
Journal of Human Hypertension (2002) 16, 163–167
 2002 Nature Publishing Group All rights reserved 0950-9240/02 $25.00

www.nature.com/jhh

ORIGINAL ARTICLE

Systolic vs diastolic blood pressure:
community burden and impact on blood
pressure staging
JR Banegas, JJ de la Cruz, F Rodrı́guez-Artalejo, A Graciani, P Guallar-Castillón and
R Herruzo
Department of Preventive Medicine and Public Health. Universidad Autónoma de Madrid. Madrid, Spain

Systolic blood pressure (SBP) is a more frequent cardio-
vascular risk factor than diastolic blood pressure (DBP),
and has a greater impact on blood pressure staging,
though this can vary with age, sex and country. There-
fore this paper compares SBP and DBP in terms of com-
munity burden and impact on blood pressure staging,
among Spain’s middle-aged population. Data were
drawn from a cross-sectional study on a representative
sample of the Spanish population aged 35–64 years.
Blood pressure was determined under standardised
conditions, and was classified as per WHO-ISH and
JNC-VI criteria. Prevalence of SBP �140 mm Hg was
34.1%, and that of DBP �90 mm Hg, 30.9%. A total of
12% of subjects had isolated systolic hypertension (ISH)
and 8.7% had isolated diastolic hypertension (IDH). Of
treated hypertensives, 31% had their SBP controlled and
34% their DBP controlled. Of subjects not undergoing
antihypertensive drug therapy, 60.8% had congruent
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Introduction
Hypertension burden and blood pressure staging are
usually reported on the basis of both systolic blood
pressure (SBP) and diastolic blood pressure (DBP),1
following Joint National Committee VI (JNC-VI) and
International Society of Hypertension (WHO-ISH)
guidelines,2,3 However, different prevalences of sys-
tolic vs diastolic hypertension have been reported.4,5
Similarly, two recent studies have reported that SBP
has a different impact than DBP on blood pressure
staging.4,6 To our knowledge, the SBP and DBP stag-
ing impact has only been reported in the US.4,6,7
Nonetheless, the staging impact of SBP and DBP, as
well as the community burden of elevated SBP and
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SBP and DBP levels, 22.5% were up-staged on the basis
of their SBP, and 16.7% were up-staged on the basis of
their DBP. SBP alone thus correctly classified JNC-VI
staging in 83.3% of subjects vs 77.5% for DBP alone. It
was solely among the population �50 years of age, in
both sexes, that systolic proved more frequent than
diastolic hypertension, ISH greater than IDH prevalence,
SBP worse than DBP control, and the percentage of SBP
higher than that of DBP up-staged subjects. SBP consti-
tutes a greater community burden than does DBP, and
has a greater impact on blood pressure staging in
Spain’s middle-aged population. However, the differen-
tial impact of SBP and DBP upon blood pressure burden
and staging is favourable to SBP only among subjects
�50 years old. These findings are in accordance with
recent guidelines on hypertension management.
Journal of Human Hypertension (2002) 16, 163–167. DOI:
10.1038/sj/jhh/1001310

DBP may vary across study populations and coun-
tries, or between age groups and sexes within a
population.

Knowing whether there are differences in SBP and
DBP community burden and staging impact could
contribute to better management of arterial hyper-
tension (AHT), since clinicians traditionally focus
more on DBP than on SBP when detecting and treat-
ing patients with AHT,6,8,9 whereas JNC-VI and
WHO-ISH guidelines assign relatively similar roles
to SBP and DBP.2,3 Finally, more recent guidelines
in the US highlight the importance of SBP as the
major criterion for AHT staging and management,
particularly in middle-aged and older people.10

Despite its importance, SBP and DBP community
burden and staging impact tend to be little reported
for populations or countries as a whole.

Therefore, this study compares separately SBP
and DBP in terms of community burden and impact
on blood pressure staging in Spain’s middle-aged
population.
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Subjects and methods
Study population

Data were drawn from a study conducted on the gen-
eral Spanish population aged 35–65 years, using
methodology described elsewhere.11 In brief, our
representative general population sample was made
up of 2021 individuals (mean age, 49 years; 57%
women) selected through random multi-stage sam-
pling stratified by age, sex and habitat of residence.
The overall response rate to the survey was 73.3%.
Blood pressure was determined with a mercury
sphygmomanometer under standardised con-
ditions,12 and we used the average of the three read-
ings taken. The study protocols were approved by
an institutional review board. All participants gave
their informed consent.

