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C-Reactive Protein Is Associated With Subclinical
Epicardial Coronary Calcification in Men and Women
The Framingham Heart Study
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Background—High C-reactive protein (CRP) levels are associated with an increased risk of cardiovascular events, even
in apparently healthy individuals. It has not been established whether elevated CRP reflects an increased burden of

subclinical coronary atherosclerosis.

Methods and Results—We studied a stratified random sample of 321 men and women (mean age 60 years) from the
Framingham Heart Study who were free of clinically apparent cardiovascular disease. Subjects underwent electron-
beam computed tomography to assess the number of coronary calcifications and the coronary artery calcification (CAC)
Agatston score. Spearman correlation coefficients between CRP and CAC score were calculated and adjusted for age,
age plus individual risk factors, and age plus the Framingham coronary heart disease risk score. For both sexes, CRP
was significantly correlated with the Agatston score (age-adjusted Spearman correlation: 0.25 for men, 0.26 for women,;
both P<<0.01). After adjustment for age and Framingham risk score, the correlation remained significant (P=0.01) for
both sexes. Further adjustment for body mass index attenuated the correlation coefficient for women (0.14, P=0.09) but

not for men (0.19, P<<0.05).

Conclusions—High CRP levels are associated with increased coronary calcification. Among individuals with elevated
CRP, subclinical atherosclerosis may contribute to an increased risk for future cardiovascular events. (Circulation.

2002;106:1189-1191.)
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Prospective studies have shown that inflammation, mani-
fested by elevated levels of C-reactive protein (CRP), is
associated with an increased risk of cardiovascular events.® It
is not known, however, why CRP levels are elevated in
persons at risk for future events. CRP may be a marker of the
presence and burden of existing atherosclerosis, or CRP itself
may participate in the development of new atherosclerotic
lesions.23 Prior studies have failed to establish an association
between CRP and subclinical atherosclerosis, which has led
to speculation that elevated CRP levels may reflect an
increased tendency for plaque rupture rather than a high
atherosclerotic burden.45

This uncertainty underscores the need for a better under-
standing of the relationship between CRP and coronary
atherosclerosis. One well-validated measure of coronary ath-
erosclerosis is the coronary artery calcification (CAC) score
provided by electron-beam computed tomography (EBCT).6

Prospective reports indicate that high CAC scores, like high
CRP levels, may predict an increased risk of cardiac events.”
In 2 prior studies of the relationship between CRP levels and
CAC, however, no association was found.#5> Data from a
general population free of apparent cardiovascular disease are
lacking. The availability of CRP and CAC measures in a
stratified sample from the Framingham Heart Study provides
an opportunity to examine this relationship in a well-
characterized, community-based cohort.

M ethods

Subjects

The present investigation is based on a stratified sample of partici-
pants from the Framingham Offspring Study. The cohort was
initially recruited in 1971 and consisted of 5124 persons aged 5 to 70
years.8 Subjects have been examined approximately every 4 years.
Cardiovascular risk factor information was collected as previously
described.8
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TABLE 1. Baseline Characteristics

Men Women
(n=167) (n=154)
Age, y 59+9 61+9
Total cholesterol, mg/dL 203+38 21636
High-density lipoprotein cholesterol, mg/dL 43+13 5616
Systolic blood pressure, mm Hg 130+18 128+19
Smoker, % 16 12
Diabetes, % 13 8
Body mass index, kg/m? 29.1+4.2 27.6+6.2
Framingham risk score* 3.2+2.7 14+44

Median CRP, mg/L 1.5 1.5

Values are expressed as mean=SD unless otherwise indicated.
*Framingham CHD risk score, excluding age.

Of the first 3219 subjects attending the sixth examination cycle
(1995 to 1998), we excluded from sampling 349 who had clinically
apparent cardiovascular disease, 357 who lived outside New En-
gland, and 7 who were not between 35 and 84 years of age. The
remaining 2506 subjects were stratified by sex, quartiles of age, and
quintiles of Framingham coronary heart disease (CHD) risk score.
Those with Framingham CHD risk scores in the first and second
quintiles were classified as “low risk,” those in the third and fourth
quintiles as“medium risk,” and those in the highest quintile as “high
risk.” Subjects were sampled randomly and equally from each
stratum, and invited to undergo EBCT. Thirteen percent of eligible
individuals contacted declined to participate; refusals were handled
by randomly selecting another person from that stratum.

CRP Determination and EBCT Imaging
Blood specimens from the fifth examination cycle (1991 to 1995)
were tested for CRP using an enzyme immunoassay (Hemagen
Diagnostics, Inc) as previously reported.® EBCT scans were per-
formed between 1998 and 1999 using an Imatron C-150 XP scanner
(GE Medical Systems) in accordance with previously published
protocols.6:10 Each scan was assessed by atechnologist and over-read
by a single experienced radiologist (M.E.C.) who was blinded to
clinical data. A CAC score was caculated using the method
described by Agatston.® Reproducibility was assessed by having 20
scans reread in a blinded fashion (r=0.97 for replicate readings).
Image noise in each scan was assessed by determining the SD of
pixel numbers in aregion of interest within the aorta.

The examination and EBCT protocols were approved by the
Institutional Review Boards of Boston Medica Center and Beth
Israel Deaconess Medical Center, respectively.

Statistical Methods

We computed Spearman correlations for CRP and CAC score, with
and without adjustment for age, age plus 1 risk factor, and age plus
Framingham CHD risk score. This nonparametric approach was used
because CRP and CAC had skewed distributions. The Framingham
risk score was used as an index of the combined influence of
individual risk factors.1* Covariate data for risk factor adjustment
were derived from the sixth examination cycle. A 2-sided probability
value <0.05 was considered significant.

