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Abstract
High sensitivity C-reactive protein (hsCRP) has previously been shown to be an independent
predictor for the development of cardiovascular disease. However, little is known about the
association between hsCRP and the severity of cardiovascular events that occur. This study compared
the characteristics of incident myocardial infarctions (MIs) in 40 initially healthy women with very
high baseline hsCRP (> 7.5 mg/L) to infarctions in 40 women with very low hsCRP (≤1 mg/L). At
baseline, very high hsCRP was associated with a clinical diagnosis of hypertension, higher body-
mass index, lower high-density lipoprotein, and higher triglycerides. Our analysis found that the two
study groups had similar proportions of ST-segment elevations on electrocardiograms, peak cardiac
enzyme levels, post-infarct left ventricular function, and burden of coronary atherosclerosis seen on
angiography. However, subjects with very high hsCRP suffered infarctions significantly earlier than
those with very low hsCRP (median time-to-event 4.45 years vs. 6.64 years respectively, p < 0.0001).
In addition, higher baseline levels of hsCRP were associated with significantly more fatal MIs (0%
vs. 4.6% vs. 9.6% in subjects with hsCRP <1 mg/L, 1-3 mg/L, and ≥3 mg/L, respectively, p for trend
= 0.02). In conclusion, this study demonstrates that in initially healthy women, high levels of hsCRP
predict earlier occurrence of myocardial infarctions as well as a greater likelihood that infarctions
will be fatal.
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Introduction
Numerous large scale studies have demonstrated that high sensitivity C-reactive protein
(hsCRP) is an independent risk factor for the development of myocardial infarction, stroke,
and cardiovascular death.1-6 However, little is known about the association between initial
hsCRP levels and the clinical characteristics of myocardial infarctions (MIs) that later occur.
Low hsCRP levels have been associated with slower progression of atherosclerosis7,8 and thus
may be associated with delayed onset of clinical events as well as less extensive vascular
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disease at the time of infarction. In addition, lower markers of systemic inflammation have
been associated with lower propensity for coronary artery plaque rupture.9,10 These vascular
characteristics corresponding to low hsCRP might therefore be associated with milder
infarctions. By contrast, elevated levels of hsCRP may be associated with greater burden of
disease, more extensive vulnerable plaque, and more severe infarctions. To address this
question, we compared the clinical characteristics of initially healthy women with very high
baseline levels of hsCRP (>7.5 mg/L) to women with very low baseline levels of hsCRP (≤1
mg/L), all of whom went on to have a first ever MI during a median 10 year follow-up period.

Methods
All study participants were enrolled in the Women's Health Study, a prospective cohort of
39,876 initially healthy American women age ≥45 years. The details of the study design and
primary outcomes have been reported previously.11-13 Within this cohort, 27,939 participants
provided baseline demographic data, health history, and blood samples that could be assayed
for lipid levels and hsCRP. Study participants were followed for a median of 10 years for
incident cardiovascular events, and all reported endpoints were confirmed by a blinded
endpoints committee. Myocardial infarction was defined by the World Health Organization
criteria of ischemic symptoms accompanied by elevated cardiac enzymes or diagnostic
electrocardiograms.

For the purpose of this analysis, we identified all women participating in the Women's Health
Study who went on to have a confirmed incident MI during follow-up. We then selected the
40 subjects with the highest baseline hsCRP levels (> 7.5 mg/L), and for comparison the 40
subjects with the lowest baseline hsCRP (< 1 mg/L). We reviewed physician reports, hospital
discharge summaries, cardiac catheterization reports, echocardiography reports,
electrocardiograms, and laboratory data to ascertain clinical characteristics of the infarctions
in each of these subjects.

Severity of MI was determined by 30-day mortality, presence of ST-segment elevations on
electrocardiogram, peak cardiac enzyme levels (creatine kinase, creatine kinase-MB
isoenzyme, and cardiac troponin), and post-infarct left ventricular ejection fraction as
determined by echocardiography or left ventriculography at cardiac catheterization. Burden of
coronary artery disease was evaluated from cardiac catheterization reports. Stenoses were
considered clinically significant if ≥70% obstructed in an epicardial artery or ≥50% in the left
main coronary artery. Time to event was defined as time from randomization until MI. All
records were reviewed by a researcher (S.B.) blinded to baseline values of hsCRP.

