1773C, PPARc Pro12Ala, and TNFa

2308G/A polymorphisms were de-

tected by polymerase chain reaction

(PCR) followed by restriction enzyme

digestion assays, as previously de-

scribed elsewhere with minor modifica-

tions (Appendix is available from au-

thor).40–43 PCR was performed in

a GeneAmp PCR system 9700 (Applied

Biosystems, Foster City, Calif, USA)

with a 15 ml reaction volume containing

30–50 ng of genomic DNA, 20 pmol

of each primer, and 13 Taq PCR

master mix (Qiagen, Valencia, Calif).

The Taq PCR master mix provides

a final concentration of 2.5 unit of

Taq DNA Polymerase, PCR Buffer

(1.5 mM MgCl2), and 200mM each

dNTPs. Digested fragments were sepa-

rated by electrophoresis on 1.5%–3%

agarose gel and identified by ethidium

bromide. The total number of subjects

genotyped for each polymorphism var-

ied slightly and was somewhat lower

than 413. This was due to unavailable

genomic DNA for seven subjects and

failure to amplify the target sequences

for some samples (5.6% for ApoB,

1.2% for LDLR, 5.6% for PPARc,

and 2.5% for TNFa, respectively). The

primers, lengths of PCR products,

related restriction endonuclease, as well

as digested bands are shown in the

appendix.

Statistical Analysis
Hardy-Weinberg equilibrium was

tested separately in Blacks and Whites

by a x2 test with 1 df. Ethnic differences

in allele and genotype frequencies were

tested with x2 tests of 1 and 2 df,
respectively (Table 1). To prevent

inflated significance, these tests were

performed in data including just one of

the siblings, chosen at random.

Tobit regression is an analytic

technique specifically designed for

censored data.44 Censored variables

can be considered to be a mixture of

discrete and continuous distributions.

The Tobit regression model is a single

equation that models the relationship of

one or more independent variables with

the probability of being uncensored

and, if uncensored, the level of the

continuous variable. The technique is

similar to survival analysis in that it

uses a censoring value to stand in for

an indeterminate quantity. In the

present analyses, subjects with values

below the detection limit for TC

(,2.59 mmol/L), HDLC (,0.39

mmol/L), or TG (,0.51 mmol/L)

were treated as left-censored at values

of 2.59, 0.39, or 0.51 mmol/L, re-

spectively. No subjects had values

above the detection limit in our data.

Tobit regression was used to analyze

these censored lipid data. To calculate

means, censored values were set equal

to the lower limit for each variable.

Traditional linear regression was used

for all other uncensored variables.

Table 1. Sample characteristics (mean 6 SD)

Whites Blacks

Males Females Males Females

N 126 107 92 88
Age, years 18.2 6 3.0* 18.5 6 2.7* 19.2 6 2.9 18.7 6 2.5
BMI, kg/m2 23.4 6 4.6* 24.0 6 5.9* 25.8 6 5.4 26.4 6 7.8
SES (father’s education), yrs 14.7 6 2.43 14.6 6 2.23 13.1 6 2.4 13.6 6 1.8
TC, mmol/L 3.54 6 0.92* 3.93 6 0.98 3.94 6 0.84 3.78 6 1.22
TG, mmol/L 1.17 6 0.653 1.06 6 0.573 0.86 6 0.37 0.75 6 0.36
HDLC, mmol/L 1.04 6 0.34* 1.21 6 0.37 1.21 6 0.42 1.22 6 0.42

* Differ from other groups, P,.01.
3 Differ from other groups, P,.001.

LIPID GENES IN BLACK AND WHITE YOUTH - Davis et al

570 Ethnicity & Disease, Volume 15, Autumn 2005



Since LDL levels were calculated

rather than measured, and to limit

type I error, analyses were limited to

measured fractions (TC, HDLC, and

TG).

Type I error was limited and

environmental control maximized by

first building the most parsimonious

environmental model for each lipid

variable, then building on these final

environmental models to test all four

candidate genes for each of the three

lipid variables. Thus, a total of 12 gene-

environment models were tested. Mod-

els 1–5 are the steps in building the

environmental model, and Model 6 is

the full gene-environment model for

each lipid variable.

