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The aim of this paper is to evaluate whether pulse pressure is an independent risk factor for coronary and
stroke mortality in 3282 subjects (1281 males and 2001 females) aged ¶65 years, taking part in the
CArdiovascular STudy in the Elderly (CASTEL). After dividing subjects into tertiles of pulse pressure,
adjusted relative risk (RR) and confidence intervals (CI) for 14-year coronary and stroke mortality was
evaluated for each tertile. Among females, coronary mortality rate was 2.7% in the first tertile of pulse
pressure, 4.7% in the second (RR 1.38, 95% CI [1.15–2.66]) and 6.2% in the third (RR 2, CI [1.20–3.51]).
Stroke mortality was 3.6%, 4.1% (RR 1.23, CI [1.02–2.23]) and 8.3% (RR 2.27, CI [1.37–3.74]),
respectively. This trend was recognizable in normotensive, borderline and sustained hypertensive
women, where mortality increased with rising pulse pressure. No relationship was found between pulse
pressure and mortality in males. In elderly women, pulse pressure was a good predictor of coronary and
stroke mortality, even superior to the label of hypertension. No matter how any given pulse pressure level
was obtained, it was more predictive of both coronary and cerebrovascular mortality than belonging to a
normo- or hypertensive category. Key words: elderly, epidemiology, mortality, pulse pressure, relative risk.

INTRODUCTION

Many epidemiological studies have established a different
role of diastolic and systolic blood pressure on coronary
and cerebrovascular risk [1–4]. It has also been suggested
that diastolic blood pressure is more strongly related to
cardiovascular risk below the age of 45 years and systolic
blood pressure above this age [5, 6]. On the contrary, little
has been done to investigate the role of the pulsatile
component of blood pressure. The pulse pressure, de� ned
as the difference between systolic and diastolic, is a good
way to explore this component in clinical investigations.

The increase of pulse pressure is an age-related
phenomenon [7] and the common belief is that it is an
indicator of large artery stiffness [8]. The majority of
studies evaluating the relationship between pulse pressure
and cardiovascular disease was performed in middle-aged
males [9–11], mainly hypertensive [12]. Only two studies
[13, 14] investigated the role of pulse pressure in females
from a general population, but age was µ65 years in both.

The aim of the present study was to evaluate whether
an increased pulse pressure could predict the risk of
coronary and stroke mortality in men and women from a
general population of elderly subjects.

PATIENTS AND METHODS

The CASTEL (CArdiovascular STudy in the ELderly) is a

population-based prospective study enrolling 3282
subjects aged ¶65 years, representing 73% of elderly
subjects from the Northern Italian towns of Castelfranco
and Chioggia. The protocol of the study has been
previously published elsewhere [15]. Brie� y, at the initial
screening, sphygmomanometric supine blood pressure
and heart rate were measured in triplicate at 15-min
intervals, and this procedure was repeated three times at
1-month intervals; the average of the last two of the nine
measurements was taken into consideration both for the
analysis of data and for calculating pulse pressure.
Subjects having either a systolic blood pressure ¶
160 mmHg, or a diastolic BP ¶ 95 mmHg, or having a
history of hypertension, or taking antihypertensive drugs
were considered as sustained hypertensives. Those with
systolic values ranging between 140 and 159 mmHg
and diastolic values between 90 and 94 mmHg without
therapy were labelled as borderline. As 72% of men and
75% of women received antihypertensive medication,
“antihypertensive therapy” as dichotomic covariate was
included in the multivariate Cox analysis in order to
adjust the results.

Historical data were recorded by means of a Rose’s
questionnaire [16]. Body mass index was calculated as the
weight/squared height ratio. Subjects with frank diabetes
(fasting blood glucose repeatedly >7 mmol/l or a history
of diabetes or previous treatment with antidiabetic drugs)
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and those with pre-diabetic glucose intolerance (blood
glucose between 6.1 and 7 mmol/l) were considered
together as they showed a comparable survival in a
previous analysis carried out in the same population [17].
In a randomly chosen subset of 504 subjects, left
ventricular mass was calculated [18] from the following
algorithm: 1.04 £ [(end-diastolic diameter ‡ end-diasto-
lic posterior wall thickness ‡ end-diastolic septum thick-
ness)3—end-diastolic diameter3]—13.6. Left ventricular
mass index (in g/m2) was calculated by dividing left
ventricular mass by body surface area [19].

