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Objectives We sought to assess the ability of N-terminal pro-B-type natriuretic peptide (N-BNP) to predict vascular events in

high-risk people and to test whether statins benefit people with high levels of N-BNP.

Background The predictive value of N-BNP for occlusive vascular events and the effects of statins in people with high N-BNP

levels are uncertain.

Methods A total of 20,536 people were assigned randomly to simvastatin 40 mg daily or placebo for an average of
5 years. Five baseline N-BNP groups were defined (<386; 386 to 1,171; 1,172 to 2,617; 2,618 to 5,758; and

=5,759 pg/ml).

Results Baseline N-BNP was strongly predictive of future vascular events independently of other characteristics. Com-
pared with participants with N-BNP <386 pg/ml, those with levels =5,759 pg/ml had adjusted relative risks for
major vascular events (MVEs) (i.e., major coronary events [MCE] [nonfatal myocardial infarction or coronary
death], stroke, or revascularization) of 2.26, for MCE of 3.09, for stroke of 1.80, and for heart failure (hospital-
ization or death) of 9.23 (all p < 0.0001). Overall, simvastatin allocation reduced the relative risk of MVE by
24% (95% confidence interval 19 to 28). There was a trend toward smaller (but still significant) proportional re-
ductions in MVE among participants with greater baseline N-BNP levels, but the absolute benefits of simvastatin
allocation were similar at all N-BNP levels. Simvastatin allocation was also associated with a 14% (95% confi-
dence interval O to 25) proportional reduction in heart failure. No excess risk of other vascular and nonvascular

outcomes was observed with simvastatin allocation among participants with greater baseline values of N-BNP.

Conclusions In this study, N-BNP levels were strongly predictive not only of heart failure but also of MVEs. In people with high
N-BNP levels consistent with heart failure, statin allocation significantly reduced vascular risk, with no evidence
of hazard. (Heart Protection Study; http://www.controlledtrials.com/ISRCTN48489393/48489393) (J Am Coll

Cardiol 2007;49:311-9) © 2007 by the American College of Cardiology Foundation

Brain-type natriuretic peptide (BNP), a hormone secreted in
the ventricular myocardium during periods of increased ven-
tricular stretch and wall-tension, plays an important role in the
regulation of blood pressure, blood volume, and sodium bal-
ance (1). Upon secretion, the BNP precursor is split into the
biologically active peptide and the more stable amino terminal
prohormone fragment (N-BNP or NT-proBNP). For several
years, it has been known that N-terminal pro-B-type
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natriuretic peptide (N-BNP) levels provide sensitive (and
reasonably specific) tests for the diagnosis of heart failure
and left ventricular dysfunction (2-5) and provide good
indicators of disease severity and prognosis in patients with
heart failure (6). In addition, because N-BNP is released
after cardiac ischemia, it also may provide a useful biomar-
ker for the detection and prediction of vascular morbidity
and mortality (7); a recent systematic review found N-BNP
to be a strong indicator of future cardiac events in patients
both with and without symptomatic heart failure (8).
There is overwhelming evidence that lowering low-
density lipoprotein (LDL) cholesterol by using statins
reduces vascular risk in a wide range of people (9). However,
it has been suggested that these benefits may not extend to
patients with or at high risk of developing heart failure
(10,11), chiefly because low plasma lipid levels have been
associated with poorer prognosis among heart failure pa-
tients in observational studies (12,13). Consequently, hy-
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Abbreviations
and Acronyms

BNP = brain-type
natriuretic peptide

potheses have been generated
concerning the possible impor-
tance in heart failure patients of
coenzyme Q, levels (which are
reduced by statins), as well as the
possible beneficial effects that li-
poproteins may have through
binding and detoxifying endo-
toxins (11,14). Two large ran-
MCE = mafor coronaty domized placebo-controlled tri-
T als of rosuvastatin in patients
with heart failure, the CORONA
MIVE = mai (Controlled rosuvastatin multi-
= major vascular

event national study in heart failure)
study (15) and the GISSI
(Gruppo Italiano per lo Studio
della Sopravvivenza nell'Infarto
miocardico acuto) heart failure
study (16), are now underway to help resolve these
uncertainties.

In this report, blood samples taken before entry into the
randomized placebo-controlled Heart Protection Study (17)
of statin therapy in 20,536 patients were used to assess: 1)
the relationships between N-BNP and the incidence of
subsequent major vascular events and heart failure; 2)
whether the effects of statin treatment on vascular risk differ
according to N-BNP level; and 3) the effect of lowering
LDL cholesterol with a statin on the incidence of heart
failure.

Cl = confidence interval
LDL = low-density
lipoprotein

LVEF = left ventricular
ejection fraction

MI = myocardial infarction

N-BNP = N-terminal pro-B-
type natriuretic peptide

Methods

Details of the objectives, design, and methods of the
Medical Research Council/British Heart Foundation Heart
Protection Study have been reported previously (17,18), and
are summarized in this section.

