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C-reactive protein (CRP) and fibrinogen, which are
markers of inflammation, are associated with in-

creased risk of cardiovascular events,1,2 but their re-
lation to coronary atherosclerotic burden in asymp-
tomatic subjects remains poorly defined. Both CRP
and fibrinogen have been described as “conditional”
risk factors, implying that the risk conferred may
depend on the background risk.3 We hypothesized that
in hypertensive subjects without a history of cardio-
vascular events, CRP and fibrinogen may be associ-
ated with coronary artery calcium (CAC), a surrogate
of coronary atherosclerotic burden.

• • •
Subjects included 354 non-Hispanic white hyper-

tensive subjects from Rochester, Minnesota, who par-
ticipated in the Genetic Network of Arteriopathy
(GENOA) study, a community-based study of hyper-
tensive siblings to identify genes influencing blood
pressure.4 By November 2001, 512 participants had
completed measurement of CAC by electron beam
computed tomography (EBCT). We excluded 106
normotensive subjects, 29 subjects with a history of
myocardial infarction or stroke, and 23 subjects with
missing data.

Diabetes was considered present if a subject was
being treated with insulin or oral agents, or had a fasting
glucose level �126 mg/dl. “Ever” smoking was defined
as having smoked �100 cigarettes in the past. Hyper-
tension diagnosis was based on blood pressure at the
study visit (�140/90 mm Hg), a report of prior diagnosis
of hypertension, or current treatment with antihyperten-
sive medications. Information about the use of statins,
oral estrogen, and aspirin was provided by participants.
The 10-year risk of a cardiovascular event was estimated
based on the Framingham risk score.5

Blood was drawn after an overnight fast. Serum
cholesterol, triglycerides, and high-density lipoprotein

cholesterol were measured by standard enzymatic
methods. Plasma glucose was measured by the glu-
cose oxidase method. Fibrinogen was measured by the
von Clauss (clotting time-based) method6 and CRP by
a highly sensitive immunoturbidimetric assay.7

Presence and quantity of CAC were measured with
an Imatron C-150 EBCT scanner (Imatron Inc., South
San Francisco, California) as previously described.8
CAC score was determined using Agatston et al’ s
method.9 Age- and gender-specific CAC score percen-
tiles were also estimated as previously described.10

Analyses were performed separately in men and
women. Because the distribution of CAC scores was
positively skewed and not all subjects had detectable
CAC, the scores were log-transformed after adding 1.
CRP values were log-transformed to reduce skewness.
Log (CAC � 1) was determined in quintiles of CRP
and fibrinogen, and Spearman’s correlations for log
(CAC � 1) with log CRP and fibrinogen were com-
puted. Univariate predictors of CAC were identified by
simple linear regression. Multiple linear regression was
used to investigate the association of log CRP and fibrin-
ogen with quantity of CAC and with CAC score percen-
tile after adjusting for conventional risk factors, body
mass index, and use of statins, estrogen, and aspirin.

Because of the sibling relations in the sample (187
in all), population-averaged generalized estimating equa-
tions11 were used to assess the possible impact of famil-
ial correlations on the relation between independent and
dependent variables. Because inferences were the same,
only the regression analyses are presented.

Subject characteristics are listed in Table 1. Mean
CRP levels were significantly higher in women, but
mean fibrinogen levels did not differ between genders.
Most of the subjects had detectable CAC; the quantity
of CAC was significantly higher in men. Approxi-
mately 1/3 of subjects reported statin use. Half of the
women were on estrogen but were less likely than men
to be receiving aspirin.

CRP and fibrinogen were significantly correlated
both in women (r � 0.32, p �0.0001) and in men (r �
0.49, p �0.0001). CRP levels increased with age and
body mass index and were higher in women (vs men,
even after exclusion of women on estrogen), in
women on estrogen (vs those not on estrogen), and in
current smokers; fibrinogen levels also increased with
age and body mass index and were higher in women
and current smokers, and lower in women on estrogen
(data not shown).

