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Black-white differences in serum triglycerides and high-density lipoprotein (HDL) cholesterol concentrations are known. 
However, the metabolic basis for these differences is not clear. This study determined the magnitude of postprandial 
triglyceride concentrations, lipoprotein lipase and hepatic triglyceride lipase activities in postheparin plasma, and serum lipid 
and lipoprotein cholesterol concentrations in healthy young adult black men (n = 22) and white men (n = 28). Postprandial 
triglyceride concentrations were measured at 2, 3, 4, 5, 6, and 8 hours after a standardized test meal. Serum lipid and 
lipoprotein cholesterol concentrations were similar between the races in this study sample. However, incremental (above 
basal) increases in triglycerides were significantly greater in white men versus black men at 2 hours (P = .01) and tended to be 
greater at 3 hours (P = .12) and 4 hours (P = .06) after the fat load, In a multivariate analysis that included age, race, 
apolipoprotein E (apoE) genotype, fasting triglycerides, obesity measures, alcohol intake, and cigarette use, fasting 
triglycerides (P = .04) and, to a lesser extent, race (P = .07) were associated independently with the 2-hour incremental 
increase in triglycerides. The incremental triglyceride response correlated inversely with HDL cholesterol in both whites 
(r = - ,38,  P = .04) and blacks (r = - .59,  P = .004). Lipoprotein lipase activity was higher (P = .049) and hepatic triglyceride 
lipase activity lower (P = .0001) in black men compared with white men; racial differences persisted after adjusting for the 
covariates. While lipoprotein lipase activity tended to associate inversely with the postprandial triglyceride concentration in 
both races, hepatic triglyceride lipase activity tended to correlate positively in whites and inversely in blacks, These results 
suggest that compared with whites, blacks may have an efficient lipid-clearing mechanism that could explain the black-white 
differences in lipoproteins found in the population at large. 
Copyright © 1999 by W.B. Saunders Company 

I T IS NOW WELL RECOGNIZED that the atherosclerotic 
process begins early in life, and adverse lipoprotein levels 

are associated with the presence of coronary atherosclerosis 
among adolescents and young adults¢ -3 Epidemiologic studies 
clearly show differences in lipoprotein concentrations between 
young black and white populations. 48 Such differences are 

established by the age of 9 years, with black children having 
lower levels of triglyceride and very-low-density lipoprotein 
(VLDL) cholesterol and higher levels of high-density lipopro- 
tein (HDL) cholesterol and apolipoprotein A-I (apoA-I) than 
white children. 4,5,9-n These racial differences in triglyceride, 

HDL cholesterol, and apoA-I concentrations continue into 
adulthood. 7,8,12 Black-white differences in fasting triglyceride, 
HDL cholesterol, and apoA-I persist even after adjusting for 
other confounding factors such as age, sexual maturation, 
adiposity, contraceptive use, cigarette use, and alcohol use, with 
no racial differences in dietary intake or physical activity. 13,14 It 

has been suggested that the antiatherogenic lipoprotein profiles 
of blacks compared with whites may partly account for the 
lower incidence of premature coronary artery disease in black 
men.8,14 

The metabolic basis for the black-white difference in lipopro- 
teins is not clear. We hypothesized that blacks may inherently 
have an efficient system for triglyceride clearance, since the 
catabolism of triglyceride-rich lipoproteins is a determinant of 
serum triglyceride and HDL cholesterol concentrations. 15-17 
Lipoprotein lipase and hepatic triglyceride lipase play a key role 
in the metabolism of triglyceride-rich lipoproteins and 
HDL.~5,1s-21 The surface components of triglyceride-rich lipopro- 
teins are transferred to HDL during lipolysis of triglycerides by 
lipoprotein lipase, resulting in an increase of HDL mass and 
size. In addition, by controlling the concentration of triglyceride- 
rich lipoproteins, lipoprotein lipase also determines the content 
of triglycerides in HDL. Hepatic lipase, on the other hand, 
hydrolyzes triglyceride and phospholipid components of HDL, 
thereby reducing its mass and size. In the present study, we 

performed an oral fat load test as a means of characterizing 
triglyceride metabolism in normolipidemic black and white 
young men and measured the activity of postheparin lipoprotein 
lipase and hepatic triglyceride lipase. 

