The Conjoint Trait of Low High-Density Lipoprotein Cholesterol and High
Triglycerides in Adolescent Black and White Males
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To evaluate the interrelationships among body composition, blood pressure, and lipid phenotypes in adolescent black and
white boys, we assessed racial distributions of lipids, blood pressure, and obesity and their joint occurrence in black and white
boys aged 10 to 15 years. Subjects were recruited from Cincinnati (OH) schools. Because the differences in high-density
lipoprotein cholesterol (HDL-C) and triglycerides (TGs) are the most profound coronary heart disease (CHD) risk factor
differences between black and white males, we assigned subjects to one of four low-HDL-C and high-TG categories (normal
and increased risk) using the age/race-specific 25th {(HDL-C} and 75th (TG) percentiles. We then assessed racial distributions of
lipids, blood pressure, and obesity by these phenotypes. Age differences between the black and white participants were
significant, with the former about 3 months younger (P = .03), but black boys were more mature and were significantly taller
and heavier and had a greater body mass index ([BMI] weight in kilograms divided by height in centimeters squared).
Differences in the sum of the triceps, subscapular, and suprailiac skinfolds were not significant. Blacks had significantly higher
HDL-C, lower TG, and higher diastolic blood pressure (DBP), but differences in systolic blood pressure (SBP) were not
significant. In both racial groups, the body composition measures were significantly correlated with HDL-C, TG, and blood
pressure levels; the correlations between HDL-C and both weight and BMI were significantly stronger in white boys. The
proportion of boys of each race with low HDL-C and high TG was similar by design. In both racial groups, subjects with the
conjoint trait had a significantly greater BMI, triceps skinfold, and sum of skinfolds than subjects in the other phenotypic
groups. For white boys, participants with the conjoint trait had the highest SBP and DBP; differences in SBP were significant
for comparisons to the normal- and high-TG group alone, and differences in DBP were significant for the comparison between
normal and low HDL-C alone. For black boys, subjects with both normal HDL-C and TG had significantly lower SBP than boys
with either the conjoint trait or high TG alone; none of the group differences in DBP were significant. Black had significantly
less dense LDL (more LDL-C per apolipoprotein [apo] B). In each racial group, boys with the conjoint trait had the most dense
LDL, significantly more dense than in any of the other phenotypes in black boys and significantly more dense than in boys with
low HDL-C alone and normal boys in the white group. In both racial groups, the occurrence of no risk factors (>75th percentile
TG, BMI, SBP, and DBP or <25th percentile HDL-C) and three or more risk factors was greater than expected by chance alone,
and the occurrence of exactly one risk factor and two factors was less. When examined by phenotypic groups within race, boys
in each racial group with the normal phenotype had a greater than expected percentage with no risk factors, and white boys
with the conjoint trait were more likely to have a marked increase in multiple risk factors. Possible mechanisms for this
clustering of risk factors and for the racial differences in the patterns are discussed.
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ACIAL DIFFERENCES IN high-density lipoprotein cho-
lesterol (HDL-C) and triglycerides (TGs) are the most
profound and unambiguous coronary heart disease (CHD) risk
factor differences between black and white males: black boys
have significantly higher HDL-C and lower TG than white
boys,!* and these differences persist into adulthood.>® By
contrast, data on racial differences in blood pressure during
youth are less clear, with some investigators reporting no
significant blood pressure differences between the races, some
reporting higher blood pressure in blacks, and some reporting
higher blood pressure in whites.” To some extent, the various
findings are influenced by geography and neighborhood, %!
socioeconomic differences between subjects of different races,'?
the measuring devices used,® and the portion of the distribution
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examined.® In adulthood, racial differences in blood pressure
become unequivocally different, statistically significant, and
clinically important.”

The risk of CHD associated with low HDL-C is increased
when elevated TGs are also present,'>!4 even though elevated
TG levels have not been shown to be an independent risk factor
for CHD in multivariate statistical analyses.!> The combination
of low HDL-C plus high TG (the conjoint trait) is more common
in white versus black males.! HDL-C and TG levels and blood
pressure are all significantly correlated with obesity, the correla-
tions being direct for TG and blood pressure and inverse for
HDL-C.%1718 Duyring ages 6 to 11 years, white boys have
slightly but consistently larger mean values for the sum of
triceps and subscapular skinfolds, while differences in the body
mass index ([BMI] weight in kilograms divided by height in
centimeters squared) are not consistent.1?