Factors associated with CAC included age, high-
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density lipoprotein cholesterol, diabetes, fibrinogen,
and estrogen therapy in women, and age and diabetes
in men (Table 2). CRP was not associated with CAC
in either gender, whereas fibrinogen was significantly
associated with CAC in women but not in men (Figure
1). After adjusting for conventional risk factors, body
mass index, and statin and estrogen use, fibrinogen
remained associated with CAC in women, although
the strength of the association was attenuated (Table
3). In multivariable analyses, fibrinogen was weakly
associated with age- and gender-specific CAC score
percentiles in women (p � 0.052) but not in men,
whereas CRP was not associated with CAC score
percentiles in either gender (data not shown).

• • •
The main finding of our study is that 2 markers of

inflammation, CRP and fibrinogen, are correlated but
differ in their association with CAC in asymptomatic
hypertensive subjects. CRP was not associated with
CAC in either gender, whereas fibrinogen was asso-
ciated with CAC in hypertensive women.

The association of CRP with CAC—an established
measure of atherosclerotic burden—in asymptomatic pa-
tients remains unresolved. In prior studies of 172 post-

menopausal women (mean age 65
years)12 and 188 asymptomatic
healthy men (aged 40 to 45 years),13

no association was found between
CRP and CAC. In an elderly cohort of
614 patients (60% women, median
CAC score 205 for women, 622 for
men) CRP levels were related to CAC
in women but not in men.14 Wang and
colleagues15 recently reported that
CRP levels were associated with in-
creased CAC in both genders.

Our results do not support an as-
sociation of CRP with CAC in hy-
pertensive subjects at intermediate
risk, on average, for cardiovascular
events and differ from those of Wang
and colleagues.15 Several method-
ologic differences may be relevant.
The subjects in our study were older,
had a higher prevalence of hyperten-
sion, and greater quantity of CAC. In
addition, CRP levels were obtained 4
to 8 years before the measurement of
CAC in their study, and different sta-
tistical models were used to control for
risk factors in assessing the relation
between CRP and CAC. In the present
study, female gender, body mass in-
dex, current smoking, and estrogen use
were associated with higher CRP lev-
els, thereby providing an “internal val-
idation” of our CRP assay.

In men in this study, only age and
diabetes were significant independent
predictors of CAC. The relation of risk
factors to atherosclerotic disease may
be attenuated with age, as has been

previously noted.14 We cannot exclude the possibility of
an association of CRP with CAC in younger subjects or
with rate of progression of atherosclerosis. Because we
excluded subjects with a history of cardiovascular
events, there is also a possibility of survivor bias.

Fibrinogen was associated with CAC in women,
although the strength of the association was attenuated
after adjusting for conventional risk factors. This find-
ing reflects the correlation of fibrinogen with several
of conventional risk factors. Bielak and colleagues16

also detected a gender-specific association of fibrino-
gen with CAC in a community-based sample. In their
study, plasma fibrinogen was positively associated
with high levels of CAC in women aged 50 to 59
years. Fibrinogen, like CRP, has been associated with
increased risk of cardiovascular events in both gen-
ders.2 Our results suggest that fibrinogen is also asso-
ciated with the extent of subclinical coronary athero-
sclerosis in hypertensive women.

The differential association of CRP and fibrinogen
with CAC is intriguing. The correlation of CRP and
fibrinogen suggests that fibrinogen levels in part re-
flect inflammation. Fibrinogen is a known acute phase

TABLE 1 Sample Characteristics

Variables Women (n � 206) Men (n � 148) p Value

Age (yrs) 66 � 7 66 � 7 0.84
10-yr Framingham risk 10 � 6% 17 � 9% �0.001
Systolic blood pressure (mm Hg) 142 � 18 137 � 15 0.006
Total cholesterol (mg/dl) 208 � 34 191 � 28 �0.001
HDL cholesterol (mg/dl) 56 � 16 45 � 12 �0.001
Diabetes mellitus 16% 17% 0.73
Ever smoker 35% 64% �0.001
Body mass index (kg/m2) 30 � 6 30 � 5 0.84
CRP (mg/L) 5.9 � 8.4 3.9 � 9.5 �0.001
Log CRP �1.03 � 0.96 �1.58 � 0.95 �0.001
Fibrinogen (mg/dl) 335 � 82 326 � 82 0.43
Detectable CAC 71% 89% �0.001
CAC score 220 � 508 558 � 811 �0.001
Log (CAC score �1) 3.23 � 2.5 4.78 � 2.4 �0.001
Statin use 30% 37% 0.14
Estrogen use 49% — —
Aspirin use 47% 60% 0.01

Continuous variables are presented as mean � SD and categorical variables as percentages. p Values
are for contrast of means or percentages between genders.