Hypertension prevalence and control

Community burden was approximated by the preva-
lence of the following: systolic hypertension (SBP
�140 mm Hg for any DBP) and diastolic hyperten-
sion (DBP �90 mm Hg for any SBP); high–normal
SBP (SBP 130–139 mm Hg) and high–normal DBP
(DBP 85–89 mm Hg); isolated systolic hypertension
(ISH) (SBP �140 mm Hg and DBP �90 mm Hg) and
isolated diastolic hypertension (IDH) (DBP �90
mm Hg and SBP �140 mm Hg); and control of SBP
(SBP �140 mm Hg) and DBP (DBP �90 mm Hg).2,3

Blood pressure staging

To ascertain the impact of SBP and DBP on blood
pressure staging, blood pressure levels were classi-
fied according to JNC-VI and WHO-ISH criteria2,3
and grouped into four categories, ie, normal (SBP
�130 and DBP �85 mm Hg), high–normal (SBP
130–139 mm Hg or DBP 85–89 mm Hg), stage or
grade 1 AHT (SBP 140–159 mm Hg or DBP 90–99
mm Hg), and stage or grade �2 AHT (SBP �160
mm Hg or DBP �100 mm Hg). Where there was a
disparity between SBP and DBP categories, subjects
were placed in the higher category (‘up-staging’).2,3
Subjects were also classified by their SBP or DBP
alone. The number and percentage of subjects in
each SBP, DBP, and JNC-VI/WHO-ISH category were
calculated, as was the percentage of subjects in each
JNC-VI/WHO-ISH category that had disparate or
congruent SBP and DBP levels. Data analyses were
performed with the SPSS software package.13

Results
SBP vs DBP community burden

Of the total sample, 34.1% of subjects had systolic
hypertension, 30.9% had diastolic hypertension,
52% had elevated SBP (high–normal, 18%, or AHT,
34%), and 45% had elevated DBP (Table 1). Stage 1
AHT was the most frequent type of hypertension,

Table 1 Prevalence and control of elevated blood pressure as per
JNC-VI and WHO-ISH criteria

No. (%)

Elevated blood pressure (mm Hg)
Systolic hypertension (SBP �140) 690 (34.1)
High–normal SBP (SBP 130–139) 364 (18.0)
Diastolic hypertension (DBP �90) 624 (30.9)
High–normal DBP (DBP 85–89) 281 (13.9)

Isolated hypertension (mm Hg)
Isolated systolic hypertension (SBP �140/DBP 243 (12.0)
�90), total
Isolated systolic hypertension among untreated 205 (30.6)
hypertensives
Isolated diastolic hypertension (SBP �140/DBP 175 (8.7)
�90), total
Isolated diastolic hypertension among 144 (21.5)
untreated hypertensives

Control of blood pressure (mm Hg)
SBP �140 among hypertensives 219 (24.0)
SBP �140 among treated hypertensives 75 (31.0)
DBP �90 among hypertensives 283 (31.0)
DBP �90 among treated hypertensives 82 (34.0)

JNC-VI, Joint National Committee (see reference 2). WHO-ISH,
World Health Organization-International Society of Hypertension
(see reference 3). SBP, systolic blood pressure. DBP, diastolic
blood pressure.

systolic (72% of hypertensives) and diastolic (70.9%
of hypertensives). Whereas diastolic AHT was more
frequent in young adults, systolic AHT tended to
predominate above the age of 50 years (Figure 1a).

Prevalence of ISH was 12% and that of IDH, 8.7%.
ISH was also more frequent than IDH among hyper-
tensives not undergoing drug therapy (n = 670)
(Table 1). IDH, unlike ISH, was relatively infrequent
among older persons (Figure 1b).

