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Lipoprotein subclass levels may improve the prediction
of cardiovascular disease (CAD) in individuals beyond
the risk assessment provided by conventional enzymat-
ically determined lipid levels. The objective of this study
was to evaluate the associations between nuclear mag-
netic resonance (NMR) spectroscopy—determined li-
poprotein subclasses and coronary calcification in post-
menopausal women, and to determine whether the
associations were independent of conventional lipid
measures. Coronary artery calcification (CAC) was mea-
sured by electron beam computed tomography, and
lipoprotein subclasses were determined by NMR spec-
troscopy (Liposcience, Inc., Raleigh, NC), in 286 healthy
women (mean age = 61.7), at 8 years postmenopause.
CAC was analyzed as categories 0, 1 to 99, and =100.
The mean CAC was 53 (range, 0 to 1,175), and 54% of
the women had 0 scores. Large high-density lipoprotein
(HDL) was inversely associated with CAC category, but
small HDL was not. All very low-density lipoprotein

(VLDL) subclasses—small, medium, and large—were
positively associated with CAC (p <0.01). Small low-
density lipoprotein (LDL) was positively associated with
CAC (p <0.01), but medium and large LDL were not.
Smaller LDL particle size (p <0.01) and higher levels of
LDL particles (p <0.001) were associated with higher
CAC category. In separate ordinal logistic regression
models, small LDL, LDL particles, and large VLDL were
each positively associated (p <0.05) with higher CAC
after adjustment for age, systolic blood pressure (SBP),
current smoking, and conventional measures of LDL cho-
lesterol, HDL cholesterol, and triglycerides. These results
suggest that the measurement of lipoprotein subclasses
may improve the prediction of CAD in postmenopausal
women beyond that provided by the conventional lipid
panel and CAD risk factors. ©2002 by Excerpta Med-
ica, Inc.

Am J Cardiol 2002;90(suppl):71i-76i

COronary artery disease (CAD) is the leading cause
of death in the United States for men and women.*
One of the major advances in public health has been
the development of pharmacological and nonpharma
cological therapies for the primary and secondary
prevention of clinical CAD.2 However, because our
ability to predict risk for an individual islimited, large
numbers of people must be treated to prevent a single
heart attack. The poor prediction of individua risk is
especialy problematic when evaluating men <50
years, or women aged <60 years, who have a rela
tively low 10-year risk of a heart attack (except for
high-risk individuals with familial hypercholesterol-
emia or multiple risk factors, such as diabetes, smok-
ing, hypertension, and high lipid levels).® The major-
ity of first heart attacks occur among individuals who
are classified as moderate risk, as reported in fol-

From the Departments of Epidemiology (RHM, LHK, KST, RWE, RH,
KAM), and Psychiatry (KAM|, Graduate School of Public Health,
University of Pitsburgh, Pittsburgh, PA, USA.

This project was funded by Grant No. 5R01T HL28266-18 from
the National Heart, Lung, and Blood Institute (NHLBI) for the Healthy
Women Study. Some of these results were presented af the American
Heart Association’s 4 1st Annual Conference on Cardiovascular Dis-
ease Epidemiology and Prevention, March 2001. The accompanying
abstract was published in Circulation 2001;103:1349-1350.

Address for reprints: Rachel H. Mackey, PhD, MPH, Department of
Epidemiology, Graduate School of Public Health, University of Pitts-
burgh, 130 DeSoto Street, Pitisburgh, Pennsylvania 15261, E-mail:
mackey@edc.gsph. pitt.edu.

©2002 by Excerpta Medica, Inc.
All rights reserved.

low-up studies from the Multiple Risk Factor Inter-
vention Trial (MRFIT)* and the Framingham Study.>
In addition, the onset of a myocardia infarction or
sudden CAD death is rapid, so that 60% to 70% of
CAD deaths occur out of hospital. Even with improve-
ment in emergency medical services, these CAD
deaths are unlikely to be substantially reduced. There-
fore, further reduction in CAD mortality will require
reduction in the prevalence of the underlying, or sub-
clinical, atherosclerotic disease in the population.

