
The Long-term Prognostic Significance of Repeated
Blood Pressure Measurements in the Elderly

SPAA (Studio sulla Pressione Arteriosa nell’Anziano) 10-Year Follow-up

Claudio Alli, MD; Fausto Avanzini, MD; Giuseppe Bettelli, MD; Fabio Colombo, PhD; Valter Torri, MD;
Gianni Tognoni, MD; and general practitioners of SPAA

Background: In young and middle-aged people, both
systolic (SBP) and diastolic (DBP) blood pressure have
a continuous, strong, and independent relationship with
subsequent cardiovascular morbidity and mortality. These
relationships are not well documented in older people
and, until now, studies in the elderly do not provide ho-
mogeneous results on the importance of DBP compared
with SBP as a cardiovascular risk factor.

Objective: To determine whether SBP and DBP are in-
dependent indicators of mortality risk in the elderly.

Design: An observational prospective cohort study to
analyze the long-term prognostic significance of re-
peated SBP and DBP measurements in the elderly.

Patients and Methods: A total of 3858 outpatients
65 years or older (mean age [SD], 72.9 [4.9] years, 43.5%
men) were selected randomly by 444 Italian National
Health Service general practitioners in 1983. The popu-
lation was followed up for 10 years. Crude and adjusted
incidence rates of total and cardiovascular mortality were
analyzed for classes of SBP and DBP based on the values

recorded at the 2 initial visits 1 week apart and those mea-
sured during the first 12 months of follow-up.

Results: During the 10-year follow-up, 74 patients (1.9%)
were lost to follow-up and 1561 (41.3%) died, 709 (45.4%
of all deaths) from cardiovascular causes. A positive con-
tinuous, graded, strong, and independent association was
observed with both total (P,.001) and cardiovascular
(P,.001) mortality for SBP but not for DBP. The pat-
tern was similar in both sexes, in persons younger and
older than 75 years, regardless of preexisting cardiovas-
cular diseases, and whether they had been receiving an-
tihypertensive treatment at baseline. There was no J-
shaped mortality curve in the subjects with the lowest
SBP and DBP.

Conclusions: These findings suggest that SBP, but not
DBP, is a strong, positive, continuous, independent in-
dicator of mortality risk in the elderly and should be
stressed much more than DBP in the diagnosis and treat-
ment of hypertension in this age group.
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I N INDUSTRIALIZED countries, sys-
tolic blood pressure (SBP) tends
to increase with age, whereas di-
astolic blood pressure (DBP) in-
creases slower and tends to pla-

teau or even decline after the fifth decade.1

This results in a high prevalence of hy-
pertension, particularly isolated systolic
hypertension (ISH), in the elderly. The
Third National Health and Nutrition Ex-
amination Survey,1 conducted in the
United States from 1988 to 1991, found
hypertension (SBP $140 or DBP $90
mm Hg) in more than half the subjects 65
years or older, the most common form be-

ing ISH (SBP $140 and DBP ,90 mm
Hg).2 Also in Italy, a study involving about
4000 elderly outpatients 65 years or older,
who were selected randomly by 444 gen-
eral practitioners (GPs), showed a high
prevalence of hypertension: 4 in 5 had SBP
of 140 mm Hg or higher and 1 in 3 had
DBP of 90 mm Hg or higher, irrespective
of whether they were being treated for hy-
pertension.3

Data accrued during the past 20 years
show that in younger and middle-aged
people both SBP and DBP have a continu-
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ous, strong, and independent relationship with subse-
quent cardiovascular morbidity and mortality4 and, in in-
dustrialized countries, also with all-cause mortality and life
expectancy, cardiovascular diseases being the main cause
of death.5 These relationships are not as well documented
in older people4 and may be weaker, or even reversed, in
the very old.6-22 Studies in the elderly do not provide ho-
mogeneous results on the importance of DBP compared
with SBP as a cardiovascular risk factor.1,16,23-32

Because the elderly are a fast-growing segment of our
population, hypertension in this category is increasingly
common. Thus, establishing whether SBP and DBP are pre-
dictors of mortality in older groups may have important
public health and therapeutic implications.

The aim of this study was to assess the prognostic
significance of repeated SBP and DBP measurements in
one of the largest databases of elderly people, a cohort
of 3858 subjects 65 years or older enrolled by their GPs
in SPAA (Studio sulla Pressione Arteriosa nell’Anziano
[Study on Blood Pressure in the Elderly]) and followed
up for 10 years.

