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Abstract We investigated the effects of atorvastatin on the
lipid and the apoA-I-containing HDL subpopulation profiles
in 86 patients with established coronary heart disease
(CHD). The entire drug treatment period lasted 12 weeks
(4-week periods of 20 then 40, then 80 mg/day). Each dose
of atorvastatin treatment resulted in significant reductions
in plasma total-C, LDL-C, and triglyceride (TG), and non-
significant increases in HDL-C levels compared with pla-
cebo treatment. ApoA-I levels did not change significantly
during any of the treatment periods. Despite the modest in-
crease of HDL-C (6%, 7%, 5%) and no change in apoA-I lev-
els, the distribution of the apoA-I-containing HDL subpopu-
lations changed significantly during each treatment period.
There were significant increases in the concentrations of
the large LpA-I -1 (24%, 39%, 26%) and prec-1 (51%, 61%,
63%) subpopulations at the expense of the small lipopro-
tein LpA-I:A-II «-3 subpopulations which decreased on all
doses, and the decreases were significant on the 40 and 80
mg/day doses (6%, 5%).80 Atorvastatin influences the
lipid-related risk for CHD in two ways: first, it significantly
decreases LDL-C and TG levels while increasing HDL-C,
and second, it significantly shifts the HDL subpopulation
profile of CHD patients toward that observed in subjects
without CHD.—Asztalos, B. F., K. V. Horvath, J. R. Mc-
Namara, P. S. Roheim, J. J. Rubinstein, and E. J.
Schaefer. Effects of atorvastatin on the HDL subpopula-
tion profile of coronary heart disease patients. J. Lipid Res.
2002. 43: 1701-1707.

Supplementary key words CHD e lipids  lipoproteins ¢ apolipopro-
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Many prospective epidemiological studies have indi-
cated that a low level of HDL-C is a significant indepen-
dent risk factor for coronary heart disease (CHD) (1-6).
HDL is composed of a heterogeneous group of particles
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differing in electrophoretic mobility, size, and chemical
composition as well as metabolic function. It is generally
accepted that the different HDL subpopulations have dif-
ferent physiological function, therefore, their anti-athero-
genic potential and their utility as risk markers may vary
(7-11). Evidence is accumulating that the large lipopro-
tein LpA-I HDL particles play a more important role in re-
verse cholesterol transport and in the development of
CHD than the smaller, LpA-I:A-II HDL particles (7-13). A
variety of methods, including analytical ultracentrifuga-
tion, differential precipitation, immunoaffinity chroma-
tography, and non-denaturing one- and two-dimensional
gel electrophoresis, have been developed to separate
HDL subclasses. HDL subspecies differ in apolipoprotein
and lipid composition, physicochemical parameters, and
have different physiological functions (8, 14-16). Based
on the work of Castro and Fielding (15), we have devel-
oped a quantitative two-dimensional gel electrophoresis
immunoblot image-analysis method for separating HDL
subpopulations in plasma (17, 18). The majority of apoli-
poprotein A-I has o mobility and has been classified as
a-1, a-2, and o-3 with sizes of 11.2 nm, 9.51 nm, and 7.12
nm, respectively (17). Small amounts of apoA-I are
present in pref-1 and preB-2 and in the prea mobility
(prea-1-3) subpopulations. We have demonstrated that
a-1, along with pre-f and pre-o mobility particles, contain
only apoA-I; subsequently they are LpA-I particles (18).
We also published that apoA-II is present only in a-2 and
a-3 HDL subpopulations, consequently these two subpopla-
tions are LpA-I:A-II particles. Recently, with the use of two
different labels (12°I and fluorescent labels), we have been
immunoprobing the same membrane for apoA-I and
apoA-II. With this precise new method, we verified this ob-
servation in several hundred subjects including control

Abbreviations: apo, apolipoprotein; CHD, coronary heart disease;
TG, triglyceride.
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and CHD subjects treated or untreated for lipid disorders
with various drugs (unpublished data). However, in this
study we immunoprobed the membranes for apoA-I only.

