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Plasma Lipoproteins and Apolipoproteins as Predictors of
Cardiovascular Risk and Treatment Benefit in the PROspective
Study of Pravastatin in the Elderly at Risk (PROSPER)

Chris J. Packard, DSc; Ian Ford, PhD; Michele Robertson, BSc; James Shepherd, MD; Gerard J. Blauw, MD;
Michael B. Murphy, MD; Edward L.E.M. Bollen, MD; Brendan M. Buckley, FRCPI; Stuart M. Cobbe, MD;
Allan Gaw, MD; Michael Hyland, FRCPI; J. Wouter Jukema, MD; Adriaan M. Kamper, MD;

Peter W. Macfarlane, DSc; Ivan J. Perry, MD; David J. Stott, MD; Brian J. Sweeney, FRCPI;

Cillian Twomey, FRCPI; Rudi G.J. Westendorp, MD; for the PROSPER Study Group

Background—Statins are important in vascular disease prevention in the elderly. However, the best method of selecting
older patients for treatment is uncertain. We assessed the role of plasma lipoproteins as predictors of risk and of
treatment benefit in the PROspective Study of Pravastatin in the Elderly at Risk (PROSPER).

Method and Results—The association of LDLc and HDLc with risk was examined in the 5804 70- to 82-year-old subjects
of PROSPER. Baseline LDLc showed no relation to risk of the primary end point in the placebo group (P=0.27), nor
did on-treatment LDLc in the pravastatin group (P=0.12). HDLc was inversely associated with risk in subjects on
placebo (P=0.0019) but not in those on pravastatin (P=0.24). Risk reduction on pravastatin treatment was unrelated to
baseline LDLc (P=0.38) but exhibited a significant interaction with HDLc (P=0.012). Subjects in the lowest 2 quintiles
of HDLc (<1.15 mmol/L) had a risk reduction of 33% (hazard ratio, 0.67; 95% confidence limits, 0.55, 0.81;
P<0.0001), whereas those with higher HDLc showed no benefit (RR, 1.06; 95% confidence limits, 0.88, 1.27; P=0.53).
During follow-up, there was no relation between achieved level of LDLc or HDLc and risk. However, the change in the
LDLc/HDLc ratio on statin treatment appeared to account for the effects of therapy.

Conclusions—In people >70 years old, HDLc appears to be a key predictor of risk and of treatment benefit. Findings in
PROSPER suggest that statin therapy could usefully be targeted to those with HDLc <1.15 mmol/L or an LDLc/HDLc

ratio >3.3. (Circulation. 2005;112:3058-3065.)
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Ischemic vascular disease is a major cause of death and
morbidity in older people in the developed world. It affects
the majority; in some surveys, 75% to 80% of 80-year-olds
exhibit signs or symptoms of arteriosclerosis,! and vascular
disease is the primary cause of death in almost half of those
>065 years. Furthermore, the outcome of surviving a major
coronary or cerebrovascular event can be disability, with
consequences for the individual, the immediate family, and
society. Prevention of vascular disease in the elderly is
therefore, a key objective in the promotion of healthy ageing.

Statins, inhibitors of 3-hydroxy-3-methylglutaryl coen-
zyme A reductase, are established as first-line therapy for
cholesterol lowering to prevent coronary heart disease
(CHD), both in those with clinically evident vascular disease

and in asymptomatic individuals. A series of landmark
trials?>-¢ have demonstrated that these drugs are able to reduce
risk by 20% to 40%. Remarkably, in studies completed so far,
it appears that the benefit of statin therapy is independent of
lipid phenotype, background risk factor status, or previous
history of vascular disease. For example, in the Heart Pro-
tection Study,’ the relative risk (RR) reduction was the same
whether LDL cholesterol (LDLc) levels were elevated or
normal, whether subjects were diabetic or not, and whether or
not patients had previously experienced a myocardial infarc-
tion (MI) or stroke. Until recently, although a number of trials
included a significant proportion of older people (ie, >65
years of age) among their recruits,*~7 none addressed specif-
ically the prevention of cardiovascular and cerebrovascular
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TABLE 1. Plasma Lipoprotein and Apo Levels at Baseline and Lipoprotein Levels on Treatment in Pravastatin-Treated Subjects
in PROSPER
Men* Women* Primary* Secondary*
3 3 3 3 3

Baseline Months Baseline Months Baseline Months Baseline Months Baseline Months
n 2891 2758 1396 1340 1495 1418 1585 1514 1306 1244
Plasma cholesterol, mmol/L 57(09  44(0.9 53(0.8  41(0.7 6.0(09  4.6(0.9 57(09  44(0.9 57(0.9  43(0.9
Plasma triglyceride, mmol/L 1.5(0.7) 1.3(0.6) 1.5(0.7) 1.3(0.7 1.6 (0.7) 1.3(0.6) 1.5(0.7) 1.3(0.6) 1.6 (0.7) 1.4(0.7)
LDLc, mmol/L 3808 2507 36(0.7) 2406 4008 26(0.7) 38(08 2507 3.8(08 25(0.7)
HDLc, mmol/L 13(0.4) 1404 1203 1304 14(04) 15(04) 1304 1404 12(03)  1.3(0.4)
ApoA1, g//L 1.3(0.2) ND 1.2(0.2) ND 1.4(0.2) ND 1.4(0.3) ND 1.3(0.2) ND
ApoB, g/L 1.2(0.2) ND 1.1(0.2) ND 1.2(0.2) ND 1.1(0.2) ND 1.2(0.2) ND