RESULTS

The vital status at 10 years was obtained for 3784
(98.1%) of the 3858 subjects enrolled in the study.
Seventy-four persons (1.9% of the total population)
were lost to follow-up. Since their mean follow-up was

METHODS

STUDY DESIGN

SPAA was designed as an observational study on the preva-
lence and natural history of hypertension in the elderly,
started in 1983 with the participation of 444 Italian GPs
from the National Health Service.

The organization conducting the study, the charac-
teristics of the participating physicians, and the quality
of collected data have been reported in detail else-
where.33 All the physicians who agreed to participate
attended preliminary meetings, under the supervision of
central and local coordinators, during which they
checked their sphygmomanometers and were trained in
the standard methods of blood pressure (BP)34-40 and
anamnestic recording. Each GP agreed to enroll a ran-
dom sample of 10 patients older than 64 years who had
presented to his or her clinic for any reason: the first eli-
gible patient was chosen each day until recruitment was
completed. A list of all outpatients attending the surgery
during the recruitment period was used to verify accu-
racy of the admission process.

The initial assessment of each patient consisted of an
examination at recruitment and a further visit 1 week
later. The purpose of the study was explained to the
patient and consent was obtained. Body weight and height
of all patients were measured during the initial visit; infor-
mation was obtained about the patients’ physical activity
and smoking and alcohol-drinking habits; and their medi-
cal and pharmacological history was recorded, with spe-
cific attention to features or events related to the cardio-
vascular and cerebrovascular system and other noteworthy
diseases.

The patient’s BP and heart rate were recorded at both
visits, first with the subject sitting, then after lying down
for 5 minutes, then again after 30 seconds standing. One
BP measurement was first taken on each arm, while the pa-
tient was sitting; subsequent measurements were taken on
the arm that initially had the higher values. Systolic BP and
DBP were recorded at Korotkoff phases I and V (rounding
the reading to the nearest even-numbered measurement).

Subjects enrolled were assessed at 4 further visits at
quarterly intervals during the first follow-up year. Aver-
age BP in the supine position at the 2 initial visits (base-
line BP) and at all 6 visits during the first year (first-year
BP) were used to define the patient’s BP status.

In 1993, 10 years after the initial assessment, the vi-
tal status of the population was ascertained through the cen-
sus offices or by the GPs. Causes of death were coded blindly
with respect to BP and other characteristics, according to
the underlying cause of death (International Classification
of Diseases, Ninth Revision, Clinical Modification [ICD-9-
CM])41 by a single nosologist (C.A.). Cardiovascular dis-
ease deaths were those assigned ICD-9-CM codes 400
through 438.

Participants were classified in 4 groups for SBP and 3
groups for DBP, based on baseline and first-year BP, as sug-
gested by the Sixth Report of the Joint National Commit-
tee on Prevention, Detection, Evaluation, and Treatment
of High Blood Pressure42: for SBP, “below 140 mm Hg,”
“from 140 to 159 mm Hg,” “from 160 to 179 mm Hg,” and
“180 mm Hg or more” ; and for DBP, “below 90 mm Hg,”
“from 90 to 99 mm Hg,” and “100 mm Hg or more.” To
ensure an equal number of patients in each BP group, analy-
sis by tertiles of baseline and first-year SBP and DBP also
were made.

To test the hypothesis of a J-shaped association be-
tween BP and mortality (higher death rates in the sub-
groups with the lowest BP), 4 other subgroups of DBP were
defined: (1) “below 75 mm Hg,” (2) “75 to 79 mm Hg,”
(3) “80 to 84 mm Hg,” and (4) “85 to 89 mm Hg.” Accord-
ingly, for SBP, 3 other subgroups were identified: (1) “be-
low 120 mm Hg,” (2) “120 to 129 mm Hg,” and (3) “130
to 139 mm Hg.”

STATISTICAL ANALYSIS

In the univariate analysis, mortality differences between
SBP and DBP groups were assessed using the x2 test for
trend. Multivariate analysis was done using the Cox pro-
portional hazards model to assess the independent prog-
nostic contribution of SBP and DBP adjusted for the dif-
ferent distribution of cardiovascular risk factors, diseases,
and antihypertensive drug treatment at baseline (listed in
Table 1) and for heart rate. The statistical package used
was the SAS.43 As suggested by Harrell and colleagues,44

the candidates’ prognostic factors included in the multi-
variate analyses were less than 10 times the events consid-
ered. The proportional hazards assumption in Cox regres-
sion was assessed using the graphic methods suggested by
Hess.45 The results are expressed in terms of relative risk
and 95% confidence intervals. Differences and trends
were considered statistically significant if P values were
less than .05.
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less than 1 year and their baseline characteristics were
not significantly different from those of the population
followed up for 10 years, they were excluded from the
mortality analyses.

