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Summary

Background and hypothesis: The predictive vaue of spe-
cific markers of infection and autoimmunity for coronary
events, such asthe effects of statins on inflammation, istill
controversid.

Methods: A case-control design was used to compare C-
reactive protein (CRP) levels, seropositivity for Chlamydia
pneumoniae and Helicobacter pylori, and anti-oxidized low-
density lipoprotein (oxL DL ) antibody levelsin prerandomiza-
tion blood samplesfrom 129 participantsin the Scandinavian
Simvagtatin Survival Study who died (cases), and from 129
matched participantswho wereaive during 5-year follow-up
(contrals).

Reaults: Patientswith CRPlevelsinthe highest quartilehad
an increased risk of desth compared with those in the first
throughthird quartile (oddsratio [ OR] = 2.51, 95% confidence
interval [Cl] 1.3-4.8). Seropositivity for Chlamydia pneumo-
niae or Helicobacter pylori and anti-oxLDL antibody levels
weresimilar incasesand controls(p=NS). Ata4-month con-
trol, smvastatin reduced CRPlevels(p=0.009) whileplacebo
did not (p = NS). However, therisk of death associated with
high basdline CRP levelswas similar in patients randomized
to placebo (OR =2.36, 95% Cl 1.06-5.26) or smvadtatin (OR
=3.13,95%Cl 1.06-9.21).
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Conclusions: Elevated CRP levels, but not seropositivity
for Chlamydia pneumoniae or Helicobacter pylori, nor levels
of anti-oxL DL antibodies, predict therisk of deathin patients
with stableischemic heart disease. Simvastatin treatment re-
duces CRPleves, but without affecting theincreased risk con-
ferred by higher CRPlevelsat basdline.
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Introduction

Low-gradeinflammeation, asassessed by C-reactiveprotein
(CRP) serum levels, predictstherisk of myocardia infarction
(MI) and other atherosclerctic events in apparently healthy
middle-aged men.L- 2 In addition, CRP appearsto predict the
risk of M1 and coronary degth in individual swith risk factors
for coronary disease,3 4 aswell asinthosewith stableor unsta-
bleangina.>’ Statins are powerful lipid-lowering agentsthat
have been shown to have bendficia effectsin primary® and
secondary® prevention of coronary mortality, but their fa-
vorable effect might, at |east partially, be mediated by inhibi-
tion of inflammatory cell activation in coronary atherosclerot-
ic plaques, as recently suggested by Ridker et al. in patients
post M1.10 Indeed, statin-induced inhibition of mevalonate
synthesismight blunt inflammatory cell activation'13regard-
lessof the causes of thelow-gradeinflammation. However, the
question of whether statinsaffect CRPlevelsand whether this
possible effect influences prognosis has not adequately been
explored. Finaly, the causesresponsiblefor elevated levels of
CRP in patients with a higher risk of clinicd events are till
elusive, although infectious agents such as Chlamydia pneu-
moniae!*17 and Helicobacter pylori,1” 18 and autoantigens,
suchasoxidizedlow-density lipoproteins (oxL DL ), are poten-
tia candidates.’® To address all these issues, we measured
serum level sof CRP and of antibodiesanti-Chlamydia pneu-
moniae, anti-Helicobacter pylori, and anti-oxL DL among pa-
tientsenrolledinthe Scandinavian Simvastatin Surviva Study
(4S) who were prospectively followed up for incident occur-
renceof death.®
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Methods
Patients

