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Abstract The relationship between statin-induced in-
creases in HDL cholesterol (HDL-C) concentration and
statin-induced decreases in LDL cholesterol (LDL-C) is un-
known. The effects of different statins on HDL-C levels,
relationships between changes in HDL-C and changes in
LDL-C, and predictors of statin-induced increases in HDL-C
have been investigated in an individual patient meta-analysis
of 32,258 dyslipidemic patients included in 37 randomized
studies using rosuvastatin, atorvastatin, and simvastatin.
The HDL-C raising ability of rosuvastatin, and simvastatin
was comparable, with both being superior to atorvastatin.
Increases in HDL-C were positively related to statin dose
with rosuvastatin and simvastatin but inversely related to
dose with atorvastatin. There was no apparent relation-
ship between reduction in LDL-C and increase in HDL-C,
whether analyzed overall for all statins (correlation coeffi-
cient = 0.005) or for each statin individually. Percentage in-
crease in apolipoprotein A-I was virtually identical to that of
HDL-C at all doses of the three statins. Baseline concentra-
tions of HDL-C and triglyceride (TG) and presence of dia-
betes were strong, independent predictors of statin-induced
elevations of HDL-C. Statins vary in their HDL-C raising
ability. The HDL-C increase achieved by all three statins
was independent of LDL-C decrease.Bll However, baseline
HDL-C and TGs and the presence of diabetes were predic-
tors of statin-induced increases in HDL-C.—Barter, P. J., G.
Brandrup-Wognsen, M. K. Palmer, and S. J. Nicholls. Effect
of statins on HDL: a complex process unrelated to changes
in LDL: analysis of the VOYAGER Database. J. Lipid Res.
2010. 51: 1546-1553.
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The use of statins has revolutionized the management of
people at risk of having a cardiovascular event. Several ef-
fects of statins have the potential to reduce cardiovascular
risk, with compelling evidence that statin-induced reduc-
tions in LDL cholesterol (LDL-C) are implicated (1, 2).
However, there is mounting circumstantial evidence that
the ability of statins to increase HDL cholesterol (HDL-C)
may also contribute to the benefit (3, 4). This paper is con-
cerned with the effects of statins on HDL-C.

All statins raise the concentration of HDL-C, although,
in contrast to the reduction in LDL-C, the mechanism by
which statins increase the concentration of HDL-C is not
known. The magnitude of the increase in HDL-C and its
relationship to dose varies widely between different statins
(5). The reason for these differences is unclear. Further-
more, the HDL-C response to any given statin tends to vary
widely from study to study, with little understanding of the
factors that may be responsible for such variation.

These issues are addressed in this report that analyzes
the results from an individual patient meta-analysis data-
base of the effects of rosuvastatin, atorvastatin, and simvas-
tatin in a total of 32,258 people included in 37 randomized
clinical trials.

Several specific questions are asked. i) What are the ef-
fects of rosuvastatin, atorvastatin, and simvastatin on the
concentration of HDL-C across the recommended dose
ranges of each of the statins? ii) What is the relationship

Abbreviations: apo, apolipoprotein; CETP, cholesteryl ester trans-
fer protein; HDL-C, HDL cholesterol; LDL-C, LDL cholesterol; TG,
triglycerides.
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between statin-induced changes in HDL-C and those of
the major HDL protein, apolipoprotein (apo) A-I? iii)
How do statin-induced changes in HDL-Crelate to changes
in LDL-C? iv) Are there identifiable factors that influence
the HDL-C response to statins?