Recruitment and eligibility criteria. Between 1994 and
1997, 20,536 men and women ages 40 to 80 years at high
risk of vascular disease were recruited from 69 United
Kingdom hospitals, assigned randomly to receive 40 mg of
simvastatin daily or matching placebo (and, separately, using
a 2-by-2 factorial design, to receive antioxidant vitamins or
matching placebo capsules) (19), and followed for an aver-
age of 5 years. Ethics and regulatory approval was obtained
from relevant authorities. To be eligible, patients had to
have either a previous diagnosis of coronary disease, occlu-
sive disease of noncoronary arteries, or diabetes (type I or II)
or, for men ages 65 years or older, to have been treated for
hypertension. Subjects with heart failure were eligible pro-
vided that they were not breathless at rest, but heart failure
diagnoses were not recorded at baseline.

Screening, run-in phase, and randomization. At the
initial screening visit, nurses completed a brief questionnaire
about the patient’s past medical history and other relevant
factors; measured the person’s height, weight, and blood
pressure; and took a nonfasting blood sample. Potentially
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eligible patients were given information about the study and
asked for their written agreement to participate. Consenting
participants entered a “run-in” phase, consisting of 4 weeks
of placebo followed by 4 to 6 weeks of 40 mg of simvastatin
daily. Compliant individuals who did not have a major
problem during the run-in and who were not withdrawn by
their family doctor were assigned randomly into the study
and had their current medication recorded.

Measurement of blood lipids and N-BNP. Screening
blood samples were cooled and sent by overnight courier to
the coordinating central laboratory for immediate separation
and assay and for long-term storage. Lipid fractions (in-
cluding LDL measured directly) were analyzed as previously
reported (18). The assay of N-BNP in stored plasma
samples was based on the noncompetitive N-BNP assay
described by Karl et al. (20). After an average of 4.6 years,
nonfasting blood was collected from all participants attend-
ing final follow-up. A random sample of 1,174 of these
participants (approximately 5%) was selected, and baseline
and final follow-up N-BNP levels were remeasured.
Within- and between-assay coefficients of variation were
<5% for measurements of blood lipids and N-BNP.
Follow-up of vascular events. Participants were to be seen
in the study clinics at regular periods throughout follow-up
(with nonattending patients followed by telephone or,
alternatively, through their family doctor). At each follow-
up, information was recorded about any suspected myocar-
dial infarction (MI), stroke, vascular procedure, or other
serious adverse experience (including hospitalization for any
reason). Further details were sought from family doctors
about all reports (including admissions to hospital for heart
failure or breathlessness) that might relate to major vascular
events, cancers or deaths, and from United Kingdom
national registries about certified causes of death. Outcomes
(including heart failure) were coded by the coordinating
center clinical staff in a blinded fashion (17). The primary
prespecified end point for subgroup analyses was “major
vascular events” (MVE), which was defined as major coro-
nary events (MCE) (i.e., coronary death and nonfatal MI),
any stroke (fatal or nonfatal), or coronary or noncoronary
revascularization. Heart failure was defined as hospitaliza-
tion for heart failure and death from heart failure (including
deaths for which the underlying cause was coronary).
During the study, 20,469 participants (99.7%) had complete
follow-up for both mortality and morbidity.

Statistical analysis. Five baseline N-BNP groups were
defined such that similar numbers of MVEs occurred in
each group, which ensured similar sized confidence intervals
around risk estimates for this end point. These 5 groups had
baseline N-BNP measurements of <386; 386 to 1,171;
1,172 to 2,617; 2,618 to 5,758; and =5,759 pg/ml. The few
patients with missing N-BNP at baseline (n = 137; 0.7%)
were allocated to the middle group (findings were not
materially altered by their exclusion). Relative hazards of
MVE, MCE, stroke, and heart failure for each N-BNP
group compared with the lowest group were estimated using
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Cox proportional hazards regression and presented as “float-
ing absolute risks” (21), which allow an appropriate variance
to be ascribed to each group (including the reference group).
Analyses were performed before and after adjustment for
baseline age, gender, prior diseases, drug use, randomization
to simvastatin, apolipoprotein A4, apolipoprotein B, systolic
blood pressure, cigarette smoking status, body mass index,
and estimated glomerular filtration rate using the Modifi-
cation of Diet in Renal Disease formula (22). Chi-square
tests for linear trend in the relative risk with increasing log
N-BNP level were performed.

Analyses of the effect of randomization to simvastatin on
risk of first MVE, MCE, and stroke were performed both
overall and separately within each N-BNP group using
log-rank analyses. Chi-square tests for linear trend in the
effect of simvastatin with increasing log N-BNP level were
performed. Log-rank analyses were used to estimate the
effect of randomization to simvastatin on the overall risk of
heart failure but not separately in each N-BNP group (as a
result of the relatively small number of such events). This
analysis was repeated after censoring of patients who, in the
absence of heart failure, had a nonfatal MI (to examine the
possibility that any apparent effect on heart failure may be
secondary to effects on MI). In the 1,174 participants with
repeat N-BNP samples, comparisons of the average change
in log N-BNP between the simvastatin and placebo groups
were performed using the Student’s # test. All statistical tests
were 2-sided and performed on an intention-to-treat basis.

