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Is Pulse Pressure an Independent Risk Factor for Incident 
Acute Coronary Heart Disease Events? The REGARDS Study
Stephen P. Glasser,1 Daniel L. Halberg,2 Charlie Sands,2 Christopher M. Gamboa,3 Paul Muntner,4 and 
Monika Safford5

background
Increased attention has been given to pulse pressure (PP) as a potential 
independent risk factor for cardiovascular disease (CVD). We examined the 
relationship between the three indices of blood pressure consisting of sys-
tolic blood pressure (SBP), diastolic blood pressure (DBP), and PP (= SBP –  
DBP), respectively, and incident acute coronary heart disease (CHD).

methods
Participants in the REasons for Geographic And Racial Differences in 
Stroke (REGARDS) Study, a national cohort study of 30,239 black and 
white participants > 45 years of age, were enrolled between 2003 and 
2007. The participants’ SBP, DBP, and PP values were separated into 
the four groups of < 45 mm Hg, 45–54.9 mm Hg, 55–64.9 mm Hg, and 
≥ 65 mm Hg, and were analyzed on a groupwise basis. Reported CHD 
events were confirmed by expert adjudication. Cox proportional haz-
ards models were used to examine the association of incident CHD 
(first acute CHD event) for the four groups of BP measurements with 
multivariate-adjusted sociodemographic and clinical risk factors.

results
Analyses were done for 22,909 men and women (40.4% black, 44.6% 
male) ≥ 45 years of age (mean age = 64.7 ± 9.4 years) without prevalent 

CHD at baseline. Associations were found for 681 CHD events, over 
a mean 3.4  years of follow-up (maximum 6  years), with each unad-
justed PP group (hazard ratio [HR] with 95% confidence limits for PP of 
45–54.9 mm Hg, 55–64.9 mm Hg, and ≥ 65 mm Hg, respectively, of 3.82, 
3.08, and 4.73 as compared with PP < 45 mm Hg; P < 0.0001 for linear 
trend), and this persisted after full adjustment, including that for SBP 
(1.50, 1.08, 2.09; P trend < 0.01). Subgroup analyses showed no statisti-
cally significant differences across age, race, or region of the country, 
but did suggest the possibility that men were more sensitive to PP than 
were women.

conclusions
Pulse pressure is positively and independently (particularly so with 
regard to independence from SBP) associated with incident CHD, and 
there were no significant racial or regional differences in this association.
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Current definitions of hypertension (HTN) are primar-
ily based on systolic blood pressure (SBP) and diastolic 
blood pressure (DBP) but not on pulse pressure (PP). More 
recently, increased attention has been given to PP as a pre-
dictor of cardiovascular risk. Pulse pressure is an indicator 
of the stiffness of large arteries, especially the aorta.1–4 Both 
SBP and DBP increase with age in a parallel manner until 
the age of approximately 60 years, after which SBP contin-
ues to rise and DBP begins to decrease. This age-related 
phenomenon results in the large increase in PP after age 
60  years, and in an increase in the prevalence of isolated 
systolic hypertension (ISH).5 As a result, PP may be a key 

blood-pressure–related variable in older individuals and 
may be important as a risk factor for cardiovascular disease 
(CVD), including stroke, myocardial infarction (MI), and 
death.3 Some evidence suggests that PP may be an independ-
ent predictor of CHD-related events even independently of 
SBP. We have already reported the association of PP with 
incident stroke and found that although PP was positively 
associated with stroke, this association was attenuated after 
multivariate adjustment, which included adjustment for SBP, 
DBP, and MAP.6

Although a possible relationship between PP and the 
occurrence of acute CHD-related events (definite and 

mailto:sglasser@uabmc.edu?subject=


556 American Journal of Hypertension 27(4) April 2014

Glasser et al.

probable MI, as well as death from CHD) has been studied, 
most such studies have included predominantly white popu-
lations.2,5 Few data on this subject are available for African–
Americans (AA), and it is unclear whether an association 
exists between PP and the incidence of acute CHD in the AA 
population. Differences have also been reported in the asso-
ciation of PP with CHD in women as compared with men.1