Subjects with very low baseline hsCRP were compared to subjects with very high hsCRP in
terms of baseline characteristics and infarction characteristics. Differences in mean values were
analyzed for significance using the Student's t-test if the distributions approximated normality,
and using the Wilcoxon Rank Sum test if non-normally distributed. Differences in proportions
were analyzed for significance using a χ2 analysis for nominal measures and the Cochran-
Armitage test for trend for ordinal measures. Differences in event rates were analyzed for
significance with the Log Rank test, and hazard ratios were calculated using the Cox
Proportional Hazards Model. All p-values are two-tailed, and p≤0.05 was considered
statistically significant. All statistical analyses were run using the SAS statistical software
version 9.0 (SAS Institute Inc., Cary, NC) and S-Plus software version 6.2 (Insightful Corp.,
Seattle, WA).
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Results
Baseline characteristics of the two study groups at the time of enrollment are reported in Table
1. No significant differences were noted in age, race, total and low-density lipoprotein (LDL)
cholesterol, smoking status, presence of diabetes mellitus, serum creatinine, family history of
premature atherosclerosis, exercise frequency, hormone replacement therapy use, and random
treatment assignment to aspirin between the 2 groups at study entry. As might be expected
given known modest correlations in this cohort between components of the metabolic
syndrome and hsCRP,14 those with very high levels of hsCRP had somewhat lower levels of
high-density lipoprotein (HDL) cholesterol, higher levels of triglycerides, and greater mean
body mass index compared to those with very low hsCRP levels at study entry. In addition,
the study group with very high hsCRP levels was more likely to carry a diagnosis of
hypertension and be treated for hypertension at study entry.

Table 2 presents data comparing the clinical characteristics of incident MIs in the two study
groups. As shown, no significant differences were found between those with very low and very
high baseline hsCRP levels in terms of the proportion of MIs with ST-elevations or post-infarct
left ventricular function. We also observed no differences in the location of coronary stenoses
or the number of vessels with significant stenoses. With respect to peak cardiac enzyme levels,
there was a higher peak creatine kinase level in subjects with very high hsCRP (median 747
IU vs. 393 IU in high vs. low hsCRP groups, respectively; p = 0.04). However, since creatine
kinase-MB isoenzyme and cardiac troponin levels were not significantly different, this may
represent a false positive due to multiple testing rather than a true difference in myocardial
necrosis.

There appeared to be a trend towards increased fatalities within 30 days of MI in the high
hsCRP group (12.5% vs. 0% in high vs. low hsCRP groups, respectively; p = 0.055). To further
explore this result, we retrospectively analyzed the full cohort of Women's Health Study
participants with baseline blood samples who suffered incident MIs during follow up (257
subjects) and compared 30-day mortality based on initial hsCRP levels. In this analysis, there
were 0 fatal events among 45 women with hsCRP < 1 mg/L, 3 fatal events among 66 women
(4.6%) with hsCRP ≥ 1.0 mg/L and < 3.0 mg/L, and 14 fatal events among 146 women (9.6%)
with hsCRP ≥ 3.0 mg/L (p for trend = 0.02). Other characteristics of women who went on to
have fatal MIs, including hypertension, lipid levels and body-mass index, were not significantly
different from those who had non-fatal MIs.

Subjects with very high hsCRP levels at study entry also suffered MIs significantly earlier than
those with very low hsCRP (median time-to-event 4.45 vs. 6.64 years, respectively, p < 0.0001).
To further pursue this observation, we divided the full cohort of Women's Health Study subjects
who provided baseline blood samples into quintiles of baseline hsCRP based on its distribution
among women not taking hormone therapy, following guidelines from the Department of
Health and Human Services for lipid standardization.15 Kaplan-Meier MI-free survival curves
were constructed according to quintiles of hsCRP (Figure). Higher quintiles of hsCRP were
associated with earlier infarctions across the full 10-year period of exposure (p < 0.0001). In
Cox Proportional Hazards models, unadjusted hazard ratios for MI were higher for increasing
quintiles of hsCRP (p for trend < 0.0001) (Table 3). As expected based on previously published
results,16 these effects were attenuated but persisted after adjustment for traditional cardiac
risk factors.

Discussion
In this prospective evaluation of initially healthy women who subsequently had an MI, we
observed that women with the highest baseline level of hsCRP had earlier MIs, and were more
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likely to have fatal events, as compared to women with very low baseline hsCRP levels. No
other differences in MI characteristics were found, including proportion of infarctions with
ST-segment elevations, peak cardiac enzyme levels, residual cardiac function, and burden of
coronary atherosclerosis on angiography.

One hypothesis of this study was that higher hsCRP levels would be associated with a
propensity for plaque instability and atherothrombosis. While transmural infarcts and extent
of myocardial damage appeared to be similar in the two study groups, the finding of increased
propensity for fatal MIs with increasing hsCRP was intriguing. While CRP may play a biologic
role in leading to fatal infarctions, causality cannot be assumed from the data in this study. As
a marker of systemic inflammation, hsCRP may simply represent a downstream summation
of risk factors that predispose an individual to infarctions that are fatal. Alternatively, hsCRP
may represent a subclinical health state that portends poor tolerance of myocardial damage.
While this association was based on a small total number of fatal MIs, the trend achieved
statistical significance and warrants exploration in future studies.

