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PURPOSE: To determine whether serum C-reactive protein
levels, a sensitive indicator of inflammation, are associated with
the risk of cardiovascular mortality among older women.
METHODS: We conducted a case-cohort study within the
Study of Osteoporotic Fractures, a population-based study in-
volving 9704 women aged =65 years from four U.S. centers. We
randomly selected 400 women from the entire cohort plus an
additional random sample of 92 women from the 1125 women
in the cohort who had died during the first 6 years of follow-up.
Baseline serum C-reactive protein levels were measured using a
high-sensitivity immunoassay. Cause-specific mortality was as-
certained by review of death certificates and hospitalization
records. Multivariable Cox proportional hazards regression was
used to determine the association between C-reactive protein
levels and cardiovascular mortality.

RESULTS: During 6 years of follow-up, 150 of the 492 women

died, including 52 who died of cardiovascular disease. After
adjusting for potential confounders, women with C-reactive
protein levels in the highest quartile (>3.0 mg/L) had a 8.0-fold
(95% confidence interval [CI]: 2.2 to 29) greater risk of cardio-
vascular mortality than those in the lowest quartile
(=1.0 mg/L). The association remained strong in women who
did not smoke or take estrogen, and when early deaths were
excluded. Women who smoked and whose C-reactive protein
levels were above the first quartile had a very high risk of car-
diovascular mortality (relative risk [RR] = 13; 95% CI: 3.4 to
47). C-reactive protein levels were not associated with noncar-
diovascular mortality (RR = 0.92; 95% CI: 0.4 to 2.1).
CONCLUSION: C-reactive protein level was an independent
predictor of cardiovascular mortality in older women. Am J
Med. 2003;114:199-205. ©2003 by Excerpta Medica Inc.

onventional risk factors explain approximately

half of the variability in the risk of cardiovascular

events (1-3) but are less useful in older women, in
whom lipid levels are less strongly associated with athero-
sclerosis (4). C-reactive protein, a sensitive marker of in-
flammation, has been proposed as an independent risk
factor for cardiovascular disease (5,6). Both laboratory
and pathology data suggest that inflammation is impor-
tant in atherosclerosis (7). Previous studies have demon-
strated an association between elevated C-reactive pro-
tein levels and myocardial infarction in patients with sta-
ble or unstable angina (8—10), as well as in healthy men

(11).
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Women and older patients have frequently been ex-
cluded from studies of cardiovascular disease. The first
two major reports of the relation between C-reactive pro-
tein level and cardiovascular disease involved men
(11,12), although the association has been confirmed in
both men and women (13,14). Studies involving women
have focused on middle-aged women and nonfatal out-
comes (15). In women, however, most cardiovascular
deaths occur in the older age ranges. We hypothesized
that older women with elevated C-reactive protein levels
would be at an increased risk of dying of cardiovascular
disease, but not other causes. We tested this hypothesis in
older women participating in the Study of Osteoporotic
Fractures, a population-based cohort study.

METHODS
Study Sample

We enrolled 9704 women living in four geographic re-
gions (Baltimore, Maryland; Pittsburgh, Pennsylvania;
Minneapolis, Minnesota; and Portland, Oregon) be-
tween September 1986 and October 1988. The women
were 65 years or older, ambulatory, and living indepen-
dently at enrollment. African American women were ex-
cluded because of their low risk of hip fracture. The insti-
tutional review boards at the four clinical sites and the
coordinating center approved the study protocol. All par-
ticipants gave informed consent.
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Data Collection

All participants underwent an extensive examination at
enrollment. The baseline questionnaire obtained infor-
mation on age, education, health status, use of certain
medications (e.g., diuretics, estrogens, steroids), use of
alcohol and tobacco products, and physical activity.
Blood pressure measurements were taken in the right
brachial artery according to a standard protocol (16).
Height and weight were measured, and body mass index
was calculated as the weight in kilograms divided by the
square of the height in meters. Waist and hip girths were
measured with a steel tape, and the ratio of waist to hip
measurements was used as an indicator of body fat distri-
bution. Hypertension was defined as systolic blood pres-
sure >160 mm Hg, diastolic blood pressure >90 mm Hg,
or the use of diuretics.