Puberty is a period of marked growth in boys, with significant
increases in the BMI and the sum of triceps and subscapular
skinfolds!”!8; during this period, there are concomitant changes
in blood pressure and TG and HDL-C levels.!"*” These changes
in risk factor levels occur in both black and white males, but
black boys have smaller decreases in HDL-C and smaller
increases in TG.'* Consequently, adolescent black males con-
tinue to have higher HDL-C and lower TG.** In adulthood,
black men have higher blood pressure, without changes in the
racial differences in HDL-C and TG.”'¢ The absolute and
relative changes in these two lipid parameters and blood
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pressure levels from childhood to adulthood in black and white
males are not fully understood, and the physiological basis for
the interrelationships among obesity and HDL-C, TG, and
blood pressure in each race remains unclear. Data on adults
from the Atherosclerosis Risk in Communities (ARIC) study?®
suggest that black men have larger incremental changes (decre-
ments) in HDL-C levels per unit increase in BMI than white
men, despite having higher HDL-C. The racial contrasts in lipid
profiles thus may be partially the result of differences in
lipoprotein metabolism between blacks and whites.

The Sex Hormones and Lipoproteins in Adolescent Males
Study, a cohort study of adolescent growth and its effects on
CHD risk factors in black and white boys, provides an
opportunity to examine the interrelationships among body
composition, blood pressure, and lipid phenotypes in black and
white boys in the prepubertal and early, middle, and late
pubertal stages of development. In this analysis, because of the
profound racial differences in HDL-C and TG, we examined
potential mechanistic differences by first assigning subjects to
one of four HDL-C and TG categories (normal and increased
risk) and then assessing racial distributions of lipids, blood
pressure, and obesity by these phenotypes.

SUBJECTS AND METHODS
Study Population

Male students in grades 5 to 9 in selected Cincinnati (OH) elementary
and high schools were enrolled for the study, targeting ages 10 to 15
years. In recruiting the students, a letter citing the endorsement of the
program by the school principals was sent to the parents of all eligible
students, explaining the purposes and methods of the study. A few days
later, trained field workers contacted the students’ parents by telephone
and home visits to explain the study, answer any questions, and obtain
signed informed consent. Demographic data were collected by inter-
view with the subject’s parents, including the subject’s date of birth and
race. A boy was eligible for the study if he and his parents declared him
to be “black” or “white.” The protocol was approved by the University
of Cincinnati College of Medicine Institutional Review Board.

Clinical Assessments

Height was measured to the nearest 0.25 in with the subject’s shoes
off, feet together, and head in the Frankfort horizontal plane. Weight
was measured to the nearest 0.1 kg using a calibrated hospital scale with
the subject’s shoes, sweaters, coats and jackets removed. Two methods
for assessing body habitus were used for this analysis: (1) BMI (a
measure of ponderosity, weight in kilograms divided by height in
meters squared) and (2) skinfold thickness (adiposity). Skinfold measure-
ments were made at the triceps, subscapular, and suprailiac sites by
trained technicians (measurer and recorder) using Lange skinfold
calipers according to the method of Behnke and Wilmore.?! Skinfolds
were measured to the nearest 0.5 mm on the subject’s right side with the
subject in a standing position. Two measurements were taken at each
site, with a third measurement taken if the first two differed by greater
than 1.0 mm. The mean of all readings was used in these analyses.
Blood pressure was measured using a standard sphygmomanometer
after the subject had been sitting quietly for 5 minutes. Measurements
were taken on the right arm with the arm resting on a hard flat surface at
heart level with an appropriate-size cuff as recommended by the
National Heart, Lung, and Blood Institute (NHLBI) Task Force on
Blood Pressure in Children.?? The onset of the fifth Korotkoff phase was
used to define diastolic blood pressure (DBP). One blood pressure
measurement was taken.
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The stages of puberty were scored by visual assessment of pubic hair
according to Marshall and Tanner?? and measurement of testicular size
by comparison to an orchidometer, a series of ovoid beads calibrated to
represent testicular volume from prepubertal through adult age. Puber-
tal maturation stages were then scored again using the modification of
the Tanner method by Biro et al**: stage 1, no pubic hair and testicular
volume less than 3 cc; stage 2a, no pubic hair and testicular volume at
least 3 cc; and stages 2b, 3, 4, and 5, pubic hair at Tanner stages 2, 3, 4,
and 5, respectively. Stage 1 represents prepuberty, stages 2a and 2b
represent early puberty, stages 3 and 4 represent midpuberty, and stage 5
represents late puberty. The assessments were made by a specialist in
adolescent medicine and by male physician assistants trained by the
adolescent specialist. Ten milliliters of blood was drawn into tubes
containing EDTA for lipid, lipoprotein cholesterol, and apolipoprotein
analyses. Immediately following blood aspiration, the phlebotomist
placed the tubes in a styrofoam rack in a cooler containing chemical
coolant. All samples were separated in the laboratory within 2 hours.

