ARTICLE

Advanced Lipoprotein Testing Does Not Improve Identification of
Subclinical Atherosclerosis in Young Adults: The Bogalusa Heart Study
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Background: The clinical value of advanced lipoprotein testing
relative to traditional lipid testing remains controversial. To date,
no studies have evaluated associations between advanced lipopro-
tein testing and subclinical atherosclerosis in healthy young
adults.

Objective: To determine whether advanced lipoprotein testing
using vertical-spin density-gradient ultracentrifugation better pre-
dicts carotid intima-media thickness, a validated measure of sub-
clinical atherosclerosis, than does traditional lipoprotein testing in
asymptomatic young adults.

Design: Cross-sectional community-based study.
Setting: Bogalusa, Louisiana.

Participants: 311 randomly selected adults from the Bogalusa
Heart Study who were 20 to 38 years of age.

Measurements: The authors performed advanced lipoprotein
testing using vertical-spin density-gradient ultracentrifugation, tra-
ditional testing using enzymatic methods, and Friedewald formula
estimation of low-density lipoprotein cholesterol levels. A certified
reader blinded to lipoprotein results determined carotid intima—
media thickness by B-mode ultrasonography. C-statistics from
area under the receiver-operating characteristic curves (AUCs) de-
rived from multivariable regression models were compared.

Results: Lipid values obtained with advanced lipoprotein testing
did not predict carotid intima—-media thickness better than tradi-
tionally measured lipid values in 236 participants for whom all
data were available. A model using traditional lipoprotein mea-
sures (AUC, 0.754 [95% Cl, 0.690 to 0.812]) did not differ sig-
nificantly from a model using advanced lipoprotein measures
(AUC, 0.779 [Cl, 0.662 to 0.871]) for prediction of carotid intima—
media thickness (P > 0.2). Subclass pattern of LDL, lipoprotein(a)
cholesterol, intermediate-density lipoprotein cholesterol, high-den-
sity lipoprotein cholesterol subclasses, and very-low-density li-
poprotein subclasses did not improve the performance of models
for prediction of carotid intima-media thickness.

Limitations: The study was cross-sectional, cardiac events were
not determined, and only 1 method of advanced lipoprotein test-
ing was used.

Conclusions: Advanced lipoprotein testing using vertical-spin
density-gradient ultracentrifugation did not improve prediction of
carotid intima—media thickness in young adults and may not be
useful for assessing cardiovascular risk in this population.
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Dyslipidemia, a risk factor for atherosclerosis and car-
diovascular events in middle-aged and older adults, is
associated with subclinical atherosclerosis in children and
young adults (1, 2). The National Cholesterol Education
Program recommended early dyslipidemia screening and
treatment for primary cardiovascular disease prevention
(1). Variability in lipoprotein measurement, however, may
limit the accuracy of standard lipid testing (3). With grow-
ing evidence that other lipoproteins not assessed by tradi-
tional lipid testing are associated with cardiovascular risk,
there has been increasing interest in assays that can directly
measure low-density lipoprotein (LDL) cholesterol and
other variables, such as lipoprotein(a), remnants, and par-
ticle size (1, 4—6). These assays have been recommended
for younger adults who may be at increased risk for pre-
mature coronary artery disease, as well as for more aggres-
sive primary prevention (1, 7-9).

To date, no studies have specifically evaluated associa-
tions between advanced lipoprotein testing variables and
subclinical atherosclerosis in young adults. Also unknown
is whether advanced lipoprotein testing improves cardio-
vascular risk prediction compared with traditional lipopro-
tein testing in this population. Ultrasound measurement of
carotid intima—media thickness, a validated marker of sub-
clinical atherosclerosis and future cardiovascular risk, has
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been used widely to study risk factors for atherosclerosis,
including in young adults (10-18). The purpose of our
study was to determine whether advanced lipoprotein test-
ing by vertical-spin density-gradient ultracentrifugation
predicts carotid intima—media thickness better than tradi-
tional lipoprotein testing in asymptomatic young adults.

METHODS
Study Participants and Design

The institutional review boards of Tulane University
Health Sciences Center and University of Wisconsin Med-
ical School approved this study. The Bogalusa Heart Study
is a longitudinal study of the natural history of atheroscle-
rosis in children and young adults in Bogalusa, Louisiana
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(10, 16). Seven cross-sectional studies of schoolchildren
were conducted from 1973 to 1994, and 4 studies of
young adults previously examined as children and still liv-
ing in the community were conducted from 1983 to 1996.
Included in baseline screening were all noninstitutionalized
children who were attending kindergarten through ninth
grade and whose parents consented to their participation.

During the last 6 months of the 1995-1996 survey,
519 of the 1420 participants were selected by a random-
number generator to undergo assessment of carotid intima—
media thickness. The mean age of these 519 participants
was 32 years, 39% were men, and 71% were of white
ethnicity. They were similar to the overall cohort in eth-
nicity, sex, body mass index, systolic blood pressure, high-
density lipoprotein (HDL) cholesterol level, LDL choles-
terol level, and triglyceride level (P> 0.2 for all of the
preceding variables) but were approximately 4 years older
(P < 0.001) (10, 16, 19, 20). Roughly 33% (» = 449) of
the 1995-1996 survey group were randomly selected to
undergo advanced lipoprotein testing. Three hundred
eleven participants had both advanced lipoprotein testing
and carotid intima—media thickness measurements. Inde-
pendent, random selection for each test should have pro-
duced a smaller sample size. Our groups overlapped more
than would be expected by chance alone, probably because
the overall sample may have been enriched with partici-
pants from the last half of the 1995-1996 survey, when
carotid intima—media thickness was first measured. Num-
bers of patients chosen for measurement of carotid intima—
media thickness and advanced lipoprotein were based on
resources and funding.

Study Procedures

Detailed study methods have been described elsewhere
(10, 16, 19-22). Participants fasted for at least 12 hours
before assessments. Blood pressure, serum samples, family
history, health-habit information, anthropometric infor-
mation, and carotid intima—media thickness data were col-
lected sequentially. Height and weight were measured in
duplicate and were averaged to calculate body mass index
(kg/mz). Waist circumference was measured midway be-
tween the rib cage and the superior border of the iliac crest.
Blood pressure in the right arm was measured in triplicate
while participants were seated. Blood samples were col-
lected by venipuncture and were transported to the New
Orleans core laboratory in a cold-packed box on the same
day. Serum glucose levels were measured by a glucose ox-
idase method.

