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background

 

Statins lower the levels of low-density lipoprotein (LDL) cholesterol and C-reactive pro-
tein (CRP). Whether this latter property affects clinical outcomes is unknown.

 

methods

 

We evaluated relationships between the LDL cholesterol and CRP levels achieved after
treatment with 80 mg of atorvastatin or 40 mg of pravastatin per day and the risk of re-
current myocardial infarction or death from coronary causes among 3745 patients
with acute coronary syndromes.

 

results

 

Patients in whom statin therapy resulted in LDL cholesterol levels of less than 70 mg per
deciliter (1.8 mmol per liter) had lower event rates than those with higher levels (2.7 vs.
4.0 events per 100 person-years, P=0.008). However, a virtually identical difference was
observed between those who had CRP levels of less than 2 mg per liter after statin ther-
apy and those who had higher levels (2.8 vs. 3.9 events per 100 person-years, P=0.006),
an effect present at all levels of LDL cholesterol achieved. For patients with post-treat-
ment LDL cholesterol levels of more than 70 mg per deciliter, the rates of recurrent
events were 4.6 per 100 person-years among those with CRP levels of more than 2 mg
per liter and 3.2 events per 100 person-years among those with CRP levels of less than
2 mg per liter; the respective rates among those with LDL cholesterol levels of less than
70 mg per deciliter were 3.1 and 2.4 events per 100 person-years (P<0.001). Although
atorvastatin was more likely than pravastatin to result in low levels of LDL cholesterol
and CRP, meeting these targets was more important in determining the outcomes than
was the specific choice of therapy. Patients who had LDL cholesterol levels of less than
70 mg per deciliter and CRP levels of less than 1 mg per liter after statin therapy had the
lowest rate of recurrent events (1.9 per 100 person-years).

 

conclusions

 

Patients who have low CRP levels after statin therapy have better clinical outcomes than
those with higher CRP levels, regardless of the resultant level of LDL cholesterol. Strat-
egies to lower cardiovascular risk with statins should include monitoring CRP as well
as cholesterol.
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tatin therapy lowers the risk of

 

cardiovascular events by reducing plasma
cholesterol levels, and practice guidelines for

patients with known cardiovascular disease empha-
size the importance of reaching target goals for
low-density lipoprotein (LDL) cholesterol.
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 How-
ever, we have shown that statin therapy results in a
greater clinical benefit when levels of the inflam-
matory biomarker C-reactive protein (CRP) are ele-
vated

 

2,3

 

 and that statins lower CRP levels in a man-
ner largely independent of LDL cholesterol levels.

 

3-6

 

These findings, along with basic laboratory evi-
dence, have led to the hypothesis that, in addition to
being potent lipid-lowering agents, statins may also
have antiinflammatory properties that are impor-
tant for prognosis and treatment. If so, then the lev-
el of CRP achieved as a result of statin therapy may
have clinical relevance analogous to that of the LDL
cholesterol levels achieved through the use of stat-
in therapy.

We prospectively addressed this issue among
3745 patients with acute coronary syndromes who
were randomly assigned to receive either intensive
or moderate lipid-lowering therapy with a statin.
Specifically, on an a priori basis, we hypothesized
that patients with acute coronary syndromes who
had lower CRP levels as a result of statin therapy
would have a lower risk of recurrent myocardial in-
farction or death from coronary causes than those
who had higher CRP levels, even after we controlled
for the achieved levels of LDL cholesterol. We also
evaluated whether the specific type of statin modi-
fied the effect.

The study population was derived from the Prav-
astatin or Atorvastatin Evaluation and Infection
Therapy–Thrombolysis in Myocardial Infarction 22
(PROVE IT–TIMI 22) study, a randomized trial per-
formed between November 2000 and February 2004
that used a two-by-two factorial design to compare
the effect of intensive statin therapy (80 mg of ator-
vastatin orally per day) and moderate statin therapy
(40 mg of pravastatin orally per day) and of gati-
floxacin and placebo on the risk of recurrent cor-
onary events after acute coronary syndromes.
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 In
total, 4162 patients who had been hospitalized with-
in the preceding 10 days with acute coronary syn-
dromes and who provided written informed con-
sent were enrolled at 349 sites in eight countries.
Approximately two thirds had had an acute myo-

cardial infarction, and the remainder had high-risk
unstable angina. Descriptions of the study’s inclu-
sion and exclusion criteria have been presented pre-
viously.
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As part of the protocol, plasma samples were
obtained at randomization, 30 days, 4 months, and
the end of the study (mean, 24 months). For this
analysis, we defined achieved LDL cholesterol lev-
els and achieved CRP levels as the values obtained
at the 30-day follow-up visit, a period adequate for
the effect of statin therapy on these variables to be
seen and for any residual effects of ischemia on each
variable to have disappeared. Of the total cohort,
3745 participants (90.0 percent) were alive and free
of a recurrent event at day 30 and had measurements
of both LDL cholesterol and CRP at that time. All
laboratory measurements were made in a core facil-
ity. A validated assay for high-sensitive CRP (Denka
Seiken) was used.

We used Spearman correlation coefficients to
evaluate the relationship between achieved LDL
cholesterol levels and achieved CRP levels. We then
used a multistage process to address the effect of
achieved LDL cholesterol levels and achieved CRP
levels on the rates of recurrent myocardial infarc-
tion or fatal coronary events that occurred after day
30 of the study. First, we divided the study popula-
tion into quartiles according to the levels of achieved
LDL cholesterol and achieved CRP and sought ev-
idence that these levels were associated with the
risk of recurrent myocardial infarction or death
from coronary causes, both in age-adjusted analy-
ses and after further adjustment for sex, smoking
status (current smoker vs. nonsmoker), body-mass
index, and the presence or absence of diabetes and
a history of hypertension. 

Second, we divided the study population at the
approximate median value achieved for the LDL
cholesterol level, 70 mg per deciliter (1.8 mmol per
liter), and evaluated whether the rates of events dif-
fered between patients with values above the medi-
an and those with values below the median. In a sim-
ilar manner, we divided the study population at the
approximate median value achieved for the CRP lev-
el, 2 mg per liter, and determined whether the rates
of recurrent events differed between patients with
values above the median and those with values be-
low the median. (None of the patients had the ex-
act median value of either marker.) To address the
relative effect of the achieved CRP level across the
strata of achieved LDL cholesterol levels, we repeat-
ed this process after dividing the study cohort into
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