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Background: Although hypertension is a principal precursor of
congestive heart failure (CHF), the separate relations of systolic,
diastolic, and pulse pressure with risk for heart failure have not
been fully elucidated.

Objective: To examine the value of blood pressure predictors of
heart failure.

Design: Community-based inception cohort study.

Setting: Framingham, Massachusetts.

Patients: 2040 free-living Framingham Heart Study participants
(mean age, 61 years [range, 50 to 79 years]).

Measurements: The association of baseline systolic, diastolic,
and pulse pressure with risk for incident CHF was examined in
894 men and 1146 women. Framingham Heart Study participants
free of CHF at the baseline examination (performed from 1968 to
1973) were monitored for up to 24 years (mean, 17.4 years) for
new-onset heart failure. Cox proportional hazards models were
used to adjust for age, sex, smoking, left ventricular hypertrophy,
body mass index, diabetes mellitus, high-density lipoprotein cho-
lesterol level, and heart rate; hazard ratios and 95% CIs for blood
pressure variables were estimated.

Results: CHF developed in 234 participants (11.8%) during the
follow-up period. All three blood pressure components were re-
lated to the risk for CHF, but the relation was strongest for
systolic and pulse pressure. A 1-SD (20 mm Hg) increment in
systolic pressure conferred a 56% increased risk for CHF (hazard
ratio, 1.56 [95% CI, 1.37 to 1.77]); similarly, a 1-SD (16 mm Hg)
increment in pulse pressure conferred a 55% increased risk for
CHF (hazard ratio, 1.55 [CI, 1.37 to 1.75]). These associations
were unrelated to age, duration of follow-up, and initiation of
treatment for hypertension during follow-up; they were also ob-
served in patients with systolic hypertension (systolic blood pres-
sure > 140 mm Hg) at the baseline examination (hazard ratio,
1.41 [CI, 1.18 to 1.69] for pulse pressure and 1.42 [CI, 1.14 to
1.76] for systolic pressure).

Conclusions: Although each component of blood pressure was
associated with risk for CHF, pulse and systolic pressure conferred
greater risk than diastolic pressure. Increased pulse pressure may
help identify hypertensive patients at high risk for overt CHF who
are candidates for aggressive blood pressure control.
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Hypertension is the most common risk factor for con-
gestive heart failure (CHF). It confers a twofold risk

for the occurrence of CHF and also carries the highest
population attributable risk among all risk factors for CHF
(1, 2). Placebo-controlled clinical trials in patients with
hypertension have demonstrated a consistent reduction in
risk for CHF attributable to the lowering of elevated blood
pressure (3–6). The causal role of hypertension in the
pathogenesis of CHF underscores the need to identify
high-risk patients because early treatment may prevent or
delay the occurrence of CHF (2, 7).

The prognostic significance of systolic and diastolic
blood pressure in CHF has been reported. However, blood
pressure may also be divided into two other components:
steady (mean arterial pressure) and pulsatile (pulse arterial
pressure) (8–10). Pulse pressure, a simple correlate of con-
duit vessel stiffness, is associated with left ventricular hy-
pertrophy (11). Increased pulse pressure has also been im-
plicated in the development and progression of large-vessel
atherosclerosis and small-vessel disease (12–14). Accumu-
lating evidence indicates that pulse pressure (defined as the
difference between systolic and diastolic blood pressure)
may be an important predictor of cardiovascular events
(15–18). Pulse pressure predicts the risk for CHF in elderly
persons (19, 20); however, the association of pulse pressure

with CHF in middle-aged men and women has not been
examined.

The Framingham Heart Study provides an opportu-
nity to examine the long-term associations of systolic, dia-
stolic, and pulse pressure with the new onset of CHF in
middle-aged and elderly men and women. Blood pressure
and traditional risk factors have been measured repeatedly
at serial examinations in this community-based cohort with
long-term follow-up. We examined systolic blood pressure,
diastolic blood pressure, and pulse pressure as predictors of
risk for CHF in the Framingham Heart Study.