Lipid and Lipoprotein Testing

Traditional lipoprotein testing was performed as fol-
lows. Serum total cholesterol and triglycerides were mea-
sured enzymatically (Abbott VP Analyzer, Abbott Labora-
tories, Abbott Park, Illinois). Intraclass correlation
coefficients between blinded, duplicate values (59 pairs)
were 0.98 for each measurement (20). In contrast to pre-
vious Bogalusa Heart Study reports in which LDL choles-
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Context

Traditional lipoprotein testing methods do not directly
measure low-density lipoprotein cholesterol, lipoprotein(a),
lipid remnants, or particle size. Does measurement of
these laboratory values improve prediction of atherosclero-
sis?

Contribution

This cross-sectional study of 311 healthy young adults
used vertical-spin density-gradient ultracentrifugation to
directly measure multiple lipoprotein subclass patterns,
lipoprotein(a), and intermediate-density lipoprotein choles-
terol. These values did not predict carotid intima-media
thickness better than traditionally measured lipid values.

Cautions

Carotid intima—media thickness is an imperfect measure of
clinically important atherosclerosis. Associations between
lipoproteins and carotid intima—media thickness may differ
between healthy people and older people with known
atherosclerosis.

—The Editors

terol was measured directly, we estimated LDL cholesterol
by using the Friedewald formula to represent standard clin-
ical practice.

Advanced lipoprotein testing was conducted by verti-
cal-spin density-gradient ultracentrifugation (Vertical Auto
Profile-I, Atherotech, Inc., Birmingham, Alabama), as de-
scribed elsewhere (21, 23). Lipoproteins were separated by
a single vertical-spin density gradient (21, 23). Cholesterol
distribution was measured across the gradient by continu-
ous sampling from the tube bottom using an automated
analyzer, with subsequent deconvolution of the peaks.
When this procedure is used, measurements of LDL cho-
lesterol and HDL cholesterol do not include cholesterol
carried by lipoprotein(a) or intermediate-density lipopro-
tein cholesterol. By this method, LDL cholesterol is the
sum of lipoprotein(a), intermediate-density lipoproteins,
and the remainder, which is termed “real” LDL cholesterol.
On the basis of the relative position of the peak concen-
tration of LDL cholesterol in the density gradient, the LDL
subclass pattern was characterized as large—buoyant, inter-
mediate, or small-dense. For data analysis, a numerical
value (1, 2, or 3, respectively) was assigned on the basis of
the dominant subclass pattern. Subclasses of HDL choles-
terol (large and small) were measured similarly. Very-low-
density lipoprotein (VLDL)-3 cholesterol represents cho-
lesterol carried in the smallest measured VLDL subclass
(21, 23). Intraclass correlation coefficients between blinded
duplicate values (12 pairs) were 0.97 (lower limit of 95%
CI, 0.92) for LDL cholesterol, 0.89 (lower limit of CI,
0.74) for large HDL cholesterol, 0.81 (lower limit of
CI, 0.56) for small HDL cholesterol, 0.81 (lower limit of
ClI, 0.56) for VLDL-3, and 0.95 (lower limit of CI, 0.87)
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for intermediate-density lipoprotein cholesterol (21). The
subclass pattern assignment for LDL cholesterol showed
83% concordance (lower limit of CI, 62%) (21).

Carotid Ultrasonography

Images of common carotid, bulb, and internal carotid
arterial segments were recorded by using a Toshiba Sono-
layer SSH 160A (Toshiba Medical, Tokyo, Japan) and a
7.5-MHz linear array transducer (10, 16). Carotid artery
segments were interrogated and measured by using proto-
cols from the Atherosclerosis Risk in Communities Study
(24). One certified reader blinded to lipoprotein results
determined far-wall carotid intima—media thickness on B-
mode ultrasonographic images by using a semi-automated
measurement program (16). Three right and 3 left mean
values were determined separately for each carotid seg-
ment. Measurements were averaged to determine segmen-
tal and composite values. Bilateral images could not be
obtained in 2.6% of persons for the common carotid seg-
ment, in 11.7% of persons for the bulb segment, and in
17.9% of persons for the internal carotid arterial segments;
image acquisition becomes more difficult in anatomically
deeper and more tortuous segments (16). Complete bilat-
eral images were available for 74.5% of participants. Fifty-
two individuals had repeated examination within 10 to 12
days. Intraclass correlations were 0.45, 0.54, and 0.52 for
common, bulb, and internal carotid artery segments, re-
spectively, and 0.55 for composite carotid intima—media
thickness, comparable to other epidemiologic studies (22,
25). The mean absolute value of repeated-measure differ-
ences was 0.06 mm (lower limit of CI, 0.05 mm), with a
median of 0.04 mm for the mean carotid intima—media
thickness of all 6 segments.

Statistical Analyses

Statistical analyses were performed by using SAS, ver-
sion 8.2 (SAS Institute, Inc., Cary, North Carolina). De-
scriptive variables were described by using means and SDs.
Wilcoxon signed-rank tests for paired data were used to
assess differences, and Spearman rank correlations were
computed to assess correlations between advanced and tra-
ditional lipoprotein testing values. In univariate and mul-
tivariable analyses, the dependent variable was composite
carotid intima—media thickness in the highest quartile of
the study sample. Univariate associations were determined
by using logistic regression with each lipoprotein value
considered independently.

Independent variables considered in multivariable
analysis, in addition to traditional and advanced lipopro-
tein values, were age, sex, ethnicity, body mass index, al-
cohol use, smoking status, systolic and diastolic blood pres-
sures, glucose, insulin, and waist circumference, which
previously were shown to predict carotid intima—media
thickness in this cohort (16). Collinearity was evaluated.
Variables that had variance inflation factors greater than
2.0 and were similar in magnitude were considered col-

linear (26). These included the following pairs: body mass
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index and waist circumference, diastolic and systolic blood
pressures, traditional total cholesterol and triglyceride lev-
els, and advanced lipoprotein total cholesterol and LDL
cholesterol values. Less clinically pertinent or less precisely
measured variables among collinear pairs were removed
(body mass index, diastolic blood pressure, traditional and
advanced total cholesterol levels). The remaining indepen-
dent variables were retained in all multivariable models.