Laboratory Measurements

Lipid profiles were measured in the Lipid Laboratory of the
Department of Internal Medicine at the University of Cincinnati
College of Medicine. The laboratory was NHLBI-Centers for Disease
Control-standardized and in phase III of standardization. Analyses were
performed on a Hitachi 705 analyzer (Boehringer Mannheim, Indianapo-
lis, IN) using enzymatic procedures for cholesterol and TG measure-
ment, as well as TG blanking, and the modified Lipid Research Clinics
procedure (heparin—2-mo¥/L MnCl,) for HDL-C.25-27 Total apolipopro-
tein B (apo B) was assayed by electroimmunoassay.?

Statistical Analyses

All analyses were performed using SAS Version 5.18.2% Age- and
race-specific percentiles derived from the current cohort were used to
classify participants into risk groups. For this analysis, HDL-C at or
below the 25th percentile was defined as low, and HDL-C above the
25th percentile was defined as normal; similarly, TG at or above the
75th percentile was defined as high and TG below the 75th percentile as
normal. The age/race-specific cutoff points for HDL-C ranged from 51
mg/dL (age 11 years) to 42 mg/dL (age 15 years) in white boys and from
54 mg/dL (age 12 years) to 46 mg/dL (age 14 years) in black boys. For
TG, the cutoff points for white boys ranged from 63 mg/dL to 93 mg/dL,
and for black boys, from 64 to 79 mg/dL. Four analysis groups were
defined using these percentiles as follows: (1) low HDL-C/high TG, (2)
low HDL-C, (3) high TG, and (4) normal. In similar fashion, the
age/race-specific 75th percentile levels of selected risk factors were
used to categorize black and white subjects into normal and high-risk
subgroups: BMI, low-density lipoprotein cholesterol (LDL-C), and
SBP. The number of subjects with zero, one, two, three, four, and five
risk factors was determined, and the observed clustering was compared
with that expected under an assumption of independence using a
likelihood ratio chi-square test.

The associations among study variables (the body composition
measures of BMI, triceps skinfold thickness, and the sum of the three
skinfold measures, HDL-C, LDL-C, TG, SBP, and DBP) were evalu-
ated using Spearman’s rank-order correlations. Racial differences in
correlations were evaluated using Fisher’s Z test. A regression model
was used to test for differences in the BMI, triceps skinfold, sum of
truncal skinfolds, SBP and K5 DBP, and the ratio of LDL-C to apo B
across the four phenotypic groups and between races. Adjustments for
age and maturation stage were made by entering age into the model as a
linear term and maturation stage as a set of indicator variables. Racial
differences in the distribution of maturation stages were tested using a
chi-square analysis. All analyses were repeated using overall quartiles
and race-specific deciles to define high and normal risk, and results
similar to those obtained when race-specific quartiles were used to
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Table 1. Study Variables in Black and White Males Aged 10 to 15
by Race: The Sex Hormones and Lipoproteins in Adolescent

Males Study
White Black
Characteristic (n = 282) {n = 249) P

Age (yr) 12.7 = 0.09 12.9 = 0.09 .069
Height (cm) 156.2 = 0.45 158.0 + 0.48 <.001
Weight {kg) 46.7 = 0.63 50.6 + 0.68 <.001
BMI (kg/m?) 19.0 = 0.20 20,0 = 0.21 <.001
Maturation stage <.001