METHODS

Trial selection

This investigation of the effects of statins on the concentration
of HDL-C included individual patient results from 37 random-
ized clinical trials comparing rosuvastatin with either atorvastatin
or simvastatin in a total of 32,258 people in the intention-to-treat
population (defined as patients with both baseline and end-of-
treatment lipid values). A list of the included trials is shown in
supplementary Table I. For a trial to be included in the analysis,
it had to involve fixed doses of the statins, be of at least 4 weeks
duration, have both baseline and on-therapy lipid values re-
corded for each patient, and have a documented description of
the laboratory methods that were used. Studies involving optional
dose titration to achieve goals were excluded. Noncomparative
and observational studies were also excluded. Eligible trials were
identified from comprehensive searches of the Cochrane Con-
trolled Trials Registry (CCTR/CENTRAL), MEDLINE between
1999 (the year of the first comparative randomized study
with rosuvastatin) and 2007, EMBASE (1999 to 2007) Citeline
Trialtrove™, and PLANET (a comprehensive and up-to-date
collection of published literature on AstraZeneca’s products).
Individual patient data were obtained from the investigators or
sponsors and where this was not possible the study was not used.

Laboratory measurements

All lipid parameters were quantified on samples collected in
the fasting state. Cholesterol and triglyceride (TG) quantitation
was determined by enzymatic assay. LDL-C was calculated using
the Friedewald equation for patients with TG < 400 mg/dl and
measured by B-quantification for those with TG > 400 mg/dl.
HDL-C was quantified following precipitation of apoB contain-
ing lipoproteins. Levels of nonHDL-C were calculated by subtrac-
tion of HDL-C from total cholesterol. ApoA-l levels were
quantified by immunonephalometry.

Diabetic status was determined by two fasting glucose mea-
surements above 126 mg/dl (7.0 mmol/1); glycosylated hemoglo-
bin of 6% or higher; treatment with antidiabetic therapeutic
agents (typically metformin or thiazolidinediones); or diabetic
retinopathy, nephropathy, or neuropathy.

Statistical analysis

Demographic data were expressed as mean + SD for continu-
ous variables and percentage for categorical variables. When a
parameter was not normally distributed (TG), it was presented as
median (interquartile range). In studies where patients were
force-titrated to higher doses at predefined intervals, each period
was considered an exposure. For each lipid variable, percentage
change was calculated from baseline to the end of each fixed
dose period.

Percentage change in each lipid parameter for each statin
dose was expressed as least-square mean (+ SEM) estimated from
a mixed effects model that employed fixed effects for trial/peri-
ods and statin doses and a random effect for trial/period-by-
treatment interaction. The model was formulated in this way so
that the contribution of each study was weighted by the inverse of
its variance and to provide correct estimates of error terms for
calculation of confidence intervals and Pvalues.

For identifying factors potentially predicting HDL-C response,
univariate and multivariate analyses were carried out using data
for all trial /periods. In univariate analyses, results for categorical
variables were presented as simple mean percentage responses,
and for continuous variables, a regression model with the vari-
able as the only term was used to predict percent change at each
of a number of predefined values. For example, predefined val-
ues were 50, 60, and 70 years for age; 30, 45, 60, 75, and 90 mg/dl
for baseline HDL-C; and 80, 140, 200, 260, and 320 mg/dl for
baseline TG. In multivariate analyses, each factor was adjusted for
trial, period, and all other factors in a multivariate regression
model. Nominal values of 60 years, 50 mg/dl, and 175 mg/dl
were used in adjusting for age, baseline HDL-C, and baseline TG,
respectively (these are close to actual mean levels).

Relationships between changes in lipid variables were mea-
sured by Pearson correlation coefficients.

All statistical analyses were performed using SAS version 9.1
(SAS Inc., Cary, NC). A Pvalue < 0.05 was considered to be statis-
tically significant, without adjustment for multiple comparisons.

RESULTS

Baseline demographics and lipid levels of the pa-
tients included in the VOYAGER database are shown in
Table 1.