Of hypertensives undergoing drug therapy
(n = 241), 31% and 34% had their SBP and DBP con-
trolled, respectively (Table 1). In the case of total
hypertensives (n = 911), 24% had their SBP con-
trolled and 31% their DBP controlled. While the
percentage of people with a SBP �140 mm Hg
among all hypertensives decreased with age, those
with DBP �90 mm Hg increased somewhat with age
(Figure 1c), reflecting progress of vascular disease.
The results in Figure 1 were similar across the sexes
(data not shown).

SBP vs DBP impact on blood pressure staging

Of the 1780 subjects not undergoing antihyperten-
sive drug therapy, 18% had high-normal blood
pressure, 26% had stage 1 AHT and 11% had stage
�2 AHT based on JNC-VI and WHO-ISH criteria
(Figure 2, left). These percentages remained similar
when subjects were classified according to their SBP
alone, but were lower when based on DBP alone,
except in the case of stage �2. Hence, blood pressure
staging reflected SBP more closely than it did DBP,
though the difference was not overly great.
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Figure 1 Prevalences of systolic hypertension and diastolic
hypertension (a), isolated systolic hypertension (ISH) and iso-
lated diastolic hypertension (IDH) (b), and control of systolic
blood pressure (SBP) and diastolic blood pressure (DBP) among
hypertensives (c), by age.

Figure 2 Percentage distribution of blood pressure categories
among untreated subjects (left), and among subjects with high–
normal blood pressure or hypertension (right), based on JNC-VI
and WHO-ISH criteria (references 2 and 3), SBP alone and DBP
alone. SBP, systolic blood pressure. DBP, diastolic blood press-
ure. SBP/DBP, use of both SBP and DBP.
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In all, 1083 subjects (60.8%) had congruent SBP
and DBP levels (Table 2), and 39.2% had disparate
SBP and DBP levels, with 22.5% being up-staged on
the basis of their SBP, and 16.7% on the basis of
their DBP. Therefore, SBP alone correctly classified
JNC-VI/WHO-ISH staging in 83.3% (60.8% + 22.5%)
of subjects, whereas DBP alone correctly classified
77.5% (60.8% + 16.7%) of subjects.

There were 988 subjects who had high–normal
pressure or AHT. This group is of particular interest
because they are potentially eligible for initial drug
therapy under JNC-VI recommendations. The dis-
parity in SBP and DBP levels was significantly
(P � 0.01) greater among those with high–normal
pressure or hypertension (Figure 2, right) than
among untreated subjects as a whole, with 85.8%
having elevated SBP and 72.5%, elevated DBP. Of
these 988 subjects (Table 2), 29.5% had congruent
SBP and DBP levels, 40.4% were up-staged on the
basis of their SBP, and 30.1% were up-staged on the
basis of their DBP. Thus, SBP alone correctly classi-
fied joint staging in 70% of subjects vs 60% for
DBP alone.

Figure 3 depicts the influence of age on the pro-
portions of subjects that were respectively up-staged
on the basis of SBP and DBP alone. These pro-
portions were higher for SBP for those aged above
50 years. In the �50-year age group (n = 879), 66%
had congruent SBP and DBP levels, 15% were up-
staged on the basis of their SBP, and 19% were up-
staged on the basis of their DBP. SBP correctly
classified JNC-VI and WHO-ISH staging in 81% of
subjects (vs 85% for DBP alone). In the �50-year age
group (n = 901), 55% had congruent SBP and DBP
levels, 30% were up-staged on the basis of their SBP,
and 15% were up-staged on the basis of their DBP.
Hence, SBP alone correctly classified staging in 85%

Table 2 Number of untreated subjects in each category as per
JNC-VI and WHO-ISH criteria, based on SBP and DBP levels

DBP (mm Hg)

Normal High– Stage 1 Stage �2
�85 normal 90–99 �100

SBP (mm Hg) 85–89 Row total

Normal (�130) 792 97 42 2 933
High–normal 150 71 85 15 321
(130–139)
Stage 1 (140– 107 69 164 57 397
159)
Stage �2 15 14 44 56 129
(�160)
Column total 1064 251 335 130 1780

Diagonal numbers (in bold type) represent subjects with congru-
ent levels of SBP and DBP as per JNC-VI and WHO-ISH classi-
fication (see references 2 and 3). Numbers below and to the left
of the diagonal represent subjects that were up-staged on the basis
of their SBP. Numbers above and to the right of the diagonal rep-
resent subjects that were up-staged on the basis of their DBP. SBP
indicates systolic blood pressure and DBP, diastolic blood press-
ure.
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Figure 3 Percentages of untreated subjects that were up-staged on
the basis of systolic blood pressure (SBP) and diastolic blood
pressure (DBP), by age.

of subjects (vs 70% for DBP alone). The situation
was similar across the sexes (data not shown).

