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THE C-REACTIVE PROTEIN IS A

marker of systemic inflamma-
tion that has been associated
with an increased risk of inci-

dent myocardial infarction and stroke.1-5

Inflammation has also been hypoth-
esized to play a role in the develop-
ment of hypertension, and cross-
sectional evidence demonstrates higher
C-reactive protein levels among those in-
dividuals with elevated blood pressure
(BP).6-11 Higher levels of C-reactive pro-
tein may increase BP by reducing nitric
oxide production in endothelial cells,12,13

resulting in vasoconstriction and in-
creased production of endothelin 1.14,15

C-reactive protein may also function as
a proatherosclerotic factor by up-
regulating angiotensin type 1 receptor
expression.16

Inflammation has been shown to cor-
relate with endothelial dysfunction17

and relate to the renin-angiotensin sys-
tem.18 As a result, it has been hypoth-
esized that hypertension may be in part
an inflammatory disorder. However,
clinical data linking inflammation with
incident hypertension are scarce.19 We
therefore determined whether el-
evated C-reactive protein levels in nor-
motensive individuals are associated
with an increased risk of developing hy-
pertension.

METHODS
Study Population
The Women’s Health Study is an
ongoing randomized, double-blind,
placebo-controlled trial of low-dose
aspirin and vitamin E in the primary

prevention of cardiovascular disease
and cancer, which began in 1992.20 In
1992, a total of 39876 female US health
professionals aged 45 years or older
without prior myocardial infarction,
stroke, transient ischemic attack, and
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Context Although it has been hypothesized that hypertension is in part an inflam-
matory disorder, clinical data linking inflammation with incident hypertension are scarce.

Objective To examine whether C-reactive protein levels, a marker of systemic in-
flammation, are associated with incident hypertension.

Design, Setting, and Participants A prospective cohort study that began in 1992
of 20525 female US health professionals aged 45 years or older who provided base-
line blood samples with initially normal levels of blood pressure (BP) (systolic BP �140
mm Hg and diastolic BP �90 mm Hg, and no history of hypertension or antihyper-
tensive medications) and then followed up for a median of 7.8 years for the develop-
ment of incident hypertension. Plasma C-reactive protein levels were measured and
baseline coronary risk factors were collected.

Main Outcome Measure Incident hypertension, defined as either a new physi-
cian diagnosis, the initiation of antihypertensive treatment, or self-reported systolic
BP of at least 140 mm Hg or a diastolic BP of at least 90 mm Hg.

Results During follow-up, 5365 women developed incident hypertension. In crude
models, the relative risks (RRs) and 95% confidence intervals (CIs) of developing hy-
pertension from the lowest (referent) to the highest levels of baseline C-reactive pro-
tein were 1.00, 1.25 (95% CI, 1.14-1.40), 1.51 (95% CI, 1.35-1.68), 1.90 (95% CI,
1.72-2.11), and 2.50 (95% CI, 2.27-2.75) (linear trend P�.001). In fully adjusted mod-
els for coronary risk factors, the RRs and 95% CIs were 1.00, 1.07 (95% CI, 0.95-
1.20), 1.17 (95% CI, 1.04-1.31), 1.30 (95% CI, 1.17-1.45), and 1.52 (95% CI, 1.36-
1.69) (linear trend P�.001). C-reactive protein was significantly associated with an
increased risk of developing hypertension in all prespecified subgroups evaluated, in-
cluding those with very low levels of baseline BP, as well as those with no traditional
coronary risk factors. Similar results were found when treating C-reactive protein as a
continuous variable and controlling for baseline BP.

Conclusion C-reactive protein levels are associated with future development of hy-
pertension, which suggests that hypertension is in part an inflammatory disorder.
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cancer (except nonmelanoma skin can-
cer) were enrolled and randomized into
the study.