ND indicates not determined. Other abbreviations are as defined in text. Values are mean and (SD). Values given are the average of 2 baseline estimations, and
the on-treatment level was determined at 3 months of therapy. No data are provided for the placebo group.
*Pravastatin group refers to all those allocated to pravastatin treatment. Levels are given also for the group split by sex or by prevention status.

diseases in the elderly. PROSPER (the PROspective Study of
Pravastatin in the Elderly at Risk) was designed to examine
these issues.® The rationale for the study was not only to focus
on a growing health problem but also to test statin use in an
age range wherein plasma cholesterol concentration was a
much weaker predictor of relative CHD risk than at
midlife.°-!! The principal findings of the study were that
pravastatin at 40 mg/d reduced the risk of CHD by 19% to
24% but did not influence stroke rate.® It could be argued on
the basis of this result that statins should be prescribed to all
older people, but there was evidence in the trial for hetero-
geneity of response, raising the possibility that these drugs
could be targeted to those who would benefit most. This topic
is explored further in the present report, as is the issue of
which plasma lipoprotein or apolipoprotein best predicts
CHD risk in the elderly. Current guidelines, derived mainly
from middle-aged cohorts, may not offer the best treatment
algorithms for older people, in whom the association of
plasma lipid levels with vascular disease appears consider-
ably attenuated.

Methods

Subjects

PROSPER recruited in 3 countries (Scotland, Ireland, and the
Netherlands) 5804 subjects (3000 women, 2804 men) to a trial of
statin use in an older population. Principal inclusion criteria were a
history of vascular disease (in 2565 subjects, 44% of the total) or
high CHD risk arising from hypertension, smoking habit, or diabetes
and an age of 70 to 82 years. Plasma cholesterol (total) was required
to be 4.0 to 9.0 mmol/L and plasma triglyceride <6.0 mmol/L.'?
Institutional ethics committees approved the study, and written,
informed consent was obtained from each subject. Follow-up lasted
for an average of 3.2 years.

Measurements

Plasma lipids and lipoproteins were measured twice during the
screening phase, ie, at the beginning and end of the single-blind,
placebo “run-in” phase according to the standardized'® Lipid Re-
search Clinics protocol.'* Baseline levels were taken as the average
of these 2 determinations. Tests were repeated at 3 months and
annually thereafter. Apolipoprotein (apo) Al and apoB were tested
once on samples collected at baseline by turbidimetric assays
(Hitachi/Roche catalog Nos. 03032612 and 03032639, respectively).

Statistical Analysis

To test the association of baseline lipoprotein levels with vascular
disease, subjects were divided into quintiles of LDLc, HDLc,
LDLc/HDLc ratio, and total/HDLc ratio. Risk (unadjusted incidence
rates) of the primary end point (CHD death, nonfatal MI, and fatal
plus nonfatal stroke) was estimated separately for the placebo- and
pravastatin-allocated subjects in each quintile. The RR of the
primary end point was derived for quintiles of LDLc, HDLc,
LDLc/HDLc, and total/HDLc after adjustment for potential con-
founding factors, ie, age, sex, smoking status, history of diabetes,
history of hypertension, baseline blood pressure, and LDLc or
HDLc, as appropriate. The RR reduction on pravastatin therapy was
computed for each quintile, and a test for interaction
(quintile Xtreatment effect) was performed. In addition, the trial
cohort was divided according to sex and history of vascular disease,
and the association of HDLc¢ with the coronary component (CHD
death plus nonfatal MI) of the primary end point was determined in
these subgroups. ApoAl and apoB were analyzed as continuous
variables, adjusted for the same confounding factors, with hazard
ratios and confidence intervals (CIs) produced for a change of 1 SD.

The efficacy of treatment was examined also in those with a
combination of low HDLc (<1.03 mmol/L in men, <1.29 mmol/L in
women) and high triglyceride (>1.7 mmol/L in both sexes) values
compared with the remainder of the cohort.

On-treatment lipoprotein levels determined at 3 months were
related to the risk of the primary end point, again by dividing each
treatment arm into quintiles of lipoprotein level. Cox proportional-
hazards models for the entire cohort were constructed with lipopro-
tein levels as continuous variables to determine the extent to which
baseline level, achieved level, or change from baseline explained the
risk reduction.

Results
At baseline, women had higher levels of LDLc (P<<0.0001)
and HDLc (P<<0.0001) than men. Subjects with a history of
vascular disease (secondary prevention) had lower HDLc
levels (P<<0.0001) but similar LDLc levels (P=0.47) com-
pared with those who had not had an event (primary preven-
tion; Table 1).