In the Cardiovascular Health Study, we have
shown that indexes of subclinical atherosclerosis,
which are prevalent among older men and women, are
strong predictors of CAD.® Other investigators have
shown that the extent of coronary artery calcification
(CAC), anoninvasive index of coronary atherosclero-
Sis, is a strong predictor of the risk of myocardial
infarction, even among younger men and women.’
Total and low-density lipoprotein (LDL) cholesterol
are strongly associated with the development of clin-
ical and subclinical atherosclerosis, but there is sub-
stantial interindividual variation in the extent of ath-
erosclerosis, especially of the coronary arteries, at any
level of total plasma cholesterol.? Therefore, preven-
tion of CAD will reguire not only a more aggressive
effort to measure subclinical atherosclerosisin asymp-
tomatic individuals, but aso the improvement of the
guantification of lipoproteins beyond conventional
lipid levels. Noninvasive measures, such as carotid
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intimal-medial wall thickness, plague, and, more re-
cently, CAC, can be used to assess the extent of
atherosclerosis. Nuclear magnetic resonance (NMR)
spectroscopy of lipoproteins provides a promising
new opportunity to quantify lipoproteins, including
their subclasses, in large numbers of individuals, rap-
idly, and at relatively low cost.

High-density lipoprotein (HDL), LDL, and very
low-density lipoprotein (VLDL) can be divided into
subclasses based on size or density, and some sub-
classes appear to have stronger associationswith CAD
than others. In cross-sectional®™* and prospective
studies,***°® small LDL size, large VLDL, small
LDL, small HDL, and/or the number of LDL particles
have been shown to be positively associated with
atherosclerotic cardiovascular disease and myocardial
infarction. These studies have generally used the time-
consuming techniques of gradient gel electrophoresis
or density-gradient ultracentrifugation to evaluate the
lipoprotein subclasses. In addition, small LDL was not
always significantly associated with CAD after adjust-
ment for triglycerides, and few of the studies have
included women. The NMR determination of lipopro-
tein subclasses has recently become commercially
available (Liposcience, Inc., Raleigh, NC) and pro-
vides results that are reproducible and in agreement
with measurements by other methods.*”*® In the Car-
diovascular Health Study, we found that higher levels
of NMR-determined small LDL and LDL particles
predicted incident myocardial infarction and angina,
independent of enzymatically determined HDL cho-
lesterol and triglycerides, primarily among the elderly
women.™® Our objective in the current study was to
evaluate associations between NMR-determined li-
poprotein subclasses and coronary calcification in
healthy women who were approximately 8 years post-
menopause, and to determine whether the associations
were independent of conventional lipid measures.

METHODS

Between 1983 and 1985, 541 premenopausa
women, aged 42 to 50 years, were enrolled in the
Healthy Women Study (HWS), alongitudinal study of
the effects of menopause on cardiovascular risk. The
HWS measured standard demographic and cardiovas-
cular risk factors, including triglycerides, total choles-
terol, HDL cholesterol, and LDL cholesterol by con-
ventional separation and enzymatic methods.”® When
the women were 8 years postmenopalse, lipoprotein
subclasses and coronary calcification were measured
in addition to standard CAD risk factors. The number
of women who were available (ie, who had reached
their eighth postmenopausal year) and who consented
to participate in this substudy was 286.

Determinations of lipids and lipoproteins: Blood
samples were drawn after a 12-hour fast, and lipids
were determined with conventional enzymatic meth-
0ds.° Total cholesterol, HDL cholesterol, and triglyc-
erides were measured by a lipid laboratory that uses
Centers for Disease Control and Prevention (CDC)
standards. LDL cholesterol was estimated using the
Friedewald equation.?* Lipoprotein subclasses were
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determined using NMR spectroscopy (Liposcience).
The methodology has been described in detail.*"*2 In
brief, each lipoprotein subclass is quantified using the
NMR signals, which differ in frequency and shape
depending on the diameter of the lipoprotein particles.
The individual signals are derived from the total re-
corded signal, using data from previously modeled
reference lipoprotein subclasses. The intensity of each
signal is proportional to the quantity of the subclass,
which is multiplied by a standard lipid amount to
provide the results in milligrams per deciliter of cho-
lesterol for HDL and LDL, or milligrams per deciliter
triglyceride for VLDL. The NMR spectroscopy
method reported 6 VLDL subclasses, 4 LDL sub-
classesincluding IDL, and 5 HDL subclasses. For this
analysis, the subclasses were combined into large
(60—200 nm), medium (35-60 nm), and small (27-35
nm) VLDL; large (21.3-23.0 nm), medium (19.8—
21.2 nm), and small (18.3-19.7 nm) LDL; and large
(8.2-13 nm) and small (7.3—8.2 nm) HDL.