The primary purpose of the REasons for Geographic And 
Racial Differences in Stroke (REGARDS) study was to fur-
ther investigate whether PP is a useful predictor of the risk of 
acute CHD-related events. We also postulate that differences 
in PP, independently of SBP, may represent a factor contrib-
uting to the racial differences in risk of acute CHD-related 
events. In view of this, we felt that the REGARDS study 
would provide valuable information about whether racial 
differences exist relative to PP, and their effect on incident 
acute CHD. We also wanted to explore whether AAs have a 
greater CHD risk at the same PP than do whites (i.e., a dif-
ferential susceptibility as compared with that of whites), and 
whether there are regional differences in that association.

METHODS

Study population

The REGARDS study is a national, population-based, bira-
cial, longitudinal cohort study designed to examine underly-
ing causes for racial and regional differences in stroke and 
CHD. The study enrolled only AAs and white persons, and 
oversampled AAs and persons living in the Stroke Belt region 
of the United States, an area that has stroke mortality rates 
higher than those in the rest of the country. Between January 
2003 and October 2007, 30,239 individuals were enrolled in 
the REGARDS study, 42% of whom were AAs and 58% white 
persons, and 45% of whom were men and 55% women. Of 
the study participants, 21% were from the Stroke Belt Buckle 
(the coastal-plain region of North Carolina, South Carolina, 
and Georgia), 35% from the Stroke Belt states (remainder of 
North Carolina, South Carolina, and Georgia, plus Alabama, 
Mississippi, Tennessee, Arkansas, and Louisiana), and the 
remaining 44% from the other 40 contiguous states (referred 
to as non-Belt states) of the United States. Participants in the 
REGARDS study were selected from commercially avail-
able lists (Genesys, Grand Blanc, Michigan). A  letter and 
brochure informed participants of the study, and was fol-
lowed by a telephone call to inform them of its approach. 
During that call, verbal consent was obtained and a 45-min-
ute questionnaire was administered. The telephone response 
rate, including an estimate of eligibility among participants 
who were not reached, was 33%; the cooperation rate among 
those with confirmed eligibility was 49% (which was similar 
to that in the Multi-Ethnic Study of Atherosclerosis, which 
had a 39.8% participation rate among persons contacted and 
to whom the study was explained).

Participants were considered to be enrolled in the study if 
they completed the telephone questionnaire and the in-per-
son physical examination at the study baseline. Demographic 
information and a medical history of each participant were 
obtained by trained interviewers through a computer-assisted 
telephone interview (CATI). Consent for participation was 

obtained verbally by telephone and subsequently in writing 
during a follow-up visit in the participant’s home. A  brief 
physical examination, including anthropometric and blood 
pressure measurements, blood samples, and an electro-
cardiogram (EKG), was conducted in person at 3–4 weeks 
after the telephone interview. Participants were followed by 
telephone at 6-month intervals for surveillance of medical 
events. Reports of a potential CHD-related event prompted 
the retrieval of medical information for the relevant study 
participant, and reports of death triggered interviews with 
the next-of-kin or other proxies, in addition to the retrieval 
of any hospital records that corresponded to a hospitaliza-
tion near the time of the participant’s death. The National 
Death Index was also queried for the cause of participants’ 
deaths. Study methods were reviewed and approved by all 
involved institutional review boards. Additional details of 
the study methodology are provided elsewhere.7