METHODS

The Framingham Heart Study, which began in 1948,
has followed 5209 participants (28 to 62 years of age at
entry to the study) as part of a prospective epidemiologic
study of cardiovascular disease. Enrollment criteria and
study design have been published previously (21). Biennial
follow-up visits included a medical history, physical exam-
ination, blood pressure measurements, 12-lead electrocar-
diography, and laboratory tests. Eligibility requirements for
inclusion in our study were as follows: Participants had to
be free of coronary heart disease and CHF and not be
receiving antihypertensive therapy at Framingham Heart
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Study clinic baseline examinations 10, 11, or 12 (1968 to
1973). Participants were followed for onset of CHF
through mid-1994.

We obtained data for selected risk factors from the
baseline examination. Methods for assessing risk factors
have been published previously (21, 22). Risk factors, in-
cluding age, sex, cigarette smoking, heart rate, antihyper-
tensive medication use, and total and high-density lipopro-
tein cholesterol levels, were assessed. Sitting systolic and
diastolic blood pressure were measured twice by the exam-
ining physician (using a mercury column sphygmomanom-
eter) and averaged. We used body mass index (kg/m2) as a
measure of obesity. Participants were categorized as smok-
ers if they smoked cigarettes regularly within the 1-year
period before the baseline examination. Electrocardiogra-
phy revealed left ventricular hypertrophy when increased
voltage was associated with major ST-T repolarization
changes (“strain” pattern) (22). Diabetes mellitus was de-
fined on the basis of a fasting blood glucose level greater
than 7.77 mmol/L (�140 mg/dL), two random nonfasting
blood glucose levels greater than 11.10 mmol/L
(�200 mg/dL), or the use of insulin or an oral hypoglyce-
mic agent.

Diagnostic criteria for CHF have been described pre-
viously (21, 22). At each clinic examination, a history of
interim hospitalizations and symptoms of CHF were ob-
tained. Outside medical records of participants who did
not attend an examination were evaluated for incident
CHF. All suspected interim events were reviewed by a
panel of three physicians who evaluated relevant Framing-
ham Heart Study clinic notes, outside physician reports,
and hospitalization records. Congestive heart failure was
diagnosed when at least two major or one major and two
minor criteria were present. Minor criteria were considered
only if their presence could not be attributed to another
disease process. Major criteria were paroxysmal nocturnal
dyspnea, pulmonary rales, distended jugular veins, enlarg-
ing heart size on chest radiography, acute pulmonary
edema, hepatojugular reflux, third heart sound, jugular ve-
nous pressure of 16 cm or greater, and weight loss of 4.5 kg
or greater in response to diuresis. Major criteria also in-
cluded pulmonary edema, visceral congestion, or cardio-
megaly on autopsy. Minor criteria were bilateral ankle
edema, nocturnal cough, shortness of breath on ordinary
exertion, hepatomegaly, pleural effusion, decrease in vital
capacity by one third from the previous maximum re-
corded value, and heart rate of 120 beats/min or more.

Statistical Analysis
We used multivariable Cox proportional hazards re-

gression models to examine the relations of systolic, dia-
stolic, and pulse pressure with CHF. After accounting for
age and sex and using a P value less than 0.15 as the
selection criterion, we determined covariates by stepwise
selection from the following list: body mass index, diabe-
tes, smoking status, total cholesterol level, high-density li-

poprotein (HDL) cholesterol level, total–HDL cholesterol
ratio, left ventricular hypertrophy, and heart rate. Only
total cholesterol level and total–HDL cholesterol ratio did
not enter the model. After accounting for relevant covari-
ates, we used Cox proportional hazards models to obtain
hazard ratio estimates with 95% CIs for standardized val-
ues of systolic, diastolic, and pulse pressure. These esti-
mates were obtained individually and pairwise by using
SAS software (SAS Institute, Inc., Cary, North Carolina)
(23). We repeated analyses for participants stratified ac-
cording to hypertension status and sex. Because blood pres-
sure and age are correlated, we conducted separate analyses
for participants younger than 60 years of age and 60 years
of age and older. To examine constancy of effects over
time, follow-up was divided into early and late periods
(�10 years, �10 years), and hazard ratios were calculated
separately for early and late follow-up. In addition, we an-
alyzed blood pressure as a time-varying covariate and as-
sessed the effect of antihypertensive treatment after the
baseline blood pressure measurements. We used the
Kaplan–Meier method to plot age- and sex-standardized
cumulative incidence rates for CHF as a function of pulse
pressure tertile at baseline. Descriptive data are presented as
percentages or means (�SD). A P value less than 0.05 was
considered statistically significant.