Before randomization, baseline blood
samples were collected from 28345 par-
ticipants and stored in liquid nitrogen
until analysis. Samples were then trans-
ferred to a core laboratory facility in
which they were assayed for C-
reactive protein with a validated high-
sensitivity assay (Denka Seiken Co,
Tokyo, Japan).5 Of the samples re-
ceived, 27939 were evaluated and as-
sayed for C-reactive protein. The base-
line population was then restricted to
20525 women without hypertension,
defined as having no self-reported past
or current history of hypertension, no
past or current history of antihyper-
tensive treatment, a systolic BP of less
than 140 mm Hg, and a diastolic BP of
less than 90 mm Hg at study entry.
Baseline BP was reported in 1 of 9 or-
dinal systolic BP categories ranging
from less than 110 mm Hg to at least
180 mm Hg and 7 ordinal diastolic BP
categories ranging from less than 65
mm Hg to at least 105 mm Hg. A single
measurement of self-reported BP in
health professionals has been shown to
be highly correlated with measured sys-
tolic BP (r = 0.72) and diastolic BP
(r=0.60).21

Outcome Ascertainment
Incident cases of hypertension were de-
fined by meeting at least 1 of 4 crite-
ria: self-reports of a new physician di-
agnosis on follow-up questionnaires at
years 1 and 3, and all annual question-
naires thereafter; self-reports of newly
initiated antihypertensive treatment at
years 1, 3, and 4; self-reported systolic
BP of at least 140 mm Hg; or self-
reported diastolic BP of at least 90
mm Hg. Women reporting a new phy-
sician diagnosis of hypertension also
provided the month and year of diag-
nosis. A missing date for a physician di-
agnosis or hypertension defined by an-
other criterion was assigned a date of
incident hypertension by randomly se-
lecting a date between the current and
previous annual questionnaire. Those
individuals developing major concomi-

tant diseases, the management of which
may have impact on BP, at or after base-
line but before the development of hy-
pertension, including myocardial in-
farction, stroke, pulmonary embolism,
and peripheral vascular disease, were
censored at that date of diagnosis and
not considered an incident case of hy-
pertension. Based on this definition,
5365 cases of incident hypertension de-
veloped during a median follow-up of
7.8 years (range, 0.001-8.82 years).

Data Analyses
Women were first compared according
to level of C-reactive protein by using
mean values or proportions of baseline
risk factors to assess potential confound-
ing. Because hormone therapy in-
creases the level of C-reactive pro-
tein,22,23 levels were based on the
quintiles of C-reactive protein among the
subset of women not taking hormone
therapy. We used Cox proportional haz-
ards regression model analyses to com-
pute the relative risks (RRs) and 95%
confidence intervals (CIs) of incident hy-
pertension for increasing plasma C-
reactive protein levels, with the lowest
level as the referent. Models first in-
cluded only C-reactive protein, then
were adjusted for age and randomized
treatment assignment. The final multi-
variable model added body mass index
(calculated as weight in kilograms di-
vided by the square of height in meters),
smoking status, exercise, alcohol con-
sumption, parental history of myocar-
dial infarction before age 60 years, dia-
betes, postmenopausal hormone use,
and hypercholesterolemia (either any
baseline history of cholesterol-
lowering medication use or a physician
diagnosis of high cholesterol or a self-
reported cholesterol of at least 240
mg/dL [�6.22 mmol/L]). Linear trend
tests across levels of plasma C-reactive
protein levels were performed by using
the median value for each level as an or-
dinal variable.

Both stratified and joint models in-
corporating C-reactive protein and ei-
ther systolic BP or diastolic BP were also
considered. Women in the upper half
of the prehypertension BP classifica-

tion according to the Seventh Report of
the Joint National Committee on Pre-
vention, Detection, Evaluation, and
Treatment of High Blood Pressure (JNC
7)24 (either systolic BP of 130-139
mm Hg or diastolic BP of 85-89 mm Hg)
were excluded from these analyses out
of concern for potential misclassifica-
tion and the vast majority of these
women became hypertensive during
follow-up. Joint models of C-reactive
protein and BP used clinically rel-
evant cut points for C-reactive pro-
tein: less than 1, 1 to less than 3, and 3
or more mg/L.25 A test for interaction
between C-reactive protein, BP, and the
risk of developing hypertension was as-
sessed with C-reactive protein as a con-
tinuous variable and BP as an ordinal
variable. All analyses were performed
with SAS version 8 (SAS Institute Inc,
Cary, NC), using a 2-tailed P=.05 for
significance.