Main outcomes

The primary dependent variables in the study were 
acute CHD (incident fatal and non-fatal MI); acute CHD 
plus CVD death;  CVD; and fatal and non-fatal MI sepa-
rately. Definitions of the outcomes were based on inter-
national consensus.8 Myocardial infarction was classified 
and grouped as definite or probable if a biomarker for MI 
(almost always troponin) exhibited a rising or falling pat-
tern with its peak concentration being twice the lowest 
established upper limit of normal, in addition to the pres-
ence of at least one of the following: symptoms or signs 
suggestive of ischemia or changes in the EKG that were 
consistent with acute ischemia. If the EKG showed diagnos-
tic changes and ischemic signs or symptoms were present 
but the values for biomarkers were either unavailable or 
equivocal, an event was classified as a probable MI. Death 
from acute CHD was defined as definite fatal MI if death 
occurred within 28 days of hospital admission in cases of 
definite MI, or was defined on the basis of postmortem 
findings consistent with MI within 28  days of death. The 
designation of probable CVD-related death was applied to 
out-of-hospital cases of sudden cardiac death or to deaths 
suggestive of CHD in which the study subject had a history 
of CHD and no other plausible cause of death, or to fatal 
stroke or fatal congestive heart failure. Outcomes that were 
analyzed included incident acute CHD, which included 
both fatal and nonfatal events; and, fatal or nonfatal inci-
dent CHD, which was analyzed separately. For the purpose 
of the study, incident events were defined as those occur-
ring among participants without CHD at baseline (with 
CHD defined as a self-reported history of MI, coronary 
artery bypass surgery, percutaneous coronary intervention, 
or electrocardiographic evidence of MI).

Main exposure

The primary independent variable in the study was PP, 
which was divided into 10-mm Hg increments (< 45 mm 
Hg, 45–54.9 mm Hg, 55–64.9 mm Hg, and ≥ 65 mm Hg).1 
Systolic blood pressure (SBP) and diastolic blood pressure 
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(DBP) were defined as the average of two measurements of 
SBP or DBP taken by a trained technician using a standard 
protocol and a regularly tested aneroid sphygmomanometer, 
and measured in the fasting state (except that there was no 
prohibition of coffee) after the participant was seated for 5 
minutes. The protocol used in the REGARDS study was 
that set forth in the Seventh Report of the Joint National 
Committee on Prevention, Detection, and Treatment of High 
Blood Pressure (JNC 7) of “At least two measurements should 
be made and the average recorded.”1 Quality control of blood 
pressure recording was monitored by central examination of 
digit preference and retraining of technicians as necessary.

Demographic factors recorded in the study included age 
(defined in 10-year strata beginning at age 45 years), race, 
and gender.

Other covariates

Measures of socioeconomic status used in the study 
included annual household income and education (defined 
in strata, see Table 1). Cardiovascular risk factors included 
self-reported perceived health (on a 5-point scale ranging 
from Poor to Excellent), hypertension (SBP ≥ 140 mm Hg or 
DBP ≥ 90 mm Hg, or self-reported use of antihypertensive 
medications),9 diabetes (fasting glucose ≥ 126 mg/dl or non-
fasting glucose ≥ 200 mg/dl or self-reported use of diabetes 
medications10), dyslipidemia (total cholesterol ≥ 240 mg/dl, 
low-density lipoprotein cholesterol ≥160 mg/dl, high density 
lipoprotein cholesterol < 40 mg/dL, or self-reported use of 
lipid-lowering medications), smoking status (never, past, or 
current), and alcohol use (never, past, or current). Systolic 
blood pressure was also included, as a separate variable.

Statistical analysis

The study participants’ demographic, socioeconomic, 
 lifestyle, and vascular risk factors were calculated according 
to the level of their PP. Cumulative incidence curves were 
constructed for each outcome and compared with PP lev-
els; a log-rank test of equality was performed for each set of 
curves. Standard Cox proportional hazards regression was 
used to estimate the hazard ratios (HRs) for incident acute 
CHD, CVD-related death, nonfatal MI, and fatal MI relevant 
to PP level (45–54 mm Hg, 55–64 mm Hg, and ≥ 65 mm Hg, 
with each outcome measure compared with its value for a PP 
< 45 mm Hg), in a series of incremental models. Models were 
first adjusted for age, race, gender, region, income, and educa-
tion, and then, as added adjustments, for adherence to medica-
tion regimens, general health status, body mass index (BMI), 
HTN, diabetes, dyslipidemia, smoking, alcohol use, and anti-
hypertensive therapy, and finally with an added adjustment 
for systolic BP. To establish the independent contribution of 
PP to a CHD-related outcome, HRs were obtained from the 
final models with and without adjustment for SBP. Incident 
first events were analyzed, with nonfatal and fatal cases of 
MI taken as mutually exclusive outcomes. For standard Cox 
regression analyses, time to first nonfatal MI, time to fatal MI, 
and time to death from CVD were calculated. For the com-
bined acute CHD-related outcome of study participants, the 

time to an event was defined as the date of the first nonfatal 
MI, fatal MI, or CVD-related death; that data of participants 
who did not experience one of these events were censored at 
their date of death or last follow-up. In a sensitivity analysis, 
we used competing risks regression to adjust risk estimates 
because of the competing risk of all-cause mortality.11,12