SUBJECTS AND METHODS 

Study Subjects and Examination 

Twenty-two black and 28 white healthy young men aged 18 to 25 
years were recruited through posted and verbal advertisements. Subjects 
taking prescription medications were not eligible for participation. All 
subjects signed an informed-consent form. The study was approved by 
the Committee for Use of Human Subjects at the Tulane University 
School of Medicine. 

The subjects were admitted to the Tulane/Louisiana State University/ 
Charity Hospital General Clinical Research Center at 5 eM for 2 
overnight stays separated by 3 to 14 days. After admission, the subjects 
were allowed to eat a regular dinner and then began a 14-hour overnight 
observed caloric fast. Fasting blood specimens were obtained through 
an intravenous catheter. 

The variables measured during visit 1 and visit 2 are as follows: 

visit 1: anthropometric measurements, fasting serum lipids and 

lipoproteins, postprandial triglyceride response, 

apoE genotyping, alcohol and cigarette use; 

visit 2: lipoprotein lipase and hepatic triglyceride lipase. 
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Fat Load Test 

This test was performed during the first admission immediately after 
the fasting blood specimen was obtained. A liquid fatty meal (86.5% of 
calories from fat) was prepared by the research dietitian from 350 mL 
heavy whipping cream (39.5% wt/vol fat), 2 tablespoons of chocolate- 
flavored syrup, 1 tablespoon of granulated sugar, and 1 tablespoon of 
instant nonfat dry milk. 22 Subjects consumed 175 mL of this fatty meal 
per calculated 1 m 2 of body surface area to provide 65 g fat/m 2 body 
surface. Postprandial blood samples were drawn via the indwelling 
intravenous catheter at 2, 3, 4, 5, 6, and 8 hours after ingestion of the fat 
meal. 

Anthropometrics and Life-Style Behaviors 

Anthropometric measurements were obtained including height and 
weight in duplicate, as well as triplicate measurements of waist and hip 
circumference and skinfold thickness at two sites (triceps and subscapu- 
lar). The subjects completed questionnaires about their weekly alcohol 
consumption and cigarette use. 

Lipoprotein Lipase and Hepatic Triglyceride Lipase Activity 

Postheparin lipoprotein lipase and hepatic lipase activities were 
measured as described previously 23,24 3 to 14 days after the oral fat load 
test. After an overnight fast, postheparin blood was drawn into iced 
lithium heparinate tubes 15 minutes after an intravenous injection of 
heparin 75 U/kg body weight. Plasma was separated at 4°C and stored 
frozen at -70°C until assayed. Substrates of both enzymes contained 
0.33 mol/L Tris hydrochloride buffer (pH 8.0), trioleoylglycerol 4.4 mg, 
tri[9,10-3H]oleoylglycerol 11.1 pCi, Triton N-101 0.65 rag, and bovine 
serum albumin 67 mg per milliliter. The reaction mixture for total 
lipolytic activity contained postheparin plasma (5 ~tL), heat-inactivated 
serum (100 ~L), 0.85% NaC1 (245 laL), and substrate (150 ILL), whereas 
samples for hepatic triglyceride lipase activity contained 5.0-mol/L 
NaC1 (100 pL) instead of the serum. The level of 3H fatty acids released 
after incubating the reaction mixture at 37°C for 60 minutes was 
measured and the activity expressed as micromoles of fatty acids 
released per milliliter per minute. Lipoprotein lipase activity was 
calculated by subtracting hepatic triglyceride lipase activity from total 
lipolytic activity. 

Serum Lipids and Lipoproteins 

Cholesterol and triglyceride levels were determined enzymatically on 
an Abbott VP instrument (Abbott Laboratories, North Chicago, IL). 
Serum lipoprotein cholesterol concentrations were measured by a 
combination of heparin calcium precipitation and agar-agarose gel 
electrophoresis. 25 The Lipid Standardization Program of the Centers for 
Disease Control and Prevention (Atlanta, GA) routinely monitors the 
accuracy of total cholesterol, triglyceride, and HDL cholesterol determi- 
nations. 