RESULTS
Baseline characteristics of the study
population according to levels of C-
reactive protein are shown in TABLE 1.
As expected, traditional coronary risk
factors were more prevalent among
those participants with elevated levels
of C-reactive protein. During a me-
dian follow-up of 7.8 years for the
20525 women comprising the base-
line population, 5365 women devel-
oped hypertension either on the basis
of newly initiated treatment (n=2295
[43%]) or having a systolic BP of at least
140 mm Hg or diastolic BP of at least
90 mm Hg (n=3070 [57%]).

Overall, there was a positive asso-
ciation between increasing levels of C-
reactive protein and risk of develop-
ing hypertension (TABLE 2). In crude
models, the RRs of developing hyper-
tension increased from the lowest (ref-
erent) to the highest level of C-
reactive protein (linear trend P�.001),
such that those participants with lev-
els of C-reactive protein in excess of 3.5
mg/L had an RR of 2.50 (95% CI,
2.27-2.75). In risk factor–adjusted mod-
els as well as those that additionally
adjusted for baseline BP, risks were at-
tenuated but retained a positive asso-
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ciation with risk of developing hyper-
tension (linear trend P�.001). For
example, in models additionally ad-
justing for baseline BP, women with in-
creasing levels of C-reactive protein had
RRs of hypertension of 1.04 (95% CI,
0.92-1.17), 1.11 (95% CI, 0.99-1.24),
1.19 (95% CI, 1.07-1.33), and 1.34
(95% CI, 1.20-1.50; linear trend
P�.001). Analyses stratified by use or
nonuse of hormone therapy showed es-
sentially identical results. In log-
transformed models that considered C-
reactive protein as a continuous
variable, similar strong effects were ob-
served that were all statistically signifi-

cant (for 1-SD increase of C-reactive
protein, adjusted RR, 1.14; 95% CI,
1.11-1.17).

We also considered more restrictive
definitionsofhypertension toaddresspo-
tential misclassification. The multivari-
able RRs of hypertension restricted to
women initiating treatment, having a
physician diagnosis, having a systolic BP
of at least 160 mm Hg, or having a dias-
tolic BP of at least 95 mm Hg during fol-
low-up (4982 of 5365 women develop-
ing hypertension) for increasing levels of
C-reactive protein were 1.00, 1.06 (95%
CI, 0.94-1.20), 1.18 (95% CI, 1.05-1.33),
1.30 (95% CI, 1.16-1.46), and 1.52 (95%

CI, 1.36-1.70; linear trend P�.001). Al-
ternatively, analyses of hypertension re-
stricted to women initiating treatment or
having a physician diagnosis during fol-
low-up (2295 of 5365 women develop-
ing hypertension) resulted in RRs for in-
creasing levels of C-reactive protein of
1.00, 1.03 (95% CI, 0.87-1.22), 1.02
(95% CI, 0.86-1.20), 1.14 (95% CI,
0.97-1.33), and 1.41 (95% CI, 1.20-
1.65; linear trend P�.001).