We first explored the effects of age,

ethnicity, gender, BMI, SES and their

interactions on TC, HDLC, and TG by

using hierarchical Tobit regression anal-

yses in order to arrive at the most

parsimonious full ‘environmental’ mod-

el for each lipid variable. To this end,

only significant terms were kept in the

intermediate models (models 2, 3, 4).

Since obesity and low SES are more

common in Blacks than in Whites and

associate with high TG and low HDLC

levels, we explored and adjusted for the

effects of BMI and SES separately. First,

in our basic model (Model 1), we

included age, gender and ethnicity.

Next, the two- and three-way interac-

tions among these three variables were

added to Model 1 separately to get an

age, ethnicity, and gender interaction

model (Model 2). Next, we tested

separately for significant contributions

of BMI (Model 3) and SES (Model 4)

by comparing these models with the

ethnicity and gender interaction model

(Model 2). More specifically, in Model

3, we added BMI and its interactions

with the terms in Model 2 (age,

ethnicity, gender) to get a BMI model.

In Model 4, SES and its interactions

with the variables in Model 2 were

assessed to get an SES model; father’s

and mother’s education category were

each tested separately using natural

coding (vector 1 coded for medium,

and vector 2 coded for high). Finally,

BMI, SES, BMI 3 SES, and their

interaction with predictors in Model 2

were simultaneously entered in the full

environmental model (Model 5). In

Model 6, by entering the gene effect

and its interactions with the terms in the

full environmental model, we arrive at

a model including genetic and environ-

mental effects for each polymorphism

and each lipid variable.

This method has a number of

advantages. First, accounting for main

and interaction effects of demographic

and environmental variables increases

the power to detect the role of genetic

factors, including gene-environment

interactions, in complex traits such

as lipids.45 Second, the hierarchical

sequence avoids the spurious multi-

collinearity caused by interactions,

permitting the investigator to detect

interaction effects uncontaminated by

such artifacts. Third, including both

ethnic groups in the same analyses

allowed us to investigate ethnic hetero-

geneity by assessing the significance of

ethnicity-environment and ethnicity-

gene interactions.

A likelihood ratio test was used to

determine the significance of the vari-

ables that were added to the model

in each analysis step. This test yields

the deviance of the model which is

defined as 22 3 log-likelihood. The

deviance difference (between 2 models)

is asymptotically distributed as x2, with

degrees of freedom equal to the differ-

ence in number of estimated pa-

rameters. Where necessary due to miss-

ing data, models were repeated with

lower n.

TC, HDLC, and TG were logarith-

mically transformed before analysis to

ensure normally distributed residuals.

Untransformed values are presented in

Table 1 and figures. All statistical

analyses considered a P,0.05 statisti-

cally significant and were conducted

using STATA 8.0 (StataCorp, College

Station, Tex).

RESULTS

Sample characteristics are presented

by ethnicity and gender in Table 1.

Regression analyses adjusted for age

assessing gender and ethnic differences

are also presented. Blacks were a little

older and had a higher BMI, whereas

Whites had higher father’s education

levels. No significant ethnicity or gender

differences were found for mother’s

education level (mean 6 SD514 6

2 yrs). Blacks had lower TG levels. For

TC and HDLC, interactions between

ethnicity and gender were identified

because White males had lower TC and

HDLC levels than the other three

ethnicity by gender categories (P,

0.001), as has been found in other

investigations.11 Twenty-seven subjects

had lipid values below the detection

limit for TC, 13 for HDLC, and 66 for

TG. Though we cannot verify that

subjects were fasting, the observed TG

range is within normal limits for fasting

status.

Table 2 shows the genotype and

allele distributions of the four poly-

morphisms in Whites and Blacks. No

significant deviation from Hardy-Wein-

berg equilibrium was observed for any

polymorphism whether in Whites or in

Blacks. Significantly different allele and

genotype frequencies for LDLR

T1773C and PPARc Pro12Ala poly-

morphisms (P,0.001), and significant-

ly different allele frequencies for TNFa

2308G/A (P,0.05) were found be-

tween Blacks and Whites. The T1773

allele and PPARc 12Ala allele were

more common and the TNFa 2308A

allele was less common in Whites (45%,

12%, and 12%, respectively) than in

Blacks (7%, 2%, and 19%, respective-

ly). For the association analyses with

lipid phenotypes, heterozygotes and

homozygotes for rare alleles were com-

bined into one group to increase

statistical power. The effect of PPARc

was only explored in the Whites because

the 12Ala allele frequency was too low

in Blacks (2%).
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Table 3 shows the results of hierar-