To determine discriminative value between predictive
models, we constructed multivariable c-statistic models. In
binary models, the c-statistic is analogous to the area under
the receiver-operating characteristic curve (AUC) (27). A
baseline model was constructed by using traditional li-
poprotein values and other noncollinear, nonlipid vari-
ables. To determine whether advanced lipoprotein data im-
proved prediction of carotid intima—media thickness,
alternate models were created in which each traditional
lipoprotein in the baseline model was substituted for by its
comparable advanced lipoprotein testing variable or vari-
ables.

Individuals with incomplete data were excluded by
list-wise deletion. Because results using segmental carotid
intima—media thicknesses were similar to those using com-
posite values, only composite carotid intima—media thick-
ness analyses are reported. Alternate models were compared
by testing differences in c-statistics; an « value less than
0.05 was considered significant (28).

Role of the Funding Sources

This study was funded by the National Center for
Research Resources (RR-1617601); the National Heart,
Lung, and Blood Institute (HL-07936 and HL-38844);
the National Institute on Aging (AG-16592); the National
Institute of Child Health and Human Development
(HD-043820); and the American Heart Association
(0160261B). The funding sources had no role in study
design, data collection, analysis, or interpretation. Authors
had full access to the data sets for carotid intima—media
thickness and lipoproteins.

REsULTS
Baseline Characteristics

Among 311 participants who underwent carotid
intima—media thickness assessments and had advanced li-
poprotein testing using vertical-spin density-gradient ultra-
centrifugation; 42.4% were men; 67.5% were white; and
the mean age was 32.1 years, SD 2.9 (range, 20 to 38
years) (Table 1). Mean composite carotid intima—media
thickness was 0.735 mm, SD 0.104. A composite carotid
intima—media thickness of 0.781 mm or greater defined
the highest quartile in this study.

Seventy-five participants had incomplete data on
carotid intima—media thickness. Age, sex, ethnicity, waist cir-
cumference, systolic blood pressure, LDL cholesterol level,
HDL cholesterol level, and triglyceride level were similar in
the 236 participants who had complete data on both
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Table 1. Baseline Characteristics of 311 Participants
Undergoing Measurement of Carotid Intima-Media Thickness
and Advanced Lipoprotein Testing

Characteristic Value

Age, y 32.1,SD 2.9
Men, % 42.4

White ethnicity, % 67.5

Waist circumference, cm 88.3,SD 15.9
Systolic blood pressure, mm Hg 112.5, SD 11.3

Fasting glucose, mmol/L (mg/dL) 4.5, SD 0.6 (81.0, SD 11.9)

Current alcohol use, % 233
Current smoker, % 36.0
Composite carotid intima-media thickness, 0.735, SD 0.104

mm

carotid intima-media thickness and lipoprotein testing
(Figure) and in those with incomplete data on carotid intima—
media thickness (P> 0.2 for all variables except age, for
which P = 0.08).

Traditional versus Advanced Lipoproteins

Total cholesterol, HDL cholesterol, and LDL choles-
terol values were higher and triglyceride values were lower
when measured traditionally than when measured by using
vertical-spin density-gradient ultracentrifugation. Correla-
tions between traditional and respective advanced lipopro-
tein correlates were positive and statistically significant

(Table 2).

Univariate Associations with Carotid Intima-Media
Thickness

Traditionally measured LDL cholesterol level was pos-
itively associated with carotid intima—media thickness in

Figure. Flow of study participants.
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the 75th percentile or greater, although with borderline
significance (P = 0.117). “Real” LDL cholesterol was also
positively associated with borderline significance (P =

0.070) (Table 3).

Multivariable Models

In multivariable logistic regression models, substitut-
ing advanced lipoprotein testing values for corresponding
traditional lipoprotein values did not improve prediction
of the highest quartile of carotid intima—media thickness
(Table 4). The baseline predictive model using traditional
lipoprotein testing produced an AUC of 0.754 (CI, 0.690
to 0.812). Consistent with univariate analyses, the only
traditional lipid value that contributed significantly to the
model was LDL cholesterol (2 = 0.008). Other significant
contributors were age (P = 0.022), systolic blood pressure
(P = 0.001), and current use of alcohol (P = 0.043).

In comparison, the best advanced lipoprotein testing
model, which was obtained by substituting comparable ad-
vanced lipoprotein testing values for each of the traditional
lipoprotein values in the baseline model, did not signifi-
cantly improve identification of participants in the highest
quartile of carotid intima—media thickness (AUC, 0.782
[CI, 0.718 to 0.841]; P> 0.2) (Table 4, model A). The
only significant advanced lipoprotein testing value that
contributed to this model was “real” LDL cholesterol (P =
0.013); however, current alcohol use also contributed sig-
nificantly (? = 0.003). In addition, separate models indi-
vidually substituting traditional lipoprotein values for cor-
responding advanced lipoprotein values also did not yield
significantly better prediction (Table 4). Among the ad-

Eligible participants (all participants in the 1995-1996
Bogalusa Heart Study Survey)
(n =1420)

A

}

Participants randomly assigned to receive carotid
intima-media thickness measurements (n = 519)

Participants randomly assigned to receive
advanced lipoprotein testing measurements (n = 449)

Subgroup study participants (those who received both carotid intima-media
thickness and advanced lipoprotein testing measurements) (n = 311)

»| Participants excluded because of

incomplete data (n = 75)

Analyzed participants with complete data on carotid intima-media
thickness and advanced lipoprotein testing (n = 236)
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Table 2. Lipid Values in 311 Participants according to Traditional and Advanced Lipoprotein Testing*

Lipid
Total cholesterol

HDL cholesterol

Large HDL cholesterol
Small HDL cholesterol
LDL cholesterol

“Real" LDL
cholesterol
Lipoprotein(a)
cholesterol
IDL cholesterol
LDL subclass§
Triglycerides