CAC scores: Electron beam computed tomography
scans were conducted using an Imatron C-150 Scan-
ner (Imatron, South San Francisco, CA). The heart
was scanned from the aortic root to the apex in 30 to
40 contiguous 3-mm-thick transverse images. Calci-
fication scores were calculated according to the Agat-
ston method.?* The reproducibility of the electron
beam computed tomography scans from this labora-
tory has been excellent, with an intraclass correlation
of 0.99.

Statistical analyses: Coronary calcification scores
were very skewed. Therefore, for analysis, we cate-
gorized CAC as 0, 1 to 99, and =100. Analysis of
covariance was used to determine age-adjusted mean
levels of lipids and lipoprotein subclasses by coronary
calcification category, with contrasts to test for linear
trend. Ordina logistic regression was used to deter-
mine whether the lipoprotein subclass measures were
predictive of higher coronary calcification category
after adjusting for enzymatically determined lipid lev-
es.

RESULTS

Table 1 reports participant characteristics at the
visit when the women were approximately 8 years
postmenopause. The mean age was 61.7 years, with a
range of 57 to 66 years, and 13% of the women were
current smokers. In these postmenopausal women, the
VLDL subclasses were evenly distributed between
small, medium, and large particles. However, both
LDL and HDL subclasses contained a higher propor-
tion of large particles.

Table 1 also reports the age-adjusted means of the
enzymatically determined lipid levels and the NMR-
determined lipoprotein subclass levels for each CAC
category and Spearman correlations between the risk
factors and coronary calcification score. Similar to
previous results from a smaller sample,®® enzymati-
caly determined LDL cholesterol and triglycerides
were positively associated with CAC, and HDL cho-
lesterol was inversely associated with CAC (p <0.05
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TABLE 1 Age-Adjusted Mean Risk Factors at 8 Years Postmenopause, by Coronary Artery Calcification (CAC) Categories, in 286
Women from the Healthy Women Study
Mean + SD CAC Score
Total Group 0 1-100 p for Spearman
(n = 286) (n = 154) (n = 88) (n = 44) Linear Trend Correlation
Age (yr) 61.7 1.7 61.7 61.7 61.8 0.711 0.02
Systolic BP, mm Hg 121.5+173 119.6 123.4 124.2 0.134 0.12
Body-mass index 27.3x53 26.5 28.7 27.6 0.251 0.09
Waist/hip ratio 0.79 = 0.07 0.78 0.81 0.81 0.091 0.14*
Fasting glucose (mg/dL) 923 =179 89.0 94.5 99.1 0.002 0.18*
HDL-Ct (mg/dL) 612173 63.9 58.7 56.8 0.021 -0.16*
LDL-Ct (mg/dL) 127.7 = 32.1 125.3 124.6 141.3 0.006 0.08
Total cholesterol’ (mg/dL) 214.1 = 34.5 212.2 209.1 228.9 0.007 0.06
Triglycerides' (mg/dL) 125.0 +73.3 114.8 129.1 152.2 0.005 0.15*
Small HDL (mg/dL) 18.1 73 18.2 18.4 17.7 0.66 0.00
Large HDL (mg/dl) 42.5 +21.1 45 40.8 38.4 0.07 -0.10
HDL size (nm) 9.05 = 0.50 9.11 8.96 8.95 0.049 —-0.14*
Small LDL (mg/dlL) 42.4 = 47.9 34.4 47.9 60.6 0.001 0.16*
Medium LDL (mg/dL) 315377 31.8 34.5 25 0.29 -0.05
Large LDL (mg/dl) 87.5 497 90.3 82.6 89.6 0.93 -0.05
LDL particles (nmol/L) 1,855 + 558 1,755 1,912 2,094 0.001 0.20*
LDL size (nm) 20.95 + 0.66 21.07 20.86 20.74 0.004 -0.15"
Small VLDL (mg/dL) 31.4+18.8 29.1 32.1 38.6 0.003 0.17*
Medium VLDL (mg/dlL) 38.2+32.38 34.7 39.2 49.9 0.007 0.14*
Large VLDL (mg/dL) 24.9 + 39.3 17.1 33.2 36.9 0.003 0.22*
VLDL size (nm) 47.0 = 10.6 46.4 48.3 46.6 0.935 0.11
BP = blood pressure; HDL-C = high-density lipoprotein; LDL-C = low-density lipoprotein cholesterol; VLDL = very low-density lipoprotein.
*p = =0.05.
Enzymatic deferminations.