chical modeling of TC, HDLC, and

TG with demographic and environmen-

tal variables. As shown in BMI models

(model 3), BMI had a significant effect

on each of the lipid values, showing

a negative effect on HDLC (b5

20.016, P,.01) and a positive effect

on TC (b50.007, P,.01) and TG

(b50.085, P,.01). In addition, BMI

showed a significant interaction with

gender on the levels of TG (b520.027,

P,0.01) and HDLC (b50.013,

P,.05), indicating that males showed

a stronger linear increase in TG and

a smaller linear decrease in HDLC with

BMI than did females. Compared with

the demographic models, the BMI

models explained an additional 10.2%,

2.3%, and 9.2% of variances in TC,

HDLC, and TG, respectively. For SES

models, no significant effects were

found for mother’s education on any

lipid outcome. Father’s education

showed a significant positive effect only

on HDLC (b50.02, P,.01), reflecting

that subjects whose fathers have educa-

tion beyond high school have higher

HDLC levels. Father’s education

showed no significant interactions with

age, gender or ethnicity. Compared

with the demographic model (model

2), this SES model explained an addi-

Table 3. Environmental models predicting lipid variables

Model Predictors
22 3 log-
likelihood x2 df vs Model P,

Explained Variance
%

TC 1 Age, Ethnicity, Gender 95.1
2 Age, Ethnicity, Gender, Ethnicity 3 Gender 82.8 12.3 1 1 .001 28.0
3 Obesity model: BMI 71.0 11.8 1 2 .001 38.2
4 SES model* ... ... ... ... ... ...
5 Environmental Model: Age, Ethnicity, Gender,

Ethnicity 3 Gender, BMI
71.0 11.8 1 2 .001 38.2

HDLC 1 Age, Ethnicity, Gender 389.0
2 Age, Ethnicity, Gender, Age 3 Ethnicity 3

Gender
384.6 4.4 1 1 .05 4.0

3 Obesity model: BMI, BMI 3 Gender 375.5 9.1 2 2 .05 6.3
29 Model 23 382.9 3.8
4 SES model: father’s education category 373.4 9.5 2 29 .01 6.2
5 Environmental Model: Age, Ethnicity, Gender,

Age 3 Ethnicity 3 Gender, father’s
education category1

373.4 9.5 2 29 .01 6.2

TG 1 Age, Ethnicity, Gender 640.1
2 Age, Ethnicity, Gender4 640.1 0 0 1 ... 7.9
3 Obesity model: BMI, BMI 3 Gender1 575.8 64.3 2 2 .001 17.1
4 SES model* ... ... ... ... ... ...
5 Environmental Model: Age, Ethnicity, Gender,

BMI, BMI 3 Gender|
575.8 64.3 2 2 .001 17.1

* Not significant.
3 Model repeated with n5408 (cases with missing father’s education excluded for comparison with model 4).
4 No interactions entered the model, so model 2 equals model 1.

1 BMI and BMI 3 Sex interaction were not significant after father’s education entered, and were omitted from model 5. Model 5 is equal to model 4.
| The contribution of age was no longer significant after including BMI and BMI 3 Sex.

Table 2. Genotype and allele frequencies by ethnicity

Polymorphism

Whites Blacks

Genotype*
Allele

Frequency Genotype*
Allele

Frequency

11 12 22 N 11 12 22 N
ApoB Glu4154Lys 144 (61 8) 213 0.82 / 0.18 121 (42 7) 170 0.84 / 0.16
LDLR T1773C3 (53 97) 77 227 0.45 / 0.55 (2 21) 151 174 0.07 / 0.93
PPARc Pro12Ala3 169 (45 4) 218 0.88 / 0.12 157 8 0 165 0.98 / 0.02
TNFa –308G/A4 173 (42 6) 221 0.88 / 0.12 118 (49 8) 175 0.81 / 0.19

* 115homozygote for the 1st allele; 125heterozygote; 225homozygote for the 2nd allele.