Results

N-BNP and cardiovascular risk factors at baseline. Base-
line N-BNP levels were substantially skewed (skewness coef-
ficient of 2.7), with a median of 1,091 pg/ml and an interquar-
tile range of 330 to 3,028 pg/ml. The baseline characteristics of
study participants in the five N-BNP-defined groups are
shown in Table 1. Patients with greater N-BNP levels at
baseline were older, more likely to have existing coronary
disease, and more likely to be taking cardioprotective drugs
than subjects with lower baseline N-BNP levels. Patients with
greater baseline N-BNP levels also had slightly lower mean
blood pressure, which was independent of reported blood
pressure-lowering drug use. In contrast, proportions of men,
mean blood lipid levels, and cigarette smoking rates varied little
by N-BNP level, whereas subjects with high N-BNP levels
were slightly leaner than those with low N-BNP. Mean
glomerular filtration rate also decreased steadily with increasing
baseline N-BNP level. Perhaps as a consequence of the
inclusion criteria for the trial (virtually all subjects had either
prior vascular disease or diabetes), diabetes in this population
was more commonly observed among subjects with lower
N-BNP levels.

N-BNP and the incidence of MVE, MCE, stroke, and
heart failure. The 5-year floating absolute risks of MVE,
MCE, stroke, and heart failure by baseline N-BNP group
are shown in Table 2, both before and after adjustment for
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other baseline risk factors (also see Fig. 1). The risks of
MVE, MCE, stroke and, particularly, heart failure in-
creased progressively with increasing N-BNP. Compared
with individuals with N-BNP levels <386 pg/ml, the
unadjusted relative risk for subjects with baseline N-BNP
levels =5,759 pg/ml was 2.78 for MVE, 4.70 for MCE,
2.47 for stroke, and 16.0 for heart failure (all p < 0.0001).
Taking into account the differences in baseline characteris-
tics had a marked effect on these estimates, with the relative
risks being reduced to 2.26 for MVE, 3.09 for MCE, 1.80
for stroke, and 9.23 for heart failure (but all were still p <
0.0001). Among individuals with N-BNP <386 pg/ml,
further subdivision (<40; =40, <100; and =100, <386
pg/ml) did not demonstrate substantial differences in annual
event rates: 3.3%, 3.4%, and 3.5% for MVE; 1.1%, 1.2%,
and 1.3% for MCE; 0.7%, 0.9%, and 0.8% for stroke; and
0.1%, 0.1%, and 0.2% for heart failure, respectively.
Simvastatin allocation and risk of MVE, MCE, and
stroke by N-BNP level. The randomization of large num-
bers of people in the study produced good balance in baseline
characteristics between the treatment groups both overall (17)
and separately in each baseline N-BNP group (including for
the use of concomitant medications). Compared with alloca-
tion to placebo, allocation to simvastatin reduced LDL cho-
lesterol by an average of 1 mmol/l during the 5-year treatment
period. The effect of simvastatin allocation on the incidence of
MVE, MCE, and stroke by baseline N-BNP level is shown in
Figure 2. Overall, as previously reported (17), the relative risk
of MVE was reduced by 24% (95% confidence interval [CI] 19
to 28). There was a significant trend (p = 0.03) toward smaller,
although still highly statistically significant, proportional re-
ductions in MVE risk with simvastatin among participants
who had greater baseline N-BNP levels (despite similar abso-
lute LDL cholesterol reductions in each N-BNP group: data
not shown). However, because people with greater baseline
N-BNP levels had a greater absolute risk of MVE, the absolute
benefits of simvastatin were similar at all levels of N-BNP (Fig.
3). Overall, allocation to simvastatin reduced the relative risk of
MCE by 27% (95% CI 21 to 33) and the relative risk of stroke
by 25% (95% CI 15 to 34). The trend in the proportional
reduction in MVE risk by N-BNP level reflected a highly
significant trend for MCE (p < 0.0001), with no clear trend
for stroke (p = 0.23). The proportional reductions in vascular
death (overall risk reduction 17%; 95% CI 9 to 25) and
nonvascular death (overall risk reduction 5%; 95% CI —7 to
15) were not significantly different across the different N-BNP
groups (Fig. 4). In particular, there was no suggestion of any
adverse effect of statin therapy among patients with greater
N-BNP levels.