The 4S study was a randomized, double-blind, placebo-
controlled trial of a dose of Smvastatin able to reduce total
serum cholesterol to 3.0-5.2 mmoal/l in the secondary preven-
tionof clinical events. A tota of 4,444 patientswith aprior his-
tory of ischemic heart disease (angina pectoris or acute MI)
who had total serum cholesterol >5.5 mmol/l (after 8 weeks
of dietary advice) were enrolled. Exclusion criteriaincluded
total serum cholesterol > 8 mmol/l, premenopausal women of
childbearing potential, secondary hypercholesterolemia, un-
stable or Prinzmetal angina, tendon xanthomata, planned cor-
onary artery surgery or angioplasty, M1 during the preceding
6 months, antiarrhythmic therapy, congestive heart failure,
chronic atria fibrillation, cardiomegaly, hemodynamically
important valvular heart disease, history of completed stroke,
impaired hepatic function, partia ileal bypass, history of drug
or dcohoal abuse, poor menta function, other seriousdisease,
current treatment with another investigational drug, or hyper-
sendgitivity to 3-hydroxy-3-methylglutaryl-coenzyme A re-
ductase inhibitors. The primary endpoint of the 4S was tota
mortality. Blood samples collected at baseline and after ran-
domization wereshipped to acentral collectionsiteondry ice
andfrozenat —80°Cfor future analyses.

For the present study, basdline blood sampleswere assayed
for CRPand for anti-Chlamydia pneumoniae, anti-Helicobac-
ter pylori, and anti-oxL DL antibodiesin the 129 patients, in
whom serum was still available, out of the 438 who subse-
quently died during 5-yesar follow-up (cases), andin an egqual
number of age-, gender-, and treatment-matched study partic-
ipantswho remained aive during 5-year follow-up (controls).
A second sampl e, obtained about 4 months after the baseline
sample, wasavailablefor 249 subjectsand was assayed for the
same substances. Case and control blood samples were as-
sayed in blinded pairs. Laboratory investigatorswere blinded
to caseor control satus.

Laboratory Assays

C-reactive protein was measured in an ultrasensitive CRP
assay by nephelometry (Dade-Behring, BN-100, Marburg,
Germany), with arangeof detectionfrom 0.2to 1000 mg/l and
acoefficient of variation < 3% at arange of 2-4mg/l.

Antibody levels anti-Chlamydia pneumoniae were mea-
sured using amicroimmunofluorescence method (MRL Diag-
nogtics, Cypress, Cdif., USA). Sampleswerediluted from 1:8
to 1:64. Seropositivity for Chlamydia pneumoniae was con-
sidered in the presence of specific antibodies at adilution of
21:32.

Antibody levels anti-Helicobacter pylori were measured
using a commercia enzyme-linked immunosorbent assay
(EL1SA) for specific 1gG (Behring Diagnostics, Marburg, Ger-
many). Seropositivity for Helicobacter pylori was considered
inthe presence of specific antibody serumlevels>8U/ml.

Levels of anti-oxLDL 1gG antibodies were measured ac-
cording to methods previously described.1%-22 Briefly, three

different antigens were employed to coat multiwell ELISA
plates, namely air-oxidized, minimally-modified LDL (mm-
oxLDL), LDL oxidized with CuSO4, (Cu-oxLDL), and LDL
oxidized with the combination of peroxidase and hydrogen
peroxide (HRP-oxLDL). This choice was made in order to
mimic the formation of some antigenic epitopes formed in
vivo during LDL oxidation. The quantitation of anti-oxL DL
antibody levelswas performed using ELI1SA techniques and
serum diluted 1:20. Resultswere expressed as arbitrary units
(AU) of the spectrophotometric readings of the corresponding
wellsin microtitre plates.

Statigtical Analysis

The comparisons between groups of continuous variables
were made by Student’st-test for unpaired data. However, as
CRP and antibodies serum level s showed no normal distribu-
tion, median concentrationsof these parameterswere comput-
ed and differences between cases and controlswere assessed
by Mann-Whitney U-test. Differences in proportions were
tested by chi-squarestatisticwith Yates' correction.

After dividing patientsinto quartiles of CRP values, chi-
sguare analysiswas applied to assessthe association of CRP
levelswith mortdity. Univariate and multivariatelogistic re-
gression analyseswere al so used to eval uate therisk of desth
associated with top quartile CRP serum levels. In the multi-
variateanalysis, therisk of death associated with top quartile
CRP serum levels was adjusted for those variables which
showed apvaue<0.1onunivariateanaysis.