Proportional hazards assumptions were tested by includ-
ing log-transformed terms for the interaction of PP with time 
in the multivariate Cox and competing risks regression mod-
els. Collinearity of PP and SBP was assessed with the Pearson 
correlation coefficient and subsequently by calculating the 
variance inflation factor in fully adjusted linear regression 
models for each outcome. Additional demographic sub-
group results and interactions were assessed as secondary 
analyses. Statistical tests were interpreted at alpha  =  0.05. 
Descriptive statistics and standard Cox regression models 
were calculated with SAS version 9.3 (SAS Institute, Cary, 
NC), and cumulative incidence curves and competing risks 
regression models (command: stcrreg) were generated with 
Stata version 12 (StataCorp, College Station, TX).

RESULTS

Of the total REGARDS population sample (n=30,239), 
5,239 participants reported a history of prevalent CHD and 
were excluded from the primary analysis of the study data. 
After further exclusion for errors in consent (n=56), missing 
follow-up data (n=543), missing covariate data (n=1,408), and 
missing SBP and/or DBP (n=84) data, the analytic sample con-
sisted of 22,909 subjects (Figure 1). The characteristics of the 
study sample are shown in Table 1 by PP group. Age increased 
in accordance with increased PP. The percent of subjects 
with an annual household income < $20,000 increased with 
increasing PP categories, in contrast to the trend for subjects 
making more than $75,000 per year, for whom the percent of 
subjects decreased with increasing PP, a trend also seen with 
level of education as a correlative variable.

Unadjusted cumulative incidence curves comparing PP 
categories and acute CHD, fatal and nonfatal MI, and CVD-
related death are shown in Figure 2. The results of the pri-
mary multivariate analyses are presented in Table 2, which 
presents the HRs for the PP groups in relation to all acute 
CHD-related events, and also but separately for fatal MI, 
nonfatal MI, and CVD-related death. Also noted in Table 2 
is that there were 681 cases of acute incident CHD plus CVD, 
among which there were 357 deaths from CVD, 147 fatal MIs, 
and 331 nonfatal MIs (as defined above). For any acute CHD-
related event, and for each of the components of acute CHD 
included in the study, the HR increased with each group of 
increasing PP, both in the unadjusted model and adjusted 
models, except for death from CVD in the fully adjusted 
model, which includes SBP, for which the HR in compar-
ing a PP ≥ 65 mm Hg vs. a PP < 45 mm Hg was 1.45 (95% 
confidence interval [CI]: 0.92, 2.27), although the P for trend 
was 0.04. There was no evidence that violated the propor-
tional hazards assumption. Additionally, we determined that 
although the unadjusted correlation between PP and SBP was 
strong (r=0.81), the variance inflation factor (VIF) for the PP 
groups and for SBP indicated an independent value of each 
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Table 1. Baseline characteristics of participants in the REasons for Geographic And Racial Differences in Stroke study by levels of 
pulse pressure

Overall  

(n = 22,909)

Pulse pressure (mm Hg)

< 45  

(n = 8,099)

45–54.9  

(n = 7,539)

55–64.9  

(n = 4,421)

≥ 65.0  

(n = 2,850)

Age, years (mean ± SD) 64.1 ± 9.30 61.2 ± 8.89 63.7 ± 8.86 66.5 ± 8.93 69.5 ± 8.84

BMI, kg/m2 (mean ± SD) 29.3 ± 6.20 28.6 ± 6.07 29.5 ± 6.09 29.8 ± 6.33 29.7 ± 6.45

SBP, mmHg (mean ± SD) 127.0 ± 16.4 114.2 ± 10.3 126.3 ± 9.4 135.9 ± 10.5 151.6 ± 16.4