Simvastatin allocation, heart failure, and follow-up
N-BNP. Randomization to simvastatin was associated
with a marginally significant 14% (95% CI 0 to 25)
proportional reduction in the risk of hospitalization or death
due to heart failure (348 [3.4%)] simvastatin vs. 402 [3.9%]
placebo; p = 0.05) during the scheduled treatment period.
This estimate was unaffected when patients who had a
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I3 B Baseline Characteristics by Baseline N-BNP Level

JACC Vol. 49, No. 3, 2007
January 23, 2007:311-9

N-BNP Level (pg/ml)

<386 386-1,171 1,172-2,617 2,618-5,758 =5,759

Subjects, n 5,658 4,862 4,209 3,371 2,436
Mean (SD) N-BNP, pg/mi 141 (122) 732 (224) 1,802 (417) 3,907 (890) 10,349 (4,295)
Mean (SD) age at randomization, yrs 59.0 (8.5) 63.2 (8.1) 65.6 (7.3) 67.5 (6.7) 69.2 (6.1)
Men, % 75.9 741 74.4 75.3 77.2
Mean (SD) blood lipids*

Apolipoprotein A4, g/I 1.21 (0.22) 1.21 (0.21) 1.20(0.21) 1.19(0.21) 1.18(0.21)

Apolipoprotein B, g/| 1.15 (0.24) 1.14 (0.23) 1.14 (0.23) 1.14 (0.24) 1.13 (0.24)

High-density lipoprotein cholesterol, mmol/| 1.05 (0.33) 1.07 (0.31) 1.05(0.31) 1.05 (0.32) 1.06 (0.32)

Low-density lipoprotein cholesterol, mmol/I 3.40 (0.87) 3.38(0.82) 3.36 (0.82) 3.37(0.83) 3.35(0.84)
Mean (SD) blood pressure, mm Hg*

Systolic 145.5 (24.3) 144.3 (23.0) 144.0 (23.1) 144.2 (23.4) 142.4 (23.7)

Diastolic 82.9(12.8) 81.4(12.1) 80.6 (12.2) 80.5(12.3) 80.4 (12.5)
Mean (SD) estimated glomerular filtration rate, ml/min* 77.63 (15.73) 74.92 (14.91) 72.78 (14.96) 70.80 (15.14) 65.58 (15.31)
Cigarette smoking status, %*

Current smokers 14.8 15.4 13.3 12.7 13.5

Ex-smokers 59.9 60.2 61.6 61.4 59.8
Body mass index, kg/m?2*

Mean (SD) 28.0 (4.6) 27.5(4.3) 27.5(4.4) 27.4 (4.4) 27.1(4.5)

Obese (=30), % 27.5 23.9 23.3 228 20.1

Overweight (=25), % 76.0 71.9 72.3 701 66.0
Prior coronary heart disease, %*

Myocardial infarction 22.2 35.1 45.5 54.6 60.9

Other CHD without MI 231 26.0 25.0 22.4 19.6

None 53.9 37.7 28.2 21.8 18.3
Other prior disease, %*

Cerebrovascular disease 16.9 14.9 15.0 15.1 191

Peripheral vascular disease 34.4 32.2 32.2 324 333

Other coronary disease B9 52.7 60.3 65.7 66.8

Diabetes 40.5 294 24.9 215 21.0
Drug use, %*

ACE inhibitors 15.6 151 17.9 20.2 33.6

Beta-blockers 10.6 20.5 30.1 37.0 33.9

Diuretics 17.2 20.1 22.2 26.4 43.0

Any treatment for hypertension 35.4 373 43.3 45.5 49.1

Aspirin 52.2 62.6 68.7 69.4 67.7

Lipid-lowering drug 0.4 0.3 0.2 0.2 0.4

Categories are defined such that an approximately equal number of subsequent major vascular events occurs in each group. *Adjusted for age and gender.
ACE = angiotensin-converting enzyme; CHD = coronary heart disease; Ml = myocardial infarction; N-BNP = N-terminal pro-B-type natriuretic peptide.

nonfatal MI before any heart failure event being observed
were censored at the time of their MI. Levels of N-BNP
were remeasured in blood collected after an average of 4.6
years from a random sample of 1,174 participants. On
average, follow-up N-BNP levels were 1.49 (95% CI 1.42 to
1.57) times higher than bascline levels. However, this
relative increase in N-BNP level during the study differed
significantly (p < 0.001) according to treatment allocation:
1.37 (95% CI 1.28 to 1.47) for patients allocated to
simvastatin versus 1.64 (95% CI 1.52 to 1.76) for patients
allocated to placebo. Exclusion of 341 patients who had a
major vascular event, other vascular event, or admission to
hospital for heart failure or angina in the period between the
baseline and follow-up N-BNP samples did not explain this
difference: after such exclusions, the mean proportional
increases in N-BNP levels were 1.28 (95% CI 1.19 to 1.38)

with simvastatin and 1.46 (95% CI 1.36 to 1.58) with
placebo (p = 0.01). (Randomization to receive vitamins in
the Heart Protection Study was associated with a 20% [95%
CI 4 to 38] increase in hospitalization or death due to heart
failure [408 (4.0%) vitamins vs. 342 (3.4%) placebo; p =
0.01]. Among those with repeat N-BNP measurements, the
mean proportional increases in N-BNP level during the
study were 1.57 [95% CI 1.46 to 1.68] with vitamins and
1.42 [95% CI 1.32 to 1.52] with placebo [p = 0.04]).