We next examined the age-adjusted
and multivariable-adjusted associa-
tions between C-reactive protein and
the risk of developing hypertension
stratified by either systolic BP or dias-

Table 1. Comparison of Baseline Characteristics Among 20 525 Women According to Level of C-Reactive Protein*

Characteristics

Level of C-Reactive Protein, mg/L

�0.43
(n = 3131)

0.44-0.89
(n = 3379)

0.90-1.73
(n = 3899)

1.74-3.50
(n = 4581)

�3.50
(n = 5535)

C-reactive protein, median (interquartile
range), mg/L

0.27 (0.18-0.35) 0.63 (0.53-0.76) 1.28 (1.07-1.49) 2.44 (2.06-2.92) 5.75 (4.42-8.17)

Age, mean (SD), y 51.2 (5.9) 52.6 (6.6) 53.3 (6.8) 53.8 (6.7) 53.9 (6.5)

BMI, mean (SD)† 22.4 (2.7) 23.6 (3.0) 24.5 (3.5) 25.6 (4.0) 27.6 (5.2)

Current smokers 301 (9.6) 358 (10.6) 458 (11.8) 544 (11.9) 783 (14.6)

History of diabetes mellitus 10 (0.3) 27 (0.8) 30 (0.8) 55 (1.2) 139 (2.5)

History of hypercholesterolemia‡ 517 (16.5) 710 (21.0) 999 (25.6) 1230 (26.9) 1701 (30.8)

Parental history of MI �60 years 403 (13.3) 432 (13.3) 539 (14.3) 630 (14.2) 788 (14.8)

Exercise, times/wk
Rarely/never 898 (28.9) 1060 (31.4) 1330 (34.1) 1659 (36.2) 2283 (41.3)

�1 583 (18.6) 632 (18.7) 748 (19.2) 925 (20.2) 1172 (21.2)

1-3 1135 (36.3) 1219 (36.1) 1311 (33.6) 1527 (33.4) 1598 (28.9)

�4 515 (16.5) 467 (13.8) 509 (13.1) 468 (10.2) 479 (8.7)

Alcohol consumption
Rarely/never 1163 (37.1) 1323 (39.2) 1597 (41.0) 1976 (43.1) 2621 (47.4)

1-3 drinks/mo 415 (13.3) 469 (13.9) 489 (12.5) 604 (13.2) 790 (14.3)

1-6 drinks/wk 1160 (37.1) 1201 (35.6) 1378 (35.4) 1547 (33.8) 1675 (30.3)

�1 drink/d 393 (12.6) 385 (11.4) 434 (11.1) 453 (9.9) 447 (8.1)

Postmenopausal hormone use
Never 2122 (67.9) 1938 (57.4) 1929 (49.6) 1894 (41.4) 1862 (33.7)

Former 257 (8.2) 326 (9.7) 399 (10.3) 425 (9.3) 453 (8.2)

Current 747 (23.9) 1110 (32.9) 1560 (40.1) 2254 (49.3) 3210 (58.1)

Systolic BP, mm Hg
�110 891 (28.5) 831 (24.6) 832 (21.3) 875 (19.1) 809 (14.6)

110-119 1315 (42.0) 1402 (41.5) 1523 (39.1) 1661 (36.3) 1883 (34.0)

120-129 733 (23.4) 843 (25.0) 1093 (28.0) 1392 (30.4) 1803 (32.6)

130-139 192 (6.1) 303 (9.0) 451 (11.6) 653 (14.3) 1040 (18.8)

Diastolic BP, mm Hg
�65 540 (17.3) 484 (14.3) 529 (13.6) 510 (11.1) 488 (8.8)

65-74 1446 (46.2) 1543 (45.7) 1661 (42.6) 1854 (40.5) 2042 (36.9)

75-84 1013 (32.4) 1169 (34.6) 1439 (36.9) 1826 (39.9) 2375 (42.9)

85-89 132 (4.2) 183 (5.4) 270 (6.9) 391 (8.5) 630 (11.4)
Abbreviations: BP, blood pressure; MI, myocardial infarction.
*Data are No. (%) unless otherwise specified.
†Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters.
‡Defined as having either any baseline history of cholesterol-lowering medication use or a physician diagnosis of high cholesterol or a self-reported cholesterol of at least 240 mg/dL

