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Abstract Cholesterol homeostasis, defined as the balance
between absorption and synthesis, influences circulating
cholesterol concentrations and subsequent coronary heart
disease (CHD) risk. Statin therapy targets the rate-limiting
enzyme in cholesterol biosynthesis and is efficacious in low-
ering CHD events and mortality. Nonetheless, CHD events
still occur in some treated patients. To address differences
in outcome during pravastatin therapy (40 mg/day), plasma
markers of cholesterol synthesis (desmosterol, lathosterol)
and fractional cholesterol absorption (campesterol, sitos-
terol) were measured, baseline and on treatment, in the Pro-
spective Study of Pravastatin in the Elderly at Risk trial
participants with (cases, n = 223) and without (controls, n =
257) a CHD event. Pravastatin therapy decreased plasma
LDL-cholesterol and triglycerides and increased HDL-
cholesterol concentrations to a similar extent in cases and con-
trols. Decreased concentrations of the cholesterol synthesis
markers desmosterol (—12% and —11%) and lathosterol
(—50% and —56%) and increased concentrations of the
cholesterol absorption markers campesterol (48% and 51%)
and sitosterol (25% and 26%) were observed on treatment,
but the magnitude of change was similar between cases and
controls. These data suggest that decreases in cholesterol syn-
thesis in response to pravastatin treatment were accompanied
by modest compensatory increases in fractional cholesterol
absorption.ll The magnitude of these alterations were simi-
lar between cases and controls and do not explain differences
in outcomes with pravastatin treatment.—N. R. Matthan, N.
Resteghini, M. Robertson, I. Ford, J. Shepherd, C. Packard,
B. M. Buckley, J. Wouter Jukema, A. H. Lichtenstein, and E.
J. Schaefer for the PROSPER Group. Cholesterol absorp-
tion and synthesis markers in individuals with and without
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Elevated plasma LDIL-cholesterol and triglyceride con-
centrations and low HDI-cholesterol concentrations are
well-established risk factors for coronary heart disease
(CHD) (1, 2). Several primary and secondary prevention
trials have documented that statin therapy is efficacious in
lowering these lipid risk factors and subsequent CHD
events and mortality (3-10). Nonetheless, CHD events still
occur in some treated patients. For instance, in the Scan-
dinavian Simvastatin Survival Study, which evaluated the
effect of simvastatin on mortality and morbidity in 4444
CHD patients, simvastatin (20-40 mg/day) lowered LDL-
cholesterol concentrations by 35% and raised HDL-
cholesterol concentrations by 8% relative to placebo (8).
These changes were associated with a 42% reduction in
the risk of coronary deaths over a 5.4 year median follow-up
period. However, there were 431 coronary events and 111
CHD-related deaths in the simvastatin-treated group.

Likewise, the Prospective Study of Pravastatin in the El-
derly at Risk (PROSPER) Trial examined the effects of
pravastatin therapy (40 mg/day) in an elderly cohort of

Abbreviations: ABC, ATP-binding cassette; CHD, coronary heart
disease; MI, myocardial infarct; PROSPER, Prospective Study of Pravas-
tatm in the Elderly at Risk.
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men and women with a history of or risk factors for vascu-
lar disease (11). The primary endpoint was a composite of
CHD death, nonfatal myocardial infarct (MI), and fatal or
nonfatal stroke over an average treatment period of 3.2
years. In this trial, at 3 months, pravastatin significantly
lowered LDL-cholesterol concentrations by 32%, increased
HDL-cholesterol concentrations by 5%, and lowered tri-
glyceride concentrations by 12% compared with the pla-
cebo group. These changes were associated with a 15%
reduction in incidence of primary endpoints and a 19%
reduction in the secondary endpoint of CHD death or
nonfatal MI. There were 408 events in the pravastatin
group compared with 473 events in the placebo group.
These results as well as those from the other statin trials
suggest that there is a subgroup of individuals in whom
coronary events are not reduced by statin treatment (12).
The reason for this difference in clinical outcomes has yet
to be elucidated.