There is a strong positive correlation between HDL-C
and the a-1 HDL subpopulation (18). The HDL subpopu-
lation profiles of CHD subjects are significantly different
from those of controls even after normalizing for HDL-C
(12). Namely, the concentrations of the large LpA-I a-1
and prea-1 HDL subpopulations are higher, while the
concentration of the LpA-I:A-II a-3 subpopulation is lower
in controls compared with CHD patients.

It is generally accepted that the extent of the reduction
in CHD events associated with the use of statin drugs can
be explained largely by the reduction of LDL-C levels (19—
22). The protective role of raising HDL-C might also be
important but this mechanism is not completely under-
stood (23-25). There may be value in determining which
HDL subpopulation(s) might be responsible for the pro-
tection against CHD and to define which HDL subpopula-
tion(s) are affected by statins. It is worth noting that the
a-1 subpopulation resembles HDL-2, as previously re-
ported (18).

In the present study, we investigated the effects of atorva-
statin on the apoA-I-containing HDL subpopulations and
on the lipid and lipoprotein profile of CHD patients. We hy-
pothesized that treatment with statins would normalize not
only apoB-containing lipids and lipoproteins, but would also
have a beneficial effect on the HDL subpopulation profile.

METHODS

Study population

One hundred and fourteen patients with established CHD par-
ticipated in this study. Inclusion criteria included: age 21 years or
older and established heart disease (post coronary artery bypass
grafting, post angioplasty, post documented myocardial infarction,
significant coronary artery stenosis as assessed by angiography of
greater than 50%, or significantly decreased cardiac perfusion
based on cardiac imaging with and without exercise). If female,
the subject had to be postmenopausal or surgically sterile. All sub-
jects were required to have LDL-C value of >130 mg/dl and TGs
<400 mg/dl both at the time of screening and randomization. Pa-
tients had to be free of any clinical event for a period of =6
months before enrollment and they had to agree to discontinua-
tion of any lipid-lowering medication for a period of 6 weeks be-
fore the beginning of the study. Exclusion criteria included: un-
stable/uncontrolled clinically significant disease, uncontrolled
primary hypothyroidism (thyroid stimulating hormone > 5.5
wIU/ml), nephrotic syndrome, or renal dysfunction (blood urea
nitrogen =30 mg/dl, or 10.5 mM/]; creatinine =2.5 mg/dl, or
220 wM/I; or creatinine clearance <30 ml/min), diabetes mellitus
requiring insulin therapy, or uncontrolled diabetes (hemoglobin
Alc >10%), a body mass index (BMI) >35kg/m?, or clinically sig-
nificant clinical laboratory/ hematology abnormalities. Additional
exclusion criteria were the presence of active liver disease or he-
patic dysfunction, CPK levels >3 times the upper limit of normal,
uncontrolled hypertension, and a current or recent history of
drug abuse or consumption of more than 14 alcoholic drinks per
week. Patients were maintained on other medications throughout
the study with no change, including calcium channel blockers, 3
blockers, diuretics, and other antihypertensive therapy. Patients
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previously received instruction on a National Cholesterol Educa-
tion Program Step 2 diet containing less than 30% of calories as
fat, less than 7% of calories as saturated fat, and less than 200 mg
of cholesterol per day. Plasma samples on each treatment (pla-
cebo, 20, 40, 80 mg/day atorvastatin) were available from 86 sub-
jects (77 males and 9 females, mean age 61 * 9 years).

Study design

The study was designed to compare the effects of five different
statins on the lipid and the apoA-I-containing HDL subpopula-
tion profiles of CHD patients (26). In this subgroup analysis, we
further analyzed the effects of atorvastatin 20, 40, and 80 mg/day
on the HDL subpopulation profiles of CHD patients compared
with placebo treatment.