Role of the Funding Sources
The funding sources had no role in the design, con-

duct, analyses, and reporting of the study or in the decision
to submit the manuscript for publication.

RESULTS

A total of 894 men and 1146 women, age 50 to 79
years, fulfilled criteria for inclusion in our study. Table 1
presents baseline clinical characteristics for these persons.

Context

Hypertension is a recognized risk factor for the develop-
ment of congestive heart failure (CHF). By measuring
blood pressure, however, we have not yet been able to
understand the significance of pulse pressure as a contrib-
utor to CHF in middle-aged men and women.

Contribution

Using data from the Framingham Heart Study, the authors
found that although elevations of systolic, diastolic, and
pulse pressure were all related to the risk for CHF, the re-
lation was strongest for systolic and pulse pressure.

Cautions

Understanding the relationships between systolic, diastolic,
and pulse pressure and risk for CHF is helpful; however,
they do not help determine the increased risk faced by a
person with systolic hypertension who also has increased
pulse pressure.

–The Editors

ArticlePulse Pressure and Heart Failure

www.annals.org 7 January 2003 Annals of Internal Medicine Volume 138 • Number 1 11



During 35 497 person-years of follow-up (mean, 17.4
years [range, 0.06 to 24 years]), CHF developed in 234
(11.8%) persons. Myocardial infarction preceded CHF in
59 (25%) persons.

Increments of 1 SD in systolic pressure, pulse pressure,
and diastolic pressure were associated with hazard ratios for
congestive failure of 1.56, 1.55, and 1.24, respectively, af-
ter adjustment for age, sex, smoking, left ventricular hyper-
trophy, body mass index, diabetes mellitus, HDL choles-
terol level, and heart rate (Table 2). When blood pressure
tertiles were used, similar associations were observed
among various components of blood pressure and CHF.
No threshold effect or J-shaped association was docu-
mented (Table 2). The cumulative incidence of CHF ac-
cording to tertiles of baseline pulse pressure is plotted in
the Figure.

The joint influences of different blood pressure com-
ponents were also examined, with adjustment for the co-
variates mentioned previously. Of note, correlations among
the blood pressure variables ranged from modest to very

high (r � 0.20 for diastolic and pulse pressure, r � 0.65
for diastolic and systolic pressure, and r � 0.88 for systolic
and pulse pressure). Diastolic pressure was not significant
(hazard ratio, 1.12 [CI, 0.98 to 1.29]) in conjunction with
pulse pressure (hazard ratio, 1.51 [CI, 1.33 to 1.72]). Like-
wise, diastolic pressure was not significant (hazard ratio,
0.86 [CI, 0.72 to 1.03]) in conjunction with systolic pres-
sure (hazard ratio, 1.71 [CI, 1.45 to 2.01]), but joint esti-
mates were less stable than those obtained for individual
pressure variables. Finally, because of colinearity, joint es-
timation of coefficients for systolic and pulse pressures was
highly unstable, resulting in unreliable parameter estimates
and SEs (not shown).

When we stratified patients by age, 74 of 1007 pa-
tients younger than 60 years of age at baseline had CHF;
160 of 1033 patients 60 years of age or older at baseline
had CHF. Hazard ratios were significantly greater than 1.0
in both age groups for all blood pressure components, ex-
cept diastolic blood pressure for patients younger than 60
years of age (Table 3). Hazard ratios did not differ signif-
icantly between the two age groups for any blood pressure
component (systolic pressure, P � 0.13; diastolic pressure,
P � 0.2; pulse pressure, P � 0.2). During the first 10 years
of follow-up, 70 of 2040 patients developed CHF; among
1700 patients who survived 10 years free of CHF, 164
developed CHF later. During each follow-up period, haz-
ard ratios for each blood pressure component were signif-
icantly greater than 1.0, except for diastolic blood pressure
during the first 10 years (Table 4). Hazard ratios did not
differ significantly between early and late follow-up for any
blood pressure component (systolic pressure, P � 0.20; di-
astolic pressure, P � 0.2; pulse pressure, P � 0.07).