3 Genotype and allele frequencies differ significantly by ethnicity, P,.001.
4 Allele frequencies differ significantly by ethnicity, P,.05.
Parentheses indicate genotypes combined into one group for association analyses.
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tional 2.4% of HDLC variance. Body

mass index (BMI), SES and their

interactions were simultaneously en-

tered into model 2 to obtain a full

demographic and environmental model

that explained the most variance for

TC, HDLC, and TG. Their interac-

tions with the variables in the demo-

graphic model were also assessed. For

TC and TG, the full environmental

model was the same as the BMI model.

For HDLC, BMI, and BMI 3 gender

interaction were no longer significant

after inclusion of father’s education

and therefore omitted from the

model, so the full environmental

model for HDLC was equal to

the SES model.

To explore the gene effects, a full

genetic model for each polymorphism

and each lipid variable was constructed

by entering the gene effect and its

interactions with the terms of the full

environmental model. Table 4 shows

the individual predictors for genetic

models that showed significant gene

effects. A significant negative interaction

between apoB and age and a significant

positive interaction between apoB and

BMI were observed for TC levels.

Compared with the full environmental

model, the full genetic model explained

an additional 12.2% variance of TC

(x2(3)510.8, P,.05). The negative

interaction of apoB and age (P,.01)

implies that 4154Lys allele carriers

had a smaller linear increase in TC

with increasing age (Figure 1a). Strati-

fication of the sample in a young

and older group with mean age as the

cutoff showed that the gene effect was

only significant in younger subjects

(#18.2 y; GluGlu: 3.44 mmol/L

(133 mg/dL) vs GluLys and LysLys:

3.79 mmol/L (147 mg/dL), P,.01).

The positive interaction of apoB

with BMI (P,.05) indicated that

4154Lys allele carriers showed a stron-

ger linear increase in TC with BMI

than did 4154Glu allele homozygotes,

translating in larger TC differences

between carriers and non-carriers of

the Lys allele with increasing BMI

(Figure 1b).

A significant interaction of TNFa

2308G/A and gender on HDLC levels

was observed (P,.01). Figure 2 shows

that the 2308G/A polymorphism had

a significant effect on HDLC only in

males, with significantly lower HDLC

levels in the 2308A allele carriers.

Compared with the full environmental

model, the full genetic model explained

an additional 2.3% variance of HDLC

(x2(2)58.7, P,.05).

A main effect of LDLR T1773C on

TG was found, with T allele carriers

having higher TG levels. Compared

with the full environmental model,

the full genetic model explained an

additional 1.1% variance of TG

(x2(1)57.3, P,.01). The average dif-

ference in TG between T allele carriers

and C allele homozygotes was

0.27 mmol/L (23 mg/dL; Figure 3).

None of the polymorphisms showed

a significant interaction with ethnicity,

that is, the effects of these polymorph-

isms were the same in Whites and

Blacks.

DISCUSSION

This study examined the allele

frequencies and the effects of ApoB

gene Glu4154Lys, LDLR T1773C,

PPARc Pro12Ala, and TNFa 2308G/A

polymorphisms on lipid profile in

a sample of Black and White youth.

The main findings of the study were as

follows: The ApoB Glu4154Lys poly-

morphism interacted with obesity and

age to predict TC levels. The TNFa

2308G/A polymorphism was associat-

ed with HDLC only among males; this

gene-gender interaction may contribute

to the lower levels of HDLC among

males. The main effect of the LDLR

T1773C polymorphism on TG, along

with ethnic differences in allele fre-

quency, may contribute to lower TG

levels found in US Blacks. No effect of

the PPARc Pro12Ala polymorphism

was found among Whites. The rarity

of this polymorphism among Blacks in

this study did not permit its evaluation

in this group.

