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Is C-Reactive Protein Specific for Vascular Disease in Women?
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Background: C-reactive protein (CRP) predicts risk for future
cardiovascular events in asymptomatic individuals. However, be-
cause CRP also predicts total mortality, its specificity for vascular
disease is uncertain.

Objective: To compare the predictive value of CRP for cancer
and cardiovascular disease, the major determinants of mortality.

Design: Prospective, nested case-control study.

Setting: The Women's Health Study, an ongoing prospective
cohort study involving 28 345 U.S. women 45 years of age and
older who were healthy at the time of enrollment.

Participants: 643 women who subsequently developed cancer
or had cardiovascular events; 643 age- and smoking-matched
women who remained free of either disease during 58-month
follow-up.

Measurements: Baseline CRP levels.

Results: Little evidence showed that increasing quartiles of base-
line CRP predicted incident cancer (adjusted relative risks, 1.0, 1.2,
1.1, and 1.3; P for trend > 0.2). In contrast, increasing quartiles of
baseline CRP were a strong marker of risk for future cardiovascular
disease (adjusted relative risks, 1.0, 2.9, 3.4, and 5.6; P for trend
< 0.001).

Conclusion: C-reactive protein appears to independently predict
cardiovascular events but not cancer.
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Recent evidence suggests that atherosclerosis is in part
a chronic low-grade inflammatory condition (1),
and prospective epidemiologic studies have demon-
strated that plasma markers of inflammation, such as
C-reactive protein (CRP), are strong independent pre-
dictors of future coronary events in apparently healthy
persons (2—6). However, as an acute-phase reactant,
CRP increases dramatically in various pathologic condi-
tions. Moreover, CRP has been shown to predict all-
cause mortality (7, 8), an observation that raises the
possibility that CRP may not be specific for vascular
disease. To evaluate this hypothesis, we directly com-
pared the predictive value of CRP for incident cancer
and cardiovascular disease, the two most important de-
terminants of all-cause mortality in the western world.

MEeTHODS

We performed a prospective, nested case-control
analysis within the Women’s Health Study, an ongoing
randomized, double-blind, placebo-controlled trial of
aspirin and vitamin E for primary prevention of heart
disease and cancer, which involves 39 876 U.S. women
45 years of age and older. Of these study participants,
28 345 (71%) provided baseline blood samples, which
were stored at —70 °C until the time of laboratory anal-
ysis. In the Women’s Health Study, all participants are
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followed prospectively for incident health events, in-
cluding cancer and cardiovascular events. The methods
used for cohort follow-up, end-point ascertainment, and
adjudication for both cancer and cardiovascular events
are described in detail elsewhere (5, 9).

For this study, we defined case-patients as appar-
ently healthy women who provided an adequate baseline
plasma sample and who subsequently developed cancer
(n = 513) or an acute cardiovascular event (myocardial
infarction, stroke, or cardiovascular death) (z = 130)
over a mean follow-up period of 58 months. For each
woman who had confirmed cancer or cardiovascular
event during follow-up, one control of the same age (£1
year) and smoking habit (former smoker, current
smoker, or nonsmoker) was selected from among partic-
ipants who provided baseline plasma samples and re-
mained free of reported disease during the same
follow-up period. Using these criteria, we evaluated 643
case-patients and an equal number of controls in two
separate matched pairs, one for cancer (» = 513) and
another for cardiovascular events (z = 130). The Insti-
tutional Review Board of the Brigham and Women’s
Hospital approved this study.

For each case-patient and control, plasma stored
since the baseline examination was thawed and assayed
for CRP levels by using a high-sensitivity assay (Dade
Behring, Newark, Delaware) (10). Blood specimens
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Context

Inflammatory markers, such as C-reactive protein (CRP),
independently predict future coronary artery disease in
patients without known disease at baseline.

However, an elevated CRP level also predicts all-cause
mortality; therefore, it may not be specific for cardiovascu-
lar disease.

Contribution

This prospective case—control study showed that CRP level
predicted the development of acute cardiovascular events
but not cancer among 28 345 women followed for a
mean of 58 months.

Clinical Implications

In women, CRP level appears specifically predictive of car-
diovascular disease but not cancer.

This study adds further evidence that CRP levels may be
useful in the clinical prediction of cardiovascular risk, at
least in populations.

—The Editors

were analyzed in blinded pairs with the position of the
patient’s specimen varied at random to reduce the pos-
sibility of systematic bias and to decrease interassay vari-
ability. The day-to-day precision values, at CRP concen-
trations of 0.15 mg/L and 0.49 mg/L, were 4.9% and
6.4%, respectively.