Prepubertal 19% 9%

Early puberty 46% 37%

Middle puberty 31% 48%

Late puberty 4% 6%
HDL-C {(mg/dL) 53.5 + 0.69 60.8 = 0.73 <.001
TG {mg/dL) 67.4 = 2.00 54.9 + 2.14 <.001
LDL-C/apo B ratio 1.07 £ 0.015 1.16 = 0.016  <.001
Triceps skinfold {(mm) 13.2 £ 0.38 13.1 = 0.40 944
Sum of skinfold (mm) 39.3 = 1.32 40.6 = 1.41 .507
SBP {mm Hg} 109.8 = 0.70 110.8 = 0.74 .295
DBP (mm Hg) 67.9 = 0.51 70.2 + 0.55 .002

NOTE. All means, with the exception of age, are presented as the
least-squares mean * SE adjusted for age. Mean age is unadjusted.

define risk levels were obtained, except that using quartiles provided
larger numbers of participants in the subgroups and therefore more
power. Thus, the analyses based on quartiles are presented.

RESULTS

Measurements were obtained on 285 white students and 251
black students, representing 74% and 68% of eligible white and
black students, respectively. Of 536 subjects, three white and
two black boys were missing HDL-C data and were excluded
from further analyses. Population characteristics of the analysis
sample of 282 white and 249 black boys are summarized by
race in Table 1. On average, the black boys were younger than
the white boys, but the age difference, albeit significant, was
less than 0.3 years (4 months). Because more black boys had
started puberty and black boys were more mature than white
boys (Table 1, P < .001), least-square means are presented after
adjusting for age and pubertal maturation stage. After adjusting
for age and pubertal stage, the more mature black males were
still taller and heavier and had a greater BMI than the white
males. Differences in SBP between black and white boys were
not significant, but black males had higher DBP. Racial
differences in triceps skinfold thickness and the sum of truncal
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skinfolds were not significant. Black boys had higher HDL-C
and lower TG than white boys. No subjects were diabetic.

Table 2 presents the correlations between the anthropometric
measures (BMI, triceps skinfolds, and sum of skinfolds) and the
lipid (HDL-C and TG) and blood pressure measures. In both
black and white boys, all body composition measures were
significantly and positively correlated with TG and blood
pressure and significantly and negatively correlated with HDL-C.
Testing for racial differences in the correlation coefficients
indicated that correlations for HDL-C with weight (—.26 v
—.50) and BMI (—.20 v —.44) were stronger in whites than in
blacks. Adjusting the correlations for pubertal maturation had
only a minimal effect on the correlations and did not alter the
racial differences (data not shown).

Table 3 presents the mean = SD values for the anthropomet-
ric variables (BMI, triceps skinfold thickness, and the sum of
three truncal skinfold measures), SBP and DBP, and the ratio of
LDL to apo B in each of the four HDL-C-TG groups. The means
have been adjusted for age and pubertal maturation stage. There
was no significant association between pubertal maturation and
the HDL-C-TG phenotype (data not shown). The proportion of
subjects in each race with low HDL-C or high TG was similar
by design. When deciles were used to define the phenotypic
groups, the proportion of participants with low HDL-C or high
TG was also similar by design, but the percentage of white
participants with the conjoint trait was 1.5-fold the percentage
in black boys (P < .05; data not shown). In black boys, subjects
with the conjoint trait had a significantly greater BMI, triceps
skinfold, and sum of skinfold thicknesses than black boys with
low HDL-C alone or with the normal phenotype; differences in
these measures compared with boys with high TG alone were
significant for both skinfold indices but not for BMI. Similarly,
white boys with the conjoint trait had a significantly greater
BMI, triceps skinfold, and sum of three skinfolds than boys in
any of the other groups. White boys with high TG alone had the
second highest means for the triceps skinfold and the sum of
skinfolds; differences were significant for comparisons to
normal boys for the sum of skinfolds. Interestingly, boys with
low HDL-C alone had a lower triceps skinfold thickness than
white boys with normal HDL-C and TG, although the differ-
ences did not reach statistical significance. By comparison,
black boys with low HDL-C alone had a mean sum of skinfolds,
mean triceps skinfold, and mean BMI that were significantly
lower than in boys with high TG alone. The range of the mean
BMI, triceps skinfold, and sum of skinfolds across the four