When we stratified the study sample according to sys-
tolic hypertension status (�140 mm Hg), systolic and
pulse pressure remained predictive of risk for development
of CHF among patients with systolic hypertension. In con-
trast, systolic, diastolic, and pulse pressures were not pre-
dictive of risk for CHF among patients with systolic blood
pressure less than 140 mm Hg (Table 4). Nonetheless,
hazard ratios did not differ significantly between systolic
hypertension groups for any blood pressure component

Table 1. Baseline Clinical Characteristics of the Study Participants*

Variable Total Participants (n � 2040) Men (n � 894) Women (n � 1146)

Age, y 61 � 8 61 � 8 61 � 8
Smoking, % 33 36 32
Diabetes mellitus, % 7 7 7
Total cholesterol level, mmol/L (mg/dL) 5.98 � 1.09 (231 � 42) 5.70 � 1.04 (220 � 40) 6.22 � 1.06 (240 � 41)
High-density lipoprotein cholesterol level, mmol/L (mg/dL) 1.37 � 0.41 (53 � 16) 1.19 � 0.34 (46 � 13) 1.50 � 0.41 (58 � 16)
Body mass index, kg/m2 26.1 � 3.9 26.7 � 3.6 25.6 � 4.2
Left ventricular hypertrophy on ECG, % 3 3 3
Heart rate, beats/min 76 � 13 73 � 13 78 � 13
Systolic blood pressure, mm Hg 136 � 20 136 � 19 135 � 21
Diastolic blood pressure, mm Hg 79 � 10 80 � 10 78 � 10
Pulse pressure, mm Hg 57 � 16 56 � 15 57 � 16

* Values presented with plus/minus signs are the mean � SD. ECG � electrocardiography.

Table 2. Risk Factor–Adjusted Association of Blood Pressure
with Congestive Heart Failure

Blood Pressure Hazard Ratio (95% CI)* P Value

Continuous variable†
Pulse (1 SD) 1.55 (1.37–1.75) �0.001
Systolic (1 SD) 1.56 (1.37–1.77) �0.001
Diastolic (1 SD) 1.24 (1.08–1.42) 0.002

Categorical variable
Pulse

Tertile 1 (26–48 mm Hg) 1 (reference)
Tertile 2 (49–60 mm Hg) 1.46 (0.98–2.16) 0.06
Tertile 3 (�61 mm Hg) 2.56 (1.75–3.74) �0.001

Systolic
Tertile 1 (87–125 mm Hg) 1 (reference)
Tertile 2 (126–141 mm Hg) 1.48 (0.99–2.21) 0.06
Tertile 3 (�142 mm Hg) 3.07 (2.10–4.49) �0.001

Diastolic
Tertile 1 (49–74 mm Hg) 1 (reference)
Tertile 2 (75–82 mm Hg) 1.33 (0.94–1.87) 0.11
Tertile 3 (�83 mm Hg) 1.67 (1.18–2.37) 0.004

* Adjusted for age, sex, smoking, left ventricular hypertrophy, body mass index,
diabetes mellitus, high-density lipoprotein cholesterol level, and heart rate.
† Values of 1 SD were 16 mm Hg for pulse pressure, 20 mm Hg for systolic
pressure, and 10 mm Hg for diastolic pressure.
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(systolic pressure, P � 0.2; diastolic pressure, P � 0.2;
pulse pressure, P � 0.2).