Statins are inhibitors of 3-hydroxy-3-methylglutaryl CoA
reductase, the rate limiting enzyme in the cholesterol bio-
synthetic pathway. Because circulating cholesterol concen-
trations are dependent, in part, on changes in cholesterol
synthesis and absorption rates, which are key components
of cholesterol homeostasis, it has been suggested that the
effectiveness of statins depends on an individual’s baseline
cholesterol metabolism (13). Additionally, because statin
therapy has been shown to increase cholesterol absorption
marker concentrations (14), it has also been hypothesized
that the beneficial effect on LDL-cholesterol-lowering and
subsequent CVD risk reduction in response to statin inhi-
bition of cholesterol synthesis would be attenuated in indi-
viduals who demonstrated a greater rebound increase in
cholesterol absorption. To address these issues, the objec-
tive of the present analysis was to quantify the plasma con-
centrations of selected noncholesterol sterols, reflecting
fractional cholesterol absorption efficiency and synthesis
rates, in a subset of PROSPER trial participants random-
ized to pravastatin treatment, with and without a CHD
event, baseline and on treatment, and to relate these data
to changes in lipoprotein profiles.

METHODS

Study population and experimental design

Details relating to the PROSPER trial have been published
previously (11). Briefly, PROSPER was a randomized controlled
trial of 2,804 men and 3,000 women aged 70-82 years. All sub-
jects had vascular disease or a CHD risk factor at the time of en-
rollment: smoking, hypertension, diabetes, or elevated total
cholesterol (4.0-9.0 mmol/L). Subjects were randomized to re-
ceive either 40 mg/day pravastatin or placebo and were followed
for an average of 3.2 years. The present study population in-
cluded 584 subjects all randomized to pravastatin, 292 cases who
experienced an event defined as CHD death or nonfatal MI dur-
ing the study, and 292 controls who did not have an event during
the study. Cases and controls were matched on the basis of age,
gender, history of vascular disease, smoking status, antihyperten-
sive treatment, diabetes, and country. Baseline and 6 month (on
treatment) plasma samples were available for only 223 cases and
257 controls. All subjects included in the present study were still

taking pravastatin medication at 6 months. The institutional eth-
ics review boards of all centers approved the protocol, and all
participants gave written informed consent. The protocol was
consistent with the Declaration of Helsinki.

Biochemical analyses

Fasting plasma total cholesterol, triglycerides, and HDL-
cholesterol concentrations were measured using standard enzymatic
methods, as previously described (11). LDL-cholesterol concen-
trations were calculated according to the Friedewald formula
(15). Plasma concentrations of cholesterol homeostasis markers
in baseline and on treatment samples were measured using a GC
method similar to that previously described (16, 17). Peaks of
interest were identified by comparison with authentic standards
(Supelco, Bellefonte, PA) and expressed relative to the internal
standard. The investigators and laboratory personnel were
blinded as to case-control status of the plasma samples. Each
case-control set was analyzed in the same run by the same techni-
cian in a random sequence under identical conditions. High and
low external quality control samples were routinely interspersed
and analyzed with study samples. The noncholesterol sterols re-
ported include desmosterol and lathosterol as markers of choles-
terol synthesis rates and campesterol and sitosterol as markers of
fractional cholesterol absorption efficiency.

Statistical analysis

Baseline characteristics were compared between cases and
controls using the two-sample ttest for continuous variables and
the chi-square test for categorical variables. The lipid and choles-
terol homeostasis marker concentrations at baseline, on treat-
ment and difference (on treatment-baseline) were compared
between cases and controls using the two-sample ttest. For lipids
the percentage change was analyzed, while for the cholesterol
homeostasis markers the absolute change was analyzed. The dis-
tribution of triglycerides and the cholesterol homeostasis mark-
erswere positively skewed; therefore, alogarithmic transformation
was used. The absolute difference in raw values of cholesterol
homeostasis markers and percentage difference in triglycerides
was analyzed, as these differences were normally distributed. Re-
lationships between the percentage difference in lipids and abso-
lute difference in cholesterol markers were assessed through the
use of the Pearson correlation coefficient. Because the noncho-
lesterol sterols are transported in plasma by lipoproteins, it is
common practice to express their concentration relative to the
concentration of plasma total cholesterol (nmol/mmol of cho-
lesterol) rather than in absolute terms (wmol/L). Analysis was
performed using both the corrected as well as uncorrected (abso-
lute) data. The results of the statistical analysis were similar. In
the present study, the cholesterol absorption and synthesis marker
concentrations have been expressed as a ratio to cholesterol.