ApoE Genotyping 

Human leukocyte DNA was extracted using DNA STAT-60 (Tel-Test 
"B"; Tel-Test, Friendwood, TX). DNA was amplified by polymerase 
chain reaction (PCR) with oligonucleotide forward primer (5'- 
GAGAAGCTTGCGGCGCAGGCCCGGCTGGGCGCG-3') and re- 
verse primer (5'-TGAAGCTCCGCTCGGCGCCCTCGCGGGC- 
CCGGG-3') using a modified procedure of Hixon and Vernier. 26 The 
oligonucleotide sequence was obtained from Dr Li-Shin Huang of 
Rockefeller University (New York, NY). The amplification mixture 
contained the buffer and nucleotide components described by the 
GeneAmp (Perkin-Elmer Roche, Branchburg, NJ), DNA 5 ng/pL, 0.56 
]amol/L of each primer, 10% dimethyl sulfoxide, and 0.025 U Taq 
polymerase in a final volume of 100 p.L. The amplification reaction was 
initiated with denaturation at 95°C for 5 minutes followed by 30 cycles 

of denaturation at 95°C for 1.5 minutes, annealing at 70°C for 1 minute, 
and extension at 72°C for 2 minutes. After PCR amplification, 1 U HhaI 
(Promega, Madison, WI) was added to each 200 ng PCR product and 
digested overnight at 37°C. Each digestion product was loaded onto a 
4.5% agarose gel and electrophoresed for 2.5 hours at 70 V. After 
electrophoresis, the gel was stained with ethidium bromide (1 pg/mL) 
for 30 minutes and DNA fragments were visualized by UV illumination. 

Statistical Analysis 

The magnitude of the postprandial triglyceride response was ana- 
lyzed at each time point as both absolute and incremental (above the 
fasting value) triglyceride concentrations. The overall postprandial 
triglyceride response was computed as the area under the triglyceride 
curve by the trapezoidal method after subtraction of the fasting 
triglyceride value. 22 To achieve normality of distribution, the values 
were logarithmically transformed for the absolute triglyceride concen- 
tration and hepatic triglyceride lipase activity; square-root transforma- 
tion was applied for incremental triglyceride values and overall 
incremental triglyceride responses. 

The mean differences in measured variables between the groups were 
assessed using Student's t test. ANOVA and analysis of covariance were 
used to assess the independent effect of race using age, sex, apoE 
genotype, body mass index (BMI), skinfold thickness, cigarette use, and 
alcohol use as covariates. Pearson correlations were used to examine 
associations between fasting and postprandial triglyceride concentra- 
tions and lipoprotein lipase and hepatic triglyceride lipase activities. 
Black-white comparisons between correlation coefficients were per- 
formed by Fisher z-transformation. All analyses were performed using 
the Statistical Analysis System (SAS Institute, Cary, NC) software 
package. 

RESULTS 

Subject Characteristics 

Characteristics o f  the study subjects are shown in Table 1 by 
race. There were no significant differences in age, height,  

weight,  BMI, skinfold thickness,  waist  and hip circumference,  
serum total cholesterol,  triglycerides,  V L D L  cholesterol,  low- 
density l ipoprotein (LDL) cholesterol,  HDL cholesterol,  and 

cigarette use be tween the study groups of  black and white men.  

Table 1. Characteristics of Study Subjects by Race 

Black White 
Variable (n = 22) (n = 28) P 

Age (yr) 22.5 ± 0.5 23.2 -+ 0.4 NS 

Height (cm) 174 +- 1 177 +- 1 NS 

Weight (kg) 77 -- 4 78 ± 2 NS 

BMI (kg/m 2) 25.4 ± 1.1 24.9 ± 0.6 NS 

Waist circumference (cm) 67 ± 6 72 ± 5 NS 

Hip circumference (cm) 74 ± 7 85 -+ 6 NS 

Triceps skinfold thickness 

(ram) 23 +- 4 18 ± 3 NS 

Subscapular skinfold thick- 

ness (ram) 22 + 3 18 ± 2 NS 

Total cholesterol (mg/dL) 166 ± 5 166 ± 6 NS 

Triglycerides (mg/dL) 81 ± 9 91 -+ 6 NS 

VLDL cholesterol (mg/dL) 14 ± 1 18 ± 1 NS 

LDL cholesterol (mg/dL) 106 -+ 5 99 ± 5 NS 

HDL cholesterol (mg/dL) 47 ± 2 50 ± 2 NS 

Cigarette use (no./wk) 5 ± 3 15 -+ 7 NS 

Ethanol intake (g/wk) 56 ± 25 276 ± 79 .02 

NOTE, Values are the mean -+ SEM. 

Abbreviation: NS, not significant. 
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Alcohol consumption was significantly greater in white men 
versus black men. However, adjusting for alcohol intake did not 
change the results. 