Effects of statins on HDL-C and apoA-I

Rosuvastatin, atorvastatin, and simvastatin all raised the
concentrations of both HDL-C and apoA-I across the
range of doses used (Table 2). The percentage increase
in HDL-C was paralleled by a comparable increase in
apoA-I for each of the statins at most doses studied. The
magnitude of the increases in HDL-C, however, varied
with statin doses and, at any given dose, also between dif-
ferent statins. In the case of rosuvastatin, there was a dose-
dependent increase in HDL-C (from 5.5% to 7.9%) over
the dose range of 5-40 mg/day. The apoA-I increase with

TABLE 1. Baseline demographics and lipid levels of the patients
included in the VOYAGER database

Parameter Value
Number of patients 32,258
Mean (SD) age (years) 60.0 (11.1)
18-64 (%) 63.6
65-69 (%) 15.2
=70 (%) 21.2
Male (%) 56.7
Race
Caucasian (%) 79.9
Black (%) 5.1
Asian (%) 8.3
Hispanic of Latino origin (%) 4.1
Other (%) 2.6
BMI (kg/m2) 28.8 (5.5)
Percentage with diabetes (%) 27.5
Percentage with atherosclerotic disease (%) 48.0
Mean (SD) baseline lipid level (mg/dl)
HDL-C 48.7 (12.7)
LDL-C 170.9 (38.7)
ApoA-I 148.8 (28.7)

TGs (median, interquartile range) 161.2 (120.4, 215.0)

BMI, body mass index.
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TABLE 2. Percent change from baseline in LDL-C, HDL-C, and
apoA-I across dose range for each statin

Least-squares mean % change
from baseline (SE)

Dose
(mg) n’ LDL-C HDL-C ApoA-I
Rosuvastatin 5 670 —38.8(0.9) 5.5(0.8) 6.0(0.7)
10 11,690 —44.1(0.6) 6.1 (0.5) 6.5 (0.4)
20 3,564  —49.5 (0.5) 7.0 (0.4) 6.0 (0.4)
40 9,083  —54.7 (0.4) 7.9 (0.4) 6.4 (0.5)
Atorvastatin 10 7,837 —35.5(0.6) 45(0.5) 4.7 (0.4)
20 3,908 —41.4 (0.5) 3.5 (0.5) 3.2(04)
40 1,324  —46.2 (0.5) 2.4 (0.5) 2.2(0.6)
80 92,072 —50.2 (0.4) 2.3 (0.4) 0.1 (0.6)
Simvastatin 10 165  —27.4 (1.4) 4.2 (1.3) 5.2(1.3)
20 2,929  —33.0 (0.6) 5.0 (0.6) 5.2 (0.5)
40 548  —38.9 (0.9) 5.0 (0.8) 6.4 (0.8)
80 479 —45.0(1.0) 53 (0.9) 5.9 (0.9)

“For approximately 35% patients, apoA-I was not available.

rosuvastatin, while of a similar magnitude to that of
HDL-C, appeared, however, not to be dose dependent,
being similar (between 6% and 6.5%) across the dose
range (Table 2). In the case of atorvastatin, the increase

Atorvastatin 10 mg Atorvastatin 20 mg

in HDL-C was inversely related to dose, being 4.5% at the
10 mg dose and falling to 2.3% at a dose of 80 mg/day. A
similar inverse relationship with atorvastatin dose was also
observed for apoA-1 (4.7% increase at 10 mg down to
0.1% increase at 80 mg). For simvastatin, the increase in
HDL-C (as was observed with rosuvastatin) was dose de-
pendent, ranging from 4.2% at 10 mg to 5.3% at 80 mg.
The effect of simvastatin on apoA-I was similar to that on
HDL-C, ranging from an increase of 5.2% at 10 mg to
5.9% at the 80 mg dose (Table 2).

Statin-induced changes in HDL-C correlated posi-
tively and significantly with those of apoA-I, with a cor-
relation coefficient of approximately 0.5 for all statins at
all doses (Fig. 1).