RESULTS

Baseline characteristics and plasma lipid and lipoprotein
profile

As per the matching criteria, age, body mass index, and
gender distribution were similar among cases and controls
(Table 1). Likewise, the percentage of cases and controls
who were smokers and who had vascular disease, hyperten-
sion, and diabetes was also similar. There were no signifi-
cant differences between cases and controls, irrespective
of gender, in baseline and on treatment plasma lipid and
lipoprotein profiles (Fig. 1A, B). Reductions in total and
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TABLE 1. Baseline characteristics

Cases Controls
N =923 N = 257

Variables (128 M/95 F) (150 M/107 F) P
Age (years)”

Males 75.3 + 3.4 75.3 + 3.2 0.97

Females 76.2 + 3.2 76.3 + 3.4 0.78

All 75.7+3.3 75.6 + 3.3 0.86
BMI (kg/m”)*

Males 26.7 + 3.8 26.7 + 3.4 0.92

Females 27.4+5.0 27.3 +4.7 0.85

All 27.0 + 4.3 26.9 + 4.0 0.92
Vascular disease [n] (%)

Males [85] (66) [88] (59) 0.18

Females [43] (45) [61] (57 0.10

All [128] (57) [149] (58) 0.90
Hypertension [n] (%)

Males [67] (52) [71] (47) 0.40

Females [75] (79) [76] (71) 0.20

All [142] (64) [147] (57) 0.15
Diabetes [n] (%)

Males [23] (18) [23] (15) 0.56

Females [15] (16) [18] (17) 0.84

All [38] (17) [41] (16) 0.75
Current smoker [n] (%)

Males [39] (30) [54] (36) 0.33

Females [18] (19) [16] (15 0.45

All [57] (26) [70] (27) 0.68

“Values are mean + SD.
P-values from two-sample ttest or chi-square test.

LDL-cholesterol and triglyceride concentrations and in-
creases in HDL-cholesterol concentrations with pravasta-
tin treatment were observed in both cases and controls,
but there were no statistically significant differences be-
tween groups (Fig. 1C).

Cholesterol homeostasis marker profile

At baseline, cases and controls had similar concentra-
tions of the cholesterol synthesis and absorption markers
(Table 2). After 6 months on pravastatin treatment, there
was a significant reduction in plasma concentrations of
the cholesterol synthesis markers desmosterol (—12% and
— 11%) and lathosterol (—=50% and —56%) in the cases
and controls, respectively, compared with baseline values
(Fig. 2). In contrast, plasma concentrations of the choles-
terol absorption markers campesterol (48% and 51%) and
sitosterol (25% and 26%) significantly increased with
pravastatin treatment in both cases and controls. However,
there was no significant difference in the magnitude of the
change between the cases and controls. Females and males
followed similar patterns with respect to cholesterol ho-
meostasis marker concentrations.

Cholesterol homeostasis markers and lipid risk factors

The correlation coefficients between change in the cho-
lesterol synthesis and absorption markers with pravastatin
treatment and the corresponding percent change in
plasma lipid and lipoprotein parameters are provided in
Table 3. In both cases and controls, positive associations
were observed between the cholesterol synthesis markers
and total and LDL-cholesterol, and the cholesterol absorp-
tion markers and HDL-cholesterol concentrations. In the
controls only, the cholesterol synthesis markers were posi-
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Fig. 1. Plasma lipid and lipoprotein profile (mmol/L) in cases
and controls at baseline (A), on treatment (B), and difference (on
treatment-baseline) (C). The values for total, LDL-, and HDL-
cholesterol are untransformed mean (bar is sd). The triglyceride
values are geometric means (bar is SD) calculated from the log-
transformed values (except for absolute difference). The absolute
change values are untransformed mean (bar is SD) (absolute dif-
ference of the raw values).

tively associated with change in triglycerides. In the cases
only, the cholesterol synthesis markers were positively as-
sociated with change in HDL-cholesterol concentrations,
and the cholesterol absorption markers were negatively as-
sociated with change in LDL-cholesterol concentrations.