Table 2. Partial Correlations (Spearman) Among Body Composition, Blood Pressure, HDL-C, and TG in the Study Cohort by Race Adjusting
for Maturation Stage: The Sex Hormones and Lipoproteins in Adolescent Males Study

White Black
Variable HDL-C TG LDL-C K1 K5 HDL-C TG LDL-C K1 K5
Woeight —.39% .26 .13 .36 A7 -.20 .20 .06t .38 .26
BMI —-.36% .30 23 .38 .22 -.15 .22 .16 27 .20
Triceps skinfolds -.17 .32 .25 .29 .23 .07t .24 .24 19 .15
Sum of truncal skinfolds —.24 34 24 .38 27 -.101 .30 24 .26 .18

Abbreviations: K1, systolic blood pressure; K5, diastolic blood pressure (disappearance of sound).
*P < ,05 for comparison of correlations between black and white boys.

tCorrelation not significantly different from zero.
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Table 3. Body Composition Measures, Blood Pressure, and Lipid Levels by HDL-C/TG Group and Race: The Sex Hormone
and Lipoproteins in Adolescent Males Study
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Low HDL-C/High TG

Low HDL-C

High TG

Normal

Parameter (W:n = 25;B:n =24} (W:n=236;B:n=231) (W:n =42;B:n = 3b) (Win =179;B:n = 156%)
BMI

White 21.6 = 0.55%8|| 18.4 = 0.471| 19.4 = 0.421 18.4 = 0.201+8

Black 23.1 = 0.714 19.8 = 0.631§ 21.9 = 0.604| 19.2 = 0.2878
Triceps SF

White 17.2 = 1.09t| 121 = 091t 14.2 = 0.851 12.7 = 0.40%

Black 19.7 = 1.3714 12.3 = 1.2118 15.9 = 1.1514] 11.7 = 0.53t§
Sum of SFs

White 54.8 = 3.841% 37.8 = 3.191 43.3 = 2.991| 36.6 = 1.401§

Black 66.1 = 4,701 37.6 £ 4.131%8 52.0 = 3.941§| 35.0 = 1.8218%
SBP

White 115.8 = 2.328 111.9 £1.92 108.1 £ 1.78% 108.7 + 0.85%

Black 116.3 + 2,31 110.9 + 2.03 116.4 = 1.94] 109.3 = 0.9018
DBP

White 70.5 = 1.72 69.1 = 1.44) 67.0 = 1.33 67.5 = 0.63%

Biack 72.2 = 1.77 71.3 = 1.55 72.0 = 1.48 69.7 = 0.69
LDL/apo B

White 0.89 * 0.05% 1.08 + 0.041 1.00 + 0.04j 1.11 = 0.02t§

Black 1.03 = 0.051| 1.18 = 0.051 1.18 = 0.04t 1.17 = 0.02%

NOTE. Values are the least-squares mean = SE adjusted for age and maturation.
*Three black males with normal HDL-C and TG had missing apo B measurements.

tP < .05 viow HDL-C/high TG group of same race.
P < .05 vlow HDL-C group of same race.

§P <.05 vhigh TG group of same race.

|P < .05 vnormal group of same race.

phenotypic groups was greater in black boys than in white boys
(Table 3).

Within the white group, boys with the conjoint trait had the
highest SBP, significantly higher than in boys with either high
TG alone or normal HDL-C and TG (Table 3). White boys with
the conjoint trait had the highest DBP (70.5 mm Hg), but only
the difference between boys with low HDL-C alone (69.1 mm
Hg) and boys with the normal phenotype (67.5 mm Hg) was
statistically significant. In black subjects, boys with the conjoint
trait and boys with high TG alone had the highest mean SBP
(116.3 and 116.4 mm Hg), both significantly higher than in boys
with the normal phenotype. None of the differences in mean
DBP were significant.

Black boys had significantly less dense LDL (more LDL-C
per apo B) than white boys (1.16 = 0.28 v 1.14 = 0.25,
P = .01), and there were racial differences in the pattern of LDL
density across HDL-C-TG phenotypes. In both races, LDL was
most dense in boys with the conjoint trait. In white boys, the
differences between subjects with the conjoint trait and those
with either the normal phenotype or low HDL-C alone were
significant, as was the comparison between boys with high TG
alone and boys with the normal phenotype. In black boys,
subjects with the conjoint trait had significantly less LDL-C per
apo B than any of the other three phenotypic groups, all of
whom had similar levels of dense LDL (1.17 or 1.18).