Mortality data

Mortality was monitored according to the Register Of� ce
and double-checked for causes of death by referring to
hospitals, retirement homes or physicians’ � les. All
records were coded jointly, according to ICD-9-CM. All
death certi� cates and hospital charts were reviewed by a
specially trained research physician supervised by
another, more expert one, to accurately determine the
cause of death. If necessary, a third physician was
contacted to resolve any problem with uncertain data. No
information about mortality was lost to follow-up. The
codes were 410–414 for coronary artery disease (CAD)
and 430–438 for cerebrovascular disease. Sudden death
was not taken into consideration because its origin was
uncertain in many cases. The analysis of coronary
mortality was then repeated after excluding the 1008
subjects with clinical history of CAD.

Statistical analysis

Analysis of variance was used for comparing groups, and
Pearson’s w2 test to compare the prevalence of categorical
variables. Pulse pressure as a continuous variable was
divided into tertiles, and for each tertile the relative risk
(RR) with 95% con� dence intervals (CI) adjusted for
confounders (age, body mass index, resting heart rate,
cigarette smoking, alcohol consumption, serum total and
HDL cholesterol, serum triglycerides, fasting blood
glucose, proteinuria >200 mg/dl, history of angina
pectoris, of myocardial infarction, of stroke or TIA, of
intermittent claudication, of heart failure, and murmurs at
the neck) was derived from multivariate Cox analysis
[20].

After debate, the study was approved by the CASTEL
Ethics committee. All subjects gave informed consent.
The procedures followed were in accordance with
institutional guidelines.

RESULTS

Mean age at entry was 73.6 § 5.2 years (range 65–95
years), i.e. 73.1 § 4.8 in the 1281 males and 74.2 § 5.5 in
the 2001 females (p < 0.0001).T
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In the three tertiles of pulse pressure, mean pulse
pressure was 49.9 § 8, 67.4 § 4.6 and 90.6 § 12.7 mmHg
in males, and 52.7 § 7.9, 70.8 § 4.7 and 94.3 §
13.3 mmHg in females, respectively (all tertiles: p <
0.0001 vs each other). Table I summarizes the general
characteristics of the population according to gender and
tertiles of pulse pressure. In both genders, systolic and
diastolic blood pressure, left ventricular mass index,
blood glucose and serum triglycerides progressively
increased from the � rst to the third tertile of pulse
pressure, while serum total cholesterol and body mass
index progressively increased in males only.

At the 14th year, 1616 subjects were dead and 1666
censored (overall mortality rate 49.2%, 56% in males,
44.9% in females; p < 0.0001). In multivariate Cox
analysis, pulse pressure appeared as an independent
predictor of coronary and cerebrovascular mortality in
females only (Table II), while in males it was always
rejected from the Cox equation (data not shown).
Inclusion of “antihypertensive treatment” as a covariate
did not in� uence either coronary or cerebrovascular

Table II. Results of the multivariate Cox equation for coronary and stroke mortality in women (n = 2001)

w2 enter w2 remove Improvement w2 p value
RR (95% con� dence
intervals)

Coronary mortality
Diabetes 23.3 15.9 21.3 <0.0001 1.60 (1.29–2.00)
Uric acid 18.4 7.7 11.7 <0.001 1.23 (1.17–1.74)
Historical CAD 17.0 5.5 6.8 <0.01 1.68 (1.09–2.60)
3rd tertile of pulse pressure 7.3 3.4 3.9 <0.005 1.80 (1.01–3.15)
Serum triglycerides 15.1 3.2 3.2 0.07 (NS) –
Antihypertensive therapy 0.84 – – – –
Serum cholesterol 1.45 – – – –
Atrial � brillation 1.2 – – – –
Historical CHF 5.2 – – – –
Historical stroke 3.6 – – – –
Proteinuria 3.2 – – – –
Murmurs at neck 0.02 – – – –
LVHECG 0.7 – – – –

Cerebrovascular mortality
Historical stroke 23.3 11.3 19.6 <0.0002 5.21 (3.18–8.6)
3rd tertile of PP 7.2 3.9 5.5 <0.0002 2.27 (1.37–3.74)
Atrial � brillation 14.1 7.8 10.3 <0.002 2.40 (1.42–4.01)
LVHECG 3.3 2.7 2.9 <0.03 1.72 (1.10–2.61)
Uric acid 6.1 2.3 5.7 <0.001 1.61 (1.04–2.61)
Diabetes 3.2 1.2 1.9 0.06 (NS) –
Antihypertensive therapy 0.71 – – – –
Historical CAD 3.74 – – – –
Seum triglycerides 0.3 – – – –
Serum cholesterol 0.7 – – – –
Historical CHF 1.4 – – – –
Proteinuria 0.2 – – – –
Murmurs at neck 0.3 – – – –

CAD, coronary artery disease; CHF, congestive heart failure; LVHECG , electrocardiographically detected left ventricular hypertrophy;
NS, statistically insigni� cant.