Results

EBCT imaging was performed on 327 participants, 321 of whom
had CRP measured. Basdline characteridtics are shown in Table 1.
Quintile ranges for CRPwere0t0 0.04,0.1t00.8,0.9t02.3, 24 to
6.5, and 6.7 to 482 mg/L.. At leest 1 CAC leson was found in 146
(87%) men and 97 (63%) women. Men had a median of 5
cdcifications, and a median CAC score of 84. Correponding
values for women were 1 and 5, respectively.
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CAC scores in men (A) and women (B) by CRP quintile. Medians
(solid lines) and interquartile ranges (boxes) are displayed for
CAC scores.

For both men (Figure 1A) and women (Figure 1B), median
CAC scores increased with higher quintiles of CRP. Spear-
man correlation coefficients for the association between CRP
and CAC score are shown in Table 2. There was a significant,
positive correlation between CRP and CAC score after
adjustment for age, age plus individual traditional risk fac-
tors, and age plus Framingham risk score. The results were
similar when the number of calcifications was used instead of
the CAC score (not shown).

We further adjusted CAC for body mass index (BMI)
because of BMI’s previously reported associations with CRP

TABLE 2. Correlation Between CRP and CAC Score

Men Women
(n=167) (n=154)
Unadjusted 0.35* 0.34*
Adjusted for age 0.25* 0.26*
Adjusted for risk factors
Age+systolic blood pressure 0.22* 0.24*
Age+TC:HDL ratio 0.23* 0.25*
Age+smoking 0.24* 0.25*
Age-+diabetes 0.25* 0.23*
Age-+BMI 0.22* 0.15%
Adjusted for FRS
Age+FRS 0.20* 0.20t
Age+FRS-+BMI 0.19t 0.14%

Spearman correlations between CRP and CAC score, after adjustment for the
variables in the first column. FRS indicates Framingham risk score, excluding
age; TC, total cholesterol; and HDL, high-density lipoprotein.

*P=0.01, 1P<0.05, $P<0.10.
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and CAC.1213 Adjustment for BMI did not substantialy
affect the correlation in men, but the correlation between CRP
and CAC score was reduced to 0.14 (P=0.09) in women. A
similar pattern was observed when waist circumference was
substituted for BMI (data not shown). Additional analyses
adjusting for noise in addition to or instead of BMI produced
similar results to analyses that adjusted for BMI alone.

Discussion

In this study cohort free of clinically apparent cardiovascular
disease, we found that CRP levels were associated with CAC
in both men and women, even after adjustment for age,
individual traditional risk factors, and Framingham risk score.

Prior reports in 172 postmenopausal women?* and 188 male
Army personnel aged 40 to 45 years® did not demondtrate a
positive association between CRP and CAC. Recently, Newman
et a4 observed arelationship between CAC and CRP in women
but not men in an elderly cohort; however, adjustment for other
cardiovascular disease risk factors was not reported.4

The present investigation involved subjects drawn from a well-
characterized, community-based cohort free of cardiovascular dis-
eaxe and sampled to represent a broad spectrum of ages and
cadiovascular risk. Consequently, the distributions of CRP and
CAC score were broader than in the prior reports. It is possible that
the negative findings in prior studies were related to their focus on
smdler, reaively hedthy populaions with a low prevaence of
coronary cdcification.4>

Adjustment for BMI attenuated the correlation between
CRP and CAC in women but not in men. Increased adiposity
may be one explanation for the association between CRP and
CAC in women. Prior studies have found that BMI correlates
with both CRP levels'2 and atherosclerosis measures.’® Fur-
thermore, the association between BMI and CRP is stronger
in women than in men,2 and weight loss has been linked to
CRP reductions in women.2s Although the underlying mech-
anisms have not been fully elucidated, adipocytes do express
interleukin-6 and tumor necrosis factor-«, both of which
stimulate CRP secretion.2¢ The possibility that adjustment for
BMI in women is “over-controlling,” given the high correla-
tion between CRP and BMI, should also be acknowledged.

Limitations

Because CRP levels were obtained 4 to 8 years before the
EBCT, the association between CRP and CAC may have
been modified by the progression of atherosclerosis in sub-
jects with elevated CRP levels.t” Whether CRP is a passive
marker for processes involved in atherogenesis, or whether
CRP itself participates in the formation of atherosclerotic
plaques, has been an area of investigation.2® The develop-
ment of new atherosclerotic plagues in individuals with high
CRP levels may explain why the association observed in our
study was stronger than those of prior studies.

Image noise is correlated with BMI in EBCT scans (r=0.8
in our sample) and may confound coronary calcium readings
in obese individuals. Analyses adjusting for noise in addition
to BMI yielded similar results to analyses using BMI alone.
Caution is needed when drawing conclusions about the
relationship between obesity and coronary atherosclerosis
solely on the basis of EBCT. Also, investigations using this
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modality should incorporate techniques to account for image
noise in obese subjects.

Clinical Implications

Subjects with elevated CRP seem to have or develop agreater
burden of subclinical coronary atherosclerosis. Both CRP and
CAC have been used to predict risk for cardiovascular
events.:7 Our findings raise the possibility that the prognostic
data provided by these measures overlap. We hypothesize
that an elevated burden of subclinical atherosclerosis contrib-
utes to an increased risk of cardiovascular events in individ-
uals with high CRP levels. Further assessment of the com-
parative and additive value of these novel measures is
warranted in carefully performed, prospective, population-
based studies combining inflammatory markers and noninva-
sive atherosclerosis imaging.
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