Table 4. Individual predictors for significant genetic models

Predictors b P,

TC Age 0.02 .001
Ethnicity 0.11 .01
Gender 0.10 .01
BMI 0.01 .05
Ethnicity 3 Gender 20.22 .001
ApoB 0.34 NS
ApoB 3 Age 20.03 .01
ApoB 3 BMI 0.01 .05

HDLC Age 0.02 .05
Ethnicity 0.15 .01
Gender 0.09 NS
Father’s education (vector 1) 0.17 .01
Father’s education (vector 2) 0.14 .05
Age 3 Ethnicity 3 Gender 20.01 .05
TNFa 20.15 .01
TNFa 3 Gender 0.24 .01

TG Age 0.01 NS
Ethnicity 20.35 .001
Gender 0.52 .01
BMI 0.05 .001
BMI 3 Gender 20.03 .001
LDLR 20.15 .01

NS5not significant.
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About a quarter of the variance of

TC was attributable to age, ethnicity,

and gender. Obesity explained an addi-

tional 10.2% variance in TC after

accounting for these constitutional fac-

tors. After adjusting for significant

environmental predictors, the ApoB

4154Lys allele was associated with

greater vulnerability to obesity-induced

hypercholesterolemia in Black and

White youth. For example, the average

TC level of 4154Lys allele carriers was

0.23 mmol/L (9 mg/dL) higher than

that of 4154Glu allele homozygotes at

a BMI of 30 kg/m2 and this difference

increased to 0.54 mmol/L (21 mg/dL)

at a BMI of 40 (Figure 1b). Since

HDLC and LDL are components of

TC, but no effect of this polymorphism

was shown on HDLC, we believe this

result implicates LDL levels, which were

not directly measured in this investiga-

tion. The interaction of this gene with

age meant that the effect was only

significant in younger subjects; we

speculate that this might contribute to

elevated cholesterol levels in adolescence

which remit in adulthood.46 The

LDLR, PPARc, and TNFa genotypes

were not associated with TC.

SES explained 2.4% variance in

HDLC after accounting for constitu-

tional factors. Compared to those whose

fathers had no high school diploma,

individuals whose fathers had at least

a high school education had the advan-

tage of 0.20 mmol/L (8 mg/dL) higher

HDLC. These data add to the studies

linking low SES with lower HDLC and

higher cholesterol among women47,48

and scant literature linking childhood

poverty with adverse adult cholesterol

levels.49,50 Obesity explained 2.3%

variance in HDLC after accounting for

constitutional factors, but was no longer

significant when SES was added to the

model. SES showed no effect on TC or

TG.

After adjusting for environmental

factors, lower HDLC levels were asso-

ciated with the TNFa 2308A allele

only in males. This extends the findings

Fig 2. Interaction of TNFa gene
2308G/A polymorphism with gender
on high density lipoprotein cholesterol

Fig 3. LDLR gene T1773C polymor-
phism and triglyceride level

Fig 1a. Interaction of ApoB Glu4154Lys with age on predicted total cholesterol level

Fig 1b. Interaction of ApoB Glu4154Lys with body mass index on predicted total
cholesterol level
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from a prior study in Australians.32 This

allele was fairly common (12%–19%)

in our sample. Inclusion of this gene-

gender interaction effect in the model

along with the main effect of TNFa

resulted in the expected main effect of

gender becoming nonsignificant. This

observation, along with the similar

HDLC levels found among male and

female 2308G homozygotes, suggests

that this gene-environment interaction

may contribute to the lower levels of

HDLC typically found among postpu-

bertal males. Alternatively, its negative

effect in females may be masked by the

female advantage for HDLC. However,

in this sample Black females and males

had similar HDLC levels. The ApoB,

PPARc, and LDLR genotypes showed

no effect on HDLC.

Obesity explained 9.2% variance in

TG after accounting for constitutional

factors. Significantly lower TG levels

were observed in LDLR 1733C allele

homozygotes compared to T allele

carriers (0.27 mmol/L or 23 mg/dL

mean difference) after adjusting for

environmental factors. Considering the

higher frequency of the C allele in

Blacks (93% vs 55% in Whites), this

polymorphism may contribute substan-

tially to the paradoxically lower TG

levels found in Blacks compared to

Whites in the United States The ApoB,

PPARc and TNFa genotypes showed

no effect on TG.