(�6.22 mmol/L).
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tolic BP. In TABLE 3, increasing levels
of C-reactive protein were associated
with an increased risk of developing hy-
pertension at all levels of baseline BP
in fully-adjusted models, even among
women with baseline systolic BP of less
than 110 mm Hg and baseline dias-
tolic BP of less than 65 mm Hg. Addi-
tional adjustment for diastolic BP in
models stratified by systolic BP, or for
systolic BP in models stratified by di-
astolic BP, did not change the RRs from
our fully-adjusted models. The consid-
eration of log-transformed C-reactive
protein as a continuous variable also
generated statistically significant re-
sults decreased to a systolic BP of 110
mm Hg and a diastolic BP of 65 mm Hg
(for 1-SD increase of C-reactive pro-
tein among women with systolic BP
110-119 mm Hg, adjusted RR, 1.12;
95% CI, 1.10-1.18, and for 1-SD in-
crease of C-reactive protein among
women with diastolic BP 65-74 mm Hg,
adjusted RR, 1.14; 95% CI, 1.08-1.20).

Overall, there were 7065, 6920, and
6540 women with C-reactive protein lev-
els of less than 1, 1 to less than 3, and 3
or more mg/L, respectively, cut points re-
cently set forth in clinical guidelines.25

For these clinical cut points of C-
reactive protein, the RRs of developing
hypertension in crude analyses were
1.00, 1.46 (95% CI, 1.36-1.57), and 2.11
(95% CI, 1.97-2.26; linear trend P�.001)
respectively; in risk factor–adjusted mod-
els, the RRs were 1.00, 1.16 (95% CI,
1.08-1.25), and 1.42 (95% CI, 1.31-
1.54; linear trend P�.001) respec-
tively. To evaluate the robustness of the
findings among women without major
coronary risk factors, we limited analy-
ses to women who were nonsmokers, not
using hormone therapy, had a body mass
index of less than 30, and did not have
diabetes and hypercholesterolemia
(n = 6795; 1384 incident cases of
hypertension). In this subgroup of
women, the age-adjusted RRs were 1.00,
1.26 (95% CI, 1.11-1.42), and 1.69 (95%

CI, 1.47-1.94; linear trend P�.001) for
corresponding C-reactive protein levels
of less than 1, 1 to less than 3, and 3 or
more mg/L, respectively. In risk factor–
adjusted models, the RRs were 1.00, 1.24
(95% CI, 1.10-1.40), and 1.64 (95% CI,
1.42-1.89; linear trend P�.001) respec-
tively.

To further explore the joint effects
of C-reactive protein and BP, we con-
sidered clinical cut points of C-
reactive protein and its association with
hypertension in combination with base-
line BP (FIGURE). For systolic BP, a sig-
nificant statistical interaction with C-
reactive protein was observed (P�.001).
C-reactive protein levels of 1 to 3 and
more than 3 mg/L conferred an addi-
tional risk of developing hypertension
in women in which systolic BP levels
were classified as normal (�120
mm Hg) or prehypertension (�130
mm Hg) by the JNC 7 guidelines,
with significant RRs compared with
women with a systolic BP of less than

Table 2. Hypertension by Levels of C-Reactive Protein in All Women, According to Nonusers and Users of Hormone Therapy

Model

Level of C-Reactive Protein, mg/L
P Value for

Linear Trend�0.43 0.44-0.89 0.90-1.73 1.74-3.50 �3.50

Overall Population (N = 20 525)

Incident hypertension
No. of cases 511 673 912 1307 1962

Rate (No. per 1000 person-years) 22.7 28.5 34.5 44.0 58.1

Crude RR (95% CI) 1.00 1.25 (1.14-1.40) 1.51 (1.35-1.68) 1.90 (1.72-2.11) 2.50 (2.27-2.75) �.001

Age-adjusted RR (95% CI)* 1.00 1.20 (1.07-1.35) 1.42 (1.27-1.58) 1.77 (1.59-1.96) 2.31 (2.09-2.55) �.001