It was a single center, randomized, open label and two-period
crossover incomplete block design study. The physician responsi-
ble for treatments and the patients were not blinded for treat-
ment, however, our laboratory staff carrying out the analyses
were blinded, since they received number coded plasma samples
and the code was broken only after completion of all measure-
ments. The study design is summarized in Fig. 1. After enroll-
ment, there was a four-week diet run-in period to further assess a
patient’s qualifications for study entry. Qualified patients were
randomized to receive atorvastatin or one of the other four dif-
ferent statins (simvastatin, pravastatin, lovastatin, fluvastatin). All
treatments started at 20 mg/day and increased to 40 mg/day,
and then to 80 mg/day. Each active drug treatment period lasted
12 weeks (three 4-week periods of each dose). After the first 12-
week active drug treatment period, patients received placebo
(washout) for 8 weeks. After this washout period, those patients
receiving atorvastatin first were then placed on one of the other
four statins, and patients received any of the other statins first
were placed on atorvastatin. Finally, all patients received atorva-
statin, placebo, and one of the other four statins. All patients
were sampled after a 12 h overnight fast at the end of each study
period. The study protocol was approved by the Human Investi-
gation Review Committee of New England Medical Center. All
participants of the study gave written informed consent.

Lipid and lipoprotein analysis

Fasting blood samples (12 h) were collected into tubes con-
taining 1.5 g/1 EDTA and centrifuged at 2500 rpm for 20 min at
4°C to obtain plasma. Aliquots of each plasma sample were
stored at —80°C. Plasma total cholesterol and TG concentrations
were measured in fresh plasma using automated standardized
enzymatic assays, as previously described (27). HDL-C was mea-
sured in fresh plasma after precipitation of apoB-containing lipo-
proteins with dextran sulfate magnesium precipitation proce-
dures (28, 29). LDL-C was measured in fresh plasma directly
after immunoprecipitation of TG-rich lipoproteins and HDL, as
previously described (30). ApoA-I was measured in plasma previ-
ously stored at —80°C using immunoturbidimetric assay Kits
(Wako Bioproducts, Richmond, VA), as described (31). For all
assays, the coefficient of variation was less than 10%.

HDL subpopulation analysis

Two-dimensional non-denaturing agarose-polyacrylamide gel-
electrophoresis and image analysis for determining the apoA-I-
containing HDL subpopulations were carried out on plasma pre-
viously stored at —80°C, as described (17, 18).

In the first dimension, HDL was separated by charge, on aga-
rose gel, into pref, o, and prea mobility particles. Low endosmo-
sity 0.7% agarose (SeaKem LE, FMC Bioproducts, Rockford,
ME) was cast into 3 mm thick vertical glass cassettes and electro-
phoresed in a Pharmacia GE 2/4 recirculating apparatus (Upp-
sala, Sweden). Four microliters of plasma per sample channel
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(20, 40, 80 mg/day)
(4 weeks of each dose)
atorvastatin

diet run in period
(4 weeks) one of these

four statins:

simvastatin 20, 40, 40 mg/day
pravastatin 20, 40, 40 mg/day

fluvastatin 20, 40, 80 mg/day
lovastatin 20, 40, 80 mg/day
(4 weeks of each dose)

Fig. 1. Schematic representation of study design.

were electrophoresed at constant voltage (250 V) and tempera-
ture (10°C) in tris-tricine buffer (25 mM, pH 8.6) until the en-
dogenous albumin, stained with bromophenol blue, ran 3.5 cm
from the origin. Agarose was slipped out of cassettes and individ-
ual strips were cut out.

In the second dimension, each sample was further separated
according to size by non-denaturing polyacrylamide gel electro-
phoresis. After electrophoresis was completed in the first dimen-
sion, the agarose strips were placed onto concave-gradient (3-35%)
polyacrylamide gels and sealed with agarose. Electrophoresis was
performed using a buffer containing 90 mM Tris, 80 mM boric
acid, and 2.5 mM EDTA (pH 8.3) in a SE 600 Hoefer unit (Amer-
sham Pharamacia, Piscataway, NJ). Gels were run at constant volt-
age (250 V) and temperature (10°C) for 24 h. Gels were electro-
transferred using Hoefer TE 600 units (Amersham Pharmacia,
Piscataway, NJ) to nitrocellulose membranes (0.2 wm, BA-S83,
Schleicher and Schuell, Keene, NH) at constant voltage (30 V)
and temperature (10°C) for 24 h in buffer containing 20 mM tris
and 150 mM glycine (pH 8.4). Membranes were dried at room
temperature.