Postprandial samples might be ex-

pected to show a higher mean and

variability of TG than fasting samples,

based on adult studies,51 though TC

and HDL results would not be affect-

ed.52 These data were not verified

fasting samples, yet the TG values are

in a fasting range, showed expected

ethnic variation (0.28 mmol/L higher in

Whites than Blacks) and yielded robust

results, suggesting that the postprandial

effect was minimal. We suspect that TG

levels among healthy young people may

be less affected by eating than those of

adults with more advanced cardiovascu-

lar risk. Even in adults, several investi-

gations have demonstrated that nonfast-

ing triglycerides independently predict

coronary heart disease.53–56 In the

context of the current concern about

a childhood obesity epidemic and in-

creased cardiovascular risk in adoles-

cents,57,58 routine nonfasting screening

of lipid profile in childhood or adoles-

cence may be a practical strategy, with

fasting tests reserved as follow-up for

cases with elevated total cholesterol or

triglycerides.

Information about this multiethnic

study sample is a novel aspect of the

study, since most prior studies include

only one ethnic population. Examina-

tion of a young, healthy, unmedicated

study sample eliminates secondary ef-

fects of pathophysiology and treatment.

Other strengths include excellent con-

trol of environmental factors in the

analysis. Ethnicity and gender along

with associated factors, BMI and SES,

were included in the analysis, allowing

assessment of their independent as well

as interactive effects. No significant

effects were found for the PPARc

polymorphism in our study. Its rarity

among Blacks (allele frequency of 2%),

also recently observed in the Bogalusa

Heart study,59 limited our ability to

evaluate its effect among Blacks and

reduced the power in our overall

sample.

Self-reported ethnicity is neither

purely biological nor measured with

precision. It represents a mixture of

genetic, social, economic, behavioral

(eg, diet), psychological (eg, identity),

and other environmental factors. De-

spite this, use of self-reported ethnicity

has been advocated in biomedical and

genetic research.60 It is a useful tool to

follow up on known ethnic variation

and identify possible explanatory disease

mechanisms. Methods able to distin-

guish genetic from environmental as-

pects of ethnicity, along with develop-

ment of excellent measures of social

factors and behavior, will advance the

understanding of these underlying fac-

tors in cardiovascular risk development

and may enable our society to more

effectively remedy ethnic health dispar-

ities.61

In sum, the ApoB, TNFa, and

LDLR candidate genes, which have

previously been associated with obesity,

were associated with lipid profiles in

youth after accounting for constitution-

al factors, body habitus, and socioeco-

nomic influence. These gene effects and

gene-environment interactions may in-

form prevention and treatment of

coronary heart disease.

ACKNOWLEDGMENTS

This study was supported by NIH Grant

P01 HL 69999 and a State of Georgia

Biomedical Initiative grant to the Georgia

Center for the Prevention of Obesity and

Related Disorders. We thank S. Halford, B.

Jackson, H. Kang, T. Miller, D. Pruitt, V.

Rouse, P. Shields, G. Slavens, J. Thomas, R.

Trivedi, B. Wells, and S. Young-Mayes for

assistance with laboratory tasks, data man-

agement, and reference cataloging. Special

thanks go to the study participants and their

families.

REFERENCES

1. Executive summary of the third report of the

National Cholesterol Education Program

(NCEP) expert panel on detection, evaluation,

and treatment of high blood cholesterol in

adults (Adult Treatment Panel III). JAMA.

2001;285:2486–2497.

2. von Birgelen C, Hartmann M, Mintz GS,

Baumgart D, Schmermund A, Erbel R. Re-

lation between progression and regression of

atherosclerotic left main coronary artery dis-

ease and serum cholesterol levels as assessed

with serial long-term (. or 512 months)

follow-up intravascular ultrasound. Circula-

tion. 2003;108:2757–2762.

3. Davis PH, Dawson JD, Riley WA, Lauer RM.

Carotid intimal-medial thickness is related

to cardiovascular risk factors measured

from childhood through middle age: The

Muscatine Study. Circulation. 2001;104:

2815–2819.

4. Li S, Chen W, Srinivasan SR, et al. Childhood

cardiovascular risk factors and carotid vascular

changes in adulthood: the Bogalusa Heart

Study. JAMA. 2003;290:2271–2276.