Because CRP values are skewed rightward, median
plasma concentrations were computed, and the signifi-
cance of any difference in the distributions between the
case-patients and controls was assessed by performing
the Wilcoxon rank-sum test. We then used conditional
logistic regression models to determine the risk for de-
veloping cancer or cardiovascular end points after divid-
ing the study sample into quartiles on the basis of the
distribution of the control group. Adjusted estimates of
risk were obtained by use of similar models that ac-
counted for the matching variables and that controlled
for randomized treatment assignment (for vitamin E,
aspirin, or both), body mass index, diabetes mellitus,
history of hyperlipidemia, history of hypertension, and
parental history of coronary heart disease.

All analyses were performed by using SAS software,
release 8.2 (SAS Institute, Inc., Cary, North Carolina).
All P values were two tailed, and Cls were computed at
the 95% level.

The funding sources played no role in the design,
conduct, or reporting of the study.

RESULTS

Table 1 shows the baseline characteristics of the
study participants. We noted no significant differences
at baseline between women who subsequently developed
cancer and those who did not. As expected, women who

Table 1. Baseline Clinical Characteristics of the Study Participants

Characteristic Incident Cancer Incident Cardiovascular Events
Case-Patients Controls Case-Patients Controls
(n=513) (n=513) (n = 130) (n = 130)

Mean age, y* 56.7 56.7 60.4 60.3
Mean body mass index, kg/m? 25.9 25.8 27.6 25.7
Hyperlipidemia, % 30.6 29.6 46.9 285
History of hypertension, % 273 25.0 56.9 349
History of diabetes mellitus, % 29 2.5 10.8 3.1
Parental history of myocardial infarction before age 60y, % 12.4 14.9 227 10.7
Smoking status, %*

Current smoker 15.2 15.2 26.9 26.9

Past smoker 39.4 394 315 315

Never smoker 45.4 45.4 415 415
Current use of hormone replacement therapy, % 429 47.4 44.6 40.0
Frequency of vigorous exercise, %

Rarely or never 37.6 39.0 46.9 43.1

<1 time/wk 18.1 17.7 20.8 27.7

1-3 times/wk 343 30.2 25.4 215

>3 times/wk 9.9 13.1 6.9 7.7
Median C-reactive protein level, mg/L 2.6 25 5.1 2.8

* Case-patients and controls are matched for age and smoking status.
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Table 2. Relative Risk for Future Cancer and Cardiovascular Events, according to Baseline Plasma C-Reactive

Protein Level*

Variable

Distribution of participants, n (%)

Quatrtiles of Baseline C-Reactive Protein Level

P Value for Trend

1st (<1.0 mg/L)

2nd (1.0-2.4 mg/L)

Controls 164 (25.6) 159 (24.8)
Incident cancer 123 (24.0) 131 (25.5)
Incident CVD 7 (5.4) 25(19.2)
Crude relative risk (95% CI)t
Incident cancer 1.0 1.1 (0.8-1.5)
P value - >0.2
Incident CVD 1.0 3.7 (1.6-8.8)
P value - 0.003
Adjusted relative risk (95% Cl)*
Incident cancer 1.0 1.2 (0.8-1.6)
P value - >0.2
Incident CVD 1.0 29(1.2-7.1)
P value - 0.02

3rd (2.5-5.6 mg/L) 4th (=5.7 mg/L)

160 (24.9) 159 (24.8)

116 (22.6) 143 (27.9)

35(26.9) 63 (48.5)

1.0(0.7-1.4) 1.2(0.9-1.6) >0.2
>0.2 >0.2

5.1(2.2-11.9) 9.2 (4.1-20.8) <0.001
0.001 0.001

1.1 (0.7-1.5) 1.3(0.9-1.9) >0.2
>0.2 0.2

3.4(1.4-8.2) 5.6 (2.3-13.2) <0.001
0.007 0.001

* Case-patients and controls were matched for age and smoking status. CVD = cardiovascular disease.
T Adjusted for random assignment to vitamin E therapy and for random assignment to aspirin therapy.
¥ Adjusted for body mass index, hypertension, diabetes mellitus, hyperlipidemia, exercise, and parental history of coronary heart disease and for random assignment to

vitamin E, aspirin, or both.

subsequently developed cardiovascular events had an in-
creased baseline prevalence of hyperlipidemia, hyperten-
sion, diabetes, and obesity compared with controls who
did not develop vascular events during follow-up.