Blood was collected between 8:00 am and 2:00 pMm after
fasting or a nonfat breakfast. Serum was stored for up to 1
week at —20°C and shipped on dry ice to Biomedical Re-
search Institute (Rockville, Maryland) for subsequent
storage in liquid nitrogen (—190°C). All assays were per-
formed blinded to vital status. C-reactive protein level
was measured by a high-sensitivity enzyme-linked im-
munosorbent assay based on purified protein and poly-
clonal anti—C-reactive protein antibodies (Calbiochem,
La Jolla, California) (17). This assay was the standard
against which the major commercial high-sensitivity C-
reactive protein assay was compared (18). The C-reactive
protein assay was standardized according to the World
Health Organization First International Reference Stan-
dard and had a sensitivity of 0.08 mg/L, with a standard
reference measure between 0.05 and 2.5 mg/L. Serum total
cholesterol, high-density lipoprotein (HDL) cholesterol,
and triglyceride levels were measured using an automated
chemistry analyzer; low-density lipoprotein (LDL) choles-
terol levels were estimated using the Friedewald formula.
Fructosamine levels were measured using a standard calori-
metric assay (Endocrine Sciences, Calabasas Hills, Califor-
nia); the upper limit of normal was 285 umol/L.

We obtained the hospital records and death certificates
for all women who died. Cause of death was assigned by
the clinical site principal investigator and reviewed by one
of the coordinating center investigators (WB). In cases of
disagreement, the coordinating center adjudication was
final. Cause of death, coded according to study protocol
using the International Classification of Diseases, Ninth
Revision, Clinical Modification, was classified as due to
cardiovascular diseases (codes 394 to 440), coronary
heart disease diseases (codes 410 to 414), or stroke (codes
431 to 438). Mortality data were 99% complete through 6
years of follow-up.

Selection of Cases and Controls
A case-cohort sampling design was used for efficiency
(19,20). From the cohort of 9704 women, we randomly

selected 400 women, of whom 58 had died. An additional
92 women were randomly selected from the 1125 women
who had died during the first 6 years of follow-up. Fifty-
two of the 150 deaths in the final sample were due to
cardiovascular disease.

Statistical Analysis

We compared cases and noncases using the Student ¢ test
for continuous variables and the chi-squared test for cat-
egorical variables. Because C-reactive protein values were
highly skewed, the median was used as a measure of cen-
tral tendency, and differences in medians were evaluated
using the Wilcoxon rank sum test.

We used Cox proportional hazards regression, modified
to account for the case-cohort sampling design (19), to
study the association between C-reactive protein levels and
cardiovascular mortality. Results are presented as relative
risks and 95% confidence intervals. Proportionality as-
sumptions were checked using log-log plots and interaction
terms with time to death. C-reactive protein levels were an-
alyzed by quartiles (<1.0 mg/L, 1.1 to 1.8 mg/L, 1.9 to 3.0
mg/L, >3.0 mg/L) in the primary analysis to allow for po-
tential nonlinear associations between C-reactive protein
and time to death. Our analysis suggested a threshold effect
at the first quartile of C-reactive protein. A dichotomous
variable at this cutoff was used for further analyses. Covari-
ates known to be associated with cardiovascular disease were
included in multivariable models as potential confounders.
Cardiovascular mortality rates were calculated as the num-
ber of deaths divided by the person-years of follow-up ad-
justed for the case-cohort design.

Subgroup analyses were performed to assess whether
the association of C-reactive protein level with cardiovas-
cular mortality could be explained by covariates known
to increase C-reactive protein levels. We excluded women
who smoked, to address the hypothesis that C-reactive
protein is primarily a surrogate for smoking (21,22).
Women taking estrogen were also excluded in a second
subgroup analysis, because estrogens have been reported
to increase C-reactive protein levels (23,24), and hor-
mone therapy may affect cardiovascular disease event
rates. Because elevated C-reactive protein levels may only
identify women who were ill and at an increased risk of
dying in the short term, subgroup analyses included
women who reported good or excellent health and ex-
cluded deaths occurring within 2 and 4 years of the base-
line examination. We also analyzed the association of C-
reactive protein level with noncardiovascular mortality to
assess whether the association was specific to cardiovas-
cular disease or all-cause mortality. Analyses were per-
formed using STATA Release 7 (StataCorp, College Sta-
tion, Texas). A P value <0.05 (two-sided) was considered
statistically significant.
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Table 1. Baseline Characteristics of Study Participants