Table 4 presents the number and percentage of subjects by
race with zero, one, or more risk factors and the probability of
such clustering by chance alone. In each race, the risk factors
clustered at much higher rates than would be expected on the
basis of chance alone: the percentages of subjects with no risk

factors and with three or more were greater than predicted under
the assumption of independence, and the percentage with only
one risk factor was less than predicted. Racial differences in the
extent of clustering were not significant. Table 5 presents the
percentage of subjects by race and phenotypic group with zero,
one, or more risk factors and the probability of such clustering
by chance alone. In both races, boys with normal HDL-C and
normal TG were more likely to have no other risk factors
(overweight, top-quartile LDL-C, or top-quartile SBP) and less
likely to have one or two risk factors than expected. In white
boys, 4.5% of the participants with normal HDL-C and TG had
an elevated BMI, LDL-C, and SBP, compared with an expected
percentage of 1.5%. In this secondary analysis, results were

Table 4. Observed and Expected Percentages of Risk Factors
by Race: The Sex Hormones and Lipoproteins
in Adolescent Males Study

Observed Percent

No. of Expected
Risk Factors Percent White (n = 285} Black (n = 251)
1] 23.7 36.1 38.7
1 39.6 319 28.7
2 26.4 18.6 17.9
3 8.8 7.7 9.2
4 1.5 3.5 5.6
5 0.1 2.1 0.0

NOTE. Risk factors included are HDL-C, TG, LDL-C, BMI, and SBP.
Tests for significant difference between observed and expected fre-
quencies: white boys, x2 = 22.1, df = 5, P <.001; black boys, x? = 23.1,
df = 4, P<<.001. Test for significant difference in observed frequencies
between black and white participants: x2 = 7.6, df=5, P= .179.
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Table 5. Observed and Expected Percentages of Risk Factors by Race and HDL/TG Group: The Sex Hormones
and Lipoproteins in Adolescent Males Study
No. of % White Black
Risk Factors Expected Normal* High TG Low HDL High TG/Low HDL*t Normal* High TG Low HDL High TG/Low HDL
0 42.2 57.0 35.7 63.9 32.0 61.0 40.0 38.7 25.0
1 42.2 28.5 47.6 19.4 16.0 28.3 229 45.2 375
2 14.1 10.1 11.9 13.9 28.0 10.1 25.7 12.9 375
3 15 4.5 4.8 2.8 24.0 0.6 11.4 3.2 0.0

NOTE. Risk factors included are LDL-C, BMI, and SBP.
*P = .01, frequencies observed v expected.
TP = .05, between races within risk groups.

affected by the small number of participants in the three
subgroups with abnormal lipids. Nevertheless, white boys with
the conjoint trait clustered significantly, with fewer boys having
no other risk factors or only one other risk factor and more boys
than predicted having two and three risk factors (P < .05).
Black boys with the conjoint trait also exhibited a pattern of
fewer boys with none and more boys with two risk factors, but
the deviation of the pattern from expected did not reach
significance. Similarly, the clustering in white boys with low
HDL-C alone and with high TG alone deviated from the
expected level, but did not reach significance (Table 5).

DISCUSSION

Using race-specific distributions of HDL-C and TG to
classify subjects, similar percentages of white and black boys
were identified with low HDL-C and/or high TG, as would be
expected. When the more extreme portions of the distributions
of HDL-C and TG (deciles) were used to classify participants,
the magnitude of the differences in cutoff points for HDL-C and
TG was greater but, by design, similar percentages of partici-
pants were identified. However, the occurrence of the conjoint
trait was about 1.5 times more common in white than in black
boys (P = .05). The range of body composition measures
across HDL-C-TG quartile groups was greater in black boys,
with a greater increment in mean levels compared with normal
subjects in the group of black boys. However, there were
similarities between the races in the relative pattern of body
composition measures across groups: in both black and white
boys, subjects with the conjoint trait had the highest mean BMI,
triceps skinfold, and sum of skinfolds, and subjects with high
TG alone had the second highest means.

In black boys, high TG with or without low HDL-C was
associated with increased SBP, whereas in white boys, partici-
pants with the conjoint trait alone had markedly increased SBP.