Baseline Lipoprotein Levels and Risk in the
Placebo Group

LDLc at baseline showed no association with the observed
(unadjusted) incidence of the primary end point in the
placebo group during the 3.2 years of follow-up (Figure 1),
and this was also the case when the adjusted RR of the
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primary end point was estimated for each quintile of LDLc
(P=0.27; Figure 2). HDLc on placebo treatment exhibited an
inverse association with the incidence of the primary end
point (Figures 1 and 2) and showed a significant relation to
risk (P=0.0019) in multivariate models adjusted for age, sex,
smoking, blood pressure, history of diabetes, history of
hypertension, and LDLc (Figure 2). The ratios of LDLc to
HDLc and of total cholesterol to HDLc exhibited positive
associations with the incidence of the primary end point when
examined by quintile (Figure 1). These relations were attrib-
utable to the coronary component of the primary end point,
because the risk of stroke was not related to any of the
variables (data not shown).

To examine the association of HDLc with risk in the major
prespecified subgroups in PROSPER, subjects were divided
by sex and history of vascular disease. These analyses suffer,
of course, from reduced statistical power, and hence, we
chose to focus on the secondary end point of coronary events,
wherein the relations were likely to be most evident. HDLc
divided by quintiles was related significantly to risk of a
coronary event in men (P=0.0009) but not in women

Baseline LDL cholesterol
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(P=0.10), whereas an inverse association between HDLc and
risk was evident in both primary (P=0.051) and secondary
(P=0.024) prevention categories. Similar trends were seen
for the primary end point, but associations were weaker.

Baseline Lipoprotein Levels and Risk in the
Pravastatin Group

In subjects given pravastatin, LDLc was, on average, 33.9%
lower than at baseline (Table 1). This brought the average
level on treatment to within the therapeutic goal of
<2.6 mmol/L (100 mg/dL).'> Concomitantly, plasma triglyc-
erides fell by an average of 13.0% while HDLc rose 7.2%.
The changes in lipoprotein levels were similar in the major
subgroups in the study, ie, men versus women and those with
versus without a history of vascular disease (Table 1). As in
a previous trial,'® variation in the percentage of LDLc
reduction was seen across all quintiles of baseline LDLc
(LDLc fell by 30.9%, 32.7%, 34.0%, 34.9%, and 37.1% in
quintiles 1 through 5; P<<0.001 for trend), and greater percent
rises in HDLc were observed in subjects with the lowest
HDLc at baseline (HDLc rose by 10.7%, 8.2%, 6.5%, 5.5%,
and 4.8% in quintiles 1 through 5).

Baseline HDL cholesterol

Figure 2. RR of primary end point by
quintile of baseline LDLc and baseline
HDLc. With the predicted lowest-risk
quintile as the referent (bottom LDLc
quintile, highest HDL quintile), adjusted
mean RR and 95th percentile Cl were
estimated for the remaining quintiles of
LDLc and HDLc. Factors included in the
model are given in the legend to Figure
1. Subjects in the placebo arm are repre-
sented by diamonds and those in the

<3.08 3.08-3.55 3.06-3.95 3.96-4.48
mmol/l

>4,48

<0.98 0.98-1.15 1.15-1.33 1.33-1.55 >1.55
mmaolil

pravastatin arm by squares. Abbrevia-
tions are as defined in text.
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TABLE 2. Pravastatin Treatment Effect by Quintile (Q) of
Baseline Lipoprotein Levels

RR Reduction in Primary End Point Interaction
Variable Q1 Q2 Q3 Q4 Q5 P
LDLc —4%  16% 12% 34%  10% 0.38
HDLc 36% 31% —2% —24% 3% 0.012
LDLc/HDLe 4% —4% —2% 23%  39% 0.062
Total/HDLc 1% 2% —14% 35%  34% 0.029

Abbreviations are as defined in text. Subjects were divided into quintiles
according to ranges in Figure 1. The RR reduction was adjusted for age, sex,
smoking, history of diabetes, history of hypertension, baseline blood pressure,
and LDLc or HDLc, as appropriate. Negative numbers represent a higher event
rate in pravastatin-treated subjects. P values are the significance of interaction
term for quintile xXtreatment effect.