Black (%) 41.7 37.0 41.7 45.2 49.7

Female (%) 58.3 61.0 57.0 57.1 55.6

Region (%)

 Belt 34.8 33.2 35.6 35.6 36.5

 Buckle 21.0 22.8 20.9 18.8 19.4

 Non-belt 44.2 44.0 43.5 45.6 44.1

Income (%)

 Less than $20K 16.9 13.9 15.4 20.2 24.2

 $20K-$34K 23.6 20.8 23.3 26.3 28.5

 $35K-$74K 30.4 31.7 32.0 28.0 25.8

 $75K + 17.0 22.3 17.5 12.0 8.2

 Refused 12.1 11.3 11.8 13.5 13.3

Education (%)

 Less than high school 11.4 8.1 10.6 13.9 18.3

 High-school graduate 25.3 23.2 25.0 27.9 28.1

 Some college 27.0 26.6 27.4 27.7 26.1

 College graduate and above 36.4 42.1 37.0 30.4 27.5

General Health Status (%)

 Poor 2.6 2.1 2.4 2.9 3.9

 Fair 13.1 11.0 12.4 15.3 17.4

 Good 34.3 31.7 34.4 36.8 37.5

 Very good 32.3 34.5 32.7 30.7 27.9

 Excellent 17.7 20.7 18.1 14.3 13.3

Smoke (%)

 Never 47.6 50.1 47.5 45.2 44.5

 Past 38.4 35.8 39.0 40.2 41.4

 Current 14.0 14.1 13.5 14.6 14.0

Alcohol consumptiona (%)

 None 62.0 58.3 62.2 65.5 66.6

 Moderate 33.8 37.8 33.5 29.7 29.4

 Heavy 4.2 3.9 4.3 4.8 4.0

Medication adherence (%) 63.7 62.3 64.6 65.3 62.6

AHT Therapy (%) 54.4 43.9 54.2 63.4 71.0

Hypertension (%) 56.1 40.3 52.0 70.4 89.8

Diabetes (%) 19.3 12.8 18.7 24.4 31.5

Dyslipidemia (%) 55.1 51.1 55.9 58.7 59.0

Abbreviations: AHT, antihypertensive; BMI, body mass index; SBP, systolic blood pressure; SD, standard deviation.
aAlcohol consumption (based on drinks per week categorization by the National Institute on Alcohol Abuse and Alcoholism): None = 0, 

Moderate = 1–7 drinks for women, 1–14 drinks for men, Heavy = 7+ drinks for women, 14+ drinks for men.
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factor; in fully adjusted linear regression models, the values 
of VIF for PP and SBP were 2.4 and 2.6, respectively.

Table 3 provides the subgroup analyses (age, race, sex) for 
the full model, and Figure 2 provides the subgroup analysis 

for PP ≥ 65 mm Hg for all acute CHD-related events with 
and without the additional adjustment for SBP. There were 
no regional differences in the results of these analyses (data 
not shown).

Figure 2. Exclusionary Cascade. Cumulative incidence curves comparing pulse pressure categories for acute CHD, CVD death, fatal myocardial infarc-
tion, and nonfatal MI. P-values reported are for a Wilcoxon test of equality.

30239
REGARDS Cohort

Ini�al Cohort
24401

Missing FU
N=543

Prevalent MI/CHD
N=5239

Final Cohort
22909

Missing any Covariates
N=1408

Missing SBP/DBP
N=84

excluded

excluded

excluded

excluded

56 data anomalies
excluded

Figure 1. Exclusionary Cascade.
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Sensitivity analyses done through competing risks regres-
sion produced results similar to those eached with standard 
Cox regression analysis (Table 2) for acute CHD, CVD-related 
death, fatal MI, and nonfatal MI. For example, in the fully 
adjusted (including SBP) competing risks regression model 
for acute CHD, the sub-hazard ratio and 95% CI for PP lev-
els (as compared with < 45.0 mm Hg) of 45–54.9 mm Hg, 
55–64.9 mm Hg, and ≥ 65.0 mm Hg were 0.95 (0.75, 1.21), 1.19 
(0.91, 1.55), and 1.57 (1.13, 2.19), respectively. There was no 
evidence that violated the proportional  hazards assumption.