To further explore this relationship, the change in cho-
lesterol homeostasis markers induced by pravastatin treat-
ment was divided into tertiles and the corresponding
percent decrease in plasma LDIL-cholesterol and triglycer-
ide and the percent increase in HDL-cholesterol concentra-
tions were computed separately for the cases and controls
(Figs. 3 and 4). Cases and controls who had the greatest
decrease in cholesterol synthesis, as reflected by lathosterol
concentrations (Fig. 3A, B), also had the greatest decrease
in plasma LDI-cholesterol concentrations (tertile 3 > tertile
2 > tertile 1). Similar results were also observed for desmos-
terol concentrations (data not shown).

Cases and controls showed contrasting patterns of re-
sponse with regard to the association between cholesterol



TABLE 2. Plasma cholesterol homeostasis marker profile

Baseline On Treatment
Variable Cases (N =223)  Controls (N = 257) P Cases (N =223)  Controls (N = 257) P’
Cholesterol synthesis markers (102 mmol/mol of cholesterol)
Desmosterol
Males 36.61 + 1.04 37.07 +1.03 0.81 25.41 + 1.05 26.62 + 1.04 0.42
Females 32.89 + 1.04 30.93 + 1.04 0.30 22.08 + 1.04 21.29 + 1.04 0.55
All 34.97 +1.03 34.38 + 1.03 0.67 23.93 +1.03 24.26 + 1.03 0.75
Lathosterol”
Males 117.23 + 1.04 122.81 +1.03 0.34 65.57 + 1.04 66.80 + 1.04 0.72
Females 110.26 + 1.04 111.43 + 1.04 0.85 64.44 + 1.05 63.04 + 1.05 0.75
All 114.21 + 1.03 117.93 +1.03 0.38 65.09 + 1.03 65.21 +1.03 0.97
Cholesterol absorption markers (102 mmol/mol of cholesterol)
Campesterol”
Males 150.01 + 1.04 143.27 + 1.04 0.42 197.37+1.04 190.68 + 1.04 0.54
Females 144.93 + 1.05 157.19 + 1.06 0.26  181.77 +1.05 199.88 + 1.06 0.20
All 147.82 + 1.03 148.91 + 1.03 0.87 190.57 +1.03 194.46 + 1.03 0.65
Sitosterol”
Males 90.58 + 1.04 89.19 + 1.04 0.78  114.77 +1.04 113.92 + 1.04 0.90
Females 89.68 + 1.05 99.82 + 1.05 0.13  108.46 + 1.05 121.33 + 1.05 0.11
All 90.19 + 1.03 93.47 + 1.03 0.42 112.04+1.03 116.95 + 1.03 0.34
Lathosterol/campesterol"
Males 0.78 + 1.06 0.86 + 1.06 0.28 0.33 + 1.06 0.35 + 1.06 0.52
Females 0.76 + 1.07 0.71 +1.08 0.50 0.35 +1.08 0.32 +1.08 0.30
All 0.77 + 1.05 0.79 + 1.05 0.71 0.34 +1.05 0.34 +1.05 0.78
Lathosterol/ sitosterol”
Males 1.29 + 1.06 1.38 + 1.06 0.45 0.57 + 1.06 0.59 + 1.06 0.75
Females 1.23 +1.07 1.12 + 1.08 0.35 0.59 + 1.08 0.52 + 1.08 0.22
All 1.27 £ 1.04 1.26 £ 1.05 0.96 0.58 + 1.05 0.56 + 1.05 0.53

“ Pvalues from two-sample ttest.