The baseline characteristics of the population are
summarized in Table 1. In 1082 patients (28.6%), the rea-
sons for the initial visit were the appearance of new symp-
toms or difficulties with current health problems; other
reasons included a checkup for a chronic disease, 1379
(36.5%), and a BP checkup, 1322 (34.9%).

At baseline, 3025 (79.9%) of the 3784 participants had
SBP of 140 mm Hg or higher, and 1356 (35.8%), DBP of
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Figure 1. Ten-year total and cardiovascular mortality according to baseline systolic blood pressure (SBP) (top) and diastolic blood pressure (DSP) (bottom)
(average SBP and DBP at the 2 initial visits).

Table 1. Main Characteristics
at Baseline of the Population
Followed Up for 10 Years (N = 3784)*

Characteristic No. (%)

Men 1655 (43.7)
Age, $75 y 1254 (33.1)
Obesity, BMI $30 455 (12.0)
Thinness, BMI ,20 243 (6.4)
Low activity 2197 (58.1)
Alcohol drinking (current) 2897 (76.6)
Cigarette smoking (current or past) 1457 (38.5)
History of hypertension 2074 (54.8)
Antihypertensive drug treatment 1831 (48.4)
Diabetes mellitus 517 (13.7)
Previous stroke 106 (2.8)
Previous TIA 274 (7.2)
Cognitive impairment 1007 (26.6)
Previous myocardial infarction 196 (5.2)
History of:

Angina pectoris 320 (8.5)
Heart failure 720 (19.0)
Atrial fibrillation 268 (7.1)
Renal failure 74 (2.0)
Peripheral arterial disease 275 (7.3)

Frailty 84 (2.2)

*BMI indicates body mass index; TIA, transient ischemic attack.
BMI is calculated as weight in kilograms divided by the square
of height in meters.

Table 2. Deaths During the 10-Year Follow-up

Causes of Death No. (%)

Myocardial infarction 100 (6.4)
Stroke 247 (15.8)
Heart failure 151 (9.7)
Other cardiovascular causes 211 (13.5)
Total Cardiovascular Deaths 709 (45.4)
Cancer 358 (23.0)
Injuries 33 (2.1)
Other noncardiovascular causes 206 (13.2)
Total Noncardiovascular Deaths 597 (38.3)
Undefined/unknown causes 255 (16.3)
Total Deaths 1561 (100.0)
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90 mm Hg or higher. Of the 2074 patients (54.8%) with a
history of hypertension, 1831 (88.3% of patients with hy-
pertension) were receiving antihypertensive treatment.

During the 10 years from recruitment, 1561 deaths
occurred (41.3% of the total population), 709 (45.4% of
all deaths) due to cardiovascular diseases. Noncardio-
vascular causes accounted for 597 deaths (38.3%), while
for 255 deaths (16.3%) the cause was unknown or un-
defined (Table 2). The distribution of known and un-
known deaths was similar at different ages and BP val-
ues and in both sexes.

The rates of total and cardiovascular mortality by
mean SBP and DBP at the 2 initial visits are shown in
Figure 1. A positive significant association was ob-
served between baseline SBP and both total (P,.001) and
cardiovascular (P,.001) mortality, but no association was
found with baseline DBP.

This different impact of baseline SBP and DBP on mor-
tality was confirmed by the multivariate analysis, taking
into account other cardiovascular risk factors, diseases, and
antihypertensive drug treatment at baseline: a significant
trend for risk of total (P = .001) and cardiovascular
(P,.001) death was observed only for SBP, and no ex-
cess of risk was found with DBP at baseline (Figure 2).
The pattern was similar in both sexes, younger or older
than 75 years, with and without preexisting cardiovascu-
lar diseases, and with and without antihypertensive treat-

ment at baseline (Figure 3). A significant positive asso-
ciation was found between baseline SBP and total and
cardiovascular mortality, both in patients with baseline DBP
lower than 90 mm Hg (P = .007 and P = .003, respec-
tively) and in those with baseline DBP of 90 mm Hg or
higher (P = .01 and P = .03, respectively), whereas no as-
sociation was found between baseline DBP and mortality
in patients with baseline SBP lower than 140 mm Hg and
in those with baseline SBP of 140 mm Hg or higher.