Subjects who received pravastatin experienced, for a given
baseline LDLc, had a lower risk of the primary end point
(Figure 1), as would be expected. The risk reduction across
quintiles of baseline LDLc did not vary systematically (Table
2), and the interaction term that examined whether treatment
effect was related to quintile of baseline LDLc was not
significant (P=0.38, Table 2). It was noteworthy that an
inverse association of HDLc with risk was absent in the
pravastatin-treated group (P=0.24; Figures 1 and 2). For the
top 3 quintiles of HDLc, incidence rates for the primary end
point were similar in the placebo and pravastatin groups
(Figure 1), and the risk reduction was negligible (Table 2). A
treatment effect of an approximate one-third risk reduction
was observed in the lowest 2 quintiles of baseline HDLc, with
an RR of 0.67 (95% CI, 0.55 to 0.81; P<<0.0001), whereas
pravastatin-treated subjects in the upper 3 quintiles of base-
line HDLc had an RR of 1.06 (95% CI, 0.88 to 1.27;
P=0.53). Similarly, for the top 2 quintiles of LDLc/HDLc
and total/HDLc, the RR was 0.69 (95% CI, 0.56 to 0.85;
P=0.0004) and 0.66 (95% CI, 0.54 to 0.81; P<<0.00001),
respectively. For the bottom 3 quintiles, the RR for LDLc/
HDLc was 1.00 (95% CI, 0.84 to 1.19; P=0.99), and for
total/HDLc, it was 1.03 (95% CI, 0.86 to 1.22; P=0.77). For
these variables, the interaction term with treatment was close
to or within the P<<0.05 significance limit (Table 2).

Patients were divided into those who, at baseline, had a low
HDL/raised triglyceride pattern (as in the metabolic syn-
drome's) and those who did not. In the former group
(n=1267), pravastatin treatment was associated with a hazard
ratio of 0.78 (95% CI, 0.59 to 1.02; P=0.07) for the primary
end point and of 0.63 (95% CI, 0.46 to 0.88; P=0.01) for
coronary events. In the latter group, the corresponding hazard
ratios on pravastatin treatment were 0.88 (95% CI, 0.75 to
1.02; P=0.09) and 0.87 (95% CI, 0.73 to 1.04; P=0.13). The
interaction term low HDLc/high triglyceride patternXtreatment
was not significant for the primary end point (P=0.39) or for
coronary events (P=0.087). LDLc reduction on pravastatin
therapy was the same in the 2 groups.

Baseline Apolipoprotein Levels and Risk

Relations between baseline apoAl and apoB concentrations
and risk of an event mirrored the findings for HDLc and
LDLc. In multivariate analysis, apoAl in the placebo group

HDL as Coronary Risk Factor in Elderly 3061

exhibited a strong, negative association with risk of the
primary end point; the hazard ratio for a 1-SD change was
0.72 (95% CI, 0.60 to 0.86; P<<0.001). Like HDLc, apoAl
was unrelated to risk in the pravastatin group (hazard ratio for
primary end point for a 1-SD change in apoA1 was 0.89; 95%
CI, 0.73 to 1.09; P=0.26). ApoB concentration was unrelated
to risk of an event in either treatment arm. The hazard ratios
for the primary end point for a 1-SD change were 1.04 (95%
CI, 0.85 to 1.29; P=0.68) in the placebo group and 0.84 (95%
CI, 0.68 to 1.02; P=0.081) in the pravastatin group.

On-Treatment Lipoprotein Levels and Risk

To examine the relations between lipoprotein levels on
treatment and the subsequent risk of an event, the cohort was
divided into quintiles of achieved levels of LDLc, HDLc,
LDLc/HDLc, and total/HDLc as measured at the 3-month
visit (Figure 3). Whereas subjects in the 2 treatment arms
were nearly evenly distributed across the range of HDLc
levels, those in the pravastatin group were shifted predictably
to lower values of LDLc, LDLc/HDLc, and total/HDLc. In
the pravastatin group, the on-treatment level of LDLc was
unrelated to risk, as was the level of this lipoprotein in the
placebo group (similar to the situation for baseline LDLc;
Figure 1). Within the region of overlap, ie, 2.25 to
3.95 mmol/L, the incidence of the primary end point appeared
higher in the placebo compared with the pravastatin group
(Figure 3). The ability of achieved level on treatment to
explain the effect of pravastatin was explored further in a
series of multivariate analyses of the whole PROSPER cohort
(Table 3; for clarity, this shows only the lipid variables,
whereas a typical complete model is shown in Table 4). In
model lc (Table 3), it appears that the on-treatment LDLc
was not related to risk (P=0.12), and neither was treatment
allocation (P=0.40). HDLc at 3 months exhibited the same
divergent associations with risk in the placebo and pravastatin
groups (Figure 3), as was observed at baseline (Figures 1 and
2), and in a model of the full cohort, baseline HDLc was no
longer a significant predictor of outcome, presumably be-
cause of the influence of pravastatin (model 2a). Achieved
HDLc did not account for the treatment effect, and there was
a significant interaction term for HDLc X treatment (P=0.02;
model 2c, Table 3).

When subjects in both treatment arms were divided into
quintiles according to on-treatment LDLc/HDLc, there was a
close concordance in the incidence rate of the primary end
point for a given LDL/HDL (Figure 3). Achieved LDLc/
HDLc was significantly associated with risk as a continuous
variable (model 3¢, Table 3), and in the model that included
this ratio, treatment allocation gave a hazard ratio close to
unity, ie, 0.95 (P=0.54) and hence, was not needed as an
explanatory variable over the on-treatment level of this ratio.
Similar results were seen for total/HDLc (models 4b and 4¢ in
Table 3).