"Values are geometric means = SEM calculated from the log-transformed values.

synthesis and triglyceride (Fig. 3C, D) and HDIL-cholesterol
concentrations (Fig. 3E, F). Controls who had the great-
est reduction in lathosterol (tertile 3) demonstrated
greater decreases in triglycerides (P = 0.046) and a trend
toward greater increases in HDL-cholesterol concentra-
tions (P=0.091). However, in the cases, greater decreases
in lathosterol were associated with lower increases in HDL-
cholesterol concentrations. No significant association was
observed between cholesterol synthesis and change in tri-
glyceride concentrations in response to pravastatin ther-
apy in the cases (P=0.918). With regard to the cholesterol
absorption markers and plasma LDL-cholesterol, HDL-
cholesterol, and triglyceride response, cases and controls
showed a similar pattern of response (Fig. 4; campesterol,
data not shown for sitosterol but pattern was similar).
Taken together, these results suggest that the decrease in
cholesterol synthesis in response to pravastatin is related
to the magnitude of plasma LDL-cholesterol lowering in
both cases and controls. The finding that the decrease in
cholesterol synthesis appears to be associated with plasma
triglyceride-lowering response in control subjects and
HDL-cholesterol-raising response in cases demonstrating
the greatest decrease in cholesterol synthesis is interest-
ing, but the correlations and associations are relatively
modest and the clinical relevance is unclear.

DISCUSSION

As part of a clinical trial that examined the effects of
pravastatin on CVD outcomes in an elderly high risk popu-
lation, plasma concentrations of noncholesterol sterols
(reflecting fractional cholesterol absorption and synthe-

sis) were measured at baseline and after 6 months on treat-
ment in a subset of individuals who experienced a clinical
event (cases) and matched controls who did not have an
event. The intent was to determine whether changes in
cholesterol homeostasis marker concentrations induced
by statin treatment predicted plasma lipoprotein response
and CVD outcomes. Results of this investigation demon-
strate that pravastatin treatment decreased cholesterol
synthesis and increased fractional cholesterol absorption
and these changes were associated with the magnitude of
LDL-cholesterol lowering. However, the pattern of re-
sponse was similar between cases and controls and does
not explain the difference in outcome.

75
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45 W Controls

: .
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(mmol/L)

-75

Desmosterol  Lathosterol ~ Campesterol Sitosterol

Change in Cholesterol Homeostasis Marker Concentration
(On Treatment- Baseline)

Fig. 2. Change in plasma cholesterol homeostasis marker profile
(on treatment-baseline) in all subjects. Values are untransformed
mean (bar is SEM) of the ratios of the cholesterol homeostasis
markers-cholesterol.
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TABLE 3. Correlation between cholesterol homeostasis markers and lipid risk factors”

Synthesis Markers

Absorption Markers

Variable A Desmosterol A Lathosterol A Campesterol A Sitosterol
Total cholesterol (% A) Cases 0.36 (<0.0001) 0.36 (<0.0001) —0.07 (0.28) —0.09 (0.17)
Controls 0.32 (<0.0001) 0.29 (<0.0001) —0.10 (0.13) —0.08 (0.20)
LDIL-cholesterol (% A) Cases 0.35 (<0.0001) 0.87 (<0.0001) —0.16 (0.02) -0.19 (0.01)
Controls 0.23 (0.0003) 0.28 (<0.0001) —0.09 (0.16) -0.09 (0.18)
HDL-cholesterol (% A) Cases 0.15 (0.03) 0.14 (0.05) 0.12 (0.08) 0.14 (0.04)
Controls 0.05 (0.44) —0.05 (0.40) 0.19 (0.003) 0.12 (0.05)
Triglycerides (% A) Cases 0.20 (0.30) 0.06 (0.36) 0.04 (0.54) —0.04 (0.52)
Controls 0.15 (0.01) 0.12 (0.05) —0.05 (0.43) 0.02 (0.74)

“ Pearson correlations were carried out between the percentage difference in lipids and absolute difference in
synthesis/absorption markers. The data presented are correlation coefficients (values lie in range of —1 to +1) and

the Pvalue.