Relationship between changes in HDL-C and LDL-C

The statin-induced increases in concentration of HDL-C
were unrelated to the reduction in LDL-C (Table 2), with
a correlation coefficient of 0.02 for the entire database of
38,199 patient exposures that included all statins at all
doses studied (Fig. 2). An absence of any significant rela-

Atorvastatin 40 mg

Atorvastatin 80 mg
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Fig. 1. Relationship between changes in concentrations of HDL-C and apoA-I during treatment with atorvastatin at 10, 20, 40, or 80 mg/
day, rosuvastatin at 5, 10, 20, or 40 mg/day, or simvastatin at 10, 20, 40, or 80 mg/day. The diagonal lines depict a 1:1 relationship.
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Fig. 2. Relationship between changes in concentrations of HDL-
C and LDL-C. Individual data for all patients (38,199 patient expo-
sures) receiving any dose of rosuvastatin, atorvastatin, or simvastatin
are shown (r=10.02).

tionship between changes in HDL-C and LDL-C was also
apparent for each of the individual statins at all the doses
studied (supplementary Figs. I-III). For rosuvastatin, the
correlation coefficients were 0.02, 0.14, 0.02, and 0.02, re-
spectively, for doses of 10 mg, 20 mg, 40 mg, and all doses
combined. For atorvastatin, the correlation coefficients
were 0.02, 0.05, 0.06, 0.19, and 0.05, respectively, for doses
of 10 mg, 20 mg, 40 mg, 80 mg, and all doses combined.
For simvastatin, the correlation coefficients were —0.01,
0.01, 0.02, 0.03, and 0.00, respectively, for doses of 10 mg,
20 mg, 40 mg, 80 mg, and all doses combined. These re-
sults indicate that statin-induced changes in HDL-C and
LDL-C are totally unrelated.

Relationship between changes in HDL-C and plasma TG

The statin-induced increases in concentration of HDL-C
correlated significantly with the reduction in plasma TG
(supplementary Fig. IV). This relationship was apparent
for each of the individual statins at all the doses studied
(supplementary Fig. IV). For rosuvastatin, the correlation
coefficients were —-0.29, -0.21, —0.16, and -0.21, respec-
tively, for doses of 5 mg, 10 mg, 20 mg, and 40 mg
(P = 0.0001 for all). For atorvastatin, the correlation co-
efficients were —0.21, -0.24, -0.20, and -0.12, respectively,
for doses of 10 mg, 20 mg, 40 mg, and 80 mg (P = 0.0001
for all). For simvastatin, the correlation coefficients were
—-0.29, -0.22, -0.30, and —0.32, respectively, for doses of
10 mg, 20 mg, 40 mg, and 80 mg (P < 0.0001 for all).
These results indicate that while there is a statistically
significant relationship between the statin-induced
changes in HDL-C and plasma TG, the changes in TG
could account for <10% of the changes in HDL-C. When
the changes in HDL-C were related to quintiles of
change in plasma TG, it was apparent that the greater
the decrease in plasma TG, the greater the increase in
HDL-C (P < 0.0001 for all except simvastatin 10 mg,

where P=0.003) (supplementary Fig. V). For each statin
at each dose, quintiles were constructed with patients
having the greatest decrease in TG assigned to the low-
est quintile, Q1, and patients with least decrease or an
increase in TG assigned to Q5. An inverse relationship
was apparent: patients having greatest TG response
(i.e., most negative) also had the greatest percent in-
crease in HDL-C, irrespective of statin and dose. Thus,
in contrast to the relationships between changes in
HDL-C and LDL-C, there was a clear relationship be-
tween statin-induced increases in HDL-C and reduc-
tions in plasma TG.

Predictors of statin-induced changes in HDL-C

There were several predictors of the HDL-C response to
rosuvastatin at its 10 mg and 40 mg doses (Fig. 3) and to
atorvastatin at its 20 mg and 80 mg doses (Fig. 4).

The baseline level of HDL-C was highly predictive of
the increase in HDL-C induced by the low and high doses
of both rosuvastatin (Fig. 3) and atorvastatin (Fig. 4)
(P<0.0001 for the trend in the case of each dose of each
statin). In people whose HDL-C was in the lowest quintile
(concentration < 39 mg/dl), the increase in HDL-C with
10 mg rosuvastatin was 11.4% compared with —-0.2%
in those whose HDL-C was in the top quintile (concentra-
tion > 59 mg/dl). A similar result was observed with 40 mg
rosuvastatin, in which case the increase in HDL-C was
13.6% in those whose HDL-C at baseline was in the lowest
quintile compared with an increase of 4.3% in those whose
HDL-C was in the top quintile (Fig. 3). With atorvastatin at
the 20 mg dose, the increases in HDL-C in people with the
lowest (concentration < 37 mg/dl) and highest (concen-
tration > 56 mg/dl) quintiles of baseline HDL-C were,
respectively, 8.1% and 1.4%, while at the 80 mg dose of
atorvastatin, the respective increases in HDL-C were 14.3%
and -0.5% (Fig. 4).