Because of the variability in BP, average supine BP
at all the 6 visits during the first year was also used to
define the patient’s BP status. Again, a significant asso-
ciation was seen between first-year BP and total (P,.001)
and cardiovascular mortality (P,.001) for SBP. For first-
year DBP, no association was found with total or with
cardiovascular mortality (Figure 4).

To compare our results more closely with oth-
ers,13,16,30 the data were reanalyzed using tertiles of BP val-
ues, instead of predefined clinical BP categories, and sit-
ting BP values instead of supine ones. The results were
similar, showing a significant positive association be-
tween SBP (both baseline and first-year values) and to-
tal and cardiovascular mortality but no association be-
tween DBP and mortality.

To exclude the possibility that the lack of positive
association between DBP and mortality was due to higher
death rates in groups with the lowest BP, as observed in
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Figure 2. Ten-year total and cardiovascular mortality according to baseline systolic blood pressure (SBP) (top) and diastolic blood pressure (bottom) (average
SBP and DBP at the 2 initial visits): multivariate analysis. Parameters in the model are all the baseline characteristics listed in Table 1 plus baseline heart rate. The
vertical lines denote 95% confidence intervals.
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some studies21,22,30,31 of elderly populations and attrib-
uted to frailty and comorbidity in people near death: (1)
the data were reanalyzed after excluding the deaths within
the first 3 years of follow-up, according to the criterion
used by Glynn and colleagues.31 A significant trend to-
ward increased total and cardiovascular mortality was con-
firmed in the multivariate analysis for baseline (P,.001
and P<.006, respectively) and first-year (both P,.001)
SBP, but no excess of deaths associated with high DBP
was observed, using the average BP either at the 2 initial
visits (P = .86 for total and P = .89 for cardiovascular mor-
tality) or for all 6 visits in the first year (P = .76 and P = .37,
respectively); and (2) a multivariate analysis was done
considering the subgroups with DBPs and SBPs lower than
90 and 140 mm Hg, respectively, at the 2 initial visits or
at all 6 visits in the first year. No significant increase in
total and cardiovascular mortality was associated with low
DBPs and SBPs.

COMMENT

Our study indicates that in the elderly high SBP but not
high DBP, measured by a GP, is associated with a sig-
nificant excess of total and cardiovascular mortality and
should be taken into account when diagnosing and treat-
ing hypertension in this age group.

It is unlikely that our findings are artifacts or due
to chance or to a more aggressive treatment of DBP
than SBP during the follow-up, since the results did
not change after adjustment for confounding variables,
including the presence of antihypertensive drug treat-
ment. This was prescribed to half the population at
baseline and during the follow-up, with similar con-
trol of SBP and DBP at the start of the study and dur-
ing follow-up.46

The results also did not change when deaths within
the first 3 years of follow-up were excluded, to avoid the
possible confounding effect of short-term mortality due
to comorbidity in patients with low BPs. A significant risk
of cardiovascular and total mortality was associated with
SBP but not with DBP by sex, age, and presence or ab-
sence of cardiovascular comorbidity and of antihyper-
tensive treatment at baseline.

Given the high prevalence of patients with ISH, it
could be argued that the predictive power of DBP might
be obscured by SBP because of the association between
high SBP and low DBP in these subjects; however, the
analyses in the subgroups of subjects with normal or high
DBP, or with normal or high SBP, confirmed the results
of the whole population.

A similar scenario was obtained using all the mea-
surements during the first year of the study, with the aim
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Figure 3. Ten-year total and cardiovascular mortality according to baseline systolic blood pressure (SBP) (left) and diastolic blood pressure (DBP) (right) (average
SBP and DSP at the 2 initial visits) increase in total population and main subgroups (multivariate analysis). Relative risk associated with 20–mm Hg SBP increase
(left) and with 10–mm Hg DBP increase (right). Parameters in the model are all the baseline characteristics listed in Table 1 plus baseline heart rate. The horizontal
lines denote 95% confidence intervals.
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of overcoming the dilution effect of regression to the mean
(arising both from imprecision in BP measurements on
2 occasions 1 week apart and from temporary fluctua-
tions in an individual’s usual BP). This may be espe-
cially important in studies on the elderly because of the
wide BP variability in this age group.34-40 No other study
had the opportunity to verify the prognostic signifi-
cance of BP based on repeated measurements during such
a long period. As expected, BP measurements taken dur-
ing a long period—1 year—are more predictive than a
few measurements taken 1 week apart (see relative risks
in Figure 4 in comparison with Figure 2). The better prog-
nostic value of first-year SBPs than baseline SBPs was not
paralleled by a similar behavior for DBP, which was never
significantly and independently associated with total or
cardiovascular mortality.