Alive Deaths Cardiovascular Deaths
Characteristic (n = 342) (n = 150) (n =52)
Number (%) or Mean + SD

Age (years) 71.5*5 74.9 * 6* 754 * 6%
Education (>12 years) 128 (37) 42 (28)" 10 (19)*
Rated health as good or excellent 291 (85) 108 (72)* 36 (69)*
Smoking 29 (8) 21 (14) 10 (19)7
Diabetes 28 (8) 19 (13) 9 (17)"
Hypertension 125 (37) 74 (49)* 31 (60)*
Estrogen use 33 (10) 14 (10) 1(2)
Systolic blood pressure (mm Hg) 141 £ 20 149 * 24* 154 + 24*
Diastolic blood pressure (mm Hg) 77 £ 10 78 £ 11 80 £ 13
LDL cholesterol (mg/dL) 154 + 39 155 *+ 41 163 = 31
HDL cholesterol (mg/dL) 53 =16 50 = 16 51 +13
Fructosamine (pmol/L) 254 *+ 37 261 = 56 278 = 78
Smoking (pack-years) 10 =19 16 + 22¥ 13 £20
Body mass index (kg/m?) 26.7 = 4.7 262 *£5.3 26.1 =44
Waist-to-hip ratio 0.81 + 0.07 0.83 + 0.06* 0.84 + 0.06*

* P <0.001 compared with patients who were alive.

TP <0.05 compared with patients who were alive.

# P <0.01 compared with patients who were alive.

HDL = high-density lipoprotein; LDL = low-density lipoprotein.

RESULTS

Among the 52 women in the final sample who died of
cardiovascular disease, 22 of the deaths were due to cor-
onary heart disease and 16 were due to stroke. Women
who died of cardiovascular disease were older, had less
formal education, and reported being in worse health
compared with women who were alive after 6 years of
follow-up (Table 1). Women who died of cardiovascular
disease were also more likely to smoke, have hyperten-
sion, and have diabetes, and were less likely to be taking
estrogen. Cardiovascular mortality was not associated
with HDL or LDL cholesterol levels, but it was strongly
associated with waist-to-hip ratio and systolic blood pres-
sure.

Median C-reactive protein levels were higher in
women with a higher body mass index and waist-to-hip
ratio and in those receiving hormone replacement ther-
apy (Table 2). Women who smoked, however, did not
have elevated levels. Levels were higher in women who
died of vascular disease than in women who survived at
least 6 years (2.1 mg/L vs. 1.8 mg/L, P = 0.06), and great-
est in women who died of coronary heart disease (2.4
mg/L vs. 1.8 mg/L, P = 0.05). Women who died of non-
cardiovascular diseases or cancer did not have elevated
C-reactive protein levels.

Women in the upper three quartiles of C-reactive protein
(1.1to >3.0 mg/L) had a threefold greater risk of dying from
cardiovascular disease compared with women in the lowest
quartile (=1.0 mg/L) (Figure). Mortality ranged from 8 per
1000 person-years for women in the lowest quartile to 25 per

1000 person-years for women in the highest quartile. Ad-
justing for known cardiovascular risk factors did not weaken
the association between C-reactive protein level and cardio-
vascular mortality (Table 3). The adjusted relative risk of
cardiovascular death in women with a C-reactive protein
level in the upper three quartiles was 6.0 (95% confidence
interval [CI]: 2.0 to 18; P = 0.001) compared with women in
the lowest quartile.

Noncardiovascular Mortality

C-reactive protein levels were not associated with the risk
of noncardiovascular mortality (P >0.1) before or after
adjusting for other risk factors in multivariable-adjusted
models (Table 3).

Smoking

The association of C-reactive protein level with cardio-
vascular mortality was unchanged and remained statisti-
cally significant when current smokers were excluded
from the analysis (Table 4), and after adjusting for the
total pack-year history of cigarette smoking and the num-
ber of cigarettes smoked daily.