In an attempt to examine whether a change in any lipopro-
tein variable could explain the treatment effect, multivariate
models were constructed that included baseline values, treat-
ment allocation, and the pravastatin-induced lipoprotein
changes (models 1b, 2b, 3b, and 4b in Table 3). Change in
LDLc and HDLc was not related significantly to risk in the
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whole cohort, although once change in LDLc was included in
model 1, the pravastatin term became nonsignificant. The
magnitude of the absolute change in LDLc/HDLc or total/
HDLc was related to the on-treatment risk of an event
(models 3b and 4b), whereas percent change was unrelated to
outcome (data not shown).

Discussion

In people >70 years old, HDLc appears to be a predictor not
only of coronary risk but also of those who will benefit most
from statin treatment. LDLc, in contrast, was not related to
the risk of a coronary or cerebrovascular event, and neither a
change in LDLc nor its achieved level on therapy was linked
to risk reduction, in contrast to the findings of other statin
trials.!”'® These findings raise questions as to which lipopro-
tein measurements are most appropriate to determine CHD
risk in the elderly, how the efficacy of lipid-lowering drugs
should be gauged, and how applicable current guidelines are
to this growing section of the population.

Studies on how age impacts the association between
plasma cholesterol and CHD have revealed that although the
absolute risk of a coronary event is high in older people, the
RR associated with having a higher versus a lower cholesterol

level is reduced.~!' In the large Whitehall study, it was
calculated that for every increment of 10 years in the age of
screening, the difference in plasma cholesterol between those
who had a coronary death and those who did not fell by
0.15 mmol/L.° From these findings, it can be estimated that at
the mean age of entry into our study (75 years), the impact of
variation in plasma cholesterol on the risk of CHD death
would be minimal. This prediction is borne out in the present
analysis: baseline measures of total and LDLc in the placebo
group were unrelated to the risk of either the primary end
point or its component parts, CHD and stroke; the lack of an
association of cholesterol with stroke is, of course, well
established in the literature.'®?° ApoB, which has been
reported to predict risk in circumstances where plasma
cholesterol or LDLc does not, also did not show any relation
to coronary events. Furthermore, on-treatment LDLc levels in
both the placebo- and pravastatin-treated groups showed no
association with risk of an event. In this regard, PROSPER
differs from previous trials that reported a relation between
achieved LDLc levels on statin treatment and future risk of
CHD.!7-18 PROSPER participants, men and women with or at
a high risk of developing vascular disease, are precisely the
segment of the elderly population in whom it is important to
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TABLE 3. Lipoprotein Variables in Models of Qutcome in the Whole

PROSPER Cohort

Model* Variable HR Clt P
1a Baseline LDLc 1.04 0.95-1.14 042
Pravastatin treatment 0.84 0.73-0.97  0.02
1b Baseline LDLc 1.07 0.97-1.18 0.18
Change in LDLc 1.12 0.97-1.30 0.13
Pravastatin treatment 0.97 0.77-1.22  0.79
1c On-treatment LDLc 1.08 0.98-1.18  0.12
Pravastatin treatment 0.93 0.77-1.11 0.40
2a Baseline HDLc 0.83 0.67-1.04 0.10
Pravastatin treatment 0.84 0.73-0.97  0.02
2b Baseline HDLc 0.84 0.68-1.05 0.12
Change in HDLc 1.32 0.85-2.04 0.22
Pravastatin treatment 0.83 0.72-096  0.01
2c On-treatment HDLc 0.72 0.54-096  0.02

Pravastatin treatment 0.47 0.28-0.78  0.0036
Interaction HDL X pravastatin treatment 1.59 1.08-2.32  0.02
3a Baseline LDLc/HDLc 1.06 0.99-1.14  0.08
Pravastatin treatment 0.84 0.73-0.97  0.02

3b Baseline LDLc/HDLc 1.1 1.03-1.20  0.0083
Change in LDLc/HDLc 117 1.02-1.35 0.02
Pravastatin treatment 1.01 0.82-1.24  0.91

3c On-treatment LDLc/HDLc 1.11 1.03-1.20  0.0067
Pravastatin treatment 0.95 0.81-1.12  0.54
4a Baseline total/HDLc 1.05 1.00-1.11 0.07
Pravastatin treatment 0.84 0.73-0.97  0.02

4b Baseline total/HDLc 1.08 1.02-1.15  0.0065
Change in total/HDLc 1.14 1.03-1.27  0.02
Pravastatin treatment 1.00 0.82-1.21 0.97

4c On-treatment total/HDLc 1.09 1.03-1.15  0.0043
Pravastatin treatment 0.94 0.80-1.10 0.44

HR indicates hazard ratio. Other abbreviations are as defined in text. Cl is given for a 1-SD change
in lipoproteins as continuous variables or for the categorical variable of treatment allocation.
*Models included age, sex, blood pressure, smoking, history of hypertension, and history of

diabetes (see Table 4).

predict CHD risk to apply an appropriate intervention strat-
egy. The present findings indicate that the level of LDLc by
itself is unhelpful as a guide to the aggressiveness of
intervention or as a goal for therapy.