Postprandial Triglyceride Response 

The mean postprandial incremental triglyceride concentra- 
tions are displayed by race in Fig 1. Although there was no 
significant black-white difference in the overall incremental 
triglyceride response ( 6 0 5 -  465 rag. h/dL for whites v 
447 + 244 mg• h/dL for blacks, P = .17), white men had a 
significantly greater incremental response during the early 
periods following the fat load versus black men. Incremental 
increases in triglycerides were significantly greater in white 
men compared with black men at 2 hours (100 --- 11 v 57 _+ 8 
mg/dL, P = .01) and tended to be greater at 3 hours (117 __+ 15 v 
76 _+ 9 mg/dL, P = .12) and 4 hours (120 _+ 18 v 75 _+ 9 
mg/dL, P = .06) after ingesting the fatty meal. Absolute 
triglyceride concentrations were also significantly higher in 
white men versus black men at 2 hours (191 + 16 v 138 _+ 12 
mg/dL, P = .02) and tended to be higher at 3 hours (208 _+ 20 v 
158 _+ 14 mg/dL, P = .11) and 4 hours (211 _+ 23 v 157 -+ 79 
mg/dL, P = .07) after the fat load. There was no signifcant 
difference in the time of peak postprandial triglyceride concen- 
trations between black and white men. 

The apoE genotype significantly affected postprandial triglyc- 
eride concentrations in both black men and white men only at 2 
hours after the fat load, with individuals carrying the 2/3 
genotype showing significantly higher 2-hour postprandial 
triglyceride concentrations than those carrying the 3/3 genotype 
(Fig 2). The mean postprandial incremental triglyceride concen- 
trations also showed the same trend. 

In a multivariate analysis that included age, race, apoE 
genotype, BMI, skinfold thickness, waist circumference, alco- 
hol intake, cigarette use, and fasting triglycerides, the 2-hour 
incremental increase in triglycerides was associated with fasting 
triglycerides (P = .04) and, to a lesser extent, with race 
(P = .07). 
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Fig 2. Postprandial change in triglyceride concentrations by race 
and apoE genotype. There were 4, 10, and 7 black men and 8, 10, and 
10 white men with apoE genotypes 2/3, 3/3, and 3/4, respectively. 

In view of the inverse metabolic association between triglyc- 
eride-rich lipoproteins and HDL, the relation of the incremental 
triglyceride response to HDL cholesterol was examined in 

140 blacks and whites separately (Fig 3). As expected, the associa- 
f tion was negative and significant in both whites (r = - .38 ,  

/ l ] + White P = .04) and blacks (r = - . 5 9 ,  P = .004). There was no 
, 120] ~ / / ~ ~  ~- Black black-white difference in correlation coefficients. 
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Fig 1. Postprandial incremental (above fasting value) change in 
triglyceride concentrations in 22 black men and 28 white men fed a 
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Fig 3. Correlation between postprandial incremental triglyceride 

response and fasting HDL cholesterol by race. 
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Lipoprotein Lipase and Hepatic Triglyceride Lipase 

Postheparin lipoprotein lipase activity was significantly greater 
in black men versus white men, whereas postheparin hepatic 
triglyceride lipase activity was significantly greater in white 
men versus black men. Black-white differences in the activity of 
both of these enzymes persisted after adjusting for the covari- 
ates (lipoprotein lipase, P = .049: hepatic triglyceride lipase, 
P = .0001) (Fig 4). 

The association of fasting and postprandial triglyceride 
concentrations with postheparin lipoprotein lipase and hepatic 
triglyceride lipase activities are presented in Table 2 by race. 
Fasting and postprandial triglyceride values at 2, 3, 4, 5, and 6 
hours after the fat load were inversely related to lipoprotein 
lipase activity in both races. However, only 5- and 6-hour 
post-fat load correlations in whites were significant. This may 
be due to the small sample size because, with the exception of 
the 8-hour post-fat load value, correlations became significant 
when data from blacks and whites were combined. There were 
no black-white differences in the relationship of fasting and 
postprandial triglycerides with lipoprotein Iipase activity. A 
similar trend was also found with respect to the incremental 
triglyceride concentration after the fat load (data not shown). 