Prior to immunoblot for apoA-I, membranes were completely
wetted in 10 mM phosphate buffered saline (PBS) followed by 10
min incubation in PBS containing 0.03% glutaraldehyde for fix-
ing proteins on membrane. After rinsing membrane two times to
remove glutaraldehyde, the free protein binding capacity was
blocked by incubating membranes in PBS containing 0.05%
Tween (PBST) and 5% nonfat dry milk for 10 min. ApoA-I was
immunolocalized by incubation with PBST containing 5% milk
and monospecific goat human apoA-I antibody for 7 h. The un-
bound primary antibody was then washed off by rinsing mem-
branes in PBST three times for 3 min followed by incubation
with %] labeled secondary antibody (in PBST+5% milk) over-
night. Signals were quantitatively determined by image analysis
using a FluoroImager (Molecular Dynamics, Sunnyvale, CA) (17,
18). PreB1 and preP2 particles did not overlap with any other
HDL particles so they were easily delineated. Designation of the
a mobility HDL subpopulations were based on integration of
a-migrating HDL. The integration curve showed three peaks. We
delineated each peak area for al-3. Prea mobility particles have
the same size as the a mobility counterparts. Finally 10 apoA-I-
containing HDL subpopulations were encircled and signals were
measured in each area and used for calculating the percent dis-
tribution of the apoA-I-containing HDL subpopulations. We
pooled some particles and calculated with one prep-1 and one

simvastatin 20, 40, 40 mg/day
pravastatin 20, 40, 40 mg/day
fluvastatin 20, 40, 80 mg/day
lovastatin 20, 40, 80 mg/day
(4 weeks of each dose)
one of these
placebo four statins:
(wash out period)

(8 weeks)

atorvastatin
(20, 40, 80 mg/day)
(4 weeks of each dose)

prep-2 HDL subpopulations. Data were expressed as pixels lin-
early correlated with the disintegrations per minute of the %I
bound to the antigen-antibody complex (32). ApoA-I concentra-
tions of the subpopulations were calculated by multiplying per-
centiles by plasma total apoA-I concentrations. We had a CV of
<10% for all of the a mobility subpopulations and <15% for the
rest of the particles.

In this study, we analyzed data of only those patients whose
plasma samples were available on both arms (placebo, atorva-
statin 20, 40, 80 mg/day) of the study. ANOVA was used to test
the hypothesis of no difference between data obtained on pla-
cebo and after each of the atorvastatin treatments. For analy-
sis, non-normally distributed data were logarithmically trans-
formed.

RESULTS

Biochemical parameters of patients (n = 86) on pla-
cebo, on atorvastatin treatments, as well as the changes be-
tween placebo and treatments are presented in Table 1.
As reference, we also present the same parameters from
an earlier published healthy male population (n = 79),
mean age = b3 * 6 years (12). The means of the mea-
sured lipid parameters of patients on placebo represent
unfavorable levels according to the recent NCEP guide-
lines (33). Total cholesterol, LDL-C, and TG were higher,
while HDL-C was lower than the recommended values.
The HDL subpopulation profiles of these patients were
very similar to those of the CHD patients that were charac-
terized earlier (12). Patients’ o-1 HDL subpopulations
were lower by 37% and the o-3 subpopulations were
higher by 22% than these values in the reference healthy
male subjects.

As a result of treatment, concentrations of total choles-
terol, LDL-C, and TG decreased significantly, while HDL-C
increased but not significantly. Plasma total apoA-I levels
were practically unchanged on any treatment. The a-1 HDL
subpopulation, a large LpA-I particle increased signifi-
cantly by 24% (P < 0.05), 39% (P < 0.001), and 26% (P <
0.01) on the 20, 40, and 80 mg/day doses, respectively.
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TABLE 1. Concentrations of plasma lipids, apoA-I, and HDL subspecies of coronary heart disease patients on
placebo and on atorvastatin for 12 weeks (4 weeks each dose) and of a control group as reference