5. Schmidt MI, Duncan BB, Watson RL,

Sharrett AR, Brancati FL, Heiss G. A

metabolic syndrome in whites and African-

Americans. The Atherosclerosis Risk in Com-

LIPID GENES IN BLACK AND WHITE YOUTH - Davis et al

Ethnicity & Disease, Volume 15, Autumn 2005 575



munities baseline study. Diabetes Care.

1996;19:414–418.

6. DeFronzo RA, Ferrannini E. Insulin resis-

tance. A multifaceted syndrome responsible for

NIDDM, obesity, hypertension, dyslipidemia,

and atherosclerotic cardiovascular disease. Di-

abetes Care. 1991;14:173–194.

7. Hokanson JE, Langefeld CD, Mitchell BD, et

al. Pleiotropy and heterogeneity in the expres-

sion of atherogenic lipoproteins: the IRAS

family study. Hum Hered. 2003;55:46–50.

8. Snyder EE, Walts B, Perusse L, et al. The

human obesity gene map: the 2003 update.

Obes Res. 2004;12:369–439.

9. Gillum RF. Distribution of waist-to-hip ratio,

other indices of body fat distribution and

obesity and associations with HDL cholesterol

in children and young adults aged 4–19 years:

The Third National Health and Nutrition

Examination Survey. Int J Obes Relat Metab

Disord. 1999;23:556–563.

10. Christensen B, Glueck C, Kwiterovich P, et al.

Plasma cholesterol and triglyceride distribu-

tions in 13,665 children and adolescents: the

Prevalence Study of the Lipid Research Clinics

Program. Pediatr Res. 1980;14:194–202.

11. Srinivasan SR, Wattigney W, Webber LS,

Berenson GS. Race and gender differences in

serum lipoproteins of children, adolescents,

and young adults–emergence of an adverse

lipoprotein pattern in white males: The

Bogalusa Heart Study. Prev Med. 1991;20:

671–684.

12. Whitty CJ, Brunner EJ, Shipley MJ, Hem-

ingway H, Marmot MG. Differences in

biological risk factors for cardiovascular disease

between three ethnic groups in the Whitehall

II study. Atherosclerosis. 1999;142:279–286.

13. American Heart Association. Heart disease and

stroke statistics–2005 update. In. Dallas, TX:

American Heart Association; 2004.

14. Gartside P, Khoury P, Glueck C. Determi-

nants of high-density lipoprotein cholesterol in

blacks and whites: The second National

Health and Nutrition Examination survey.

Am Heart J. 1984;108:641–651.

15. Wilson PWF. Lipids, lipases, and obesity: does

race matter? Arterioscler Thromb Vasc Biol.

2000;20:1854–1856.

16. Vega GL, Clark LT, Tang A, Marcovina S,

Grundy SM, Cohen JC. Hepatic lipase activity

is lower in African American men than in

white American men: effects of 59 flanking

polymorphism in the hepatic lipase gene

(LIPC). J Lipid Rsch. 1998;39:228–232.

17. Després JP, Couillard C, Gagnon J, et al. Race,

visceral adipose tissue, plasma lipids, and

lipoprotein lipase activity in men and women:

The Health, Risk Factors, Exercise Training,

and Genetics (HERITAGE) family study.

Arterioscler Thromb Vasc Biol. 2000;20:

1932–1938.

18. Srinivasan SR, Ehnholm C, Wattigney WA,

Bao W, Berenson GS. The relation of

apolipoprotein E polymorphism to multiple

cardiovascular risk in children: the Bogalusa

Heart Study. Atherosclerosis. 1996;123:33–42.

19. Howard BV, Gidding S, Liu K. Association of

Apolipoprotein E phenotype with plasma

lipoproteins in African-Americans and white

young adults. Am J Epidemiol. 1998;148:

859–868.

20. Chen W, Srinivasan SR, Elkasabany A, Ells-

worth DL, Boerwinkle E, Berenson GS.

Influence of lipoprotein lipase serine 447 stop

polymorphism on tracking of triglycerides and

HDL cholesterol from childhood to adulthood

and familial risk of coronary artery disease: the

Bogalusa heart study. Atherosclerosis. 2001;159:

367–373.

21. Srinivasan SR, Li S, Chen W, Boerwinkle E,

Berenson GS. R219K polymorphism of the

ABCA1 gene and its modulation of the

variations in serum high-density lipoprotein

cholesterol and triglycerides related to age and

adiposity in white versus black young adults.