Fasting and postprandial triglyceride concentrations showed 
a positive association with hepatic triglyceride !ipase activity in 
whites. In contrast, this association was consistently negative in 
blacks. Although none of these correlation coefficients were 
significant (except the 2-hour post-fat load value in whites), the 
values at 0, 2, 3, 4, and 5 hours were significantly different 
between the races. A similar trend Was found with respect to the 
correlation between hepatic triglyceride lipase activity and the 
incremental triglycefide concentration after the fat load (data 
not shown). 

DISCUSSION 

The present study demonstrates black-white differences in 
the postprandial triglyceride response and postheparin plasma 
lipoprotein lipase and hepatic triglyceride lipase activity, key 
parameters associated with triglyceride-rich lipoprotein metabo- 
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Fig 4. Postheparin iipoprotein lipase and hepatic triglyceride 
lipase activity in 22 black men and 28 white men. 

Table 2. Association of Postprandial Triglyceride Response 
With Postheparin Lipoprotein Lipase and Hepatic 

Triglyceride Lipase Activity by Race 

Hepatic Triglyceride 
Lipoprotein Lipase$ Lipase* 

Time White Black Total White Black Total 
(h) (n = 28) (n = 22) (N = 50)¶ (n = 28) (n = 22) (N = 50)¶ 

0 - .33 - .40 - .36 t  .32 -,4111 - .09 
2 - .29 - .28 - .28"  .50t -.211} ,16 
3 - .24 - .23 - .23*  .35 -.15§ .13 
4 -.31 - .26 - .29*  .32 -.27§ .04 
5 - .39*  - .23 - .32*  .25 -.4011 - .09 
6 - .43*  - ,34 - .39*  .13 - .28 - .07 
8 - .22 - .25 - .22 - . 1 7  - .03 - .06 

NOTE.Values are Pearson correlation coefficients. 
* P <  .05. 
t P <  ,01. 
SRace differences: § P < .05, liP < ,01. 
¶Race-adjusted. 

lism, in young men. However, unlike previous population-based 
epidemiologic studies, 4-12 the present study showed no black- 
white differences in fasting triglyceride, VLDL cholesterol, and 
HDL cholesterol concentrations. This may be due to the small 
sample size and/or potential selection bias associated with 
recruitment of volunteer-based study subjects. Excessive alco- 
hol intake in white participants might have obscured the 
black-white divergence in lipoprotein variables despi~e statisti- 
cal adjustment for this covariate. It is noteworthy that despite 
the absence of a racial difference in lipoprotein concentrations, 
a black-white divergence in the above metabolic parameters 
was found in the study subjects. 

Since the purpose of this study was to evaluate the triglycer- 
ide metabolic capacity in these two racial groups, no attempt 
was made to differentiate the contribution of hepatic versus 
intestinal lipoproteins to postprandial lipemia. Although the 
Overall postprandial triglyceride responses were similar in the 
two study groups, compared with black men, white men showed 
a higher response during the early periods (2 to 4 hours) 
following the fat load. In a multivariate analysis that included 
age, race, apoE genotype, fasting triglycerides, obesity mea- 
sures, alcohol intake, and cigarette use, fasting triglycerides 
and, to a lesser extent, race were associated independently with 
the 2-hour incremental increase in triglycerides. The apoE 
genotype, one of the determinants of postprandial lipemia, 27-29 
did not affect the 2-hour incremental response in these normolip- 
idemic subjects. To our knowledge, there are no reports 
describing the black-white difference in postprandial triglycer- 
ide concentrations. The difference in the postprandial triglycer- 
ide response might have been even greater had the study 
subjects showed black-white differences in lipoprotein concen- 
trations. 

The observed black-white difference in postprandial triglyc- 
eride concentrations may have been due to variations in 
intestinal absorption of fat and/or intravascular clearance of 
postprandial triglyceride-rich lipoproteins. Although the role of 
intestinal fat absorption cannot be ruled out, in view of the clear 
black-white difference in postheparin lipoprotein lipase activity, 
a variability in lipolysis most probably accounts for the 
observations in the present study. Further, in the present study, 
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both fasting and postprandial triglyceride concentrations after 
the fat load were inversely related to lipoprotein lipase activity. 
Lipoprotein lipase produced by many tissues is rate-limiting for 
the removal of triglycerides from chylomicrons and VLDL.18,21 
Accordingly, an inverse relationship between the magnitude of 
postprandial lipemia and lipoprotein lipase activity has been 
noted previously. 15 It has been reported that for a comparable 
level of body fatness and fat distribution, black men have higher 
adipose tissue lipoprotein lipase activity than white men. 3° The 
current findings together with these prior observations support 
the concept that blacks inherently may have an efficient 
mechanism for triglyceride clearance. However, it should be 
mentioned that triglyceride turnover studies in blacks and 
whites are needed to further substantiate this concept. 