Two-way analysis of variance with a repeated measure
design was applied on basdlineand follow-up serum level sof
CRP, totd cholesterol, low-density lipoprotein cholesteral
(LDL-C) and high-density lipoprotein cholesterol (HDL-C)
to assess the effect of Smvadtatin, compared with that of
placebo, onthese parameters. For thisanalysis, CRP concen-
trationsweretransformedin natural logarithmic val uesto ob-
tain anearly normal distribution of the variable.

Vauesarereported asmean + sandard deviation or median
withinterquartileinterval, as appropriate. P valueswere con-
Sidered significant if <0.05. Confidence intervals (Cl) were
calculated at the 95%level.

Reaults
Predictorsof Mortality

Thebasdineclinica characterigicsof thestudy groupsare
shownin Tablel. By matching, casesand controlswere simi-
lar in age, gender, and randomized treatment. There was no
differencein aspirin use between the two groups. Among the
other basdline variables, smoker prevalence, systolic blood
pressure levels, total cholesterol, and LDL-C serum levels
weresignificantly higher in casesthanin controls,

Basdline serum levels of CRPwere higher in casesthanin
controls (p = 0.005, Tablell). At chi-square anadlysis, serum
CRPlevelsinthe upper quartile (> 4.0 mg/l) were associated
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TaBLE | Basdinecdlinical featuresof thetwo groupsof patients

Cases(n=129) Controls(n=129) pVaue

Age, years 61.9+6.0 61.9+59 Matching criteria
Maesex (%) 115(89.15) 115(89.15) Matching criteria
Treatment, No Matching criteria

Placebo 78 78

Simvastatin 51 51
Smoking (%) 317 20.1 0.046
Blood pressure (mmHg)

Systalic 146.3+19.7 141.6+184 0.045

Diastalic 85.0+9.7 836+95 0.24
Diabetes (%) 7.7 54 0.60
Body massindex (kg/m?) 248+7.0 251+43 0.67
TC (mmol/l) 6.78+0.68 6.61+0.66 0.047
LDL-C(mmol/l) 4.95+0.65 4.79+ 0.66 0.045
HDL-C (mmol/l) 311+1.98 280+1.88 0.20
ApoB (mmol/l) 118+0.21 114+0.22 0.12
Triglycerides(mmol/l) 151+051 145+048 0.27
Aspirinuse (%) 30.2 341 0.59

Abbreviations: ApoB = gpolipoprotein B, TC =total cholesterol, LDL-C = low-density lipoprotein cholesterol, HDL-C = high-density lipopro-

tein cholesterol.

with an increased risk of death compared with CRP levelsin
the bottom quartile (oddsratio [OR] 3.05, 95% Cl 1.43-6.56,
p<0.0001). The risk of death was similar in patients with
basdline CRPlevelsinthethreelowest quartiles(Fig. 1).
Univariate analys sconfirmed that patientswith CRPlevels
intheupper quartilehad asignificant increasein theincidence
of death compared with patientsin the lowest three quartiles
(OR 2.63, 95% CI 1.38-5.03). After adjustment for smoking,

TaBLE || Basdine C-reective protein serum levels, seropositivity
for Chlamydia pneumoniae and Helicobacter pylori, and anti-oxi-
dized |ow-density lipoprotein antibodiesinthetwo groupsof patients

Cases Controls
(n=129) (n=129) pVaue

C-reactiveprotein (mg/l) 25 19 0.0053

(median, range) (0-48) (0-51)
Seropositivity for CP (%) 46 45 0.90
Seropositivity for HP (%) 70 79 011
Anti-mm-oxLDL (AU) 0.23 0.25 0.12

(median, range) (0.09-1.09) (0.08-0.62)
Anti-Cu-oxLDL (AU) 040 041 0.38

(median, range) (0.18-219) (0.13-1.51)
Anti-HRP-oxLDL (AU) 041 043 0.62

(median, range) (011-229) (0.13-1.60)