Overall, median levels of CRP at baseline among
women who subsequently developed cancer (2.6 mg/L
[interquartile range, 1.1 to 5.9 mg/L]) were not signifi-
cantly different from those of the control group (2.5
mg/L [interquartile range, 0.9 to 5.5 mg/L]) (P> 0.2).
Furthermore, we observed no evidence of an association
between baseline CRP level and the development of can-
cer in site-specific analyses evaluating carcinoma of the
breast (n = 223), ovary or uterus (z = 75), colon (n =
44), lung (n = 32), hematopoietic system (z = 31),
thyroid (» = 14), bladder (» = 9), brain (z = 8), or
pancreas (z = 8); melanoma (7 = 31); or other types of
cancer (z = 38). In contrast, and consistent with previ-
ous work in this cohort for the end point of any vascular
event (5), median CRP levels at baseline among women
who subsequently developed cardiovascular disease (5.1
mg/L [interquartile range, 2.6 to 8.5 mg/L]) were sig-
nificantly higher than those of the control group (P <
0.001).

Table 2 presents relative risks for developing either
cancer or cardiovascular disease according to increasing
quartiles of CRP levels obtained at study entry. As Table

2 shows, there was little evidence that baseline levels of
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CRP predicted incident cancer in either crude or ad-
justed analyses. We found similar results after additional
correction for alcohol use and age at menarche (data not
shown). In contrast, increasing quartiles of baseline CRP
level were a strong marker of risk for incident cardiovas-
cular disease in crude and adjusted analyses. For exam-
ple, the adjusted relative risks from the lowest to the
highest quartiles of baseline CRP levels were 1.0, 2.9,
3.4, and 5.6, respectively (P for trend < 0.001).

DiscussioN

In this prospective study of apparently healthy
middle-aged and older women, baseline plasma CRP
concentrations were not significantly related to the inci-
dence of future cancer but were a strong independent
predictor of future myocardial infarction, stroke, and
cardiovascular death.

We believe these data have importance for general
medical practice for several reasons. First, our data cor-
roborate the findings in several previous reports (2—06)
that baseline levels of CRP predict future vascular events
among apparently healthy men and women (2-6) and
that CRP level adds to the predictive value of total and
high-density lipoprotein cholesterol levels (5, 11). As a
result of these earlier findings, outpatient screening for
CRP has recently become available. However, if CRP is
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clinically nonspecific, as two recent studies evaluating
all-cause mortality suggest (7, 8), then screening for this
inflammatory marker might have reduced diagnostic
utility. Thus, our finding that CRP appears to be spe-
cific for incident vascular disease but not for incident
cancer has substantial clinical importance and suggests
that data linking CRP level to overall death rates may
have been due to the large contribution that vascular
disorders make to all-cause mortality, particularly in the
western world.

Second, the relative risks for future myocardial in-
farction or stroke observed among women in the top
versus bottom quartile of baseline CRP in this analysis
are somewhat greater than those previously reported
from this cohort for the end point of any vascular
event—an end point that included not only myocardial
infarction, stroke, and cardiovascular disease mortality,
but also coronary revascularization (5). Thus, these data
also suggest that CRP level may be a stronger marker for
events involving atherosclerotic plaque rupture and
acute thrombosis than for events primarily involving
progression of lesional stenosis. These epidemiologic
data are thus consistent with the hypothesis that inflam-
mation is an important determinant of plaque vulnera-
bility (12).

Finally, we believe that our observation that CRP
levels do not strongly predict future cancers is itself of
pathophysiologic interest; this is of particular interest
because levels of CRP and other inflammatory biomar-
kers are known to increase after development of certain
malignancies (13, 14). As such, our data also suggest
that the systemic inflammatory component of cancer
previously reported in cross-sectional studies may be a
late development in the genesis of that disease but is not
likely to prove useful in determining risk among healthy
persons.

Several limitations of our study deserve attention.
Plasma CRP levels increase acutely in a wide variety of
pathologic conditions, including febrile illness, various
inflammatory states, and trauma (15). In our study,
however, baseline levels of CRP were well below the
standard thresholds associated with these acute-phase ef-
fects. Furthermore, participants in our study were free of
known vascular disease, cancer, and other major inflam-
matory disorders at the time of study enrollment and
blood collection. Thus, we believe that the presence of
any of these conditions on an acute basis probably does
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not explain our observations. On the other hand, smok-
ing, obesity, and older age are all positively associated
with CRP levels (4). Nonetheless, in our study the rela-
tionships between baseline CRP levels and subsequent
vascular risk were independent of these potential con-
founding factors. Although our decision to match case-
patients and controls on smoking status limits our abil-
ity to evaluate the contribution of this variable to overall
risk, it does not reduce the internal validity of these data
with regard to CRP levels.

In conclusion, in this prospective, nested, case—
control study of apparently healthy women, plasma
CRP levels were not associated with incident cancer. In
contrast, the relative risk for future cardiovascular events
increased significantly with each increasing quartile of
baseline CRP level.
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Bones can break, muscles can atrophy, glands can loaf, even the brain can go to

sleep, and endanger our survival; but should the kidneys fail in their task neither

bone, muscle, gland nor brain could carry on.

Homer W. Smith
From Fish to Philosopher
Boston: Little, Brown; 1959
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