The decrease in plasma total and LDL-cholesterol con-
centrations observed in patients treated with a statin is as-
cribed to the inhibition in 3-hydroxy-3-methylglutaryl CoA
reductase activity, the rate limiting enzyme in cholesterol
biosynthesis. This reduction in cholesterol synthesis up-
regulates expression of hepatic LDL receptors resulting in
the increased clearance of circulating cholesterol (18).
The current findings are also consistent with our previous
observations and those of other investigations that statin
treatment increases the rate of intestinal cholesterol ab-
sorption (16, 19, 20). This response may reflect a compen-
satory increase in absorption efficiency to restore
cholesterol homeostasis altered by the suppression of en-
dogenous cholesterol synthesis. Consequently, we hypoth-
esized that the beneficial effect on LDL-cholesterol
lowering and subsequent CVD risk reduction produced by
statin inhibition of cholesterol synthesis would be attenu-
ated in individuals who demonstrated a greater rebound
increase in cholesterol absorption. However, no signifi-
cant differences were observed between cases and controls
in the magnitude of decrease in cholesterol synthesis or
increase in fractional cholesterol absorption in response
to pravastatin treatment and the subsequent degree of
LDIL-cholesterol reduction.

CHANGE IN

Alternatively, it has been suggested that the variability in
cholesterol lowering response among individuals treated
with statins is due to differences in baseline cholesterol
metabolism (21). Gylling and Miettinen (21) reported in
a subgroup analysis of coronary patients who did not re-
spond to simvastatin treatment that patients who were clas-
sified as high cholesterol absorbers/ low synthesizers
(defined by plasma concentrations of the cholesterol ho-
meostasis markers) were less responsive to statins than pa-
tients classified as low absorbers/high synthesizers. In the
present study, there were no significant differences in the
cholesterol homeostasis marker concentrations at baseline
between cases and controls. Additionally, a similar pattern
of response was observed between cases and controls in
the magnitude of decrease in cholesterol synthesis or in-
crease in fractional cholesterol absorption efficiency in
response to pravastatin treatment and the subsequent de-
gree of LDL-cholesterol reduction. Thus, alterations in
cholesterol homeostasis and LDIL-cholesterol do not ex-
plain the difference in clinical outcomes in our study
population.

The major difference between cases and controls was in
the response of triglycerides and HDIL-cholesterol to the
alterations in cholesterol synthesis. Specifically, the de-
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crease in cholesterol synthesis in response to pravastatin
treatment was associated with greater decreases in triglyc-
eride concentrations and a trend toward greater increases
in HDL-cholesterol concentrations in the controls. How-
ever, in the cases, greater decreases in cholesterol synthe-
sis in response to pravastain treatment were associated
with lower increases in HDIL.-cholesterol concentrations,
and there was no difference in triglyceride response. The
reason for the difference in response to pravastain treat-
ment between the two groups is unclear. It is well estab-
lished that HDL-cholesterol concentrations are inversely
associated with triglyceride concentrations due to their in-
terrelated metabolic fates. In addition to the role of HDL
in promoting cholesterol efflux, HDL composition and
structure are also emerging as being important for this
process (22). In one small study, patients with CHD or
CHD risk factors had proinflammatory HDL relative to
matched controls at baseline, and about one-half contin-
ued to have proinflammatory HDL after statin therapy de-
spite aprofounddecreasein plasmalipids. Proinflammatory
HDL has been shown to have diminished ability to pro-
mote cholesterol efflux (23). These data suggest that sta-
tin therapy may have modified HDL function in some but
not all of our subjects, and this variable may have ac-
counted for differences in clinical outcome despite similar
plasma lipoprotein profiles.