Abbreviations: CP= Chlamydia pneumoniae, HP= Helicobacter py-
lori, Cu-oxLDL = low density lipoproteins oxidized with CuSO?#,
HRP-oxLDL =LDL oxidized with peroxidase and hydrogen perox-
ide, mm-oxLD =minimally oxidized LDL, AU = arbitrary units.

systolic blood pressure, total cholesterol, and LDL-C serum
levels, CRPlevelsinthe upper quartilewere still an indepen-
dent predictor of death (OR 2.51, 95% Cl 1.3-4.8, p=0.005),
with only smoking and systolic blood pressure being of bor-
derlinesignificance (Tablelll).

Seropostivity for Chlamydia pneumoniae or Helicobacter
pylori and anti-oxLDL antibody levelswere similar in cases
and controls(Tablell).
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Fic.1 Oddsratios for overal mortality according to quartiles of
basdine C-reactive protein (CRP) serumleves; figuresonthetop of
the histograms represent 95% confidenceintervals. Compared with
the bottom quartile, therisk of desth significantly increased in pa-
tientswith CRPlevelsinthetop quartile (p < 0.0001) but notinthose
with CRPlevelsin the second or third quartile.
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TaBLE Il Independent predictorsof mortality at multivariate anal-
ysis. Odds ratio for C-reactive protein refers to top quartile levels
(=4.1mg/l) versuslower threequartiles. Systolic blood pressurewas
inserted asacontinuousveriable

95% Confidence p

Oddsratio interval Vaue
C-reactiveprotein 251 1348 0.005
Smoking 184 1.0-33 0.046

Systolichloodpressure . 1.01 0.99-1.03 0.055

I nter action between C-ReactiveProtein Levelsat Basdine
and Treatment

The association of CRP serum levels in the top quartile
with death was assessed separately in the two treatment
groups (simvastatin or placebo). Serum CRPlevelsin the up-
per quartile were associated with an increased risk of death,
compared with CRPlevelsinthefirst tothird quartile, bothin
patientsrandomized to placebo (OR 2.36, 95% Cl 1.06-5.26,
p=0.034) and in those randomized to simvastatin (OR 3.13,
95% Cl 1.06-9.21, p=0.035). Therewas no significant sta-
tistical difference between the two treatment groups in the
ORsfor death associated with top quartile CRP serum levels
(p=0.68) (Fig. 2).

Effectsof Treatment on C-ReactiveProtein Levels

A follow-up blood sample, obtained about 4 months after
enrollment, was available for 154 patients randomized to
placebo and 95 patients randomized to simvastatin. Total
cholesterol, LDL-C, HDL-C, and triglycerideslevelsweredl|
reduced significantly in patientsrandomized to S mvastatin but
not in those randomized to placebo (Table IV). Patients ran-
domized to smvastatin showed asignificant reductionin CRP

3.5

3.13
3l
25| 2.36
2 .
15|
1L - .
05|
0

Placebo Simvastatin

Odds ratio

Fic.2 Odds ratios for overal mortdity according to quartiles
(QRT) of basdline C-reective protein (CRP) serum levelsin patients
randomized to placebo (n = 156) or smvastatin (n=102). Therisk of
death was significantly increased in patientswith CRPlevelsinthe
top quartile compared with those in the first to third quartiles ran-
domized both to placebo (p = 0.034) and to smvastatin (p = 0.035),
with no dtetistical difference in the odds ratio between the two
groups(p=0.68). 0 = Quartiles1-3, m =quartile4.

serum levels (—20.9%, 95% Cl —3.1, —38.7%, p = 0.009),
whereasno differencewas observed in patientsrandomized to
placebo (p = 0.64) (Fig. 3). Smvastatin did not affect anti-
oxL DL antibody levels(datanot shown).