Estrogen Therapy

Adding estrogen use to the model modestly increased the
strength of the relation between C-reactive protein and car-
diovascular mortality. However, the relative risk remained
large and statistically significant when the analysis was lim-
ited to women not using estrogen replacement therapy (Ta-

ble 4).
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Table 2. Baseline Concentration of C-Reactive Protein, by Se-
lected Characteristics

C-Reactive
Protein (mg/L)
Median
Characteristic (Interquartile Range) P Value*
Body mass index <0.0001
Below median 1.2 (0.7-2.0)
(<26.2 kg/m?)
Above median 2.4 (1.6-3.7)
Waist-to-hip ratio <0.0001
Below median (<<0.81) 1.4 (0.8-2.6)
Above median 2.0 (1.4-3.3)
Estrogen use 0.05
No 1.7 (1.0-2.9)
Yes 2.1(1.3-3.2)
Smoking 0.65
Never 1.7 (1.0-2.9)
Past 1.8 (1.0-3.3)
Current 1.5 (1.0-2.7)

* Using the Mann-Whitney U test.

Current Health Status by Self-Report or Early
Death

The relative risk of cardiovascular death among women
with elevated C-reactive protein levels who reported their
health to be good or excellent was 7.4 (95% CI: 1.9 to 29).
The magnitude of the risk relation remained stable and

©
© —
| |
1

Proportion Surviving
o
®

statistically significant after excluding subjects who died
or who were lost to follow-up during the first 2 and 4
years (Table 4).

DISCUSSION

We found that minimally elevated serum C-reactive pro-
tein levels were associated with increased mortality from
cardiovascular disease for at least 6 years among older
women. This association was consistent in women who
did and did not smoke. Adjustment for conventional risk
factors strengthened the association modestly.

These results are similar to those of previous studies
involving men and women (11-15), even though our
study comprised the oldest cohort of women and focused
on cardiovascular cause of death. In the Multiple Risk
Factors Intervention Trial (12), C-reactive protein levels
were associated with mortality due to coronary heart dis-
ease, but not myocardial infarction; whereas the Physi-
cian’s Health Study reported associations only with first
myocardial infarction (11). The Cardiovascular Health
Study reported an increased risk of new cardiovascular
events (angina or myocardial infarction) in older women
with C-reactive protein levels >2.78 mg/L, but not in
older men (13); a similar observation was made in the
Women’s Health Study (15). The Iowa 65+ Rural Health
Study found an increased risk of all-cause mortality by
quartile of C-reactive protein, with similar trends for

_
1st

2nd
3rd

4th

0 2

4 6 8

Years of Follow-up

Figure. Survival curves by quartile of C-reactive protein, adjusted for age, hypertension, low-density lipoprotein cholesterol, high-
density lipoprotein cholesterol, diabetes, smoking, body mass index, estrogen use, education level, and clinical site. 1st = C-reactive
protein =1.0 mg/L; 2nd = C-reactive protein 1.1 to 1.8 mg/L; 3rd = C-reactive protein 1.9 to 3.0 mg/L; 4th = C-reactive protein

>3.0 mg/L.
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Table 3. Risk of Death, by C-Reactive Protein Level*

Noncardiovascular Mortality Total Mortality

Cardiovascular Mortality

Quartile of

Relative Risk

Incidence

Relative Risk

Incidence

Relative

Incidence

C-Reactive

(95%
Confidence

(Per 1000
Person-

(95%
Confidence

(Per 1000
Person-

Risk (95%
Confidence

(Per 1000

Protein
(Range in

No. of

P
Value

No. of

P
Value

Person-

No. of
Deaths’

Value

Interval)

Years)

Deaths’

Interval)

Years)

Deaths

Interval)

Years)

mg/L)

1.0 (-)

54
49

35
33
32

1.0
0.6 (0.3-1.3)

46

30
18
18
32

1.0
5.3 (1.7-17)

)

Ist (1.0

C-Reactive Protein and Cardiovascular Mortality/Tice et al

0.6

1.2 (0.6-2.1)
1.2 (0.6-2.2)
1.7 (0.8-3.3)

0.2
0.2

27
29

0.004
0.005

22
23

15
14
16

2nd (1.1-1.8)

0.7

52

0.6 (0.3-1.3)

6.1 (1.7-21)
8.0 (2.2-29)

3rd (1.9-3.0)
4th (>3.0)

0.1

73

48

1.0 (0.5-2.1) 1.0

49

0.002

25

* Adjusted for age, hypertension, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, diabetes, smoking, body mass index, estrogen use, education level, and clinical site.