The baseline level of TG also predicted statin-induced
changes in HDL-C. In this case, the higher the plasma
TG at baseline, the greater the increase in HDL-C at both
the low and high doses of rosuvastatin and atorvastatin
(Figs. 3 and 4). The most likely explanation for an impact
of TG level on the statin-induced increase in HDL-C is
the fact that plasma concentrations of TG and HDL-C are
inversely related and that people with high TG tend to
have low levels of HDL-C. In contrast to the impact of
baseline HDL-C and plasma TG, the baseline level of
LDL-C had little effect on the magnitude of the HDL-C
increase with either low or high dose rosuvastatin (Fig.
3). There was an apparent effect of baseline LDL-C on
the change in HDL-C induced by atorvastatin, although
the results with the 20 mg and 80 mg doses were in op-
posite directions (Fig. 4). The HDL-C increase induced
by the 20 mg dose of atorvastatin was greater in those
whose baseline LDL-C was in the highest quintile com-
pared with the lowest quintile (trend P< 0.0001). In the
case of the 80 mg dose of atorvastatin, however, the
HDL-C increased significantly more in those with a base-
line LDL-C in the lowest compared with the highest quin-
tile (trend P< 0.0001) (Fig. 4).

Effect of statins on HDL-C 1549
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Fig. 3. Impact of baseline concentrations of HDL-C, plasma TG, and LDL-C and patient characteristics on changes in HDL-C during
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treatment with rosuvastatin at either 10 mg or 40 mg. Results are means (95% CI). BMI, body mass index; Q, quintile (see text for

definition).

Gender had a small influence on the HDL-C response
to rosuvastatin at the 10 mg dose (P=0.04) but not at the
40 mg dose (P = 0.3) (Fig. 3) and for atorvastatin at
the 20 mg dose (P = 0.0002) but not at the 80 mg dose
(P=0.07) (Fig. 4). There was no effect of gender on the
HDL-C response to 10 mg or 40 mg atorvastatin (results
not shown), suggesting that the result with the 20 mg dose
was most likely due to chance.

The presence of diabetes was associated with a reduced
increase in HDL-C for rosuvastatin at both the 10 mg and
40 mg doses (Fig. 3) and for atorvastatin at the 20 mg and
80 mg doses (Fig. 4) and 10 mg and 40 mg doses (results
not shown). All Pvalues were <0.0001 except P = 0.06 for
atorvastatin at 80 mg.

Of the other factors investigated, age, body mass index,
and the presence of atherosclerotic disease had little ap-
parent impact on the HDL-C increase induced by either
rosuvastatin or atorvastatin (Figs. 3 and 4).

Several potential predictors of the statin-induced in-
crease in HDL-C, including presence of atherosclerotic
disease (Y/N), presence of diabetes (Y/N), gender (M/F),
age, baseline HDL-C, and baseline TG, were subjected to
both univariate and multivariate analysis.

The presence of atherosclerotic disease at baseline
(supplementary Table II) had no consistent impact on the

1550 Journal of Lipid Research Volume 51, 2010

HDL-C response to any statin in either univariate or multi-
variate analysis. In contrast to the absence of a consistent
effect of atherosclerotic disease, the presence of diabetes
had a substantial impact as a reduced HDL-C increase as
assessed in both univariate and multivariate analyses (sup-
plementary Table III). In subjects taking rosuvastatin at the
10 mg and 40 mg doses and atorvastatin at the 80 mg dose,
statin-induced increases in HDL-C were significantly
greater in females than in males as assessed by multivariate
analysis (supplementary Table IV). Age was also a factor,
with the HDL-C response increasing with advancing age as
assessed by multivariate analysis (supplementary Table V).
Of all the variables investigated, the baseline level of
HDL-C was the strongest predictor of the HDL-C response
to statins in both univariate and multivariate analyses
(supplementary Table VI). Baseline TG was also found to
be predictive of the HDL-C response to statins in both uni-
variate and multivariate analysis (supplementary Table VII).