Fig. 1. Adjusted relative risk of coronary and stroke mortality
among 3282 elderly subjects from general population, according
to tertiles of pulse pressure.
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mortality and was always rejected from the Cox equations
of risk (Table II); this was also true, in particular, for
diuretic therapy. Although diabetes was a strong predictor
of coronary mortality (Table II), pulse pressure main-
tained its independent role after diabetes was included as
a covariate in the multivariate Cox analysis.

Among females, 14-year coronary mortality rate was
2.7% in the � rst tertile of pulse pressure, 4.7% in the
second (RR 1.38, CI [1.15–2.66]) and 6.2% in the third

(RR 2.00, CI [1.20–3.51]). Stroke mortality was 3.6%,
4.1% (RR 1.23, CI [1.02–2.23]) and 8.3% (RR 2.27, CI
[1.37–3.74]), respectively. No relationship was found
between pulse pressure and the risk of coronary and
stroke mortality in males (Fig. 1). After excluding from
the analysis the women having CAD at the initial
screening (Table III), a signi� cantly higher coronary
mortality was only observed in those who were in the
third tertile of pulse pressure (p < 0.005 vs � rst tertile).

Table III. Number of coronary deaths by tertiles of pulse pressure (PP) in men and women

Men Women

Blood pressure
range in each
tertile All (n = 1281)

Without CAD
(n = 945)

Blood pressure
range in each
tertile All (n = 2001)

Without CAD
(n = 1,329)

Tertiles of PP PP range 14-year mortality PP range 14-year mortality
1st µ60 19 (4.5%) 12 (3.4%) µ62 18 (2.7%) 17 (2.6%)
2nd 61–74 22 (5.2%) 12 (3.5%) 63–79 31 (4.7%) 30 (4.6%)
3rd ¶75 20 (4.7%) 13 (3.9%) ¶80 41 (6.2%)a 37 (5.7%)a

All coronary
deaths

61 (4.8%) 37 (3.9%) 90 (4.5%) 84 (6.3%)

The analysis was performed both including and excluding subjects who had clinically evident coronary artery disease (CAD) at the
initial screening.
a p < 0.005 vs the 1st tertile.

Table IV. Fourteen-year coronary and stroke mortality rates

Tertiles of pulse pressure
(and range in mmHg)

14-year coronary
mortality (%)

14-year
cerebrovascular
mortality (%)

Tertiles of pulse pressure
(and range in mmHg)

14-year coronary
mortality (%)

14-year
cerebrovascular
mortality (%)

Normotensive subjects (n = 451)
Males (n = 209) Females (n = 242)

1st tertile (µ48) 1.4% 5.7% 1st tertile (µ49) 1.3% 1.1%
2st tertile (49–54) 1.4% 5.8% 2st tertile (49–55) 3.6% 3.8%
3rd tertile (>54) 5.7% 2.9% 3st tertile (>55) 6.3% 6.4%
w2p value NS NS w2 p value <0.05 <0.05
All together 2.8% 4.8% All together 3.7% 3.8%

Borderline hypertensive subjects (n = 1001)
Males (n = 411) Females (n = 590)

1st tertile (µ60) 6.6% 2.2% 1st tertile (µ60 2.0% 4.1%
2st tertile (61–70) 5.1% 5.9% 2st tertile (61–70) 4.1% 4.6%
3rd tertile (>70) 5.8% 5.1% 3st tertile (>70) 7.1% 7.1%
w2 p value NS NS w2 p value <0.04 <0.05
All together 5.9% 4.4% All together 4.3% 5.3%

Sustained hypertensive subjects (n = 1830)
Males (n = 661) Females (n = 1,169)
1st tertile (µ70) 5.5% 5.0% 1st tertile (µ72) 3.9% 3.6%
2st tertile (71–87) 4.5% 6.8% 2st tertile (73–89) 4.1% 4.9%
3st tertile (>87) 4.1% 4.5% 3st tertile (>89) 6.3% 8.5%
w2 p value NS NS w2 p value <0.05 <0.01
All together 4.7% 5.5% All together 4.7% 5.7%

A signi� cant trend toward the increase of mortality with increasing pulse pressure is evident for females, not for males, in
normotensive as well as in borderline and hypertensive subjects. Conversely, the differences between these three categories are
insigni� cant.