Discussion

This study is based on the anadlysis of blood samples ob-
tained from stable patientswith coronary artery disease, with
or without aprior history of MI. It extendsrecent observations
in which composite or nonfatal endpoints were utilized'® by
showing that, in thispopulation, CRP predictsthesingle hard
endpoint of overall mortality. Thereasonsthat high CRPlevels
predict death are probably twofold. First, high levels of CRP
are associated with anincreased risk of developing plaquein-
stahility leading to occlusive thrombosisand M1 .1 Second, in

TaBLE IV Serumlevesof C-reactive protein and blood lipidsin patientsrandomized to smvastatin (n = 95) or placebo (n= 154) at basdineand

a 4-month follow-up

Simvagtatin (n=95) Placebo (n=154)
Basdine 4-month FU pValue Basdine 4-month FU pValue

CRP(mg/l) 195 15 2.25 22 NS
(median, range) (0-51) (0-45) (0-48) (0-51)

TC (mmol/l) 6.68+ 0.66 4.76+0.90 <0.0001 6.70+0.69 6.66+0.95 NS
(mean, SD)

LDL-C(mmol/l) 4.88+0.67 298+0.78 <0.0001 4.87+0.66 4.87+0.89 NS
(mean, SD)

HDL-C (mmol/l) 113+0.27 122+0.32 <0.0001 1.16+0.27 113+0.28 NS
(mean, SD)

Triglycerides(mmol/l) 1.48+0.49 124+061 <0.0001 148+051 145+ 0.61 NS
(mean, SD)

P<0.002 difference between follow-up and basdlinein patientsrandomized to smvastatin versus differencein patientsrandomized to placebo.
Abbreviations: CRP = C-reactive protein, FU = follow-up, LDL-C = low-density lipoprotein cholesterol, TC =total cholesterol, HDL-C = high-

dengity lipoprotein cholesterol, NS= not significant.
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Fic.3 Serumlevelsof C-reactiveproteinin patientsrandomizedto
smvastatin (n=95) or placebo (n = 154) at basdineand at 4-month
follow-up. Values are expressed mean + standard error of the mean.
Petients randomized to simvastatin, but not those randomized to
placebo, exhibited asignificant reduction (p = 0.001) of CRP serum
levels.—e — = Simvastatin, —m— = placebo.

patients with acute M|, higher levels of CRP are associated
with an increased mortdity due to cardiac rupture, indepen-
dent of infarct size.23

Thereasonsthat high levels of CRP are associated with an
increased risk of developing plague instability are complex.
C-reactive protein in humansis synthesized by hepatocytes
mainly under stimulation of interleukin-6 and, to alesser ex-
tent, of interleukin-1,2* 25 predominantly released by activat-
ed inflammatory cells. Thus, elevated levelsof CRPindicate
enhanced cytokine production which, inturn, hasthe poten-
tia for activating the endothelium, transforming itsantiadhe-
sive and anticoagulant propertiesinto adhesive and procoag-
ulant properties.26 Furthermore, cytokinesmay reduce matrix
synthesis and increase its degradation thus favoring plaque
rupture.2” Finally, in endothelial cells and macrophages, cy-
tokinesmay increase synthesis of the powerful vasoconstric-
tor endothelin, which may al so enhance smooth musclereac-
tivity to other vasoconstrictor agents.28

The reason that higher levels of CRP are an independent
predictor of cardiac rupture following Ml is probably due
again to agrester degree of activation of inflammatory cells,
resulting inamoreintenseinfiltration of leukocytesinthein-
farcted myocardia region which is known to be corrdlated
with anincreased risk of cardiac rupture.?®