" Two patients who died were not included because of incomplete data. These 2 patients were also excluded from the adjusted analyses of total mortality.

both cardiovascular and noncardiovascular etiologies
(14).

The upper limit of the first quartile of C-reactive pro-
tein in our study was similar to that in most studies (12—
15), except the Physician’s Health Study (11), in which
the quartile bounds may have reflected the younger age of
that cohort. We found that women in the lowest quartile
had a significantly lower risk of death from cardiovascu-
lar disease than those in the upper three quartiles. Low
C-reactive protein levels indicate a low level of inflamma-
tion and may represent plaques that are less prone to
rupture. Hence, it is not known whether these women
will receive equivalent benefit from aggressive treatment
with medications that reduce C-reactive protein levels
(25-27), such as aspirin (11) and statins (28), as do
women with higher levels.

The pathophysiology underlying the relation between
C-reactive protein levels and cardiovascular disease is not
understood. It has been suggested that C-reactive pro-
tein, a marker for systemic inflammation, may reflect
chronic infection with organisms such as Chlamydia
pneumoniae, Helicobacter pylori, or cytomegalovirus (29—
31). Atheromatous plaques infiltrated by inflammatory
cells may be less stable than quiescent plaques because of
collagen disruption from the effects of secreted metallo-
proteinases. An alternative hypothesis would be that C-
reactive protein is a marker for other proteins that are
elevated during inflammation and that increase coagula-
bility. C-reactive protein enhances the expression of tis-
sue factor by monocytes and is thus procoagulant (32).
C-reactive protein also induces complement activation
(33), leading to an increased inflammatory response that
could increase the likelihood of lethal arrhythmias or the
volume of ischemic tissue. C-reactive protein production
by the liver is also stimulated by interleukin 6 (34) and
promotes leukocyte adhesion that results in enhanced re-
cruitment of monocytes to atherosclerotic plaques, thus
supporting thrombus formation (35).

Our study has several limitations. Cause of death is
particularly difficult to ascertain in the elderly; several
disease processes often contribute to the death. Autopsy
studies have documented that a substantial percentage of
deaths due to coronary heart disease are misclassified or
missed (36—38). Furthermore, our analyses were based
on a single measurement of C-reactive protein. Any
woman with trauma or illness in the days preceding study
enrollment would have had an acute elevation of C-reac-
tive protein level. The number of deaths due to cardio-
vascular disease was also relatively small. However, the
results were robust to adjustment for confounders, of
similar magnitude in multiple subgroups, and similar to
those in other studies. The number of women who died of
other causes was also low, which limited our ability to
identify associations with other specific causes of death,
such as lung cancer. In addition, C-reactive protein may
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Table 4. Subgroup Analyses of Associations between Cardio-
vascular Death and C-Reactive Protein Levels*

Relative Risk (95%

Subgroup Confidence Interval) P Value
Never smoked 5.0 (1.4-17) 0.01
No estrogen use 6.1 (2.0-18) 0.001
Good or excellent health 7.4 (1.9-29) 0.004
Event-free at least 2 years 4.8 (1.5-16) 0.008
Event-free at least 4 years 5.0 (1.0-24) 0.05

* Upper three quartiles of C-reactive protein compared with first quar-
tile; adjusted for age, hypertension, low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol, diabetes, smoking, body mass in-
dex, estrogen use, education level, and clinical site.

be a marker for other factors that we did not measure.
Finally, our sample comprised women who were older
and predominantly white. Nevertheless, they were sam-
pled from four diverse communities across the United
States.

Measurement of C-reactive protein level may be useful
in predicting a patient’s risk of future cardiovascular
events, particularly because effective preventive thera-
pies, such as aspirin, beta-blockers, and cholesterol-low-
ering agents, are available. Whether the identification of
older women at low risk of cardiovascular events will be
useful in limiting unnecessary medications in the primary
prevention of cardiovascular disease remains uncertain.
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