DISCUSSION

HDL-C-raising ability of the statins

All statins have the capacity to increase the concentra-
tion of HDL-C and apoA-I (3, 5, 6). As has been reported
elsewhere (5, 7) and confirmed here, different statins
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Fig. 4. Impact of baseline concentrations of HDL-C, plasma TG, and LDL-C and patient characteristics on changes in HDL-C during
treatment with atorvastatin at either 20 mg or 80 mg. Results are means (95% CI). BMI, body mass index; Q, quintile (see text for

definition).

vary in their HDL-C-raising activity, with rosuvastatin and
simvastatin having comparable effects and both being
more effective than atorvastatin. The dose response of
the HDL-C raising also differs markedly between the
statins, being positively dose dependent for rosuvastatin
and simvastatin, but, as has been reported previously (5),
being inversely related to dose for atorvastatin, at least
within the dose range of 20 to 80 mg/day. Clearly, all
agents must be positively dose-dependent at lower doses.
Despite these differing effects on the concentration of
HDL-C, all three agents have similar effects on the sub-
population distribution of HDL. All preferentially in-
crease concentrations of large, a 1-migrating HDL (8, 9).
Whether or not these differences in HDL-C response
affect the cardio-protective properties of the different
statins is not known, although there is growing evidence
that statin-induced increases in concentration of HDL-C
favorably affect coronary atheroma burden (4) and may
also contribute to a statin-mediated reduction in cardio-
vascular events (10).

The relationship between HDL-C-raising with statins
and the progression or regression of coronary atheroma
has been addressed in an analysis of data from 1,455
patients in four intravascular ultrasound imaging trials.
Multivariate analysis showed that both the achieved level
of LDL-C and the increase in concentration of HDL-C

during statin treatment were significant independent pre-
dictors of coronary atheroma progression (4).

Relationship between changes in HDL-C and changes
in apoA-I

Statin-induced changes in HDL-C correlated positively
and significantly with those of apoA-I, with a correlation
coefficient of approximately 0.5 for all three statins at all
doses studied (Fig. 1). While this indicates that changes in
HDL-C and apoA-l are related, it is apparent that the
changes in either one can account for only about 25% of
the variance of changes to the other, indicating that there
may be differences in the mechanisms by which statins in-
crease HDL-C and apoA-I. It was of interest that in this very
large database, the percentage increases in apoA-I were
comparable to those of HDL-C with all doses of the three
statins. This contrasted with many previous reports that
HDL-C-raising therapies tend to increase the concentra-
tion of HDL-C to a greater extent than that of apoA-I (3, 5,
6, 11-16).

The mechanism by which statins increase the concentra-
tion of HDL-C and apoA-I is not known and is apparently
unrelated to the mechanism by which these agents lower
the concentration of LDL-C. Statins are known to upregu-
late hepatic ABC transporter Al gene expression (17),
an effect that may explain at least a portion of the statin-
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induced increase in HDL-C (17). Statins have also been
reported to reduce activity of hepatic lipase (18). In the
case of atorvastatin, this effect is positively dose dependent
over the 20-80 mg dose range (18). The fact that the in-
crease in HDL-C with atorvastatin is inversely related to
dose in this dose range does not therefore support a major
involvement of hepatic lipase inhibition in statin-induced
increases in HDL-C. Another possible mechanism by which
statins increase HDL-C is the known statin-induced inhibi-
tion of cholesteryl ester transfer protein (CETP) (19-22).
However, the observed 20-25% inhibition of CETP associ-
ated with statin treatment would be predicted to increase
the concentration of HDL-C by >20% (23). The fact that
the increase is much less than this suggests that statins may
have other effects that oppose the HDL-C raising resulting
from CETP inhibition. It follows that the magnitude of statin-
induced elevations of HDL-C may reflect a balance between
mechanisms that increase and others that decrease the
concentration. Variations in the balance between such
opposing effects may be the explanation for the markedly
differing patterns of the HDL-C response to treatment with
different statins. A possible explanation for the observed
loss of the HDL-C-raising effect at higher doses of atorvasta-
tin is the fact that atorvastatin metabolites have potent anti-
oxidant properties (24). It is known that antioxidants such
as probucol reduce HDL-C levels (25, 26) and a mixture of
vitamins C and E, B carotene, and selenium has been re-
ported to reduce the HDL-C-raising effects achieved by the
combination of simvastatin and niacin (27).