HDLc is established as a cardioprotective factor that
shows an inverse relation to CHD.2!22 This lipoprotein is
believed to act in a number of ways to prevent progression
of atherosclerosis and the appearance of its clinical man-
ifestations. HDLc is thought to mediate the process of
reverse cholesterol transport, whereby cholesterol in pe-
ripheral tissues is carried back to the liver for export from
the body.?* Recently, it has been reported that HDLc also
possesses antioxidant and anti-inflammatory properties
and so may block key pathways in atherogenesis.?! The
finding in PROSPER of an inverse relation between HDLc
and risk of coronary events in the elderly is concordant
with other recent studies?*2> and indicates strongly that

assessment of this lipoprotein fraction is critical in the
prediction of risk in older people. PROSPER subjects in
the lowest compared with the highest quintile of HDLc had
an ~2-fold increase in CHD risk. Pravastatin treatment, it
appears, virtually eliminated the link between low HDLc
and risk, with those on active therapy showing no discern-
ible association of HDLc with event rate. Furthermore,
patients with an initial HDLc in the top 3 quintiles
(>1.15 mmol/L) showed little benefit from receiving
pravastatin, whereas the RR reduction for the 40% (bottom
2 quintiles) with low HDLc (<1.15 mmol/L) was substan-
tial, approximately one third. This blunting of the relation
between HDLc and risk has been reported before for the Air
Force/Texas Coronary Atherosclerosis Prevention study2¢ but is
not a usual feature of statin treatment. In the majority of trials,
HDLc remained as strong a determinant of CHD risk in
statin-treated subjects as it did in those on placebo.!7.18:27
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TABLE 4. Representative Multivariate Model of Treatment
Effect on Lipid Levels*

Variable HR Cl P
Baseline LDLc/HDLct 1.1 1.03-1.20 0.0083
Change in LDLc/HDLct 1.17 1.02-1.35 0.02
Pravastatin treatment 1.01 0.82-1.24 0.91
Age 1.05 1.03-1.07 <0.0001
Systolic blood pressuret 1.08 0.99-1.17 0.08
Diastolic blood pressuret 0.89 0.82-0.97 0.0075
Smoker, yes 1.10 0.92-1.30 0.29
History of hypertension, yes 1.08 0.92-1.27 0.34
Male sex 1.49 1.29-1.72 <0.0001
History of diabetes, yes 1.45 11.19-1.78 0.0003

HR indicates hazard ratio. Other abbreviations are as defined in text.

*The complete multivariate analysis for model 3b is given in Table 3.
Nonlipid risk factors are featured similarly in the other models in Table 3.

tChange in risk associated with a 1-SD change in the variable. For age, HR
was for a 1-year increment.

The apparent ability of pravastatin to ameliorate the risk
associated with low HDLc in the elderly has a number of
potential explanations. For example, if the deleterious effect
of low HDLc is due to inflammation, then statins, which have
anti-inflammatory actions,?®2° may act as an effective substi-
tute and eliminate this risk. Alternatively, the drug may have
promoted the process of reverse cholesterol transport, which
was compromised by the low HDLc level, although the
pravastatin-induced rise in HDLc was modest, so it is
unlikely that an increase in the circulating mass of this
lipoprotein was responsible. More likely, pravastatin re-
dressed an imbalance between the rate of cholesterol deposi-
tion in arteries, mediated by LDLc, and the capacity for
reverse cholesterol transport. The ratio of LDLc to HDLc or
of total cholesterol to HDLc provides a crude index of
forward versus reverse cholesterol transport. It was of interest
to observe that these ratios were positively related to risk in
PROSPER, and their achieved value on statin therapy ap-
peared to explain adequately the effects of the drug. Regard-
less of mechanism, these analyses suggest that statin use in
the elderly corrects the increased CHD risk associated with
low HDLc and the consequently elevated LDLc/HDLc.

Current management guidelines,'53° formulated mainly
from epidemiological studies and trials conducted in middle-
aged people, focus correctly on LDLc as a primary indicator
of risk and use HDLc as an ancillary factor. This strategy,
however, may not be appropriate for an elderly population.
Herein, as the present analysis shows, LDLc was a poor
predictor of risk and of the benefit achieved by statin therapy.
HDLc, on the other hand, moved to the forefront both in the
assessment of vascular risk and as an indicator as to which
patients to target for lipid-lowering drugs. PROSPER showed
that statin use in the elderly produces clear benefit in terms of
CHD prevention during a relatively brief (3.2 years) period of
treatment. The present report indicates further that a specific
subgroup received most of the benefit, ie, those with an
HDLc <1.15 mmol/L (<45 mg/dL) or an LDLc¢/HDLc >3.3.
In such individuals, the risk reduction for coronary events

was ~33% rather than the 19% seen in the whole cohort.
Focusing on this group reduces the number needed to treat to
prevent 1 coronary event from 40 to 17 and hence, improves
the effectiveness of intervention strategies.