Multivariable-adjusted RR (95% CI)† 1.00 1.07 (0.95-1.20) 1.17 (1.04-1.31) 1.30 (1.17-1.45) 1.52 (1.36-1.69) �.001

Nonusers of HT (n = 11 605)

Incident hypertension
No. of cases‡ 389 450 549 665 849

Rate (No. per 1000 person-years) 22.7 28.5 34.7 44.6 61.3

Crude RR (95% CI) 1.00 1.25 (1.09-1.43) 1.51 (1.33-1.72) 1.93 (1.70-2.18) 2.62 (2.32-2.95) �.001

Age-adjusted RR (95% CI)* 1.00 1.20 (1.05-1.37) 1.42 (1.25-1.62) 1.78 (1.57-2.02) 2.42 (2.15-2.74) �.001

Multivariable-adjusted RR (95% CI)† 1.00 1.09 (0.94-1.25) 1.15 (1.00-1.32) 1.27 (1.11-1.46) 1.52 (1.32-1.75) �.001

Users of HT (n = 8881)

Incident hypertension
No. of cases‡ 122 222 361 641 1107

Rate (No. per 1000 person-years) 22.8 28.6 34.4 43.4 55.8

Crude RR (95% CI) 1.00 1.25 (1.00-1.56) 1.50 (1.22-1.84) 1.88 (1.55-2.28) 2.40 (1.99-2.89) �.001

Age-adjusted RR (95% CI)* 1.00 1.21 (0.97-1.51) 1.44 (1.17-1.77) 1.80 (1.48-2.19) 2.29 (1.90-2.76) �.001

Multivariable-adjusted RR (95% CI)† 1.00 1.04 (0.83-1.30) 1.22 (0.99-1.50) 1.36 (1.11-1.65) 1.55 (1.27-1.88) �.001
Abbreviations: HT, hormone therapy; RR, relative risk; CI, confidence interval.
*Adjusted for age, randomized aspirin treatment, randomized vitamin E treatment, and randomized beta-carotene treatment.
†Adjusted for the covariates in asterisk footnote plus body mass index, exercise, smoking status, alcohol intake, postmenopausal hormone use, parental history of myocardial

infarction at younger than 60 years, history of diabetes, and history of high cholesterol (having either any baseline history of cholesterol-lowering medication use or a physician
diagnosis of high cholesterol or a self-reported cholesterol of at least 240 mg/dL [�6.22 mmol/L]).

‡39 Women had missing data on HT use, and models stratified by HT nonusers and users did not include variables for postmenopausal hormone use.
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110 mm Hg and C-reactive protein level
of less than 1 mg/L (all P�.001). For di-
astolic BP, a similar additive effect was
observed, although the interaction did
not reach statistical significance (P=.11).

COMMENT
This study provides evidence that base-
line levels of C-reactive protein are mod-
estly but independently associated with
an increased risk of incident hyperten-
sion, even among those with very low ini-
tial systolic BP and diastolic BP as clas-
sified by the JNC 7.24 This finding for
C-reactive protein was independent of
baseline levels of systolic BP and dias-
tolic BP. Similar effects were observed

among those participants without base-
line coronary risk factors and in analy-
ses where C-reactive protein was con-
sidered as a continuous variable. These
data suggest that inflammation may have
a potentially important role in the de-
velopment of hypertension.