Control Placebo 20 mg/day 40 mg/day 80 mg/day

(n=179) (n = 86) (n = 86) A% (n = 86) A% (n = 86) A%
TC 212 + 38 269 * 69 183 £ 48« —-30 170 = 44¢ —38 156 + 37¢ —41
LDL-C 145 + 34 175 = 60 111 £ 41 —36 98 * 424 —45 85 + 35 —50
HDL-C 44 + 12 37+9 40 £ 10 6 41 £ 10 7 40 = 10 5
TG 120 = 63 185 + 87 148 = 770 —13 126 = 63 —-27 114 = 57¢ —35
apoA-I 121 £ 21 119 £ 18 120 £ 19 3 120 £ 19 2 118 £ 18 0
LDL-C/HDL-C 3.0 £ 1.0 49 += 2.1 3.0 £ 1.4¢ —38 2.5+ 1.3¢ —48 2.2 = 1.0¢ —52
prep-1 79+ 49 12.6 £ 5.4 14.7 = 6.0¢ 25 10.5 £ 4.5 -3 13.5 £5.8 16
prep-2 38+18 3.0+1.6 2.2+ 1.1¢ —-10 3.3+16 10 2.1 *+1.1¢ —11
a-1 19.6 £ 8.2 124 £5.8 14.2 £ 6.3¢ 24 15.8 £ 6.6 39 149 + 7.1° 26
a-2 40.1 = 8.2 38.4 = 8.3 36.7 = 9.0 3 41.2 £ 8.7 6 36.5 = 8.3 -1
-3 34.0 + 6.2 41.5 * 6.4 40.9 = 8.4 -1 39 + 6.9% -6 38.5 + 7.5¢ -5
prea-1 48 £2.2 23*+12 3.1 = 1.8 51 3.0 = 1.6° 61 3.6 = 2.4 63
prea-2 6.3 25 43 £1.2 4.6 £ 1.7 12 4.7+ 1.40 17 51+ 1.9° 20
prea-3 4.2+ 1.7 34 1.1 34*+15 4 29 = 0.9¢ ) 34*+1.4 4

Values are mean (mg/dl) = SD. A% represents the mean of individual responses for treatment (active treat-

ment vs. placebo).

Pvalues obtained by comparing values on medication to placebo:

“P<0.001.
b P<0.01.
¢P<0.05.

a-2, the larger LpA-I:A-II subpopulation, did not change
significantly on any treatments, while «-3, the smaller
LpA-I:A-IT subpopulation, decreased slightly but signifi-
cantly (6% P < 0.01 and 5% P < 0.05) on the 40 and 80
mg doses, respectively. The larger pre-o mobility LpA-I
particles, prea-1 and prea-2, increased significantly dur-
ing each treatment. The smaller prea-3 changed signifi-
cantly (—5% P < 0.05) only on the 40 mg dose. Changes
in the concentrations of the pref3 mobility particles were
not consistent and we have no explanation for that.

We investigated whether baseline HDL-C levels inter-
fere with the changes in the concentrations of the a-1 sub-
population. We found that the two regression lines were
parallel indicating that baseline HDL-C levels do not in-
terfere with response of the a-1 subpopulation for treat-
ment (Fig. 2). We also checked whether the changes in
the concentrations of the a-1 subpopulation are propor-
tional with the changes in HDL-C levels. It was found that
as a result of treatment, the concentrations of the a-1 sub-
population increased more than the concentrations of
HDL-C, and the difference between the two regression
lines were significant (P < 0.001). After 40 mg/day ator-
vastatin treatment, subjects increased the average concen-
tration of a-1 HDL by 2.71 mg/dl at any given HDL-C
level.

All three doses of atorvastatin changed the apoA-I-con-
taining HDL subpopulation profile the same way. As the
changes were the most pronounced on 40 mg/day treat-
ment, we selected data obtained on this treatment for fur-
ther analyses of the effect of baseline levels (lipid levels on
placebo treatment) on the response to treatment.