In secondary analyses, hazard ratios and confidence
limits were almost identical in separate analyses of men and
of women (data not shown). In addition, interim myocar-
dial infarction was highly significant as a time-dependent
variable, but its inclusion did not materially affect the co-
efficients for the blood pressure variables. When time-
dependent antihypertensive treatment after the baseline ex-
amination was included, time-dependent pulse pressure
(hazard ratio, 1.27 [CI, 1.14 to 1.42]; P � 0.001) and
time-dependent systolic pressure (hazard ratio, 1.23 [CI,
1.09 to 1.39]; P � 0.001) remained significant predictors
of CHF, but time-dependent diastolic pressure was not
(hazard ratio, 0.96 [CI, 0.85 to 1.10]; P � 0.58). Finally,
among patients with systolic blood pressure of 140 mm Hg
or higher, we jointly estimated coefficients for pairs of
blood pressure variables. Coefficients for systolic and dia-
stolic pressures were equal in magnitude but opposite in
sign, indicative of a pulse pressure effect. When diastolic
and pulse pressures were included, pulse pressure
(P � 0.001) but not diastolic pressure (P � 0.2) was asso-

ciated with risk for CHF. When systolic and pulse pres-
sures were included, resulting estimates were unstable.

DISCUSSION

This large population-based study demonstrates that
pulse pressure, a simple measure of pulsatile hemodynamic
stress and arterial stiffness, is a robust predictor of risk for
CHF. This association was independent of age, duration of
follow-up, and initiation of treatment for hypertension
during follow-up. Pulse pressure was a valuable measure in
patients with elevated systolic blood pressure, in whom the
magnitude of this association was greater than that of sys-
tolic blood pressure and far greater than that of diastolic
blood pressure. Our findings suggest that pulse pressure
may help identify hypertensive patients at high risk for
overt CHF who are candidates for aggressive blood pres-
sure control.

Blood Pressure and CHF
Hypertension is a principal precursor of CHF (1). Al-

though myocardial infarction, diabetes mellitus, valvular
heart disease, left ventricular hypertrophy, and cardiomy-

Figure. Cumulative incidence of congestive heart failure according to pulse pressure tertiles at the baseline examination.

Tertile 1 was defined as pulse pressure of 26 to 48 mm Hg, tertile 2 was defined as pulse pressure of 49 to 60 mm Hg, and tertile 3 was defined as pulse
pressure of 61 to 150 mm Hg.

Table 3. Risk Factor–Adjusted Association of Blood Pressure with Congestive Heart Failure, by Age and Follow-up Period

Blood
Pressure*

Age, y Hazard Ratio
(95% CI)†

P Value Follow-up
Period, y

Hazard Ratio
(95% CI)†

P Value

Pulse (1 SD) �60 1.40 (1.08–1.83) 0.01 �10 1.31 (1.07–1.60) 0.008
Pulse (1 SD) �60 1.60 (1.39–1.85) �0.001 �10 1.65 (1.42–1.92) �0.001

Systolic (1 SD) �60 1.33 (1.03–1.71) 0.03 �10 1.36 (1.10–1.70) 0.005
Systolic (1 SD) �60 1.66 (1.43–1.94) �0.001 �10 1.62 (1.39–1.89) �0.001

Diastolic (1 SD) �60 1.11 (0.86–1.44) �0.2 �10 1.21 (0.94–1.55) 0.14
Diastolic (1 SD) �60 1.31 (1.11–1.55) 0.002 �10 1.26 (1.07–1.48) 0.006

* Values of 1 SD were 16 mm Hg for pulse pressure, 20 mm Hg for systolic pressure, and 10 mm Hg for diastolic pressure.
† Adjusted for age, sex, smoking, left ventricular hypertrophy, body mass index, diabetes mellitus, high-density lipoprotein cholesterol level, and heart rate.
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opathies also predispose to CHF, the contribution of ele-
vated blood pressure to the risk for developing heart failure
in the general population and among persons with hyper-
tension is substantial (1, 2). Several clinical trials have
demonstrated that treatment of hypertension decreases the
risk for CHF (3–6, 24). A meta-analysis of 12 randomized,
placebo-controlled clinical trials reported a 52% reduction
in the occurrence of CHF in hypertensive patients who
received medication compared with those who received
placebo (25). These findings are compatible with the re-
sults of a separate meta-analysis of hypertension trials in
elderly persons that reported a 47% reduction in the inci-
dence of CHF with the treatment of hypertension (26).
Understanding the mechanisms that contribute to the risk
for CHF in hypertensive patients may lead to approaches
for its prevention and improvements in therapy.