Discussion

N-BNP is a strong indicator of future vascular event
risk. This study of more than 20,000 people at high risk of
vascular disease, including patients with mild-to-moderate
heart failure, provides reliable evidence that N-BNP is
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Table 2

Hospitalization or Death, by Baseline N-BNP Level
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Risk of Major Vascular Events, Stroke, Major Coronary Events, and Heart Failure

N-BNP Level (pg/ml)

<386 386-1,171 1,172-2,617 2,618-5,758 =5,759 p Value*

Subjects, n 5,658 4,862 4,209 3,371 2,436
Major vascular event

Number of events (%) 919 (16.2%) 913 (18.8%) 952 (22.6%) 916 (27.2%) 918 (37.7%)

Unadjusted HR (95% Cl) 1.00 (0.94-1.07) 1.17 (1.10-1.25) 1.45 (1.36-1.54) 1.81 (1.70-1.93) 2.78 (2.60-2.96) <0.0001

Fully adjusted HR (95% CI)t 1.00 (0.93-1.08) 1.13 (1.06-1.21) 1.32 (1.24-1.41) 1.59 (1.49-1.70) 2.26 (2.10-2.43) <0.0001
Major coronary event

Number of events (%) 345 (6.1%) 356 (7.3%) 394 (9.4%) 422 (12.5%) 593 (24.3%)

Unadjusted HR (95% Cl) 1.00 (0.90-1.11) 1.20 (1.08-1.34) 1.56 (1.41-1.72) 2.15 (1.95-2.36) 4.70 (4.33-5.09) <0.0001

Fully adjusted HR (95% CI)t 1.00 (0.89-1.13) 1.10 (0.99-1.22) 1.30 (1.18-1.44) 1.63 (1.48-1.80) 3.09 (2.81-3.39) <0.0001
Stroke

Number of events (%) 215 (3.8%) 183 (3.8%) 224 (5.3%) 212 (6.3%) 195 (8.0%)

Unadjusted HR (95% CI) 1.00 (0.87-1.14) 1.00 (0.86-1.15) 1.43 (1.26-1.63) 1.75 (1.53-2.00) 2.47 (2.14-2.84) <0.0001

Fully adjusted HR (95% CI)t 1.00 (0.86-1.17) 0.89 (0.77-1.03) 1.21 (1.06-1.38) 1.42 (1.24-1.63) 1.80 (1.54-2.10) <0.0001
Heart failure

Number of events (%) 58 (1.0%) 83 (1.7%) 125 (3.0%) 168 (5.0%) 325 (13.3%)

Unadjusted HR (95% Cl) 1.00 (0.77-1.29) 1.67 (1.35-2.07) 2.96 (2.48-3.53) 5.16 (4.43-6.00) 16.02 (14.36-17.86) <0.0001

Fully adjusted HR (95% CI)t 1.00 (0.76-1.32) 1.49 (1.20-1.87) 2.47 (2.07-2.94) 3.86 (3.32-4.47) 9.23(8.10-10.52) <0.0001

*Test of linear trend between log(N-BNP) concentration and risk; tadjusted for age, gender, prior vascular disease (myocardial infarction, cerebrovascular disease, other coronary disease, peripheral vascular

disease, diabetes, and all 2-, 3-, 4- and 5-way interactions between these disease categories), baseline drug use, randomization to sirr in,

cigarette smoking status, body mass index, and estimated glomerular filtration rate.

Cl = confidence interval; HR = hazard ratio; N-BNP = N-terminal pro-B-type natriuretic peptide.

strongly and positively related not only to subsequent
hospitalization or death due to heart failure but also to
major occlusive vascular events in such patients. When
compared with individuals who had baseline measurements
of N-BNP level <386 pg/ml (28% of the study population
but, by design, 20% of MVE events), individuals with
baseline N-BNP measurements =5,759 pg/ml (12% of the
population but 20% of MVE events) had more than twice
the risk of MVE and more than 3 times the risk of MCE,
even after accounting for differences in other baseline
characteristics (Table 2).

Previous studies of the prognostic strength of N-BNP for
occlusive vascular events typically have been based on
patients with acute coronary syndromes (23-25). In one
study of 6,809 patients with non—ST-segment elevation
acute coronary syndrome, the risk of MI over the following
30 days increased with increasing quartile of N-BNP, from
2.7% in the lowest quartile to 7.5% in the highest quartile
(25). Similar observations also have been made in non-
hospitalized individuals (26—28). For example, in the Fra-
mingham Heart Study, a 1-SD increase in log BNP was
associated with a 28% increase in the risk of a first
cardiovascular event (which is consistent with the respective
estimate in the Heart Protection Study; see footnote to Fig.
1) and a 53% increase in the risk of stroke or transient
ischemic attack (26). A recent population-based study in
Denmark found that the 5-year incidence of major cardio-
vascular events increased by 92% for each SD increase in log
N-BNP, whereas ischemic stroke risk increased by 76%
(27). However, these values should be interpreted with
caution because the relationships do not seem to be straight