HDL � high-density lipoprotein.

TABLE 2 Univariate Predictors of Log (CAC score � 1)

Risk Factor

Women Men

� � SE p Value � � SE p Value

Age 0.12 � 0.02 �0.0001 0.09 � 0.02 0.001
Total cholesterol 0.005 � 0.005 0.32 �0.005 � 0.007 0.45
HDL cholesterol �0.033 � 0.01 0.003 0.016 � 0.016 0.37
Diabetes mellitus 1.14 � 0.48 0.018 1.00 � 0.51 0.05
Ever smoked 0.46 � 0.36 0.20 0.21 � 0.40 0.60
Statin use 0.72 � 0.38 0.061 0.45 � 0.40 0.26
Estrogen use �1.31 � 0.24 0.0002 — —
Log CRP �0.001 0.92 0.13 � 0.20 0.52
Fibrinogen 0.009 � 0.002 �0.0001 0.3 � 0.2 0.26

� � regression coefficient; other abbreviation as in Table 1.
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reactant.17 In addition, fibrinogen has several potential
proatherogenic effects, such as increasing plasma vis-
cosity, promoting platelet aggregability, and stimulat-
ing smooth muscle proliferation.18 These proathero-
genic properties may explain the association of fibrin-
ogen with CAC in women in this study, possibly
through inflammation-independent pathways.

In conclusion, this study does not provide evidence
to support an association between CRP and ath-
erosclerotic burden in hypertensive patients who
are, on average, at intermediate risk for cardiovas-
cular events. Because elevated levels of CRP as well
as increased CAC have been associated in previous
studies with increased risk of cardiovascular
events, a combined assessment of CRP and CAC
may have greater predictive value for events than

either measure alone.19 This hy-
pothesis is amenable to testing in
a prospective study. In women,
fibrinogen was associated with
CAC, and therefore, may have
atherogenic effects that are medi-
ated independently of its role as a
marker of inflammation.

1. Ridker PM, Cushman M, Stampfer MJ, Tracy
RP, Hennekens CH. Inflammation, aspirin, and the
risk of cardiovascular disease in apparently healthy
men. N Engl J Med 1997;336:973–979.
2. Ernst E, Resch KL. Fibrinogen as a cardiovas-
cular risk factor: a meta-analysis and review of the
literature. Ann Int Med 1993;118:956–963.
3. Grundy SM, Pasternak R, Greenland P, Smith S
Jr, Fuster V. Assessment of cardiovascular risk by
use of multiple-risk-factor assessment equations: a
statement for healthcare professionals from the Amer-
ican Heart Association and the American College of
Cardiology. Circulation 1999;100:1481–1492.
4. Boerwinkle E. Multi-center genetic study of hy-
pertension. The Family Blood Pressure Program
(FBPP). Hypertension 2002;39:3–9.
5. Wilson PW, D’Agostino RB, Levy D, Belanger
AM, Silbershatz H, Kannel WB. Prediction of cor-
onary heart disease using risk factor categories.
Circulation 1998;97:1837–1847.
6. von Clauss A. Gerinnungsphysiologische schnell-
methode zur bestimmung des fibrinogens. Acta
Haematol 1957;17:237–246.
7. Keevil BG, Nicholls SP, Kilpatrick ES. Evalua-