DiScUSSiOn

Our analysis of the REGARDS data suggests that PP is 
an independent risk factor for any acute CHD-related event 
(HR  =  1.57; 95% CI: 1.12, 2.18 in the fully adjusted model 

that included adjustment for SBP, comparing PP ≥ 65 mm Hg 
with PP < 45 mm Hg), and this is also true for the individual 
components of CHD risk (fatal and nonfatal MI), except for 
death from CVD, for which the increase in risk was borderline 
significant. There was a linear increase in risk for combined 
fatal and nonfatal MI and for the individual components of 
acute CHD with increasing PP (P for linear trend = 0.0001 
for most measures). However, subgroup analysis showed no 
statistically significant differences in these associations across 
age and race or region of the country (except for the sugges-
tion that men may be more sensitive to PP than are women).

Cardiovascular mortality and its various clinical mani-
festations, such as angina, MI, stroke, and cardiac failure, 
are increased in the presence of elevated blood pressure. 
Traditionally, this has been measured by sphygmomanom-
etry, which yields two measures of blood pressure: SBP and 

Table 2. Risks of incident coronary heart disease and cardiovascular disease-related death associated with pulse pressure levels in 
participants in the REasons for Geographic And Racial Differences in Stroke study as calculated with standard Cox regression methods

Pulse pressure (mm Hg)

P for trend

<45 (n=8,099) 45–54.9 (n=7,539) 55–64.9 (n=4,421) ≥ 65.0 (n=2,850)

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Any acute CHD- related event

 Events (n) 139 173 166 203

 Unadjusted 1 (Ref) 1.28 (1.02, 1.59) 2.06 (1.65, 2.58) 3.82 (3.08, 4.74) <0.001

 Demo.-SES adjusteda 1 (Ref) 1.08 (0.86, 1.35) 1.49 (1.19, 1.88) 2.32 (1.85, 2.91) <0.001

 Fully adjustedb 1 (Ref) 1.05 (0.83, 1.32) 1.36 (1.07, 1.72) 2.12 (1.66, 2.70) <0.001

 Fully adjusted + SBP 1 (Ref) 0.95 (0.75, 1.21) 1.15 (0.88, 1.50) 1.57 (1.12, 2.18) 0.01

CVD death

 Events (n) 72 86 86 113

 Unadjusted 1 (Ref) 1.21 (0.89, 1.66) 2.03 (1.48, 2.78) 3.99 (2.97, 5.36) <0.001

 Demo.-SES adjusteda 1 (Ref) 0.96 (0.70, 1.32) 1.28 (0.93, 1.76) 1.96 (1.44, 2.66) <0.001

 Fully adjustedb 1 (Ref) 0.91 (0.66, 1.25) 1.17 (0.84, 1.63) 1.81 (1.31, 2.51) <0.001

 Fully adjusted +SBP 1 (Ref) 0.85 (0.60, 1.18) 1.04 (0.72, 1.50) 1.45 (0.92, 2.27) 0.04

Fatal MI

 Events (n) 29 33 35 50

 Unadjusted 1 (Ref) 1.16 (0.70, 1.91) 2.06 (1.26, 3.37) 4.40 (2.78, 6.95) <0.001

 Demo.-SES adjusteda 1 (Ref) 0.96 (0.58, 1.59) 1.46 (0.89, 2.41) 2.60 (1.61, 4.20) <0.001

 Fully adjustedb 1 (Ref) 0.91 (0.54, 1.54) 1.36 (0.81, 2.30) 2.40 (1.43, 4.02) 0.001

 Fully adjusted +SBP 1 (Ref) 0.93 (0.54, 1.60) 1.40 (0.78, 2.51) 2.52 (1.25, 5.07) 0.008

Nonfatal MI

 Events (n) 68 90 82 91

 Unadjusted 1 (Ref) 1.36 (1.00, 1.87) 2.10 (1.53, 2.90) 3.54 (2.59, 4.85) <0.001

 Demo.-SES adjusteda 1 (Ref) 1.24 (0.91, 1.71) 1.77 (1.27, 2.46) 2.75 (1.97, 3.83) <0.001