The Bogalusa heart study. Metabolism.

2003;52:930–934.

22. Chen W, Srinivasan SR, Boerwinkle E,

Berenson GS. Hepatic lipase promoter

C-514T polymorphism influences serial

changes in HDL cholesterol levels since

childhood: the Bogalusa Heart Study.

Atherosclerosis. 2003;169:175–182.

23. Rajput-Williams J, Knott TJ, Wallis SC, et al.

Variation of apolipoprotein-B gene is associ-

ated with obesity, high blood cholesterol levels,

and increased risk of coronary heart disease.

Lancet. 1988;2:1442–1446.

24. Saha N, Tay JS, Heng CK, Humphries SE.

DNA polymorphisms of the apolipoprotein B

gene are associated with obesity and serum

lipids in healthy Indians in Singapore. Clin

Genet. 1993;44:113–120.

25. Fu Y, Katsuya T, Higaki J, et al. A common

mutation of low-density lipoprotein receptor

gene is associated with essential hypertension

among Japanese. J Hum Hypertens. 2001;15:

125–130.

26. Boright AP, Connelly PW, Brunt JH, Morgan

K, Hegele RA. Association and linkage of

LDLR gene variation with variation in plasma

low density lipoprotein cholesterol. J Hum

Genet. 1998;43:153–159.

27. Salazar LA, Hirata MH, Giannini SD, et al.

Effects of Ava II and Hinc II polymorphisms at

the LDL receptor gene on serum lipid levels of

Brazilian individuals with high risk for

coronary heart disease. J Clin Lab Anal.

1999;13:251–258.

28. Salazar LA, Hirata MH, Forti N, et al. PVU II

intron 15 polymorphism at the LDL receptor

gene is associated with differences in serum

lipid concentrations in subjects with low and

high risk for coronary artery disease from

Brazil. Clin Chim Acta. 2000;293:75–88.

29. Hotamisligil GS. The role of TNFalpha and

TNF receptors in obesity and insulin re-

sistance. J Intern Med. 1999;245:621–625.

30. Gervois P, Torra IP, Fruchart JC, Staels B.

Regulation of lipid and lipoprotein metabo-

lism by PPAR activators. Clin Chem Lab Med.

2000;38:3–11.

31. Ventre J, Doebber T, Wu M, et al. Targeted

disruption of the tumor necrosis factor-alpha

gene: metabolic consequences in obese

and nonobese mice. Diabetes. 1997;46:

1526–1531.

32. Dalziel B, Gosby AK, Richman RM, Bryson

JM, Caterson ID. Association of the TNF-

alpha 2308 G/A promoter polymorphism

with insulin resistance in obesity. Obes Res.

2002;10:401–407.

33. Spiegelman BM. PPAR-gamma: adipogenic

regulator and thiazolidinedione receptor. Di-

abetes. 1998;47:507–514.

34. Olefsky JM. Treatment of insulin resistance

with peroxisome proliferator-activated recep-

tor gamma agonists. J Clin Endocrinol Metab.

2000;106:467–472.

35. Knoblauch H, Busjahn A, Muller-Myhsok B,

et al. Peroxisome proliferator-activated recep-

tor c gene locus is related to body mass index

and lipid values in healthy nonobese subjects.

Arterioscler Thromb Vasc Biol. 1999;19:

2940–2944.

36. Gonzalez Sanchez JL, Serrano Rios MS,

Fernandez Perez CF, Laakso M, Martinez

Larrad MT. Effect of the Pro12Ala poly-

morphism of the peroxisome proliferator-

activated receptor c-2 gene on adiposity,

insulin sensitivity and lipid profile in the

Spanish population. Eur J Endocrinol.

2002;147:495–501.

37. Dysart JM, Treiber FA, Pflieger K, Davis H,

Strong W. Ethnic differences in the myocardial

and vascular reactivity to stress in normoten-

sive girls. Am J Hypertens. 1994;7:15–22.

38. Treiber FA, McCaffrey F, Musante L, et al.

Ethnicity, family history of hypertension and

patterns of hemodynamic reactivity in boys.

Psychosom Med. 1993;55:70–77.
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