The current observation that black men had markedly lower 
hepatic triglyceride lipase activity than white men is consistent 
with a previous report. 31 Paradoxically, hepatic triglyceride 
lipase activity and postprandial triglycerides showed a positive 
association in whites and an inverse association in blacks. A 
positive association has been found previously. 15,32 Although 
hepatic triglyceride lipase plays no rate-limiting role in the 
catabolism of triglyceride-rich lipoproteins, 33,34 there is no 
plausible explanation for the divergence in associations be- 
tween the races. 

The observed differences in the postprandial triglyceride 
response and postheparin plasma triglyceride lipase could partly 
explain the well-known black-white divergence in HDL choles- 
terol concentrations. Current knowledge O n lipoprotein metabo- 
lism provides some clues concerning potential mechanisms for 

the black-white divergence. Upon lipolysis mediated by lipopro- 
tein lipase, the surface components of triglyceride-rich lipopro- 
teins are thought to be transferred to HDL precursor par- 
ticles57,35 As a consequence, an efficient lipid-clearing process 
favors increases in HDL cholesterol. On the other hand, a 
sluggish clearance of triglyceride-rich lipoproteins facilitates 
increased translocation of cholesteryl ester from HDL to 
triglyceride-rich lipoproteins in exchange for triglycerides via 
the action of cholesteryl ester transfer protein, resulting in 
decreases in HDL cholesterol. 15,36-38 Further, such a lipid- 
exchange process also results in enrichment of LDL with 
triglycerides) 9,4° An increase in hepatic triglyceride lipase 
activity in a triglyceride-rich environment could favor hydroly- 
sis of transferred triglycerides, resulting in smaller, denser, and 
less cholesterol-rich lipoprotein particles including small dense 
LDL particles, 41,42 known to be highly atherogenic. 43,44 In the 

present study, the incremental triglyceride response correlated 
inversely and significantly with HDL cholesterol in both races. 
It is of interest that a decreased ratio of cholesterol to apoB in 
LDL, a measure of small dense LDL, has been noted in white 
children compared with black children. 45 

In conclusion, the black-white differences in postprandial 
triglyceride concentrations and postheparin plasma triglyceride 
lipases may provide a basis for the lipoprotein differences 
generally found in the two racial groups. Since the status of 
postprandial triglyceride metabolism is linked to the athero- 
genic potential of lipoproteins, 464s further studies in larger 

groups of blacks and whites are needed to generalize these 
initial findings. 

REFERENCES 

1. Strong JR McGill HC Jr: The natural history of coronary 
atherosclerosis. Am J Patho140:37-49, 1962 

2. Newman WP III, Freedman DS, Voors AW, et al: Relation of 
serum lipoprotein levels and systolic blood pressure to early atheroscle- 
rosis: The Bogalusa Heart Study. N Engl J Med 314:138-144, 1986 

3. Pathobiological Determinants of Atherosclerosis in Youth (PDAY) 
Research Group: Relationship of arteriosclerosis in young men to serum 
lipoprotein cholesterol concentrations and smoking. JAMA 264:3018- 
3024, 1990 

4. Srinivasan SR, Frerichs RR, Webber LS, et al: Lipoprotein profile 
in children from a biracial community. Circulation 54:309-318, 1976 

5. Berenson GS, Srinivasan SR, Cresanta JL, et al: Dynamic changes 
of serum lipoproteins in children during adolescence and sexual 
maturation. Am J Epidemiol 113:115-170, 1981 

6. Morrison JA, deGroot I, Kelly KA, et al: Black-white differences 
in plasma lipoproteins in Cincinnati school children (one-to-one pair 
matched by total plasma cholesterol, sex, and age). Metabolism 
28:241-245, 1979 

7. Donahue RP, Jacobs DR Jr, Sidney S, et al: Distribution of 
lipoproteins and apolipoproteins in young adults: The CARDIA Study. 
Arteriosclerosis 9:656-664, 1989 

8. Tyroler HA, Hames CG, Krishan I, et al: Black-white differences 
in serum lipids and lipoproteins in Evans County. Prey Med 4:541-549, 
1975 