A second hypothesis of this study was that high circulating levels of hsCRP, signifying systemic
inflammation, would lead to more extensive atherosclerosis in the coronary tree. In our data,
hsCRP did not have any apparent association with the extent of plaque burden seen on coronary
angiography in subjects at the time of their infarctions, a finding consistent with previous
studies.17-22 However, mirroring what has been demonstrated in previous studies of hsCRP
and cardiovascular events, this study found that baseline hsCRP values are associated with
earlier myocardial infarctions, even after adjusting for traditional cardiac risk factors.1,3-5,
16,23 Despite earlier MIs (and therefore earlier angiography) in the high hsCRP group, these
subjects had the same atherosclerotic plaque build-up and myocardial damage as subjects in
the low hsCRP group. Thus, it is possible that elevated hsCRP is associated with an acceleration
of the atherosclerotic process, findings that are consistent with prior studies.7,8

Limitations of this study merit consideration. All hsCRP samples were drawn at study
enrollment, and levels were not re-measured at the time of MI. While we cannot rule out
changes in hsCRP immediately preceding infarction, hsCRP has been shown to be stable over
time in asymptomatic individuals.5,24 Furthermore, this study was designed specifically to
ascertain the predictive ability of baseline hsCRP on characteristics of future infarctions. In
addition, our conclusions are derived from data on incident MIs in women; similar studies
would be needed to extend these results to men, recurrent infarctions, and other cardiovascular
events.
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Figure.
MI-free Survival According to Quintile of Baseline hsCRP
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Table 1
Baseline Characteristics of Subjects According to High-Sensitivity C-Reactive Protein Levels at Randomization

High-Sensitivity C-Reactive Protein
Variable ≤ 1.0 mg/L (n = 40) > 7.5 mg/L (n = 40) p-value

Median hsCRP (range), mg/L 0.69 (0.22 – 0.98) 14.01 (7.53 – 92.0)
Age (years) 60.0 ± 9.4 61.2 ± 8.1 0.6
White Race 40 (100%) 36 (90%) 0.12
Hypertension 15 (38%) 26 (65%) 0.01
Hypertension therapy 5 (13%) 19 (48%) 0.001
Lipids (mg/dL)
 Total Cholesterol 217 ± 36 230 ± 41 0.14
 LDL-C 129 ± 33 137 ± 33 0.3
 HDL-C 53.1 ± 19.6 41.8 ± 10.5 0.002
 Triglycerides 151 ± 103 236 ± 150 0.004
Cholesterol-lowering therapy 4 (10%) 5 (13%) >0.9
Smoking
 Current 7 (18%) 11 (28%) 0.5
 Past 17 (43%) 13 (33%)
 Never 16 (40%) 16 (40%)
Diabetes mellitus 4 (10%) 10 (25%) 0.08
Body-mass index (kg/m2) 25.1 ± 3.3 29.8 ± 6.1 <0.0001
 < 25 19 (50%) 11 (28%)
 25 - 30 17 (45%) 12 (31%) 0.001 (trend)
 ≥ 30 2 (5%) 16 (41%)
Creatinine (mg/dL) 0.76 ± 0.13 0.74 ± 0.16 0.6
Exercise (times/week)
 Rarely/Never 21 (53%) 22 (55%) 0.5
 < 1 6 (15%) 7 (18%)
 1 - 3 9 (23%) 10 (25%)
 ≥ 4 4 (10%) 1 (3%)
Hormone therapy use
 Never 21 (53%) 14 (35%) 0.11
 Past 9 (23%) 7 (18%)
 Current 10 (25%) 19 (48%)
Randomized to aspirin 17 (43%) 23 (58%) 0.18

Values are number of subjects (percentage) or mean ± SD unless otherwise specified.
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Table 2
Characteristics of Incident Myocardial Infarctions According to Baseline High-Sensitivity C-Reactive Protein

High-Sensitivity C-Reactive Protein
Variable ≤ 1.0 mg/L (n = 40) > 7.5 mg/L (n = 40) p-value

Time to event (median) 6.64 years 4.45 years <0.0001
Fatal within 30 days 0 (0%) 5 (12.5%) 0.055
ST-segment elevations 24 (62%) 21 (58%) 0.8
Peak cardiac enzymes
 Creatine kinase (IU) 393 (279 – 854) 747 (428 – 1381) 0.04
 Creatine kinase-MB (IU) 43.9 (23.2 – 113) 52.0 (19.9 – 169) 0.9
 Troponin (ng/mL) 8.9 (6.6 – 32.0) 17.8 (4.2 – 38.3) 0.7
Left ventricular ejection fraction (%) 55% (40% - 60%) 57% (50% - 60%) 0.3
Coronary artery narrowed
 Left main ≥ 50% 1 (3%) 2 (5%) >0.9
 Left anterior descending ≥ 70% 18 (50%) 18 (47%) >0.9
 Left circumflex ≥ 70% 13 (36%) 13 (34%) >0.9
 Right coronary ≥ 70% 14 (39%) 18 (47%) 0.5
 Number of coronary arteries narrowed ≥ 70%
  0 6 (17%) 3 (8%) 0.6 (trend)
  1 19 (53%) 24 (63%)
  2 7 (19%) 5 (13%)
  3 4 (11%) 6 (16%)

Values are number of subjects (percentages) or median (interquartile range).
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