The causesresponsiblefor the higher levelsof CRPin pa
tientswho undergo coronary eventsat follow-up are till elu-
sive. In this study, seropositivity for Chlamydia pneumoniae
and Helicobacter pylori were similar in cases and controls,
suggesting that these microorganismsare unlikely to be major
determinants of the higher levelsof CRPin high-risk patients.
Our resultsdo not confirm previousfindingsby Guptaet al ., 1>
who showed an association between seropositivity for Chla-
mydia pneumoniaeand major cardiac eventsin patientswitha
history of previousMI. However, thereare somemajor differ-
ences between thetwo studies, including patient selection and
endpoints (magjor cardiac eventsvs. overal mortality, respec-
tively). Of note, Ridker et al.3° recently failed tofind any asso-
ciation between seropositivity for Chlamydia pneumoniaeand

risk of future MI in a prospective cohort of 15,000 healthy
men. Regarding Helicobacter pylori, to thebest of our knowl-
edgethisisthefirst prospective study aimed at evaluating the
association between thisagent and clinical outcome. Our data
do not support aprognostic rolefor Helicobacter infectionin
patientswith stable coronary artery disease. Itisworth noting,
however, that weareawarethat seropositivity for 1gG doesnot
necessarily reflect activeinfection, but isonly amarker of pre-
viousexposureto theinfectiousagent.

Furthermore, to the best of our knowledge thisisthefirst
study to assessthe predictiveva ue of anti-oxL DL antibody in
patientswith stableischemic heart disease. Thelack of differ-
encesinanti-oxL DL antibody |evel s(assessed using three dif-
ferent oxidative agents) between cases and controls suggests
that the humora autoimmune response triggered by oxL DL
alsoisunlikely to beresponsiblefor the higher levels of CRP
in cases and is not associated with a worse prognosis. Ac-
cordingly, we have shown in arecent study3! that anti-oxL DL
antibodly titers reflect the atherosclerotic burden, rather than
disease activity. Taken together, our findings suggest that an
autoimmuneresponseto oxL DL isassociated with atheroscle-
rosis, but itisunlikely to be aprevalent trigger of acute coro-
nary syndromes.

Inthisstudy, S mvadtatin treastment resulted in asignificant,
abeit small reduction of CRP serum levels, the reduction was
smilar to that observed with pravastatin in the Cholesterol
And Recurrent Events (CARE) study32 (about 20% in both
studies). Simvastatin might directly inhibit thehepatic synthe-
ssof CRP. Alternatively, experimental studies suggest that
statins, by inhibiting endogenous cholesteral synthesisinmac-
rophages, may have the potentia for reducing lymphocytes
and macrophage activation, inhibit the expression of proin-
flammatory cytokines, and modulate theimmunefunctionin
vitro.11-12 Accordingly, in arecent clinical study satinswere
found to reduce the expression of adhesion moleculeson cir-
culating monocytesin humans; 13 yet, Smvastatin failed tore-
ducetheenhanced risk of mortality conferred by higher CRP
levelsat basdline. Therefore, CRPlevelsat basdinedo not a-
low usto identify which patients are susceptible to the benefi-
cid effects of smvastatin on mortality observed in the 4S
study.® Thereasonsthat thereduction of CRPlevelscaused by
simvagtatin did not trand ateinto areduction of therisk of mor-
tality in patientswith higher CRPlevelsat basdine cannot be
ascertained by theresultsof our study. Of note, in acase-con-
trol study, Ridker et al. compared prerandomization serum
CRP levelsin 391 patients with previous M1 enrolled in the
CARE tria, who had cardiac events, and in matched con-
trols;1° the authors found that the beneficia effects of treat-
ment with pravastatin were predominantly present in patients
withraised CRPlevelsat basdline. Morerecently, in atrial of
primary prevention, Ridker et al. found abeneficia effect of
lovastatin treatment in patientswith high CRP levelsevenin
the aosence of hyperlipidemia.33 Thedifferences between our
findingsand those of Ridker et al. might berelated to different
endpoints (death and nonfatal M1 vs. death, respectively) or,
possibly, totheuseof different statins(pravastatin or lovastatin
VS, Smvadtatin, respectively).
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Conclusion

C-reactive protein serum levels, but neither seropositivity
for Chlamydia pneumoniae or Helicobacter pylori, nor anti-
oxLDL antibody levels, predict therisk of death in stableis-
chemic heart disease. Simvastatin treatment reduces CRP
serum|levels, but without affecting theincreased risk conferred
by higher CRPlevelsat basdline.
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