VLDL-3 cholesterol

Value according to Traditional
Testing, mmol/L (mg/dL)

5.0, SD 1.0 (193.5, SD 38.9)

1.25, SD 0.42 (48.4, SD 16.2)

3.17, SD 0.91 (122.5, SD 35.3)

1.26, SD 0.97 (111.3, SD 85.7)

Value according to Advanced
Testing, mmol/L (mg/dL)

4.85, SD 0.97 (187.4, SD 37.7)
1.11, SD 0.36 (42.9, SD 13.9)
0.26, SD 0.22 (10.1, SD 8.6)
0.83, SD 0.19 (32.2, SD 7.5)
3.02, SD 0.78 (116.8, SD 30.2)
2.45, SD 0.63 (94.9, SD 24.5)
0.19, SD 0.11 (7.5, SD 4.1)
0.41, SD 0.21 (15.7, SD 8.0)
1.9,SD 0.7

1.53, SD 1.04 (135.7, SD 92.0)

0.30, SD 0.16 (11.5, SD 6.0)

Mean Difference [95% ClI], Correlation
mmol/L (mg/dL)t Coefficientt
0.15 [0.12 to 0.19] 0.94

(5.9 [4.7 to 7.5])

0.14 [0.12 to 0.16] 0.91

(5.5 [4.8 to 6.1])

- 0.72

- 0.71

0.15 [0.1 to 0.19] 0.90

(5.7 [4.0 to 7.3])

- 0.86

- 0.16%

- 0.64

- 0.21
—0.28 [-0.22 to —0.33] 0.87
(—24.4 [-19.2 to —29.4])

- 0.63

* HDL = high-density lipoprotein; IDL = intermediate-density lipoprotein; LDL = low-density lipoprotein; VLDL = very-low-density lipoprotein.

TP < 0.001 for all comparisons unless otherwise indicated.
¥ P = 0.003.

§ Ranges from pattern 1 (large—buoyant) to pattern 2 (intermediate) to pattern 3 (small-dense).

vanced lipoprotein testing models with at least 1 tradi-
tional lipoprotein value, the highest AUC was seen in
model E, in which “real” LDL cholesterol, lipoprotein(a),
intermediate-density lipoprotein cholesterol, and LDL sub-
class pattern were substituted for traditional LDL choles-
terol. However, this model did not significantly improve
the baseline model (AUC, 0.779 [CI, 0.662 to 0.871]; P >
0.2). Of note, “real” LDL cholesterol was again the only
advanced lipoprotein value that contributed significantly to
the model (P = 0.015). Substituting HDL subclasses for
traditional HDL cholesterol values resulted in AUC values
ranging from 0.742 to 0.744 for predicting carotid intima—
media thickness in the 75th percentile or greater (Table 4).

In another model, substituting VLDL-3 cholesterol and
triglycerides from advanced lipoprotein testing for tradi-
tional lipoprotein triglyceride values did not improve pre-
diction of carotid intima—media thickness (AUC range,
0.728 to 0.741) (Table 4).

Discussion

Levels of LDL cholesterol determined both by tradi-
tional and advanced lipoprotein testing helped identify
young asymptomatic adults with carotid intima—media
thickness in the highest quartile of the study sample. When
compared with models using traditional lipoprotein mea-

Table 3. Lipoprotein Values in the Highest versus Lower 3 Quartiles of Carotid Intima—Media Thickness in 236 Participants*

Variable Carotid Intima—Media Thickness P Valuet
Top Quartile Lower 3 Quartiles
Traditional testing
Total cholesterol, mmol/L (mg/dL) 5.15, SD 1.16 (199.1, SD 44.9) 4.95, SD 0.99 (191.6, SD 38.3) >0.2
Triglycerides, mmol/L (mg/dL) 1.2, SD 0.86 (106.3, SD 76.4) 1.3, SD 1.09 (114.9, SD 96.8) >0.2
LDL cholesterol, mmol/L (mg/dL) 3.34, SD 1.08 (129.3, SD 41.8) 3.11, SD 0.86 (120.4, SD 33.3) 0.117
HDL cholesterol, mmol/L (mg/dL) 1.23, SD 0.59 (47.7, SD 22.7) 1.24, SD 0.36 (48.0, SD 13.9) >0.2
Advanced testing
Total cholesterol, mmol/L (mg/dL) 4.97, SD 1.09 (192.0, SD 42.3) 4.82, SD 0.94 (186.5, SD 36.2) >0.2
Triglycerides, mmol/L (mg/dL) 1.61, SD 1.18 (142.9, SD 104.4) 1.52, SD 0.99 (134.4, SD 87.7) >0.2
LDL cholesterol, mmol/L (mg/dL) 3.15, SD 0.86 (121.8, SD 33.1) 2.97, SD 0.79 (114.8, SD 30.6) 0.142
“Real" LDL cholesterol, mmol/L (mg/dL) 2.56, SD 0.69 (99.0, SD 26.5) 2.41, SD 0.63 (93.2, SD 24.3) 0.070
Lipoprotein(a) cholesterol, mmol/L 0.17, SD 0.09 (6.5, SD 3.5) 0.20, SD 0.11 (7.6, SD 4.1) 0.121
(mg/dL)
IDL cholesterol, mmol/L (mg/dL) 0.42, SD 0.24 (16.2, SD 9.1) 0.39, SD 0.18 (15.2, SD 7.1) >0.2
LDL subclasst 2.0,SD 0.8 1.9, SD 0.7 >0.2
HDL cholesterol, mmol/L (mg/dL) 1.06, SD (41.1, SD 17.6) 1.11, SD 0.33 (43.0, SD 12.9) >0.2
Large HDL cholesterol, mmol/L (mg/dL) 0.25, SD 0.32 (9.5, SD 12.2) 0.27, SD 0.21 (10.4, SD 8.2) >0.2
Small HDL cholesterol, mmol/L (mg/dL) 0.8, SD 0.23 (31.1, SD 9.0) 0.84, SD 0.19 (32.5, SD 7.4) >0.2
* HDL = high-density lipoprotein; IDL = intermediate-density lipoprotein; LDL = low-density lipoprotein.
T From logistic regression models.
¥ Ranges from pattern 1 (large—buoyant) to pattern 2 (intermediate) to pattern 3 (small-dense).
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Table 4. Multivariable Models Evaluated for Predicting Carotid Intima-Media Thickness in the Highest versus Lower 3 Quartiles of