Predictors of HDL-C response

Despite the markedly differing HDL-C-raising effects of
rosuvastatin and atorvastatin, there were several predictors
of response that were common to both low and high doses
of each agent. The strongest predictor was the baseline
level of HDL-C, an observation that has also been made in
people treated with fibrates (28-30). Part of the explana-
tion may be nothing more than the well-recognized statis-
tical phenomenon of regression to the mean. The full
explanation is uncertain, but it is clear that mean baseline
HDL-C level may explain much of the observed variability
in HDL-C response from study to study for a given statin/
dose. It is possible that the smaller than expected HDL-C
increase achieved with rosuvastatin in the recently re-
ported Justification for the Use of Statins in Prevention: an
Intervention Trial Evaluating Rosuvastatin (JUPITER)
trial was a reflection of the high median baseline HDL-C
level of 49 mg/dl (31).

The statin-induced elevation of HDL-C was a positive
function of the baseline level of plasma TG. The possibility
that this was no more than a reflection of the well-docu-
mented inverse relationship between the concentrations
of TG and HDL-C was excluded by the fact that the rela-
tionship remained robust even after adjusting for baseline
HDL-C. The mechanism by which a higher concentration
of TG may affect a statin-induced increase in HDL-C is not
known. It is known, however, that statin-induced decreases
in plasma TG are greater in people with elevated levels of
plasma TG (32). Given that a reduction in concentration
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of TG-rich lipoproteins will be accompanied by decrease
in the CETP-mediated transfer of cholesteryl esters from
HDL-C to TG-rich lipoproteins (33), it is perhaps not sur-
prising that the baseline level of plasma TG is a predictor
of the HDL-C response to statins or that the statin-induced
reduction in plasma TG correlated significantly with the
increase in HDL-C.

People with type II diabetes typically have a lower level
of HDL-C than is observed in nondiabetics (34). On this
basis, it might have been expected that the HDL-C increase
induced by a statin would be greater in diabetics than in
nondiabetics. The reality was the opposite, with a substan-
tially smaller HDL-C response in the diabetics that re-
mained statistically significant (with the exception of the
80 mg dose of atorvastatin) after adjusting for a number of
potentially confounding variables, including baseline lev-
els of HDL-C and TG. This finding is consistent with previ-
ous observations of asmaller increase in HDL-C in diabetics
treated with simvastatin in the Heart Protection Study (35)
and with gemfibrozil in the Veterans Affairs High-Density
Lipoprotein Intervention Trial study (36). The explana-
tion and the clinical implications of a reduced HDL-C re-
sponse to therapy in people with diabetes warrant further
investigation.

CONCLUSIONS

The analysis of this large, individual patient database
has revealed several robust findings of potential clinical
importance. It has confirmed previous observations that
statins vary markedly in their ability to raise the level of
HDL-C. A novel finding was that the percentage increase
in apoA-l was virtually identical to that of HDL-C at all
doses of the three statins investigated. The analysis also re-
vealed that the HDL-C raising achieved by all three statins
was totally independent of the reduction in LDL-C. And
finally, it has been found that baseline concentrations of
HDL-C and plasma TG and the presence of diabetes are
robust, independent predictors of statin-induced elevations
of HDL-C.H&
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