tion of a latex-enhanced immunoturbidimetric assay for
measuring low concentrations of C-reactive protein.
Ann Clin Biochem 1998;35:671–673.
8. Turner ST, Bielak LF, Narayana AK, Sheedy PF,
Schwartz GL, Peyser PA. Ambulatory blood pressure
and coronary artery calcification in middle-aged and
younger adults. Am J Hyperten 2002;15:518–524.
9. Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR,
Viamonte M Jr, Detrano R. Quantification of coronary
artery calcium using ultrafast computed tomography.
J Am Coll Cardiol 1990;15:827–832.
10. Lange LA, Lange EM, Bielak LF, Langefeld CD, Kardia
SL, Royston P, Turner ST, Sheedy PF, Boerwinkle E, Peyser
PA. Autosomal genome-wide scan for coronary artery calci-
fication loci in sibships at high risk for hypertension. Arterio-
scler Thromb Vasc Biol 2002;22:418–423.
11. Zeger SL, Liang KY. Longitudinal data analysis for
discrete and continuous outcomes. Biometrics 1986;42:
121–130.
12. Redberg RF, Rifai N, Gee L, Ridker PM. Lack of
association of C-reactive protein and coronary cal-
cium by electron beam computed tomography in
postmenopausal women: implications for coronary
artery disease screening. J Am Coll Cardiol 2000;36:
39 –43.

13. Hunt ME, O’Malley PG, Vernalis MN, Feuerstein IM, Taylor AJ. C-reactive
protein is not associated with the presence or extent of calcified subclinical
atherosclerosis. Am Heart J 2001;141:206–210.
14. Newman AB, Naydeck BL, Sutton-Tyrrell K, Feldman A, Edmundowicz D,
Kuller LH. Coronary artery calcification in older adults to age 99: prevalence and
risk factors. Circulation 2001;104:2679–2684.
15. Wang TJ, Larson MG, Levy D, Benjamin EJ, Kupka MJ, Manning WJ,
Clouse ME, D’Agostino RB, Wilson PWF, O’Donnell CJ. C-reactive protein is
associated with subclinical epicardial coronary calcification in men and women:
the Framingham Heart Study. Circulation 2002;106:1189–1191.
16. Bielak LF, Klee GG, Sheedy PF II, Turner ST, Schwartz RS, Peyser PA.
Association of fibrinogen with quantity of coronary artery calcification measured by
electron beam computed tomography. Arterioscler Thromb Vasc Biol 2000;20:2167–
2171.
17. Gabay C, Kushner I. Acute-phase proteins and other systemic responses to
inflammation. N Engl J Med 1999;340:448–454.
18. Ernst E. The role of fibrinogen as a cardiovascular risk factor. Atherosclerosis
1993;100:1–12.
19. Park R, Detrano R, Xiang M, Fu P, Ibrahim Y, LaBree L, Azen S. Combined use
of computed tomography coronary calcium scores and C-reactive protein levels in
predicting cardiovascular events in nondiabetic individuals. Circulation 2002;106:
2073–2077.

FIGURE 1. Log (CAC � 1) by quintiles of CRP (A and B) and fibrinogen (C and D) in men
and women. Medians and interquartile ranges are displayed for log (CAC � 1). The p
values shown are for Spearman’s correlation for log (CAC � 1) with CRP and fibrinogen.

TABLE 3 Predictors of Log (CAC score � 1): Multiple Linear Regression

Risk Factor

Women (n � 206) Men (n � 148)

� � SE p Value � � SE p Value

Age 0.133 � 0.024 �0.0001 0.096 � 0.03 �0.0007
Total cholesterol 0.014 � 0.005 0.006 �0.002 � 0.007 0.742
HDL cholesterol �0.024 � 0.01 0.028 0.024 � 0.016 0.155
Diabetes mellitus 0.78 � 0.44 0.082 1.07 � 0.52 0.042
Ever smoked 1.03 � 0.34 0.003 0.254 � 0.40 0.530
Body mass index 0.050 � 0.27 0.090 0.03 � 0.04 0.446
Statin use 0.77 � 0.37 0.038 0.35 � 0.41 0.398
Estrogen use �0.44 � 0.33 0.18 — —

Model R2 0.27 0.13
� Log CRP �0.070 � 0.180 0.703 0.087 � 0.21 0.678

Model R2 0.27 0.13
� Fibrinogen 0.004 � 0.002 0.080 0.002 � 0.002 0.329

Model R2 0.28 0.13

Abbreviations as in Tables 1 and 2.
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