Carotid Intima-Media Thickness in 236 Participants*

Model Advanced Lipoprotein Terms

Baseline -

A Large HDL cholesterol, small HDL cholesterol,
IDL cholesterol, "real” LDL cholesterol,
lipoprotein(a) cholesterol, LDL subclass,
triglycerides, VLDL-3 cholesterol

B "Real” LDL cholesterol

C "Real” LDL cholesterol + lipoprotein(a)
cholesterol

D "Real” LDL cholesterol + lipoprotein(a)
cholesterol + IDL cholesterol

E "Real” LDL cholesterol + lipoprotein(a)
cholesterol + IDL cholesterol + LDL
subclasst

F Small HDL cholesterol

G Small HDL cholesterol, large HDL cholesterol

H VLDL-3 cholesterol

| VLDL cholesterol

J Triglycerides

K VLDL-3 cholesterol, triglycerides

Traditional Lipoprotein Terms

HDL cholesterol, LDL cholesterol, triglycerides

HDL cholesterol, triglycerides
HDL cholesterol, triglycerides

HDL cholesterol, triglycerides

HDL cholesterol, triglycerides

LDL cholesterol, triglycerides
LDL cholesterol, triglycerides
LDL cholesterol, HDL cholesterol
LDL cholesterol, HDL cholesterol
LDL cholesterol, HDL cholesterol
LDL cholesterol, HDL cholesterol

AUC (95% CI)

0.754 (0.690-0.812)
0.782 (0.718-0.841)t

0.752 (0.681-0.810)
0.777 (0.710-0.835)

0.778 (0.710-0.835)

0.779 (0.662-0.871)t

0.744 (0.671-0.803)
0.742 (0.671-0.803)
0.741 (0.671-0.803)
0.729 (0.660-0.793)
0.728 (0.660-0.793)
0.737 (0.666-0.798)

* Covariates in all models were age, sex, ethnicity, fasting glucose and insulin levels, systolic blood pressure, waist circumference, current drinking, and current smoking.
AUC = area under receiver-operating characteristic curve; HDL = high-density lipoprotein; IDL = intermediate-density lipoprotein; LDL = low-density lipoprotein;

VLDL = very-low-density lipoprotein.
t P> 0.2 for AUC compared with baseline model.

¥ LDL subclass ranges from pattern 1 (large-buoyant) to pattern 2 (intermediate) to pattern 3 (small—dense).

sures, those using advanced lipoprotein measures obtained
from vertical-spin density-gradient ultracentrifugation did
not significantly improve prediction of subclinical athero-
sclerosis in young adults.

Previous studies of young adults have demonstrated
clear relationships between traditional lipoprotein levels
and increased carotid intima—media thickness (10-12, 16,
18, 29). Among Bogalusa Heart Study participants, LDL
cholesterol and HDL cholesterol levels in childhood (4 to
17 years of age) predicted carotid intima—media thickness
in young adulthood (25 to 37 years of age) (10). Similarly,
childhood LDL cholesterol levels in the Cardiovascular
Risk in Young Finns Study and total cholesterol levels in
8- to 18-year-olds in Muscatine, lowa, predicted carotid
intima—media thickness in young adulthood (11, 12).
Thus, there is increasing evidence that cardiovascular risk
factors for older individuals are also markers of subclinical
atherosclerosis in younger individuals.

Small-dense LDL particles, lipoprotein(a) mass, and
lipoprotein remnants have been associated with atheroscle-
rosis in observational studies of middle-aged and older
adults (1, 4, 5, 8, 9, 30-32). Recent studies showing asso-
ciations between advanced lipoprotein test values and ath-
erosclerosis in young adults (mean ages, 35 to 38 years)
were conducted in patients with type 1 diabetes mellitus
and used different advanced lipoprotein methods and out-
comes, so they cannot be directly compared with this study
(33, 34). One study demonstrated associations between
incident coronary artery disease and HDL size and total
VLDL concentration, but not LDL size (34). Another
study found no association between particle sizes and cor-

www.annals.org

onary calcium scores in diabetic individuals; however,
smaller LDL and HDL particles and larger VLDL particles
were associated with higher coronary calcium scores in
nondiabetic controls (33).

In this study, total cholesterol, HDL cholesterol, and
LDL cholesterol levels measured by vertical-spin density-
gradient ultracentrifugation were lower and levels of tri-
glycerides were higher than corresponding lipoprotein val-
ues obtained through traditional testing. Lower levels of
triglycerides obtained by traditional methods probably
contributed to higher traditional estimates of LDL choles-
terol levels. Nevertheless, findings in univariate and multi-
variable models were consistent. In the former, traditional
LDL cholesterol levels and “real” LDL cholesterol levels
were associated with carotid intima—media thickness in the
highest quartile, although the associations were of border-
line significance. In multivariable analysis, “real” LDL cho-
lesterol was the only variable from advanced lipoprotein
testing that contributed significantly to prediction of in-
creased carotid intima—media thickness, just as LDL cho-
lesterol was the only significant contributor among the tra-
ditional lipoprotein testing variables. These findings are
consistent with previous results from this cohort, in which
directly measured LDL cholesterol levels predicted in-
creased carotid intima—media thickness (16). Our current
analyses demonstrate that advanced lipoprotein testing
variables, when measured by using the methods described
here, do not predict increased carotid intima—media thick-
ness better than traditional lipoprotein values in young
symptomatic adults.

Of note, small-dense LDL cholesterol levels did not
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significantly predict increased carotid intima—media thick-
ness in multivariable analysis. This finding is not surprising
for this age group. Isolated elevations in small-dense LDL
level are rare, especially in otherwise healthy individuals,
and they frequently accompany characteristics that are
linked to the metabolic syndrome. The prevalence of the
metabolic syndrome was only 13% in our sample, which
may be too small to allow detection of significant associa-
tions. Also, increased lipoprotein(a) cholesterol was not as-
sociated with increased carotid intima—media thickness. Al-
though this finding may seem inconsistent with those of
studies linking lipoprotein(a) to cardiovascular events, the
previous studies measured lipoprotein(a) mass while we
measured cholesterol carried by lipoprotein(a) (4, 35). The
relationship between lipoprotein(a) cholesterol and cardio-
vascular events is not known.