for all). NMR-determined small LDL increased with
CAC category, but medium and large LDL did not.
Mean LDL size decreased (p <0.001) and LDL par-
ticles increased (p = 0.004) with higher CAC cate-
gory. All of the VLDL subclasses were positively
associated with CAC. Large HDL was inversely as-
sociated with coronary calcification, but small HDL
was not. Figure 1 shows age-adjusted mean lipid and
lipoprotein subclass levels for each category of coro-
nary calcification, with enzymatically determined lip-
ids on the left, and NMR-determined lipoprotein sub-
classes on the right.

We aso examined Spearman correlations between
the 3 LDL subclasses and CAD risk factors (Table 2).
As expected, higher levels of small LDL correlated
with larger waist circumference, higher fasting glu-
cose, triglycerides, and LDL cholesterol, and lower
HDL cholesterol. The correlations with medium LDL
were similar, but weaker. In contrast, large LDL was
inversely correlated with CAD risk factors and posi-
tively associated with HDL cholesteral.

Ordinal logistic regression was used to model the
risk of being in a higher CAC category for 1 standard
deviation (SD) increase in each lipoprotein subclass
measure (Table 3). The odds ratios are adjusted for
total HDL cholesterol, or for total LDL cholesterol
and triglycerides. The protective effect of large HDL,
with an odds ratio of 0.77, was no longer significant
after adjusting for total HDL cholesterol. However,
after adjusting for both LDL cholesterol and triglyc-
erides, a 1 SD increase in smal LDL made a post-
menopausal woman in this study 36% more likely to
bein ahigher CAC category. After further adjustment

for HDL cholesterol, age, systolic blood pressure, and
smoking, small LDL was till significantly associated
with higher CAC. The same was true for higher LDL
particle concentration and large VLDL. Smaller mean
LDL size was significantly associated with higher
CAC category after adjustment for LDL cholesterol
and triglycerides but not after further adjustment for
HDL cholesterol, age, smoking, and systolic blood
pressure (SBP) (data not shown).

DISCUSSION

In these postmenopausal women, increased coro-
nary calcification was associated with higher levels of
small LDL and large VLDL, more LDL particles,
smaler mean LDL size, and lower levels of large
HDL. The associations with small LDL, LDL parti-
cles, and large VLDL remained significant after ad-
justment for LDL cholesteral, triglycerides, HDL cho-
lesterol, age, smoking, and systolic blood pressure.
These results suggest that prediction of cardiovascular
risk in postmenopausal women may be improved by
measuring lipoprotein subclasses in addition to con-
ventiona lipid levels.

For these postmenopausal women, small LDL, but
not large LDL, was predictive of increased coronary
calcification. Similar findings have been reported for
men.**>?* Small LDL was also positively associated
with CAD risk factors, such as higher triglycerides
and larger waist circumference, whereas large LDL
was inversely associated with those same risk factors.
Most of the LDL cholesterol in these postmenopausal
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Women Study

TABLE 2 Spearman Correlations Between Low-Density Lipoprotein Subclasses and
Cardiovascular Risk Factors in 286 Women at 8 Years Postmenopause: the Healthy

Risk Factor Small LDL Medium LDL Large LDL
Waist circumference (cm) 0.19* 0.08 —0.24!
Body mass index 0.09 0.10 -0.23
Fasting glucose (mg/dlL) 0.13* 0.04 -0.21;
Triglycerides™ (mg/dL) 0.27 0.13* -0.36

LDL cholesterol (mg/dL) 0‘13;k 0.10 70.251
HDL cholesterol’ (mg/dL) -0.30 -0.15* 0.35

Total cholesterol’ (mg/dL) 0.08 0.04 -0.21"

*p =0.05
T =0.001
Enzymatic determinations

HDL = high-density lipoprotein; LDL = low-density lipoprotein.

women was contained in large LDL particles. These
results support the hypothesis that in postmenopausal
women, the risk associated with LDL cholesterol is
primarily the result of small LDL particles.