 Fully adjustedb 1 (Ref) 1.21 (0.88, 1.67) 1.56 (1.11, 2.20) 2.41 (1.69, 3.43) <0.001

Fully adjusted + SBP 1 (Ref) 1.09 (0.77, 1.53) 1.30 (0.88, 1.92) 1.74 (1.07, 2.83) 0.11

Abbreviations: CHD, coronary heart disease; CI, confidence interval; Demo.-SES, demographic and socioeconomic status variables; HR, 
hazard ratio; SBP, systolic blood pressure.

aModel adjusted for age, race, gender, region, income, and education.
bModel adjusted for age, race, gender, region, income, education, medication adherence, general health status, body mass index, 

 hypertension, diabetes, dyslipidemia, smoking, alcohol use, and antihypertensive therapy.
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DBP. It is increasingly argued that neither SBP nor DBP 
may be as strong a predictor of acute CHD as is PP. Thus, 
PP may be a key measure of blood pressure, particularly in 
older individuals, and may increase in importance as a risk 
factor for CVDE, including stroke, MI, and death. However, 
arguments persist as to whether PP is independent (particu-
larly from SBP) as a measure of CHD risk.1 The Framingham 
study, in its longitudinal follow-up of persons over 50 years 
of age, found that cardiovascular (and in particular coro-
nary) mortality is associated with increased PP.5 In that 
study, mortality was related independently to initial SBP and 
DBP, but the strongest association was with PP, and when 

SBP was initially considered, there was a negative associa-
tion with DBP. In other words, for a given SBP, a lower DBP 
was associated with greater mortality.

As Millar and Lever pointed out,13 the superiority of PP 
as a predictor of cardiac risk in hypertension is supported 
by “3 strands of evidence,” as follows: 1) PP is a risk factor 
for coronary events (MI, angina, heart failure, and cardiac 
death); 2)  PP is strongly associated with, and a poten-
tial determinant of, several surrogate markers of cardiac 
risk such as echocardiographically determined left atrial 
and ventricular mass,14 electrocardiographic indices of 
ischemia and cardiac size,15 and carotid-wall thickness;16,17 

Table 3. Risks of incident coronary heart disease and cardiovascular disease-related death across pulse pressure levels, stratified by sex, 
race, and study region, according to standard Cox regression methodsa,b

Pulse pressure (mm Hg)

Interaction  

P-value

45–54.9 (n = 7,539) 55–64.9 (n = 4,421) ≥ 65.0 (n = 2,850)

HR (95% CI) HR (95% CI) HR (95% CI)

Any acute CHD event

 Men 0.96 (0.71, 1.30) 1.23 (0.87, 1.74) 2.05 (1.34, 3.13) 0.27

 Women 0.96 (0.65, 1.42) 1.09 (0.71, 1.66) 1.15 (0.68, 1.95)

 Black 0.94 (0.66,1.35) 1.00 (0.67, 1.50) 1.61 (1.00, 2.58) 0.22

 White 0.99 (0.72,1.37) 1.35 (0.94, 1.95) 1.59 (0.99, 2.56)

 Belt 0.92 (0.67,1.27) 0.96 (0.67, 1.39) 1.26 (0.80, 1.97) 0.60

 Non-Belt 1.02 (0.71,1.46) 1.44 (0.97, 2.14) 2.03 (1.23, 3.32)

CVD death

 Men 0.92 (0.59, 1.43) 1.19 (0.73, 1.97) 2.20 (1.20, 4.01) 0.80

 Women 0.76 (0.45, 1.28) 0.91 (0.52, 1.57) 0.93 (0.47, 1.85)

 Black 0.90 (0.57, 1.41) 1.03 (0.63, 1.69) 1.67 (0.94, 2.99) 0.67

 White 0.82 (0.49, 1.37) 1.11 (0.64, 1.95) 1.32 (0.64, 2.74)