White boys had more dense LDL than black boys (less
LDL-C per apo B), consistent with the racial differences in TGs,
which also have apo B as a major apolipoprotein. The pattern
for the ratio of LDL-C-apo B across phenotypic groups also
differed between blacks and whites. In both racial groups,
subjects with the conjoint trait had a low ratio of LDL-C-apo B
and normal boys had high ratios, but in blacks, boys with high
TG alone and low HDL-C alone had a ratio similar to that in
normal boys, and in whites, boys with high TG alone had a low
ratio (ie, dense LDL) and boys with low HDL-C had a higher
ratio, which did not differ from the ratio in normal boys. Apo B
is the total apo B in a fasting sample, targeting apo B-100.

Generally, in individuals with TG concentrations less than 200
mg/dL, the LDL-C to apo B ratio correlates highly with LDL
particle size. In the two subgroups in each race with high TG
(the conjoint trait and high TG alone), the correlation may
weaken, and only four boys (all white) in this sample had
fasting TG above 200 mg/dL (205, 210, 215, and 238). Thus,
racial differences should be robust. Decreased ratios of LDL-C
to apo B have been reported in offspring of parents with
premature CHD.

Low HDL-C and high TG have each been associated with
obesity in both children and adults.!® Therefore, it is not
surprising that the groups with high TG or low HDL-C would
have higher mean levels of the obesity measures. Even though
the three body measures used in this study were significantly
correlated with both HDL-C and TG, the individual obesity
measures may not operate in perfect concert for both HDL-C
and TG. Low HDL-C and high TG have different metabolic
bases, and the conjoint presence of both low HDL-C and high
TG may represent a combination of two defects or, perhaps
more likely, a unique, separate entity.®® In each racial group,
subjects with the combined phenotype had the highest BMI and
skinfold measures, but there were racial differences in the
pattern of skinfold measures in other phenotyptic groups. In
white boys, increased adiposity was not associated with low
HDL-C alone (increased BMI was), and the mean triceps and
sum of truncal skinfolds were lower than the means observed in
normal boys. In black boys, low HDL-C alone does appear to be
associated with increased adiposity, and the mean triceps and
sum of skinfolds were higher than in normal boys, although the
difference was not significant. Thus, in white boys, elevated TG
appears to be the primary factor associated with increased
adiposity in childhood. However, the correlations of obesity
measures with HDL-C and with TG in white boys were
approximately twice those in black boys, the racial differences
here being statistically significant. The correlations of obesity
with blood pressure were significant in each race, and there
were no racial differences in these correlations.

It is unknown whether the physiologic connection between
HDL-C-TG phenotypes and obesity is based on a third (anteced-
ent) factor or is derived from each factor. According to one
school of thought, racial differences in the effects of lipoprotein
lipase (LpL)343 and insulin®-3’ could be operative in the
HDL-C-TG phenotypes here. After matching black and white
males for fat distribution, Ama et al®® found that adult black
males expressed higher LpL levels. Since HDL-C and TG levels
grossly represent the LpL functional level,” this finding is
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consistent with the higher HDL-C and lower TG values found in
black boys. Ama et al*® also found that body mass was inversely
correlated with LpL levels in blacks, but not in whites. The
higher fasting insulin levels reported in black males®® may
explain the upregulation of LpL, since insulin is known to
enhance LpL expression posttranslationally. Thus, the relatively
lower TG values in black boys could be determined by one or
more of three mechanisms: (1) insulin’s limiting effect on
hepatic very-low-density lipoprotein (VLDL) synthesis, a lipo-
protein particle that is TG-rich; (2) insulin’s upregulation of
LpL, enhancing the metabolic processing of TG-rich lipopro-
tein particles; or (3) the higher levels of free fatty acids, possibly
related to mild insulin resistance and resulting in delayed
glucose clearance in white boys. The last explanation is
consistent with that of Radhakrishnamurthy et al,*® who sug-
gested that a higher production of insulin in blacks leads to a
condition of relatively greater insulin sensitivity. In summary,
the high TG value, then, would reflect an atypical situation of a
particularly low output of insulin or some insulin resistance in
obese black boys, thus leading to reduced LpL activity, mark-
edly reduced HDL-C, and increased body mass. White subjects
with high TG represent a more typical case of insulin resistance,
with increased hepatic VLDL secretion. The lack of a primary
influence on LpL protects HDL-C from any significant transfer-
ence onto VLDL, thus preserving the HDL-C value within the
usual range. The metabolic route that results in high TG and low
HDL-C escapes the concomitant elevation in blood pressure in
white boys. It is unknown whether the transfer proteins for
HDL-C/VLDL lipid exchange, ie, cholesteryl ester transferase,
are influenced by insulin differently between the races.