Although this cohort reasonably represented young
adults who might undergo lipoprotein screening, minori-
ties other than black persons were underrepresented. The
older age of the subgroup receiving carotid intima—media
thickness testing may have led to larger values than would
have been observed in the rest of the surveyed population.
This could exaggerate an association between cholesterol
levels and carotid intima—media thickness. However, pref-
erential relationships with one type of lipoprotein testing
should not have occurred without significant dyslipidemia,
which was not seen in this study and would not be ex-
pected in young adults presenting for routine screening.
Other limitations included the sample size, which was fur-
ther reduced because of incomplete carotid intima—media
thickness measurements and difficulty in reliably measur-
ing carotid intima—media thickness in certain segments.
Nevertheless, the groups that had carotid intima—media
thickness measurements and advanced lipoprotein testing
were selected randomly and independently of each other.
Finally, carotid intima—media thickness is a surrogate end
point for cardiovascular disease risk, so our findings cannot
be considered definitive. Despite its limitations, carotid
intima—media thickness is a validated predictor of preva-
lent and incident cardiovascular disease (36—38). The final
sample, although relatively small, was sufficient to rule out
important differences in predicting clinically significant
carotid intima—media thickness in this unique population.
The sample size was comparable to that of similar studies
in young and older adults.

This study evaluated only 1 method of advanced li-
poprotein testing. Other methods, such as nuclear mag-
netic resonance spectroscopy or gradient gel electrophore-
sis, have provided incremental power for identifying
atherosclerosis and predicting cardiovascular events in
middle-aged and older adults (36—38). Also, improved ver-
tical-spin ultracentrifugation techniques may allow better
separation of atherogenic from less atherogenic lipopro-
teins and may provide better discriminating power than in
our study (6). This is the first study, to our knowledge,
evaluating the ability of any advanced lipoprotein testing
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technique to predict subclinical atherosclerosis in young
healthy adults.

The inherent measurement variability of all lipopro-
tein tests should also be considered. Biological coefficients
of variation range from 7% to 8% for LDL and HDL
cholesterol to up to 24% for triglycerides (3). Technical
and procedural differences further add 2% to 24% to total
variability (3). When measurements are performed in stan-
dardized laboratories, analytic variability for directly mea-
sured LDL cholesterol is comparable to LDL cholesterol
estimated by the Friedewald equation (coefficients of vari-
ation, 6% vs. 4%, respectively); however, independently
operating clinical laboratories report coefficients of varia-
tion of 12% for LDL cholesterol (3). In highly regulated
and standardized settings, direct lipoprotein assays may
vary less. However, in the absence of definite clinical ben-
efits, the additional costs of advanced lipoprotein testing
may not be justified. These costs can only be estimated
because of regional and contractual pricing differences, but
advanced lipoprotein testing costs approximately $20 to
$60 more per test than traditional testing. Future studies
with newer lipoprotein testing methods, larger sample
sizes, and other cardiovascular outcomes are needed.

In this study of young adults, advanced lipoprotein
testing by vertical-spin density-gradient ultracentrifugation
did not significantly improve identification of increased
carotid intima—media thickness compared with traditional
lipoprotein testing. “Real” LDL cholesterol was the most
significant predictor of increased carotid intima—media
thickness among advanced lipoprotein measures, but it did
not improve the predictive value of LDL cholesterol esti-
mated by traditional testing. Lipoprotein(a) cholesterol and
LDL subclass pattern as determined by vertical-spin densi-
ty-gradient ultracentrifugation were not significantly asso-
ciated with increased carotid intima—media thickness. Al-
though lipoprotein values are powerful predictors of
cardiovascular events and are measured routinely in young
adults, the method of advanced lipoprotein testing used in
our study did not appreciably improve the identification of
increased carotid intima—media thickness, a surrogate for
cardiovascular risk. In comparison, conventional lipid test-
ing provided equivalent predictive value at a lower cost.
Before conclusions regarding lipid testing in young adults
can be considered definitive, further studies must deter-
mine whether other methods of advanced lipoprotein test-
ing are associated with subclinical atherosclerosis in a sim-
ilar sample.

From University of Wisconsin Medical School, Madison, Wisconsin;
Duke University Medical Center, Durham, North Carolina; and Tulane
University Health Sciences Center, New Orleans, Louisiana.

Acknowledgment: The authors thank the participants in the Bogalusa
Heart Study.

Grant Support: By the National Center for Research Resources (RR-
1617601); the National Heart, Lung, and Blood Institute (HL-07936

www.annals.org



and HL-38844); the National Institute on Aging (AG-16592); the Na-
tional Institute of Child Health and Human Development (HD-
043820); and the American Heart Association (0160261B).

Potential Financial Conflicts of Interest: Consultancies: J.H. Stein
(LipoScience Inc.); Honoraria: J.H. Stein (LipoScience Inc.); Grants re-
ceived: W.S. Tzou (National Heart, Lung, and Blood Institute, National
Institutes of Health); S.R. Srinivasan (National Institute of Child Health
and Human Development, National Institutes of Health), W. Chen
(National Institute of Child Health and Human Development, National
Institutes of Health), G. Berenson (National Heart, Lung, and Blood
Institute, National Institute on Aging, National Institutes of Health),
J.H. Stein (National Center for Research Resources, National Institutes
of Health); Grants pending: G. Berenson (National Heart, Lung, and
Blood Institute, National Institutes of Health).

Requests for Single Reprints: James H. Stein, MD, Department of
Medicine, Section of Cardiovascular Medicine, University of Wisconsin
Medical School, 600 Highland Avenue, G7/341 CSC (MC 3248), Mad-
ison, WI 53792.