9. Srinivasan SR, Freedman DS, Sharma C, et al: Serum apolipopro- 
teins A-I and B in 2854 children from a biracial community: Bogalusa 
Heart Study. Pediatrics 78:189-200, 1986 

10. Sprecher DL, Morrison JA, Simbartl LA, et al: Lipoprotein and 
apolipoprotein differences in black and white girls. Arch Pediatr 
Adolesc Med 151:84-90, 1997 

11. Tyroler HA, Heiss G, Schonfeld A, et al: Apolipoprotein A-I, 

A-II, and C-II in black and white residents of Evans County. Circulation 
62:249-254, 1980 

12. Srinivasan SR, Wattigney MS, Webber LS, et al: 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 20:671-684, 1991 

13. Srinivasan SR, Freedman DS, Webber LS, et al: Black-white 
differences in cholesterol levels of serum high-density lipoprotein 
subclasses among children: Bogalusa Heart Study. Circulation 76:272- 
279, 1987 

14. Glueck CJ, Gartside R Laskarzewski PM, et al: High-density 
lipoprotein cholesterol in blacks and whites: Potential ramification for 
coronary heart disease. Am Heart J 108:815-826, 1984 

15. Patsch JR, Prasad S, Gotto AM Jr, et al: High density lipopro- 
tein2: Relationship of the plasma levels of this lipoprotein species to its 
composition, to the magnitude of postprandial lipemia, and to the 
activities of lipoprotein lipase and hepatic lipase. J Clin Invest 
80:341-347, 1987 

16. Nikkil~i EA, Taskinen MR, Sane T: Plasma high-density lipopro- 
tein concentration and subfraction distribution in relation to triglyceride 
metabolism. Am Heart J 113:543-548, 1987 

17. Tall AR: Plasma high-density lipoproteins: Metabolism and 
relationship to atherogenesis. J Clin Invest 86:379-384, 1990 

18. Eckel RH: Lipoprotein lipase: A multifunctional enzyme rel- 
evant to common metabolic diseases. N Engl J Med 320:1060-1068, 
1989 

19. Jackson RL, Yates MT, McNeruey CA, et al: Relationship 
between post-heparin plasma lipases, triglycerides and high density 
lipoproteins in normal subjects. Horm Metab Res 22:289-294, 1990 

20. Kuusi T, Enholm C, Viikari J, et al: Postheparin plasma 



754 FRIDAY ET AL 

lipoprotein and hepatic lipase are determinants of hypo- and hyperalphali- 
poproteinemia. J Lipid Res 30:1117-1126, 1989 

21. Olivecrona T, Bengtsson-Olivecrona G: Lipoprotein lipase and 
hepatic lipase. Curr Opin Lipidol 1:222-230, 1990 

22. Patsch JR, Karlin JB, Scott LW, et al: Inverse relationship 
between blood levels of high density lipoprotein subfraction 2 and 
magnitude of postprandial lipemia. Proc Natl Acad Sci USA 80:1449- 
1453, 1983 

23. Jackson RL, McLean LR: Human postheparin plasma lipopro- 
rein lipase and hepatic triglyceride lipase. Methods Enzymol 197:339- 
356, 1991 

24. Baginsky ML, Brown WV: A new method for the measurement 
of lipoprotein lipase in postheparin plasma using sodium dodecyl 
sulfate for the motivation of hepatic triglyceride lipase. J Lipid Res 
20:548-556, 1979 

25. Srinivasan SR, Berenson GS: Serum lipoproteins in children and 
methods for study, in Lewis LA (ed): CRC Handbook of Electrophore- 
sis, vol 3: Lipoprotein Methodology and Human Studies. Boca Raton, 
FL, CRC, 1983, pp 185-204 

26. Hixon JE, Vernier DT: Restriction isotyping of human apolipo- 
protein E by gene amplification and cleavage with HhaI. J Lipid Res 
31:545-548, 1990 

27. Davignon J, Gregg RE, Sing CF: Apolipoprotein E polymor- 
phism and atherosclerosis. Arteriosclerosis 1:1-21, 1988 

28. Weintraub MS, Eisenberg S, Breslow JL: Dietary fat clearance in 
normal subjects is regulated by genetic variation in apolipoprotein E. J 
Clin Invest 80:1571-1577, 1987 