Acknowledgments
This work was supported by a grant from Bristol-Myers Squibb. The
excellent secretarial assistance of Shelley Wilkie is gratefully ac-
knowledged. The authors thank also Anne Bell and Christine
Gourlay for their technical assistance in the measurement of lipid and
lipoprotein concentrations.

Disclosure

Consultancy agreements exist between Bristol-Myers Squibb and J.
Shepherd, M.B. Murphy, I. Ford, B.M. Buckley, S.M. Cobbe, J.W.
Jukema, and C.J. Packard. Research support, honoraria, and travel
grants from Bristol-Myers Squibb were awarded to J. Shepherd, G.J.
Blauw, M.B. Murphy, E.L.E.M. Bollen, B.M. Buckley, S.M. Cobbe,
1. Ford, A. Gaw, M. Hyland, J.W. Jukema, P.W. Macfarlane, C.J.
Packard, D.J. Stott, and R.G.J. Westendorp. The authors declare
further that similar arrangements exist with companies making
competing products.

References

1. Lerner DJ, Kannel WB. Patterns of coronary heart disease morbidity and
mortality in the sexes: a 26-year follow-up of the Framingham population.
Am Heart J. 1986;111:383-390.

2. Shepherd J, Cobbe SM, Ford I, Isles CG, Lorimer AR, Macfarlane PW,
McKillop JH, Packard CJ. Prevention of coronary heart disease with
pravastatin in men with hypercholesterolemia: West of Scotland
Coronary Prevention Study Group. N Engl J Med. 1995;333:1301-1307.

3. Randomised trial of cholesterol lowering in 4444 patients with coronary
heart disease: the Scandinavian Simvastatin Survival Study (4S). Lancet.
1994;344:1383-1389.

4. Sacks FM, Pfeffer MA, Moye LA, Rouleau JL, Rutherford JD, Cole TG,
Brown L, Warnica JW, Arnold JM, Wun CC, Davis BR, Braunwald E.
The effect of pravastatin on coronary events after myocardial infarction in
patients with average cholesterol levels; Cholesterol and Recurrent
Events Trial investigators. N Engl J Med. 1996;335:1001-1009.

5. MRC/BHF Heart Protection Study of cholesterol lowering with simva-
statin in 20,536 high-risk individuals: a randomised placebo-controlled
trial. Lancet. 2002;360:7-22.

6. Sever PS, Dahlof B, Poulter NR, Wedel H, Beevers G, Caulfield M,
Collins R, Kjeldsen SE, Kristinsson A, Mclnnes GT, Mehlsen J,
Nieminen M, O’Brien E, Ostergren J. Prevention of coronary and stroke
events with atorvastatin in hypertensive patients who have average or
lower-than-average cholesterol concentrations, in the Anglo-
Scandinavian Cardiac Outcomes Trial—Lipid Lowering Arm
(ASCOT-LLA): a multicentre randomised controlled trial. Lancet. 2003;
361:1149-1158.

7. Prevention of cardiovascular events and death with pravastatin in patients
with coronary heart disease and a broad range of initial cholesterol levels;
the Long-Term Intervention with Pravastatin in Ischaemic Disease
(LIPID) Study Group. N Engl J Med. 1998;339:1349-1357.

8. Shepherd J, Blauw GJ, Murphy MB, Bollen EL, Buckley BM, Cobbe SM,
Ford I, Gaw A, Hyland M, Jukema JW, Kamper AM, Macfarlane PW,
Meinders AE, Norrie J, Packard CJ, Perry 1J, Stott DJ, Sweeney BJ,
Twomey C, Westendorp RG. Pravastatin in elderly individuals at risk of
vascular disease (PROSPER): a randomised controlled trial. Lancet.
2002;360:1623-1630.

9. Shipley MJ, Pocock SJ, Marmot MG. Does plasma cholesterol concen-
tration predict mortality from coronary heart disease in elderly people? 18
year follow up in Whitehall study. BMJ. 1991;303:89-92.

10. Krumholz HM, Seeman TE, Merrill SS, Mendes de Leon CF, Vaccarino
V, Silverman DI, Tsukahara R, Ostfeld AM, Berkman LF. Lack of
association between cholesterol and coronary heart disease mortality and
morbidity and all-cause mortality in persons older than 70 years. JAMA.
1994;272:1335-1340.

11. Simons LA, Simons J, Friedlander Y, McCallum J. Cholesterol and other
lipids predict coronary heart disease and ischaemic stroke in the elderly,
but only in those below 70 years. Atherosclerosis. 2001;159:201-208.

Downloaded from circ.ahajournals.org by on April 29, 2009


http://circ.ahajournals.org

Packard et al

. Shepherd J, Blauw GJ, Murphy MB, Cobbe SM, Bollen EL, Buckley BM,

Ford I, Jukema JW, Hyland M, Gaw A, Lagaay AM, Perry 1J, Macfarlane
PW, Meinders AE, Sweeney BJ, Packard CJ, Westendorp RG, Twomey
C, Stott DJ. The design of a prospective study of Pravastatin in the
Elderly at Risk (PROSPER): PROSPER Study Group: PROspective
Study of Pravastatin in the Elderly at Risk. Am J Cardiol. 1999;84:
1192-1197.