Despite the fact that up to 50 million
US individuals are affected,24 the etiol-
ogy of hypertension often remains un-
clear. These data from the Women’s
Health Study represent the first major
prospective analysis of the association be-
tween C-reactive protein and incident
hypertension and are consistent with the
findings for other inflammation-
sensitive plasma proteins, including fi-

brinogen, �1-antitrypsin, haptoglobin,
orosomucoid, and ceruloplasmin.19 Pre-
vious evidence of an association be-
tween C-reactive protein and BP has been
derived solely from cross-sectional stud-
ies in which no causal link can be estab-
lished.6-9 In those studies, C-reactive pro-
tein has been more strongly associated
with systolic BP than diastolic BP, which
is consistent with the emerging impor-
tance of systolic BP as a means of car-
diovascular risk prediction.26

Although the current data provide
evidence for a critical role of inflam-
mation in the development of hyper-
tension, the mechanisms of this effect
are uncertain and require further evalu-

Table 3. Hypertension (Age-Adjusted and Multivariable-Adjusted) by Levels of C-Reactive Protein, According to Baseline Systolic and Diastolic
Blood Pressure*

Model

Level of C-Reactive Protein, mg/L
P Value for

Linear Trend�0.43 0.44-0.89 0.90-1.73 1.74-3.50 �3.50

Baseline systolic BP, mm Hg
�110

No. of cases 52 56 63 85 98

Rate (No. per 1000 person-years) 7.6 8.9 10.0 13.0 16.6

Age-adjusted, treatment-adjusted RR (95% CI) 1.00 1.14 (0.78-1.66) 1.26 (0.87-1.82) 1.62 (1.15-2.29) 2.04 (1.45-2.87) �.001

Multivariable-adjusted RR (95% CI)* 1.00 0.90 (0.61-1.34) 1.06 (0.72-1.55) 1.11 (0.76-1.61) 1.31 (0.89-1.90) .051

110-119
No. of cases 142 209 224 299 437

Rate (No. per 1000 person-years) 14.4 20.4 20.0 25.3 33.4

Age-adjusted, treatment-adjusted RR (95% CI) 1.00 1.39 (1.12-1.72) 1.35 (1.09-1.67) 1.69 (1.39-2.07) 2.23 (1.84-2.69) �.001

Multivariable-adjusted RR (95% CI)* 1.00 1.28 (1.03-1.59) 1.16 (0.93-1.44) 1.33 (1.07-1.65) 1.57 (1.27-1.95) �.001

120-129
No. of cases 208 232 360 522 749

Rate (No. per 1000 person-years) 42.7 41.3 52.1 61.3 71.1

Age-adjusted, treatment-adjusted RR (95% CI) 1.00 0.96 (0.79-1.15) 1.19 (1.00-1.41) 1.39 (1.18-1.63) 1.61 (1.38-1.88) �.001

Multivariable-adjusted RR (95% CI)* 1.00 0.92 (0.76-1.11) 1.10 (0.92-1.31) 1.23 (1.03-1.46) 1.36 (1.15-1.62) �.001

Baseline diastolic BP, mm Hg
�65

No. of cases 31 45 28 53 60

Rate (No. per 1000 person-years) 7.5 12.4 6.8 13.9 16.9

Age-adjusted, treatment-adjusted RR (95% CI) 1.00 1.59 (1.01-2.52) 0.86 (0.52-1.44) 1.71 (1.10-2.67) 2.05 (1.32-3.17) �.001

Multivariable-adjusted RR (95% CI)* 1.00 1.48 (0.92-2.36) 0.76 (0.45-1.29) 1.44 (0.89-2.31) 1.51 (0.93-2.46) .08

65-74
No. of cases 146 210 268 369 484

Rate (No. per 1000 person-years) 13.5 18.6 22.5 28.4 34.6

Age-adjusted, treatment-adjusted RR (95% CI) 1.00 1.31 (1.06-1.62) 1.56 (1.27-1.91) 1.94 (1.60-2.35) 2.32 (1.92-2.79) �.001

Multivariable-adjusted RR (95% CI)* 1.00 1.19 (0.96-1.48) 1.36 (1.10-1.68) 1.47 (1.20-1.81) 1.59 (1.29-1.96) �.001

75-84
No. of cases 267 332 451 652 1001

Rate (No. per 1000 person-years) 39.1 43.4 49.3 58.6 73.4

Age-adjusted, treatment-adjusted RR (95% CI) 1.00 1.07 (0.91-1.26) 1.18 (1.01-1.37) 1.38 (1.20-1.59) 1.73 (1.51-1.99) �.001