otein Aq, otein B, systolic blood pressure,

lines (i.e., the relative risk associated with a given difference
in baseline log N-BNP is not the same at all levels of log
N-BNP) (see Fig. 1). Moreover, the strength of the rela-
tionship between long-term “usual” log N-BNP levels and
risk is likely to be underestimated by analyses based on
single “baseline” N-BNP measurements because of regres-
sion dilution bias (29). A recent review of 24 studies that
used BNP or N-BNP to estimate relative risks for death,
cardiac death, sudden death, or cardiovascular events con-
cluded that N-BNP was a strong prognostic indicator of
these outcomes in populations both with and without heart
failure (8). Our findings support this conclusion, providing
clear evidence that N-BNP is a powerful marker of vascular
events in a wide range of people at high vascular event risk.
Lowering LDL cholesterol reduces vascular risk irrespec-
tive of N-BNP level. The present results show that low-
ering LDL cholesterol by 1 mmol/l with a statin reduces the
risk of vascular events at all levels of baseline N-BNP
studied, including among individuals with high levels con-
sistent with a diagnosis of heart failure. Although the
proportional reduction in MVE risk appeared to be smaller
for patients with the highest baseline N-BNP levels (Fig. 2),
the absolute numbers of MVEs avoided per 1,000 patients
treated was similar across baseline N-BNP categories be-
cause of the higher absolute risks among people with higher
N-BNP levels (Fig. 3).

The hypothesis that cholesterol reduction could cause
harm in patients with heart failure was initially stimulated
by observational studies that found low blood cholesterol
levels to be associated with increased mortality in such
individuals (12,13). Possible explanations for this phenom-
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Major vascular event
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enon were developed, including the suggestion that, in the
presence of heart failure, lipoproteins may provide protec-
tion through the binding and detoxifying of endotoxins
(14). This hypothesis has helped perpetuate a belief that
patients with or at high risk of developing heart failure (even
those with pre-existing coronary disease) should not be
treated with statins until the results from clinical trials of
patients with heart failure are known (10,11). However,
previous cholesterol-lowering trials have failed to provide
any evidence in favor of this position: indeed, if anything,
they have suggested the opposite. Secondary analysis of a
trial in MI survivors with average cholesterol levels found
that pravastatin was equally effective among those who
presented with left ventricular ejection fraction (LVEF)
between 25% and 40% as in those with LVEF >40%
(although patients with severe heart failure [LVEF <25%]

were not eligible for that study) (30). In another study,
patients with congestive heart failure experienced similar
proportional benefits from treatment with atorvastatin as
patients without heart failure (31). The present large study
has shown that lowering LDL cholesterol with simvastatin
reduces the risk of MVE among patients with elevated
N-BNP levels that are consistent with heart failure. In
addition, the proportional effects of simvastatin allocation
on the risk of vascular and nonvascular death were similar
irrespective of N-BNP level, with no evidence that lowering
LDL cholesterol in patients with higher N-BNP levels
produced any adverse effects.

Cholesterol reduction and risk of heart failure. In the
Heart Protection Study, reducing LDL cholesterol with
simvastatin by an average of 1 mmol/l for 5 years was
associated with a marginally significant 14% (95% CI 0 to
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25) proportional reduction in the risk of hospitalization or
death due to heart failure. Although this reduction remains
statistically consistent with there being little or no reduction
in risk, it does not provide support for concerns that
lowering LDL cholesterol might materially increase the risk

MVE risk reductions (SE):

Events avoided/1000 60 (10) 45 (12) 69 (14) 64 (18) 76 (24)
P-value <0.00001 <0.001 <0.00001 <0.001 0.002
MCE risk reductions (SE):
Events avoided/1000 34 (6) 26(8) 37 (9) 32(12) 31(20)
P-value <0.00001 <0.001 <0.0001 0.008 >0.1 (NS)
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Absolute Benefits of Simvastatin Allocation on

First MVE and First MCE, by Baseline N-BNP Level
Absolute benefits of simvastatin allocation on first major vascular event (MVE)
and first major coronary event (MCE) in participants subdivided by baseline
N-terminal pro-B-type natriuretic peptide (N-BNP) level. P = placebo; S =
simvastatin.

of heart failure. Moreover, the mean increase in N-BNP
levels during the study was lower among those allocated to
simvastatin than among those allocated placebo. It is pos-
sible that these findings reflect a reduced incidence of
vascular events (which may not have been fully taken into
account in our analyses), rather than direct effects of statin
therapy on heart function. In a previous randomized trial of
hypercholesterolemic patients with coronary heart disease
but without evidence of congestive heart failure, simvastatin
produced a significant 20% proportionally lower risk of
developing heart failure during the following 5 years (32),
whereas in another secondary prevention trial atorvastatin
produced a significant 50% reduction in the development of
new heart failure (31). Other large statin trials generally
have failed to show significant effects of cholesterol reduc-
tion on heart failure risk, but the confidence intervals have
been wide because of low event rates or early termination
after the emergence of clear benefit on the primary end
point of occlusive vascular events (33).