. Myers GL, Kimberly MM, Waymack PP, Smith SJ, Cooper GR, Sampson

EJ. A reference method laboratory network for cholesterol: a model for
standardization and improvement of clinical laboratory measurements.
Clin Chem. 2000:46:1762-1772.

. Heiss G, Tamir I, Davis CE, Tyroler HA, Rifkand BM, Schonfeld G,

Jacobs D, Frantz ID Jr. Lipoprotein-cholesterol distributions in selected
North American populations: the Lipid Research Clinics Program prev-
alence study. Circulation. 1980;61:302-315.

. Executive Summary of the Third Report of the National Cholesterol

Education Program (NCEP) Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel).
JAMA. 2001;285:2486-2497.

. Streja L, Packard CJ, Shepherd J, Cobbe S, Ford I. Factors affecting

low-density lipoprotein and high-density lipoprotein cholesterol response
to pravastatin in the West Of Scotland Coronary Prevention Study
(WOSCOPS). Am J Cardiol. 2002;90:731-736.

. Pedersen TR, Olsson AG, Faergeman O, Kjekshus J, Wedel H, Berg K,

Wilhelmsen L, Haghfelt T, Thorgeirsson G, Pyorala K, Miettinen T,
Christophersen B, Tobert JA, Musliner TA, Cook TJ. Lipoprotein
changes and reduction in the incidence of major coronary heart disease
events in the Scandinavian Simvastatin Survival Study (4S). Circulation.
1998;97:1453-1460.

. Sacks FM, Tonkin AM, Shepherd J, Braunwald E, Cobbe S, Hawkins

CM, Keech A, Packard C, Simes J, Byington R, Furberg CD. Effect of
pravastatin on coronary disease events in subgroups defined by coronary
risk factors: the Prospective Pravastatin Pooling Project. Circulation.
2000;102:1893-1900.

. Cholesterol, diastolic blood pressure, and stroke: 13,000 strokes in

450,000 people in 45 prospective cohorts: prospective studies collabo-
ration. Lancet. 1995;346:1647-1653.

20.

21.

22.

23.

24.

25.

26.

27.

29.

30.

HDL as Coronary Risk Factor in Elderly 3065

Sacco RL, Benjamin EJ, Broderick JP, Dyken M, Easton JD, Feinberg
WM, Goldstein LB, Gorelick PB, Howard G, Kittner SJ, Manolio TA,
Whisnant JP, Wolf PA. American Heart Association Prevention Con-
ference, IV: prevention and rehabilitation of stroke: risk factors. Stroke.
1997;28:1507-1517.

Barter PJ, Rye KA. High density lipoproteins and coronary heart disease.
Atherosclerosis. 1996;121:1-12.

Assmann G, Schulte H. Relation of high-density lipoprotein cholesterol
and triglycerides to incidence of atherosclerotic coronary artery disease
(the PROCAM experience): Prospective Cardiovascular Munster study.
Am J Cardiol. 1992;70:733-737.

Tall AR. An overview of reverse cholesterol transport. Eur Heart J.
1998;19(suppl A):A31-A35.

Weverling-Rijnsburger AW, Jonkers IJ, van Exel E, Gussekloo J,
Westendorp RG. High-density vs low-density lipoprotein cholesterol as
the risk factor for coronary artery disease and stroke in old age. Arch
Intern Med. 2003;163:1549—-1554.

Curb JD, Abbott RD, Rodriguez BL, Masaki K, Chen R, Sharp DS, Tall
AR. A prospective study of HDL-C and cholesteryl ester transfer protein
gene mutations and the risk of coronary heart disease in the elderly. J
Lipid Res. 2004;45:948-953.

Gotto AM Jr, Whitney E, Stein EA, Shapiro DR, Clearfield M, Weis S,
Jou JY, Langendorfer A, Beere PA, Watson DJ, Downs JR, de Cani JS.
Relation between baseline and on-treatment lipid parameters and first
acute major coronary events in the Air Force/Texas Coronary Athero-
sclerosis Prevention Study (AFCAPS/TexCAPS). Circulation. 2000;101:
477-484.

Influence of pravastatin and plasma lipids on clinical events in the West
Of Scotland Coronary Prevention Study (WOSCOPS). Circulation. 1998;
97:1440-1445.

. Libby P, Aikawa M. Mechanisms of plaque stabilization with statins.

Am J Cardiol. 2003;91:4B-8B.

Rosenson RS, Tangney CC, Casey LC. Inhibition of proinflammatory
cytokine production by pravastatin. Lancet. 1999;353:983-984.
Prevention of coronary heart disease in clinical practice: recommen-
dations of the Second Joint Task Force of European and other societies on
coronary prevention. Eur Heart J. 1998;19:1434—-1503.

Downloaded from circ.ahajournals.org by on April 29, 2009


http://circ.ahajournals.org