When the data were sorted by HDL-C levels on placebo
and grouped into “low-HDL-C” (HDL-C< 40 mg/dl,
mean HDL-C 32 mg/dl) and “normal-HDL-C” (HDL-C
>40 mg/dl, mean HDL-C 48 mg/dl) groups, we found
differences in response to the treatment between the low
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Fig. 2. Plots and calculated regression lines of a-1-HDL subpopu-
lations versus HDL-C. Because every subject was measured both on
40 mg/day atorvastatin and on placebo treatment, the expected
difference in a-1 levels for a given level of HDL-C was estimated as
the intercept in the linear regression of the difference in -1 on
atorvastatin and on placebo on the difference in HDL-C on atorva-
statin and on placebo. That is, on atorvastatin, the relation between
al and HDL-C was assumed to be al, = B + 8 HDL-C,, while on
placebo it was assumed to be al, = p + 8 HDL-C,,. Therefore, al, —
al,=B —p+ 3 HDL-C, — HDIL-C,,, and the intercept of this re-
gression line estimates the difference between the intercepts of the
individual regression lines.
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TABLE 2. Biochemical parameters of coronary heart disease patients on placebo and on atorvastatin
(40 mg/day for 4 weeks) grouped by HDL-C levels on placebo
HDL-C < 40 mg/dl (n = 46) HDL-C > 40 mg/dl (n = 40)

Placebo Atorvastatin A% Placebo Atorvastatin A%
TC 289 =91 168 £ 50¢ —41 265 * 42 173 + 364 —34
LDL-C 189 = 76 101 * 46¢ —46 175 = 46 94 * 37¢ —44
HDL-C 32+ 4 35 *+ 5b 10 48 £ 8 50 £ 9 5
TG 216 = 97 138 = 67¢ —33 141 = 47 109 *+ 53% -19
apoA-I 108 £ 13 110 = 12 3 133 + 14 135 + 16 2
LDL-C/HDL-C 6=+3 3+ 1¢ —50 4=*1 2+ 1¢ —45
prep-1 115 10 = 4 =< 14 %5 12 x5 -11
prep-2 3x1 3+x2 26 3+2 3*2 4
a-1 9*+4 13 + 5 46 16 =5 20 * 5¢ 31
a-2 35+ 6 37+6 7 46 £ 7 48 + 8 5
a-3 41 =7 38 = 6° -8 43 £ 6 41 £ 8 —4
prea-1 2+1 3+ 1¢ 80 3x1 4=*1° 32
prea-2 4*+1 4=*1° 18 5*x1 5*x1 15
prea-3 3+1 3+ 1 -8 3x1 3+1 -8

Values are mean (mg/dl) = SD. A% represents the mean of individual responses for treatment (active treat-
ment vs. placebo). TG values were logarithmically transferred for analyses.
Pvalues obtained by comparing values on medication to placebo:

«P<0.001.
b P<0.01.
¢P<0.05.

and normal groups (Table 2). On placebo, the group with
low HDL-C level had higher concentrations of total-C,
LDL-C, and TG levels, and lower concentrations of apoA-I.
Similar to the difference in HDL-C levels, the mean con-
centration of the a-1 subpopulation was 44% lower in the
low-HDL-C group. a-2 was also lower (24%) in the low-
HDL-C group with no notable difference in the concen-
trations of a-3 compared with the normal-HDL-C group.
Concentrations of TC, LDL-C, and TG decreased more
while concentrations of HDL-C and the a-1 HDL particles
increased more in this group.

In Table 3, data were sorted by TG levels on placebo
and subjects were divided into two groups at the median.
The mean TG level in the <median group (120 mg/dl)
was below and that of the > median group (254 mg/dl)
was above the recommended <150 mg/dl level. There
were no significant differences between the two groups in
terms of total cholesterol, LDL-C, and apoA-I concentra-
tions, while the HDL-C concentration was 17% lower in
the group with higher TG level on placebo. The differ-
ences in the HDL subpopulation profiles were similar to
the differences in HDL-C levels. The mean concentrations
of the a-1 and prea-1 subpopulations were lower by 29%
and 33%, respectively, in the higher TG group. No major
differences were found in the concentrations of the other
HDL subpopulations. When the responses to the treat-
ment were compared, we found larger increases in the -1
and prea-1 HDL subpopulations in the group with higher
TG levels compared with the group with lower TG level.