Increasing evidence suggests a link between stiffness of
conduit vessels and cardiovascular disease morbidity and
mortality (16). Measures of aortic stiffness and pulse pres-
sure have been demonstrated to be associated with left ven-
tricular hypertrophy, myocardial infarction, and stroke in
normotensive and hypertensive persons (11, 16, 17, 27,
28). The long-term association between conduit artery
stiffness and risk for CHF in the community has not been
elucidated despite many studies that suggest an association
(15, 18, 19). Age (29), diabetes mellitus (30), hypertension
(31, 32), and left ventricular hypertrophy (11) are associ-
ated with conduit artery stiffness, and they also are risk
factors for CHF (8). Thus, there are several potential ex-
planations for the association between elevated pulse pres-
sure and risk for CHF.

Stiffening of the conduit vessels increases pulse wave
velocity, which results in premature return of the reflected
pressure wave to the heart during systole (33). The early
reflected pressure wave adds to the forward wave and in-
creases load on the heart, whereas the reflected flow wave
diminishes forward flow and stroke volume (33). In hyper-
tensive patients, the left ventricle with reduced end-systolic

elastance (7) may be sensitized to this incremental late-
systolic load (34), resulting in a reduction in stroke volume
(35). Movement of the reflected wave from diastole into
systole diminishes coronary perfusion pressure and has
been shown to produce ischemia in animal models both
with and without epicardial coronary stenoses (36–38).
Increased aortic and left ventricular systolic pressures are
manifestations of increased left ventricular hemodynamic
load; both of these generate increased metabolic demands.
Chronic, increased left ventricular pressure may predispose
to ventricular hypertrophy, impaired diastolic relaxation,
and, ultimately, CHF (39). However, on the basis of our
observations, the possibility that pulse pressure is only a
marker rather than a link between hypertension and CHF
cannot be entirely excluded.

Comparison with Previous Studies
Earlier studies have reported an association of pulse

pressure with cardiovascular disease morbidity and mortal-
ity (10, 16, 17). Pulse pressure also predicted death after
myocardial infarction and recurrent myocardial infarction
in an analysis of 2231 patients from the Survival and Ven-
tricular Enlargement (SAVE) study (15) and 6781 patients
randomly assigned into the Studies of Left Ventricular
Dysfunction (SOLVD) trials (40). Pulse pressure predicted
all-cause, cardiovascular, and coronary mortality in 19 083
middle-aged and elderly healthy French men enrolled in a
screening program (17). Madhavan and colleagues found
that pulse pressure, but not systolic or diastolic blood pres-
sure, was an independent predictor of cardiovascular out-
comes in 2207 untreated hypertensive patients who were
followed for almost 5 years (28). Similarly, others have
demonstrated an independent predictive role of pulse pres-
sure in cardiovascular disease (16, 18, 20, 41, 42).

A recent Framingham investigation found that pulse
pressure increases steeply with age, especially after the sixth
decade of life, a time when diastolic pressure tends to de-
cline (43). If left untreated, hypertension may accelerate
the rate of development of large-artery stiffness (10), which
can perpetuate a cycle of increasing systolic hypertension
and increased arterial stiffness. These changes could worsen
asymptomatic left ventricular dysfunction, culminating in
overt CHF when a threshold is exceeded or when other
precipitating factors occur concurrently (7). A report from
the East Boston Senior Health Project demonstrated an
association between increased pulse pressure and CHF in
1621 elderly (mean age, 78 years) men and women (19).
Multivariate models adjusted for age, sex, mean blood
pressure, history of coronary artery disease, diabetes melli-
tus, atrial fibrillation, and treatment for hypertension. The
East Boston Senior Health Project (19) had a shorter
follow-up (3.8 years) and used the diagnosis from the
Medicare Provider Analysis and Review file (from the Cen-
ters for Medicare & Medicaid Services [formerly the
Health Care Financing Administration]) to identify 221
CHF events (International Classification of Diseases,