Current author addresses and author contributions are available at www
.annals.org

References

1. National Cholesterol Education Program (NCEP) Expert Panel (ATP III).
Third Report of the Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults (Adult Treatment Panel III) Executive Sum-
mary. September 2002. NIH publication no. 02-5215. Bethesda, MD: U.S.
Department of Health and Human Services; 2002.

2. Stamler J, Daviglus ML, Garside DB, Dyer AR, Greenland P, Neaton JD.
Relationship of baseline serum cholesterol levels in 3 large cohorts of younger
men to long-term coronary, cardiovascular, and all-cause mortality and to lon-
gevity. JAMA. 2000;284:311-8. [PMID: 10891962]

3. National Cholesterol Education Program. Recommendations on Lipoprotein
Measurement from the Working Group on Lipoprotein Measurement. Bethesda,
MD: National Heart, Lung, and Blood Institute; 1995. NIH publication no.
95-3044.

4. Danesh ], Collins R, Peto R. Lipoprotein(a) and coronary heart disease.
Meta-analysis of prospective studies. Circulation. 2000;102:1082-5. [PMID:
10973834]

5. Gardner CD, Fortmann SP, Krauss RM. Association of small low-density
lipoprotein particles with the incidence of coronary artery disease in men and
women. JAMA. 1996;276:875-81. [PMID: 8782636]

6. Kulkarni KR, Garber DW, Jones MK, Segrest JP. Identification and choles-
terol quantification of low density lipoprotein subclasses in young adults by
VAP-II methodology. J Lipid Res. 1995;36:2291-302. [PMID: 8656067]

7. VAP vs. Routine Test. Atherotech. Accessed at www.atherotech.com/medical
professionals/vap_vs_standard.asp on 15 March 2005.

8. Genest ] Jr, McNamara JR, Ordovas JM, Jenner JL, Silberman SR, Ander-
son KM, et al. Lipoprotein cholesterol, apolipoprotein A-I and B and lipoprotein
(a) abnormalities in men with premature coronary artery disease. ] Am Coll
Cardiol. 1992;19:792-802. [PMID: 1531990]

9. Coresh J, Kwiterovich PO Jr, Smith HH, Bachorik PS. Association of plasma
triglyceride concentration and LDL particle diameter, density, and chemical com-
position with premature coronary artery disease in men and women. ] Lipid Res.
1993;34:1687-97. [PMID: 8245719]

10. Li S, Chen W, Srinivasan SR, Bond MG, Tang R, Urbina EM, et al.
Childhood cardiovascular risk factors and carotid vascular changes in adulthood:
the Bogalusa Heart Study. JAMA. 2003;290:2271-6. [PMID: 14600185]

11. 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;104:2815-9.
[PMID: 11733400]

www.annals.org

Advanced Lipoprotein Testing in Young Adults ARTICLE

12. Raitakari OT, Juonala M, Kahonen M, Taittonen L, Laitinen T, Maki-
Torkko N, et al. Cardiovascular risk factors in childhood and carotid artery
intima-media thickness in adulthood: the Cardiovascular Risk in Young Finns
Study. JAMA. 2003;290:2277-83. [PMID: 146001806]

13. Greenland P, Abrams ], Aurigemma GP, Bond MG, Clark LT, Criqui
MH, et al. Prevention Conference V: Beyond secondary prevention: identifying
the high-risk patient for primary prevention: noninvasive tests of atherosclerotic
burden: Writing Group III. Circulation. 2000;101:E16-22. [PMID: 10618318]
14. Chambless LE, Folsom AR, Clegg LX, Sharrett AR, Shahar E, Nieto FJ, et
al. Carotid wall thickness is predictive of incident clinical stroke: the Atheroscle-
rosis Risk in Communities (ARIC) study. Am ] Epidemiol. 2000;151:478-87.
[PMID: 10707916]

15. Chambless LE, Folsom AR, Sharrett AR, Sorlie P, Couper D, Szklo M, et
al. Coronary heart disease risk prediction in the Atherosclerosis Risk in Commu-
nities (ARIC) study. J Clin Epidemiol. 2003;56:880-90. [PMID: 14505774]
16. Urbina EM, Srinivasan SR, Tang R, Bond MG, Kieltyka L, Berenson GS,
et al. Impact of multiple coronary risk factors on the intima-media thickness of
different segments of carotid artery in healthy young adults (The Bogalusa Heart
Study). Am J Cardiol. 2002;90:953-8. [PMID: 12398961]

17. O’Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL, Wolfson SK
Jr. Carotid-artery intima and media thickness as a risk factor for myocardial
infarction and stroke in older adults. Cardiovascular Health Study Collaborative
Research Group. N Engl ] Med. 1999;340:14-22. [PMID: 9878640]

18. Knoflach M, Kiechl S, Kind M, Said M, Sief R, Gisinger M, et al. Cardio-
vascular risk factors and atherosclerosis in young males: ARMY study (Athero-
sclerosis  Risk-Factors in Male Youngsters). Circulation. 2003;108:1064-9.
[PMID: 12952827]

19. Freedman DS, Dietz WH, Tang R, Mensah GA, Bond MG, Urbina EM,
et al. The relation of obesity throughout life to carotid intima-media thickness in
adulthood: the Bogalusa Heart Study. Int ] Obes Relat Metab Disord. 2004;28:
159-66. [PMID: 14581934]

20. Krishnan P, Balamurugan A, Urbina E, Srinivasan SR, Bond G, Tang R, et
al. Cardiovascular risk profile of asymptomatic healthy young adults with in-
creased carotid artery intima-media thickness: the Bogalusa Heart Study. ] La
State Med Soc. 2003;155:165-9. [PMID: 12873105]

21. Srinivasan SR, Segrest JP, Elkasabany AM, Berenson GS. Distribution and
correlates of lipoproteins and their subclasses in black and white young adults.
The Bogalusa Heart Study. Atherosclerosis. 2001;159:391-7.  [PMID:
11730819]

22. Berenson GS, ed. Cardiovascular Risk Factors in Children. New York: Ox-
ford Univ Pr; 1980.

23. Chung BH, Segrest JP, Ray M], Brunzell JD, Hokanson JE, Krauss RM, et
al. Single vertical spin density gradient ultracentrifugation. Methods Enzymol.
1986;128:181-209. [PMID: 3724502]

24. High-resolution B-mode ultrasound scanning methods in the Atherosclerosis
Risk in Communities Study (ARIC). The ARIC Study Group. ] Neuroimaging.
1991;1:68-73. [PMID: 10149803]

25. Kieltyka L, Urbina EM, Tang R, Bond MG, Srinivasan SR, Berenson GS.
Framingham risk score is related to carotid artery intima-media thickness in both
white and black young adults: the Bogalusa Heart Study. Atherosclerosis. 2003;
170:125-30. [PMID: 12957690]

26. Belsley DA, Kuh E, Welsch RE. Regression Diagnostics: Identifying Influ-
ential Data and Sources of Collinearity. New York: ] Wiley; 1980.