 Belt 0.87 (0.53, 1.40) 0.86 (0.51,1.47) 1.01 (0.53, 1.92) 0.48

 Non-Belt 0.87 (0.54, 1.40) 1.34 (0.80, 2.24) 2.10 (1.11, 3.97)

Fatal MI

 Men 0.79 (0.40, 1.58) 1.50 (0.73, 3.07) 3.33 (1.43, 7.77) 0.33

 Women 1.18 (0.48, 2.90) 1.21 (0.44, 3.33) 1.44 (0.41, 5.08)

 Black 0.85 (0.43, 1.66) 0.81 (0.37, 1.78) 2.25 (0.94, 5.41) 0.09

 White 1.12 (0.44, 2.81) 2.79 (1.09, 7.12) 3.23 (0.99, 10.53)

 Belt 0.91 (0.44, 1.89) 1.02 (0.45, 2.32) 1.59 (0.60, 4.25) 0.91

 Non-Belt 0.95 (0.42, 2.14) 1.90 (0.82, 4.42) 3.75 (1.37, 10.26)

Nonfatal MI

 Men 1.01 (0.66, 1.52) 1.31 (0.81, 2.13) 1.88 (1.02, 3.46) 0.15

 Women 1.34 (0.74, 2.45) 1.39 (0.72, 2.70) 1.75 (0.78, 3.93)

 Black 1.07 (0.58, 1.97) 1.00 (0.50, 2.01) 1.72 (0.77, 3.83) 0.24

 White 1.14 (0.76, 1.73) 1.56 (0.97, 2.52) 1.76 (0.95, 3.29)

 Belt 1.03 (0.67, 1.58) 1.11 (0.67, 1.83) 1.57 (0.85, 2.92) 0.80

 Non-Belt 1.24 (0.71, 2.16) 1.69 (0.91, 3.13) 2.08 (0.94, 4.59)

Abbreviations: CHD, coronary heart disease; CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; MI, myocardial infarction.
aReferent group is pulse pressure < 45 mm Hg; n = 8,099.
bAdjusted for age, race, gender, region, income, education, medication adherence, general health status, body mass index, hypertension, 

diabetes, dyslipidemia, smoking, alcohol use, antihypertensive therapy, and systolic blood pressure.
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and 3) there is a physiologically plausible mechanism link-
ing increased conduit artery stiffness to cardiac risk via 
increased PP. In other words, increased arterial-wall stiff-
ness (itself a well-recognized index of cardiovascular mor-
tality18) increases SBP during systole, increases pulse-wave 
velocity, and promotes early return of the reflected aortic 
pressure wave during late systole rather than during dias-
tole. These effects increase left ventricular work and oxygen 
requirements and simultaneously tend to diminish coro-
nary perfusion.19,20 On the other hand, cerebral blood flow 
occurs throughout the cardiac cycle, and the relationship 
between PP and stroke is weak.6

There is now increasing evidence that a high PP, reflect-
ing large-artery stiffness, is a significant independent risk 
factor for cardiovascular and especially coronary mortal-
ity in different populations. Madhavan et al. reported that 
subjects with untreated hypertension and a PP of 63 mm 
Hg had an increased risk of cardiovascular complications.21 
In addition, they found that these subjects were at greater 
risk of MI when there was too great a decrease in DBP after 
treatment.5 Franklin et al. in a study with a larger popula-
tion of subjects with treated and untreated hypertension, 
reported that PP was the only blood pressure measurement 
independently related to the treatment incidence of MI.7 
The link between PP and cardiovascular complications has 
also been shown in subjects who had MI with left-ventric-
ular dysfunction.1

Our study has several limitations worth noting. Some 
risk factors not related to laboratory-measured variables 
were based on self-reports, and individuals without tel-
ephones were necessarily excluded from inclusion in the 
study population. These excluded individuals may have 
been of lower socioeconomic status, and may therefore 
have had different risk-factor profiles than those included 
in the study.

In conclusion, in this large national cohort study, we 
observed that PP was an independent risk factor for acute 
CHD, and that this risk was consistent across subgroups 
defined by age and race. For at least some presentations of 
CHD, men may be more sensitive to PP than are women.
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