Table 4. Risk Factor–Adjusted Association of Blood Pressure
with Congestive Heart Failure, by Systolic Hypertension Status*

Systolic Hypertension Status† Hazard Ratio
(95% CI)‡

P Value

Systolic blood pressure � 140 mm Hg§
Pulse (1 SD) 1.41 (1.18–1.69) �0.001
Systolic (1 SD) 1.42 (1.14–1.76) 0.002
Diastolic (1 SD) 0.95 (0.78–1.16) �0.2

Systolic blood pressure � 140 mm Hg�

Pulse (1 SD) 1.15 (0.78–1.71) �0.2
Systolic (1 SD) 1.26 (0.81–1.95) �0.2
Diastolic (1 SD) 1.09 (0.81–1.48) �0.2

* Blood pressure variables were studied individually in separate models.
† Values of 1 SD were 16 mm Hg for pulse pressure, 20 mm Hg for systolic
pressure, and 10 mm Hg for diastolic pressure.
‡ Adjusted for age, sex, smoking, left ventricular hypertrophy, body mass index,
diabetes mellitus, high-density lipoprotein cholesterol level, and heart rate.
§ 137 events; 774 persons.
� 97 events; 1266 persons.
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Ninth Revision, Clinical Modification); nonhospitalized
patients with milder CHF may have been missed (44).
Similarly, among 2152 participants in the Established Pop-
ulations for Epidemiologic Study of the Elderly program
who were free of coronary disease and CHF at the baseline
examination, pulse pressure showed a strong and linear
relationship with risk for development of CHF. After ad-
justment for demographic characteristics, comorbid fac-
tors, and risk factors, a 10–mm Hg increment in pulse
pressure was associated with a 14% increase in risk for
CHF (20).

In our study cohort, pulse pressure emerged as a pre-
dictor of risk for CHF in patients with systolic hyperten-
sion (�140 mm Hg). In previous reports from Framing-
ham (45) and the East Boston Senior Health Project (19),
pulse pressure was found to be a dominant predictor of
coronary artery disease and CHF. Unlike the East Boston
Senior Health Project (19), we did not document a J-
shaped association of diastolic pressure with risk for CHF.
Our study confirms a recent study that found a graded and
independent association between pulse pressure and inci-
dence of CHF (20).

Strengths and Limitations
The Framingham Heart Study provides a large, pop-

ulation-based sample in which risk factors are routinely
assessed and the follow-up is extensive. In this cohort, re-
ferral bias is inherently low and the effect of pulse pressure
on the development of CHF can be assessed more exten-
sively than through an intervention trial or clinical series.
Our study clarifies the independent association of pulse
pressure with risk for CHF, especially in participants with
systolic hypertension. The CHF criteria used by the Fra-
mingham Heart Study are clinical; therefore, the diagnosis
of CHF may be subject to misclassification. This fact may
have implications for our study because objective criteria
for echocardiographic and radiologic imaging were not
used to document CHF in this sample. However, through-
out the 17 years of follow-up, the same criteria were used
to establish the diagnosis of CHF. Our study sample was
primarily white; thus, our findings may not apply to other
racial and ethnic groups who may have an even greater risk
for CHF. However, previous reports from other prospec-
tive studies have shown a similar association of pulse pres-
sure with CHF.

Conclusion
In our study sample, although each component of

blood pressure was associated with risk for CHF, pulse and
systolic pressures conferred the greatest risk. Pulse pressure
may help identify hypertensive patients at high risk for
overt CHF who are candidates for aggressive blood pres-
sure control. Therapies that improve arterial compliance
may have value in the prevention and treatment of CHF in
patients with elevated pulse pressure. However, evidence
from randomized clinical trials is needed to determine

whether reduction of pulse pressure should be a specific
target for the prevention of CHF.
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