Multivariable-adjusted RR (95% CI)* 1.00 0.97 (0.82-1.15) 1.02 (0.87-1.20) 1.13 (0.97-1.32) 1.31 (1.13-1.52) �.001
Abbreviations: BP, blood pressure; CI, confidence interval; RR, relative risk.
*Adjusted for age, randomized aspirin treatment, randomized vitamin E treatment, and randomized beta-carotene treatment, body mass index, exercise, smoking status, alcohol

intake, postmenopausal hormone use, parental history of myocardial infarction at younger than 60 years, history of diabetes, and history of high cholesterol (having either any
baseline history of cholesterol-lowering medication use or a physician diagnosis of high cholesterol or a self-reported cholesterol of at least 240 mg/dL [�6.22 mmol/L]).
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ation. C-reactive protein has been re-
ported to decrease production of ni-
tric oxide by endothelial cells12,13 and
thus might indirectly promote vaso-
constriction, leukocyte adherence,
platelet activation, oxidation, and
thrombosis.14,15,27 C-reactive protein also
has been reported to have proathero-
sclerotic properties by upregulating
angiotensin type-1 receptor expres-
sion,16 affecting the renin-angiotensin
system and contributing to the patho-
genesis of hypertension. These changes
are all indicative of progressive athero-
sclerosis and endothelial dysfunc-
tion,28 with structural and functional
changes in the endothelium ulti-
mately leading to the development of
hypertension.29 These findings are sup-
ported by cross-sectional associations
not only for C-reactive protein but also
IL-6, intercellular adhesion molecule 1,
and tumor necrosis factor � with ei-
ther BP or hypertension.8,9,30

Higher levels of C-reactive protein
also play an important role in the in-
duction of plasminogen activator inhibi-
tor 1 (PAI-1), a marker of impaired fi-
brinolysis and atherothrombosis.15,31 The
recent novel finding that C-reactive pro-
tein increases PAI-1 expression and ac-
tivity in human aortic endothelial cells15

supports a possible mechanism by which
the association between C-reactive pro-

tein and the development of hyperten-
sion is mediated. Patients with hyper-
tension have markedly higher levels of
PAI-1 than normotensive patients,32 and
both systolic and diastolic BP were sig-
nificantly (P�.001) and positively as-
sociated with PAI-1 levels in the
Framingham offspring cohort.33

Potential limitations of our study
warrant discussion. As in any epide-
miologic study, residual confounding
is of concern. After controlling for other
known risk factors for both hyperten-
sion and atherothrombosis, as well as
baseline BP, our results remained sig-
nificant. We observed similar results in
subgroup analyses limited to those par-
ticipants without baseline coronary risk
factors. We relied on a single baseline
measurement of C-reactive protein.
However, C-reactive protein has been
shown to be stable over long periods of
follow-up, with little or no diurnal
variation.34,35

In our study, incident hypertension
was based on self-reported BP, treat-
ment, physician diagnosis, or all 3 com-
bined. To address this potential limita-
tion, we performed a separate study in
which an 86% validation rate for self-
reported hypertension was observed,
consistent with other studies.36,37 For ex-
ample, in a comparable population in the
Nurses’ Health Study, 99% of women

who reported high BP confirmed their
diagnosis based on medical records.37

Sensitivity analyses considering vari-
ous definitions of hypertension also
yielded consistent and significant lin-
ear trends across increasing levels of C-
reactive protein. Any impact of misclas-
sification would likely be random,
biasing our observed RRs toward the null
hypothesis.

Although hypertension awareness,
treatment, and control rates have in-
creased during the past 3 decades, the
identification of individuals at risk for
hypertension remains a high prior-
ity.24 These data provide evidence that
inflammation may be an important
mechanism through which hyperten-
sion develops.
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