27. Hanley JA, McNeil B]. The meaning and use of the area under a receiver
operating  characteristic (ROC) curve. Radiology. 1982;143:29-36. [PMID:
7063747]

28. Hand DJ, Till R]. A simple generalisation of the area under the ROC curve
for multiple class classification problems. Machine Learning. 2001;45:171-86.
29. Oren A, Vos LE, Uiterwaal CS, Grobbee DE, Bots ML. Cardiovascular risk
factors and increased carotid intima-media thickness in healthy young adults: the
Atherosclerosis Risk in Young Adults (ARYA) Study. Arch Intern Med. 2003;
163:1787-92. [PMID: 12912713]

30. Kulkarni KR, Markovitz JH, Nanda NC, Segrest JP. Increased prevalence of
smaller and denser LDL particles in Asian Indians. Arterioscler Thromb Vasc
Biol. 1999;19:2749-55. [PMID: 10559021]

31. Stampfer MJ, Krauss RM, Ma J, Blanche PJ, Holl LG, Sacks FM, et al. A
prospective study of triglyceride level, low-density lipoprotein particle diameter,
and risk of myocardial infarction. JAMA. 1996;276:882-8. [PMID: 8782637]
32. Karpe F, Boquist S, Tang R, Bond GM, de Faire U, Hamsten A. Remnant
lipoproteins are related to intima-media thickness of the carotid artery indepen-

3 May 2005 | Annals of Internal Medicine | Volume 142 ¢ Number 9 {749



ARTICLE | Advanced Lipoprotein Testing in Young Adults

dently of LDL cholesterol and plasma triglycerides. ] Lipid Res. 2001;42:17-21.
[PMID: 11160361]

33. Colhoun HM, Otvos JD, Rubens MB, Taskinen MR, Underwood SR,
Fuller JH. Lipoprotein subclasses and particle sizes and their relationship with
coronary artery calcification in men and women with and without type 1 diabe-
tes. Diabetes. 2002;51:1949-56. [PMID: 12031985]

34. Soedamah-Muthu SS, Chang YF, Otvos ], Evans RW, Orchard TJ. Li-
poprotein subclass measurements by nuclear magnetic resonance spectroscopy
improve the prediction of coronary artery disease in Type 1 diabetes. A prospec-
tive report from the Pittsburgh Epidemiology of Diabetes Complications Study.
Diabetologia. 2003;46:674-82. [PMID: 12743701]

35. Stein JH, Rosenson RS. Lipoprotein Lp(a) excess and coronary heart disease.
Arch Intern Med. 1997;157:1170-6. [PMID: 9183227]

750|3 May 2005 [ Annals of Internal Medicine | Volume 142 * Number 9

36. Rosenson RS, Otvos JD, Freedman DS. Relations of lipoprotein subclass
levels and low-density lipoprotein size to progression of coronary artery disease in
the Pravastatin Limitation of Atherosclerosis in the Coronary Arteries (PLAC-I)
trial. Am ] Cardiol. 2002;90:89-94. [PMID: 12106834]

37. Blake GJ, Otvos JD, Rifai N, Ridker PM. Low-density lipoprotein particle
concentration and size as determined by nuclear magnetic resonance spectroscopy
as predictors of cardiovascular disease in women. Circulation. 2002;106:1930-7.
[PMID: 12370215]

38. Lamarche B, Tchernof A, Moorjani S, Cantin B, Dagenais GR, Lupien PJ,
et al. Small, dense low-density lipoprotein particles as a predictor of the risk of
ischemic heart disease in men. Prospective results from the Quebec Cardiovascu-
lar Study. Circulation. 1997;95:69-75. [PMID: 8994419] Copyright ©2004 by
the American College of Physicians

www.annals.org



Current Author Addresses: Dr. Tzou: Department of Medicine, Section
of Cardiovascular Medicine, University of Wisconsin Medical School, 600
Highland Avenue, H6/349 CSC (MC 3248), Madison, W1 53792.

Dr. Douglas: Division of Cardiovascular Medicine, Duke University,
Duke University Medical Center 3943, Duke North 7451A, Erwin
Road, Durham, NC 27710.

Drs. Srinivasan, Chen, and Berenson: Tulane Center for Cardiovascular
Health and Department of Epidemiology, Tulane University Health Sci-
ences Center, 1430 Tulane Avenue SL 18, New Orleans, LA 70112-
2699.

Dr. Stein: Department of Medicine, Section of Cardiovascular Medicine,
University of Wisconsin Medical School, 600 Highland Avenue, G7/341
CSC (MC 3248), Madison, WI 53792.

Author Contributions: Conception and design: P.S. Douglas, S.R. Srini-
vasan, W. Chen, G. Berenson, J.H. Stein.

W-1 64|3 May 2005 | Annals of Internal Medicine | Volume 142 « Number 9

Analysis and interpretation of the data: W.S. Tzou, J.H. Stein.
Drafting of the article: W.S. Tzou.

Critical revision of the article for important intellectual content: W.S.
Tzou, P.S. Douglas, G. Berenson, J.H. Stein.

Final approval of the article: P.S. Douglas, S.R. Srinivasan, W. Chen, G.
Berenson.

Obtaining of funding: S.R. Srinivasan, W. Chen, G. Berenson, J.H.
Stein.

Administrative, technical, or logistic support: P.S. Douglas, S.R. Srini-
vasan, G. Berenson, J.H. Stein.

Collection and assembly of data: S.R. Srinivasan, W. Chen.

www.annals.org