In addition to the lipid-related effects, statins have
also been shown to have beneficial effects on several
nonlipid-related CVD risk factors such as decreasing
smooth muscle cell proliferation, endothelial activation,
and reductions in C-reactive protein, antioxidant, and
antithrombotic properties. Furthermore, genetic poly-
morphisms have been documented that influence re-
sponse to statin treatment. Pravastatin has been shown to
be less effective in lowering cholesterol synthesis in carri-
ers of the SLCO1B1#17 haplotype compared with non-
carriers (24). Genetic variation at the LDL receptor locus
as well as the ATP-binding cassette (ABC) transporters

ABCGbH and ABCGS8 have also been shown to affect re-
sponse to pravastatin and CVD risk, respectively (25, 26).
While plasma CRP concentrations (mean + SD) were sim-
ilar between cases (3.58 + 3.21 and 3.01 + 2.84) and con-
trols (3.33 + 3.29 and 3.88 + 3.01, males and females,
respectively), we cannot rule out the possibility that the
magnitude of other nonlipid-related effects of statin
therapy as well as frequency of genetic polymorphisms
known to influence cholesterol homeostasis differed be-
tween cases and controls and contributed to the reduc-
tion in coronary events.

In conclusion, our results suggest that in an elderly pop-
ulation with a high CVD prevalence, the decrease in cho-
lesterol synthesis in response to pravastatin therapy is
accompanied by a modest compensatory increase in mark-
ers of fractional cholesterol absorption. The magnitude of
these alterations was similar between cases and controls
and does not explain differences in outcomes with pravas-
tatin treatment Al

APPENDIX

The PROSPER study group

Executive Committee: (Glasgow) J. Shepherd, Univer-
sity Department of Pathological Biochemistry, North
Glasgow University NHS Trust, Glasgow, Scotland, UK
(Chairman and Principal Investigator); S. M. Cobbe, Di-
vision of Cardiovascular and Medical Sciences, University
of Glasgow, Glasgow, Scotland; I. Ford, Robertson Centre
for Biostatistics, University of Glasgow, Glasgow, Scot-
land, UK; A. Gaw, University Department of Pathological
Biochemistry, North Glasgow University NHS Trust, Glas-
gow, Scotland, UK; P. W. Macfarlane, Division of Cardio-
vascular and Medical Sciences, University of Glasgow,
Glasgow, Scotland, UK; C. J. Packard, University Depart-
ment of Pathological Biochemistry, North Glasgow Uni-
versity NHS Trust, Glasgow, Scotland, UK; D. J. Stott,
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Division of Cardiovascular and Medical Sciences, Univer-
sity of Glasgow, Glasgow, Scotland, UK; (Leiden) G. J.
Blauw, Section of Gerontology and Geriatrics, Leiden
University Medical Centre, Leiden, The Netherlands
(Principal Investigator); E. L. E. M. Bollen, Department
of Neurology, Leiden University Medical Centre, Leiden,
The Netherlands; A. M. Kamper, Section of Gerontology
and Geriatrics, Leiden University Medical Centre, Lei-
den, The Netherlands; R. G. J. Westendorp, Section of
Gerontology and Geriatrics, Leiden University Medical
Centre, Leiden, The Netherlands; (Cork) M. B. Murphy,
Department of Pharmacology and Therapeutics, Cork
University Hospital, Wilton, Cork, Ireland (Principal In-
vestigator); B. M. Buckley, Department of Pharmacology
and Therapeutics, Cork University Hospital, Wilton,
Cork, Ireland; M. Hyland, University College Cork, and
Department of Geriatric Medicine, Cork University Hos-
pital, Wilton, Cork, Ireland; I. J. Perry, Department of
Epidemiology and Public Health, Cork University Hospi-
tal, Wilton, Cork, Ireland.

Endpoint Committee: S. M. Cobbe (Chairman); J. W.
Jukema, Department of Cardiology, Leiden University
Medical Centre, Leiden, The Netherlands; P W Macfar-
lane; A. E. Meinders, Department of General Internal
Medicine, Leiden University Medical Centre, Leiden, The
Netherlands; D J Stott; B. J. Sweeney, Department of Neu-
rology, Cork University Hospital, Wilton, Cork, Ireland; C.
Twomey, University College Cork, and Department of Ge-
riatric Medicine, Cork University Hospital, Wilton, Cork,
Ireland.

The authors acknowledge the cooperation of the study subjects,
without whom this investigation would not be possible.
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