DISCUSSION

A negative association between HDL-C and CHD has
been verified in many epidemiological and interventional
studies (3-6, 34, 35). HDL represents a heterogeneous

group of particles differing in their anti-atherogenic po-
tential. Most data indicate that the large LpA-I HDL parti-
cles carry a significant portion of the anti-atherogenic
properties of HDL. We demonstrated earlier that male
CHD patients had significantly lower concentrations of
the large LpA-I a-1 and prea-1-3 subpopulations, and sig-
nificantly higher concentrations of the small LpA-I:A-II
a-3 subpopulations when compared with healthy male con-
trol individuals (12). We have also documented that Tan-
gier patients with defective reverse cholesterol transport
have only pre3-1 HDL subpopulations in the homozygous

TABLE 3. Biochemical parameters of coronary heart disease patients
on placebo and on atorvastatin (40 mg/day for 4 weeks) sorted by TG
levels on placebo and segregated at the median

<Median (n = 43) >Median (n = 43)

Placebo  Atorvastatin A%  Placebo Atorvastatin A%

TC 264 = 61 162 = 42¢ —38 295 = 85 179 * 46" —38
LDL-C 179 £ 60 91 = 40° —47 187 =70 105 * 44¢ —43
HDL-C 4210 43=x11 3 357 39x9 12
TG 120 £29 100 * 40¢ —17 254 = 76 154 * 76¢ —38

apoA-1 121 £19 124 =20 311516 117 =16 2
LDL-C/HDL-C 4% 2 2+x1e —48 6=*3 3x1¢ —48
prep-1 125 105 -5 12*5 11 x4 —6
prep-2 3x2 3+2 13 3=x1 3+2 21
o-1 145 18 = 6 33 10*x5 14 = 6° 47
a-2 41 *£9 43 *£9 6 377 39*x7 7
-3 41 =6 39 £8 -4 43%x6 39x6° -9
prea-1 3x1 3+ 1 41 2=x1 3+ 20 81
prea-2 4=*1 5%1 13 4=x1 5x1¢ 20
prea-3 3x1 3+1 -6 41 3x1 -5

Values are mean (mg/dl) * SD. A% represents the mean of indi-
vidual responses for treatment (active treatment vs. placebo).

Pvalues obtained by comparing values on medication to placebo:

“P<0.001.

b P<0.01.

¢P<0.05.
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state and markedly depleted large HDL subpopulations
(a-1, a-2 and prea-1, prea-2) in the heterozygous state
(36). Without cholesterol efflux from peripheral cells,
there is no maturation of the phospholipid and apoA-I
containing prep-1 into larger HDL particles. We hypothe-
size that a-1 and prea-1, the large LpA-I subpopulations,
are the most anti-atherogenic particles of HDL.

Assessing HDL subpopulation profiles by two-dimen-
sional non-denaturing gel-electrophoresis and image-anal-
ysis might improve our ability to predict risk for CHD be-
yond what can be estimated by traditional risk factors. It
has to be noted that this technique measures the apoA-I
concentrations of the HDL subpopulations.

The objective of the present study was to examine the
effects of atorvastatin treatment (20, 40, and 80 mg/day
for 4 weeks each dose) on the lipid, lipoprotein, and HDL
subpopulation profiles of CHD patients. We investigated
any carryover effects by comparing lipid data obtained at
4 weeks and 8 weeks of the placebo (wash-out) period to
data obtained after the 4-weeks diet run-in period. Results
obtained after 4 and 8 weeks on placebo were not signifi-
cantly different from those obtained after the diet run-in
period, indicating no carryover effects among the differ-
ent drugs used in the whole study (data not shown).