Study limitations. Because the presence of heart failure
was not recorded at baseline in HPS, it was not possible to
estimate directly the effect of simvastatin in patients with
and without heart failure at randomization. Instead,
N-BNP was used as a surrogate measure for baseline
evidence of heart failure because it is well established that it
provides a highly sensitive indicator of existing heart failure
(2), as well as a powerful indicator for future risk of heart
failure (as is also suggested in the present study). No
adjustment was made for multiple comparisons, and the
apparent trend toward smaller relative reductions in major
coronary events with simvastatin among patients with
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Non-vascular deaths

Cl = confidence interval; N-BNP = N-terminal pro-B-type natriuretic peptide.
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higher baseline N-BNP levels may have been inflated by the
play of chance. Another potential limitation was that
hospitalization or death due to heart failure was not pre-
specified as an end point. However, further information was
sought systematically about all reports of possible heart
failure to ensure that prespecified outcomes (such as MI)
were not missed. Hence, reports of hospitalization or death
due to heart failure were confirmed centrally in most cases
based on blind review of medical records. Finally, it is
possible that because this study comprises people selected to
participate in a randomized controlled trial, the observa-
tional relationships between baseline N-BNP and risk may
not necessarily be generalizable to other populations. Nev-
ertheless, they should be widely generalizable to the types of
high-risk patients studied.

Conclusions. In people at high risk of vascular disease,
N-BNP is strongly related to the subsequent incidence of
MVE, major coronary event, and stroke, as well as being
highly predictive of the risk of hospitalization or death due
to heart failure. Reducing LDL cholesterol by 1 mmol/1
with statin therapy produced highly significant reductions in
the risk of MVEs, even in people with greater N-BNP levels
consistent with a diagnosis of heart failure, without evidence
of hazard. Because the use of 40 mg of simvastatin typically
reduces LDL cholesterol by 1.5 mmol/l, full compliance
may result in even greater benefits among these high-risk
patients.

Reprint requests and correspondence: Heart Protection Study,
Clinical Trial Service Unit, University of Oxford, Richard Doll
Building, Old Road Campus, Roosevelt Drive, Oxford, Oxford-
shire OX3 7LF, United Kingdom. E-mail: hps@ctsu.ox.ac.uk.

REFERENCES

1. Levin ER, Gardner DG, Samson WK. Natriuretic peptides. N Engl
J Med 1998;339:321-8.

10.

11.

12.

13.

14.

15.

16.

17.

. Cowie MR, Struthers AD, Wood DA, et al. Value of natriuretic

peptides in assessment of patients with possible new heart failure in
primary care. Lancet 1997;350:1349-53.

. Talwar S, Squire IB, Davies JE, Barnett DB, Ng LL. Plasma

N-terminal pro-brain natriuretic peptide and the ECG in the assess-
ment of left-ventricular systolic dysfunction in a high risk population.
Eur Heart ] 1999;20:1736—44.

. Maisel AS, Krishnaswamy P, Nowak RM, et al. Rapid measurement

of B-type natriuretic peptide in the emergency diagnosis of heart
failure. N Engl ] Med 2002;347:161-7.

. Moe GW. BNP in the diagnosis and risk stratification of heart failure.

Heart Fail Monit 2005;4:116-22.

. Jernberg T, James S, Lindahl B, et al. Natriuretic peptides in unstable

coronary artery disease. Eur Heart ] 2004;25:1486-93.

. Rademaker MT, Richards AM. Cardiac natriuretic peptides for

cardiac health. Clin Sci (Lond) 2005;108:23-36.

. Doust JA, Pietrzak E, Dobson A, Glasziou P. How well does B-type

natriuretic peptide predict death and cardiac events in patients with
heart failure: systematic review. BM]J 2005;330:625-7.

. Cholesterol Treatment Trialists’ (CTT) Collaborators. Efficacy and

safety of cholesterol-lowering treatment: prospective meta-analysis of
data from 90,056 participants in 14 randomised trials of statins. Lancet
2005;366:1267-78.

Ashton E, Liew D, Krum H. Should patients with chronic heart
failure be treated with “statins”? Heart Fail Monit 2003;3:82—6.
Krum H, McMurray JJ. Statins and chronic heart failure: do we need
a large-scale outcome trial? ] Am Coll Cardiol 2002;39:1567-73.
Rauchhaus M, Clark AL, Doehner W, et al. The relationship between
cholesterol and survival in patients with chronic heart failure. ] Am
Coll Cardiol 2003;42:1933—-40.

Horwich TB, Hamilton MA, Maclellan WR, Fonarow GC. Low
serum total cholesterol is associated with marked increase in mortality
in advanced heart failure. J Card Fail 2002;8:216-24.

Rauchhaus M, Coats AJ, Anker SD. The endotoxin-lipoprotein
hypothesis. Lancet 2000;356:930-3.

Kjekshus J, Dunselman P, Blideskog M, et al. A statin in the treatment
of heart failure? Controlled rosuvastatin multinational study in heart
failure (CORONA): study design and baseline characteristics. Eur
J Heart Fail 2005;7:1059-69.

Tavazzi L, Tognoni G, Franzosi MG, et al. Rationale and design of
the GISSI heart failure trial: a large trial to assess the effects of n-3
polyunsaturated fatty acids and rosuvastatin in symptomatic congestive
heart failure. Eur ] Heart Fail 2004;6:635-41.

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



JACC Vol. 49, No. 3, 2007
January 23, 2007:311-9

18.