It is interesting to note the clustering of risk factors in these
boys. In both racial groups, the percentage of boys having no
risk factors and the percentage having three or more were
greater than expected by chance alone, while the percentage of
boys with only one risk factor was much less than expected. The
percentage with two risk factors was slightly less than expected,
but the difference between the observed and the expected value
here did not contribute much to chi-square. This finding
suggests the presence of an underlying syndrome that carries
with it abnormal levels of HDL-C, TG, BMI, and SBP and DBP.
This combination of risk factors closely resembles syndrome X.
When the clustering of risk factors was further examined in the
separate phenotypic groups, significant clustering was noted in
normal boys of each race (more participants than expected with
no risk factors) and in white boys with the conjoint trait.

Increases in SBP have been associated with defects in the
LpL gene,* and the related region on chromosome 8 has been
linked to SBP in siblings.*! Thus, alterations in LpL function
may partially explain the association of high TG levels and SBP.
However, since the LpL gene defects have not been associated
with body mass, it is difficult to argue for LpL. gene defects as
the basis for all aspects of the low-HDL-elevated blood
pressure—obesity risk factor complex.
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Sympathetic neural tone has been implicated in the develop-
ment of elevated blood pressure through its effects on vasoregu-
lation and on renin expression and concomitant salt retention.
This common approach to elevated blood pressure can be
reached through different pathways. First, abnormalities related
to insulin receptors may trigger this cascade of risk factors.
Insulin resistance and the resulting hyperinsulinemia produce
an upregulation of glucose uptake in the ventral medial nucleus
of the hypothalmus.*? Glucose disinhibits an active link in this
sympathetic regulatory center to the brain stem, which results in
increased sympathetic activity.¥ Dietary excess and the result-
ing hyperinsulinemia lead to an increase in sympathetic activity
and a concomitant increase in energy expenditure. Energy
balance is achieved through such a thermogenic process. Thus,
insulin resistance and the resulting obesity could result in
hypertension as a secondary product of the hypersympathetic
state.

Second, a primary increase in sympathetic tone may be the
initiating factor. There is some suggestion that the increase in
sympathetic activity causes a compromise in the insulin-
mediated transport of glucose.*

Third, obesity itself may be the primary genetic cause of this
risk factor cluster. Leptin, the result of the OB gene, binds to a
hypothalamic receptor to reduce food consumption; it has been
postulated to activate the sympathetic system. Alternatively,
tumor necrosis factor-a increases in obesity and can lead to
insulin resistance and downregulation of LpL..#546

Racial differences in sympathetic activity have been reported.
Using microneurographic probes to measure nerve activity in
peripheral nerves revealed that blacks had greater impulse
activity than whites, as well as higher blood pressure levels
during cold pressure testing, even though “burst” rates were
equivalent at rest.> Cold pressure tests, mental stress tests, and
isometric handgrip tests all reveal greater increases in sympa-
thetic activity and blood pressure in blacks than in whites.*’#8
The increased sympathetic activity and well-documented salt
retention in blacks compared with whites could explain the
enhanced blood pressure in blacks and the secondary metabolic
changes that lead to lower TG and high HDL-C.

In summary, the conjoint trait of low HDL-C and high TG is
associated with extreme body composition measures in boys as
young as 10 years of age. Racial differences in HDL-C and TG
values in a sample of adolescent boys suggest racial differences
in LpL functional levels. The finding that low HDL-C alone in
white boys is not linked to any increase in adiposity compared
with normals suggests that the association of obesity is primar-
ily with high TG with or without low HDL-C. In black boys,
there was a small increase in adiposity in those with low HDL-C
alone, which may be additive to that associated with high TG
alone. Thus, in blacks, the conjoint trait appears additive. These
differences probably reflect a racial difference in the inter-
action among adiposity, LpL, insulin, and hepatic lipoprotein
metabolism.
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