29. Brown AJ, Roberts DCK: The effect of fasting triglyceride 
concentration and apolipoprotein E polymorphism on postprandial 
lipemia. Arterioscler Thromb 11:1737-1744, 1991 

30. Ama FM, Poehlman ET, Simonean JA, et al: Fat distribution and 
adipose tissue metabolism in non-obese male black African and 
caucasian subjects. Int J Obes 10:503-510, 1986 

31. Vega GL, Clark LT, Tang A, et al: Hepatic lipase activity is lower 
in African American men than in white American men: Effects of 5' 
flanking polymorphism in the hepatic lipase gene (LIPC). J Lipid Res 
39:228-232, 1998 

32. Applebaum-Bowden D, Haffner SM, Wahl PW, et al: Posthepa- 
rin plasma triglyceride lipases, relationships with very low density 
lipoprotein triglyceride and high density lipoprotein2 cholesterol. Arte- 
riosclerosis 5:273-282, 1985 

33. Huttunen JK, Ehnholm C, Kekki M, et al: Postheparin plasma 
lipoprotein lipase and hepatic lipase in normal subjects and in patients 
with hypertriglyceridemia: Correlations to sex, age and various param- 
eters of triglyceride metabolism. Clin Sci Mol Med 50:249-260, 1976 

34. Reardon ME Salsai H, Steiner G: Roles of lipoprotein lipase and 
hepatic lipase in the catabolism in vivo of triglyceride-rich lipoproteins. 
Arteriosclerosis 2:396-402, 1982 

35. Patsch JR, Gotto AM Jr, Olivecrona T, et al: Formation of high 
density lipoprotein-like particles during lipolysis of very low density 
lipoproteins in vitro. Proc Nail Acad Sci USA 75:4519-4523, 1978 

36. Castro GR, Fielding CJ: Effects of postprandial lipemia on 
plasma cholesterol metabolism. J Clin Invest 75:874-882, 1985 

37. Tall AR, Sammett D, Granot E: Mechanisms of enhanced 
cholesteryl ester transfer from high density lipoproteins to apolipopro- 
tein B-containing lipoproteins during alimentary lipemia. J Clin Invest 
77:1163-1172, 1986 

38. Dullaart RPF, Groener JEM, van Wijk H, et al: Alimentary 
lipemia-induced redistribution of cholesteryl between lipoproteins. 
Arteriosclerosis 9:614-622, 1989 

39. Nichols AV, Smith L: Effect of very low density lipoproteins on 
lipid transfer in incubated serum. J Lipid Res 6:206-210, 1965 

40. Deckelbaum RJ, Eisenberg S, Oschry Y, et al: Reversible 
modification of human plasma low density lipoproteins toward triglyc- 
eride-rich precursors: A mechanism for losing excess cholesterol esters. 
J Biol Chem 257:6509-6517, 1982 

41. Watson TDG, Caslake MJ, Freeman DJ, et al: Determinants of 
LDL subfraction distribution and concentrations in young normolipid- 
emic subjects. Arterioscler Thromb 14:902-910, 1994 

42. Campos H, Dreon DM, Krauss RM: Associations of hepatic and 
lipoprotein lipase activities with changes in dietary composition and 
low density lipoprotein subclasses. J Lipid Res 36:462-472, 1995 

43. Austin MA, Breslow JL, Hennekens CH, et al: Low-density 
lipoprotein subclass patterns and risk of myocardial infarction. JAMA 
260:1917-1921, 1988 

44. Krauss RM: Heterogeneity of low density lipoproteins and 
atherosclerosis risk. CUlT Opin Lipidol 5:339-349, 1994 

45. Srinivasan SR, Bao W, Berenson GS: The amount of cholesterol 
relative to apolipoprotein B in low-density lipoproteins relates primarily 
to high-density lipoprotein cholesterol in children: The Bogalusa Heart 
Study. Metabolism 43:1042-1046, 1994 

46. Zilversmit DB: Atherogenesis: A postprandial phenomenon. 
Circulation 60:473-485, 1979 

47. Groot PHE, van Stiphout HAHJ, Krauss XH, et al: Postprandial 
lipoprotein metabolism in normolipidemic men with and without 
coronary artery disease. Arterioscler Thromb 11:653-662, 1991 

48. Patsch JR, MiesenbSck G, Hopferwieser T, et al: Relation of 
triglyceride metabolism and coronary artery disease: Studies in the 
postprandial state. Arterioscler Thromb 12:1336-1345, 1992 