Despite only a small increase in the mean level of
HDL-C (6%, 7%, 5%) and no change in the mean apoA-I
concentration, the HDL-subpopulation profile changed
significantly on each dose of atorvastatin. There were sig-
nificant increases in the large LpA-I o-1 (24%, 39%, 26%)
and prea-1 (51%, 61%, 63%) subpopulations, while the
small LpA-I:A-IT a-3 particles were slightly but significantly
decreased by 6%, 5% on the two higher doses of the drug.
Previously, we demonstrated that in normolipidemic,
healthy male subjects the concentrations of the a-1 HDL
subpopulations and HDL-C were highly correlated (r =
0.846 P << 0.001) (18). We also found that in CHD subjects
the HDL-C/o-1 ratio was 36% higher compared with
matched controls due to 35% lower a-1 and only 14%
lower HDL-C in the CHD group compared with controls.
These results indicated that in CHD patients the concen-
trations of the large LpA-I a-1 subpopulation are dispro-
portionately lower than in controls. The present data con-
firm earlier observations and clearly show that in this
group of CHD patients, atorvastatin treatment in all ad-
ministered doses not only normalized lipids but also sig-
nificantly changed the HDL subpopulation profiles in the
direction of that seen in normal individuals.

There is controversy in the literature about which HDL
subpopulation(s) are anti-atherogenic and hence the best
targets for pharmacological intervention in individuals
with a high risk for CHD. In this study, we demonstrated
that as a response to atorvastatin treatment, the concen-
tration of the large LpA-I a-1 HDL subpopulation in-
creased at the expense of the small LpA-I:A-Il -3 subpop-
ulation. The concentration of the also LpA-IA-Il «-2
particle was practically unaffected by the treatments.

We tested the influence of baseline lipid levels (lipid
levels obtained on placebo treatment) on the response to
treatment. Subjects were grouped according to HDL-C

1706  Journal of Lipid Research Volume 43, 2002

levels into low (HDL-C =< 40 mg/dl) and normal (HDL-C >
40 mg/dl) groups, or stratified and divided (at the me-
dian) into lower-LDL-C (mean 139 mg/dl) and higher-
LDL-C (mean 229 mg/dl) groups (data not shown), and
similarly by plasma TG levels into lower-TG (mean 120
mg/dl) and higher-TG (mean 254 mg/dl) groups. Sub-
jects in the lower HDL-C, higher TG, and higher LDL-C
groups had the most unfavorable HDL subpopulation
profiles (lowest a-1 and highest a-3) on placebo. More-
over, subjects with the most unfavorable baseline lipid pro-
files benefited most from the treatment by decreasing to-
tal-C, LDL-C, and TG levels while increasing the
concentrations of a-1 HDL subpopulation more than sub-
jects with better lipid values.

As the major effect of statins is reducing LDL-C, we in-
vestigated how changes in LDL-C influence changes in
HDL. The high responder group, with an average 58%
decrease in LDL-C, increased HDL-C by 4% and o-1 by
33%, while the low responder group, with an average
31% decrease in LDL-C, increased HDL-C by 11% and a-1
by 47%.

Data were also sorted by ATG and separated at the me-
dian into low-responders with a mean decrease of 4% and
high-responders with a mean decrease of 49%. HDL-C in-
creased 4% and 11% in low and high responders, respec-
tively. Interestingly, there were no differences in the re-
sponses of o-1 HDL subpopulations between the two
groups. The concentrations of a-1 increased 40% in both
groups on the treatment.

These data show that both lipid levels on placebo and
lipid responses for treatment, except for the TG response,
influenced the response of the large LpA-I HDL subpopu-
lations (a-1 and prea-1) to treatment. Our interpretation
of these results is that decreased cholesterol synthesis but
not lipolysis was responsible for the changes in the HDL
subpopulation profile of these patients. Decreased CETP
activity after treatment with atorvastatin, probably due to
decreased concentrations of TG-rich particles, has been
reported (37). As a result of decreased CETP activity, both
the concentration and the size of HDL increase (unpub-
lished data).

In conclusion, atorvastatin treatment, at all adminis-
tered doses, restored a normal LDL-C level, significantly
decreased the concentration of plasma TG, and tended to
increase HDL-C concentration. Atorvastatin also changed
the HDL-subpopulation profile significantly in a benefi-
cial way. The responses of HDL-C and HDL subpopula-
tion profile were not strongly dose-dependent. The mag-
nitude of the response of HDL-C and the HDL
subpopulation profile was dependent rather on baseline
lipid profiles. Those with the worst baseline lipid profiles
benefited the most from atorvastatin treatment, and that
was generally true for all of the measured parameters. il
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