This different pattern of associations was con-
firmed using sitting BP instead of supine BP values, which
are used less in clinical trials and everyday practice, or
analyzing data using tertiles of BP values instead of the
usual clinical categories.

Finally, there is no evidence that an excess of mor-
tality at lower levels of DBP obscured the risk of death
at higher DBP; there was no excess of deaths in the sub-
groups with lower DBPs, in accordance with recent stud-
ies that U-shaped or J-shaped associations of BP with mor-
tality in elderly people6,7,11,12,15,16-22,30,31 are probably artifacts

of short-term follow-up, comorbidity, or low BPs in people
near death.21,22,30,31

Therefore our results, based on one of the largest
databases of elderly people, followed prospectively to
investigate the prognostic significance of BP in old
age, confirm the positive relationship between SBP and
total and cardiovascular mortality in the elderly
reported by the majority of previous studies.1,16,20-32,47,48

However, the association between DBP and mortality
is not uniformly reported in the literature. Some
authors26-29 observed a similar prognostic significance
for high DBP and SBP in the elderly, but the majority
of prospective population studies suggest that DBP is a
weaker indicator of cardiovascular risk than SBP, par-
ticularly with increasing age.1,4,16,23-25,31,32,49-51 This
behavior, unlike that observed in the young-adult
population, might be the result of people who had
diastolic hypertension in their young or adult life (es-
pecially if untreated or undertreated) not surviving to
become elderly, while systolic hypertension, particu-
larly ISH, is a condition (and a risk factor) more com-
mon only in old age.

The 2 largest cohort studies20,30 of elderly people so
far assessed mortality risk factors in about 6000 sub-
jects aged 60 to 79 years and 10 000 aged 65 to 79 years
who were followed up for 5 years. Both found an asso-
ciation between risk of cardiovascular death and increas-
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Figure 4. Ten-year total and cardiovascular mortality according to first-year systolic blood pressure (SBP) (top) and diastolic blood pressure (DBP) (bottom)
(average SBP and DBP at all 6 visits during the first follow-up year): multivariate analysis. Parameters in the model are all the baseline characteristics listed in
Table 1 plus baseline heart rate. The vertical lines denote 95% confidence intervals.
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ing SBP but no relationship between DBP and mortality.
Glynn and colleagues31 recently updated the mortality re-
sults of part of the latter cohort30 (3657 subjects aged $65
years) after a further 5-year follow-up. Systolic BP pre-
dicted linear increases in cardiovascular and total mor-
tality from the 3rd to the 10th year, whereas DBP was
not associated with total mortality but only with cardio-
vascular mortality and less strongly than SBP. This study
had fewer subjects with high DBP ($90 mm Hg) than
our study (179 vs 1352). Moreover the results were based
only on 3 BP measurements taken at a single visit, whereas
our data are confirmed by BP measurements taken dur-
ing a longer period.

One limitation of our study is that the cause was
unknown for 258 (16.7%) of the 1546 deaths during
the 10-year follow-up. However, the distribution of
known and unknown causes of deaths was similar for
different ages, BP groups, and both sexes, suggesting
that the relationship between BP and cardiovascular
mortality is not an artifact. This study was conducted in
general practice by the physicians usually responsible
for the patients’ care, making our findings more reliably
generalizable.

In conclusion, the strong, positive, continuous,
and independent association in our elderly population
between total and cardiovascular mortality and SBP, but
not DBP, viewed in relation to randomized, clinical trial
results and current practice, suggests that DBP has
been, and, perhaps still is, overstressed in the diagnosis
and treatment of hypertension in older age groups. The
benefits found in trials that admitted elderly patients on
the basis of their high DBP and SBP might be attribut-
able more to the lowering of SBP than to the lowering
of DBP.52

Our findings in any case highlight the importance
of treating all elderly subjects with high SBP more ag-
gressively than has been done recently, as the efficacy of
antihypertensive therapy in systolic hypertension, iso-
lated or not, is well documented by the results of several
trials.53-56
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