208 A. Mazza et al.
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Finally, after dividing all subject into normotensive,
borderline and hypertensive (Table IV), the above-
mentioned trend of mortality in relation to pulse pressure
was recognizable in borderline (n = 590) and in sustained
hypertensive women only (n = 1169), as well as in the
normotensive ones (n = 242). Adjusted relative risks are
shown—separately for these three categories—in Fig. 2.

DISCUSSION

In the last two decades, there has been an increased
interest concerning the prognostic role of pulse pressure
in predicting cardiovascular disease. Several epidemio-
logical studies have in fact demonstrated that of� ce pulse
pressure is a major predictor of cardiovascular risk in the
general population [10, 13, 14], in subgroups of patients
with essential hypertension [12], and also in survivors
after acute myocardial infarction [21, 22]. Generally,
males were studied in this respect, while few studies took
women into consideration.

Moreover, the great majority of studies enrolled
subjects below the age of 65 years (mainly around 45

years). Only one study considered elderly men [23], one
elderly women [24], and yet another both genders
together [25]. Scuteri et al. [23] demonstrated that pulse
pressure accurately predicted cardiovascular events in
females. Unfortunately, since the sample size was limited
to 126 hypertensive women and the follow-up lasted 3
years only, the results—although of great interest—are
dif� cult to extend to the general population. Furthermore,
no comparison between males and females was provided
in this study.

In the present study, which took into consideration
elderly males and females recruited from the general
population, pulse pressure was a good predictor of
coronary and stroke mortality in women, but not in men
(Fig. 1). This is in agreement with the � nding that pulse
pressure is the best blood pressure component for the
prediction of carotid stenosis in women [26, 27].

In our study, pulse pressure was even superior to the
label of “hypertension”. In fact, mortality in the female’s
cohort increased with increasing pulse pressure, with no
differences in this respect while passing from the
“normotensive” to the “borderline” or “hypertensive”

Fig. 2. Adjusted relative risk of coronary and stroke mortality among normotensive, borderline and sustained hypertensive elderly
females from general population, according to tertiles of pulse pressure.
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category (Fig. 2). In other words, no matter how any given
pulse pressure level was obtained, it appeared to be more
predictive of both coronary and cerebrovascular mortality
than belonging to normotensive or hypertensive category.
High pulse pressure may derive both from rise of systolic
(that is usual in the elderly) and from decrease of
diastolic. In our population, the systolic component was
prominent, as diastolic blood pressure remained un-
changed or even increased a little with widening pulse
pressure (in other words, systo-diastolic hypertension was
more represented than isolated systolic hypertension).

Especially for elderly women, pulse pressure categor-
ization may provide additional information than the usual
categorization into normo- or hypertensive categories.

The question why pulse pressure is more strongly
related to survival in females than in men is dif� cult to
explain. It is not related to the greater prevalence of CAD
in females than in males, since it was still present after
exclusion of men and women having CAD at baseline. A
potential explanation for the different impact of pulse
pressure on mortality in males and females is that pulse
pressure re� ects arterial stiffness, which has a different
natural history in men and women. In fact, arterial
degenerative changes due to increasing age appear later in
the women than in males [28, 29], and therefore stiffening
does not occur until menopause [30]. Another possibility
is that a natural selection have occurred in the previous
decades in men who were most prone to succumb to high
pulse pressure, subtracting them from our cohort and thus
from observation [31].

Certainly, the demonstration of a strong predictive role
of pulse pressure for mortality in women needs to be
further researched and discussed, since results of several
recent studies [23, 32] have shown a relationship between
pulse pressure and cardiovascular mortality in males only.
Nevertheless, these studies were not population-based, no
comparison with females was provided and “cardiovas-
cular mortality” was taken into consideration (so includ-
ing not only coronary and cerebrovascular mortality, but
also diseases of pulmonary circulation, hypertensive
disease, chronic rheumatic heart consequences, diseases
of arteries, arterioles, capillaries and veins, and other
diseases of circulatory system).

In conclusion, our � ndings suggest that pulse pressure
is an independent predictor of coronary and stroke
mortality in elderly females. Therefore, determination
of pulse pressure in the elderly may be of value in
evaluating individual risk and possibly also therapeutic
decision-making.
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