19.

20.

21.

22.

23.

24.

25.

26.

Heart Protection Study Collaborative Group. MRC/BHF Heart
Protection Study of cholesterol-lowering therapy and of antioxidant
vitamin supplementation in a wide range of patients at increased risk
of coronary heart disease death: early safety and efficacy experience.
Eur Heart ] 1999;20:725-41.

Heart Protection Study Collaborative Group. MRC/BHF Heart
Protection Study of antioxidant vitamin supplementation in 20,536
high-risk individuals: a randomised placebo-controlled trial. Lancet
2002;360:23-33.

Karl J, Borgya A, Gallusser A, et al. Development of a novel,
N-terminal-proBNP (NT-proBNP) assay with a low detection limit.
Scand J Clin Lab Invest 1999;230 Suppl:177-81.

Plummer M. Improved estimates of floating absolute risk. Stat Med
2004;23:93-104.

Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more
accurate method to estimate glomerular filtration rate from serum
creatinine: a new prediction equation. Modification of Diet in Renal
Disease Study Group. Ann Intern Med 1999;130:461-70.

Suzuki S, Yoshimura M, Nakayama M, et al. Plasma level of B-type
natriuretic peptide as a prognostic marker after acute myocardial
infarction: a long-term follow-up analysis. Circulation 2004;110:
1387-91.

Omland T, Persson A, Ng L, et al. N-terminal pro-B-type natriuretic
peptide and long-term mortality in acute coronary syndromes. Circu-
lation 2002;106:2913-8.

James SK, Lindahl B, Siegbahn A, et al. N-terminal pro-brain
natriuretic peptide and other risk markers for the separate prediction of
mortality and subsequent myocardial infarction in patients with
unstable coronary artery disease: a Global Utilization of Strategies To
Open occluded arteries (GUSTO)-1V substudy. Circulation 2003;108:
275-81.

Wang TJ, Larson MG, Levy D, et al. Plasma natriuretic peptide levels
and the risk of cardiovascular events and death. N Engl ] Med
2004;350:655-63.

27.

28.

29.

30.

31.

32.

33.

Heart Protection Study Collaborative Group 319

N-BNP, Vascular Risk, and Cholesterol Lowering

Kistorp C, Raymond I, Pedersen F, Gustafsson F, Faber J, Hilde-
brandt P. N-terminal pro-brain natriuretic peptide, C-reactive protein,
and urinary albumin levels as predictors of mortality and cardiovascular
events in older adults. JAMA 2005;293:1609-16.

Schnabel R, Rupprecht HJ, Lackner KJ, et al. Analysis of N-terminal-
pro-brain natriuretic peptide and C-reactive protein for risk stratifi-
cation in stable and unstable coronary artery disease: results from the
AtheroGene study. Eur Heart ] 2005;26:241-9.

Clarke R, Shipley M, Lewington S, et al. Underestimation of risk
associations due to regression dilution in long-term follow-up of
prospective studies. Am ] Epidemiol 1999;150:341-53.

Lewis SJ, Moye LA, Sacks FM, et al. Effect of pravastatin on
cardiovascular events in older patients with myocardial infarction and
cholesterol levels in the average range. Results of the Cholesterol and
Recurrent Events (CARE) trial. Ann Intern Med 1998;129:681-9.
Athyros VG, Papageorgiou AA, Mercouris BR, et al. Treatment with
atorvastatin to the National Cholesterol Educational Program goal
versus ‘usual’ care in secondary coronary heart disease prevention. The
GREck Atorvastatin and Coronary-heart-disease Evaluation
(GREACE) study. Curr Med Res Opin 2002;18:220-8.

Kjekshus ], Pedersen TR, Olsson AG, Faergeman O, Pyorala K. The
effects of simvastatin on the incidence of heart failure in patients with
coronary heart disease. ] Card Fail 1997;3:249-54.

Sever PS, Dahlof B, Poulter NR, et al. 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;361:1149-58.

I APPENDIX

For a list of acknowledgments and the Heart Protection Study Collabora-
tive Group Writing Committee, please see the online version of this article.



	N-Terminal Pro-B-Type Natriuretic Peptide, Vascular Disease Risk, and Cholesterol Reduction Among 20,536 Patients in the MRC/BHF Heart Protection Study
	Methods
	Recruitment and eligibility criteria
	Screening, run-in phase, and randomization
	Measurement of blood lipids and N-BNP
	Follow-up of vascular events
	Statistical analysis

	Results
	N-BNP and cardiovascular risk factors at baseline
	N-BNP and the incidence of MVE, MCE, stroke, and heart failure
	Simvastatin allocation and risk of MVE, MCE, and stroke by N-BNP level
	Simvastatin allocation, heart failure, and follow-up N-BNP

	Discussion
	N-BNP is a strong indicator of future vascular event risk
	Lowering LDL cholesterol reduces vascular risk irrespective of N-BNP level
	Cholesterol reduction and risk of heart failure
	Study limitations
	Conclusions

	Acknowledgment
	REFERENCES
	APPENDIX