The increased atherogenicity of small LDL parti-
clesin comparison to larger LDL particles may be the
result of increased susceptibility to oxidation,?® in-
creased entry into the arterial wall, decreased affinity
for LDL receptors,26 and/or increased bi nding to inti-
mal proteoglycans.?” The Framingham Study has also
found that the LDL subclass distribution was skewed
toward large particles in women, whereas the LDL
subclass distribution was more symmetrical in men.?
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Other studies have found that pattern B (in which
small LDL particles predominate) is more common
among men than among women. Differences between
men and women in the LDL subclass distribution may
explain women’s lower CAD risk, despite similarities
in LDL cholesterol levels between postmenopausal
women and similar-aged men. Much of the epidemi-
ology of cardiovascular disease among women may
need to be reevaluated by including measures of the
numbers and size of lipoprotein particles.

The levels of smal LDL are also strongly and
positively related to measures of the insulin resistance
syndrome and diabetes mellitus and inversely related
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Women Study

TABLE 3 Odds of Being in a Higher Coronary Calcification Category for 1 Standard
Deviation Increase in Lipoprotein Subclass, in 286 Postmenopausal Women: the Healthy

Adjusted OR (95% Cl)

Variable OR (95% Cl)

Small HDL 0.98 (0.78-1.22)
Large HDL 0.79 (0.63-0.99)
Small LDL 1.47 (1.18-1.83)
Medium LDL 0.95 (0.76-1.19)
Large LDL 0.92 (0.74-1.16)
LDL size 0.46 (0.28-0.73)
LDL particles 1.57 (1.24-1.98)
Small VLDL 1.38 (1.10-1.73)
Medium VLDL 1.33 (1.06-1.65)
Large VLDL 1.52 (1.20-1.91)

0.85 (0.66-1.10)*
1.22 (0.82-1.83)*
1.36 (1.04-1.77)"
0.78 (0.60-1.02)"
1.03 (0.77-1.39)f
0.55 (0.31-0.99)"
1.44 (1.04-1.99)1
1.22 (0.88-1.68)"
1.02 (0.75-1.39)f
1.59 (1.11-2.28)"

= very low-density lipoprotein.

Cl = confidence interval; HDL = high-density lipoprotein; LDL = low-density lipoprotein; OR = odds ratio; VLDL

*Adjusted for enzymatically determined HDL cholesterol.
TAd]usred for enzymatically defermined LDL cholesterol and triglycerides.

to HDL cholesterol levels.?® The marked increase in
risk of CAD for women with the insulin resistance
syndrome and diabetes mellitus may be the result of
higher levels of small, dense LDL and greater num-
bers of LDL particles. The efficacy of lipid-lowering
therapy, especially statin drugs among diabetic men
and women, was reinforced by the Heart Protection
Study, reported at the 2001 American Heart Associa
tion meeting. This reported efficacy may be the result
of the beneficial effect of statins in reducing the num-
ber of LDL particles.®

The association between large VLDL and coronary
calcification also persisted after adjustment for con-
ventional lipid measures, including triglycerides, al-
though it is not clear that large VLDL is directly
atherogenic. The association with large VLDL may be
the result of its role in lipoprotein metabolism. Tri-
glyceride-rich VLDL provides the substrate for met-
abolic reactions, by means of cholesteryl ester transfer
protein and hepatic lipase, which produce cholesterol-
depleted LDL. Thus, the level of large VLDL triglyc-
eride contributes to decreased LDL size and to in-
creased LDL particles, at a given level of LDL cho-
lesteroal.

In summary, mean LDL size (diameter), number of
LDL particles, and the distribution of particles among
subclasses may provide more accurate risk indexes
than conventional lipid levels, which measure the total
amount of cholesterol or triglycerides carried by all of
the particles in a mgjor class (e.g., LDL). LDL sub-
class measurement may be especialy important in
postmenopausal women, for whom total LDL choles-
terol measurements primarily reflect large LDL parti-
cles, which appear to be less atherogenic than small
LDL particles. In these postmenopausal women, small
LDL remained predictive of higher CAC after adjust-
ment for CAD risk factors, including conventional
lipids. Prospective studies are needed to determine
whether small LDL predicts CAD events in women,
whether it is a better predictor than conventiona lipid
levels, and whether the association differs by sex. Our
results suggest that measuring lipoprotein subclass
levels by NMR may improve cardiovascular risk as-

sessment and pharmacological treatment in postmeno-
pausal women.
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