Lastly, on applying JNC-VI/WHO-ISH criteria to
the 241 subjects with antihypertensive drug therapy,
43% had congruent SBP and DBP levels, 33% were
up-staged on the basis of their SBP and 24% were
up-staged on the basis of their DBP.

Discussion
SBP vs DBP community burden

Our results highlight that it is only for ages above 50
years that systolic hypertension is the more frequent
type of AHT. The Multiple Risk Factor Intervention
Trial (MRFIT), conducted in the United States,7
reported 23.6% of men aged 35–57 years as having
systolic AHT and 27.3%, diastolic AHT. The corre-
sponding figures for Spanish men aged 35–57 years
were 25% and 25%, respectively. Moreover, the
MRFIT found prevalence of systolic AHT to exceed
that of diastolic AHT for ages above 50–54 years,
much as in Spain. Since blood pressure was taken
three times on one occasion, a degree of overestim-
ation of hypertension prevalence could have
occurred in our study.

Our data show an appreciable magnitude of ISH,
which affects 16% of men and 18% of women aged
55–64 years, and constitutes a frequent form of AHT
(27% of all AHT) even in the middle-age range.
Despite registering lower figures, the magnitude of
IDH is in no way negligible: indeed, it is only for
ages above 50 years in both sexes that ISH exceeds
IDH. Among untreated persons under 50 years of
age, ISH frequency was 21% for the US6 vs 25% for
Spain, whereas IDH frequency was 47% for the US
vs 36% for Spain.

Control of elevated blood pressure leaves much
room for improvement, inasmuch as less than one-
third of subjects with systolic or diastolic AHT have
their SBP or DBP controlled, a finding consistent

with the low therapy compliance in Spain.14 How-
ever, the difference between SBP and DBP control
is not very great, with SBP only being smaller than
DBP control for ages above 50 years. Other studies
also reported differential control of SBP and DBP.
For middle-aged subjects in Italy, the PAMELA
study reported SBP control in 12.6% and DBP con-
trol in 17.5% of hypertensives.15 Overall, these data
may indicate that physicians pay less attention to
SBP than to DBP or, alternately, that it is more diffi-
cult to control SBP with currently available drugs.8
Despite the fact that 66% of all Spanish hyperten-
sives undergoing treatment are in monotherapy, a
regimen that achieves little control of AHT (and of
SBP in particular), Spanish physicians nevertheless
make control-enhancing changes in treatment in
only 12% of patients with uncontrolled hyperten-
sion.9

SBP vs DBP impact on blood pressure staging

Our study has the advantage of using a general
population sample representative of the middle-
aged segment of an entire country, in which the stag-
ing impact of SBP and DBP may be different to that
in samples that are less representative or older.
Overall, SBP is more important than DBP in the
determination of blood pressure staging and eleg-
ibility for therapy, yet the difference between SBP
and DBP is nevertheless not extremely pronounced.
Indeed, the percentages of subjects that were up-
staged on the basis of SBP or DBP alone are favour-
able to SBP solely for ages above 50 years. Lastly,
the exclusion of subjects with cardiovascular dis-
ease had no effect whatsoever on the principal
results.

In Spain, SBP seems to be a similar staging deter-
minant than in MRFIT. With respect to males aged
�60 years, 35.1% of Spaniards with high–normal
blood pressure or AHT were classified in their
respective blood pressure categories on the basis of
SBP alone, 36.1% were classified on the basis of
DBP alone, and 28.8% had congruent SBP and DBP
levels. The corresponding figures in MRFIT7 were
32.4%, 39.7%, and 27.9%, respectively. Not only
were our results akin to those of the MRFIT, they
were based on a population having a similar age
range and use of a similar blood pressure measure-
ment protocol.

The results from the nationally representative
sample of Spain were consistent with those from its
counterpart in the US NHANES III.6 For untreated
people aged �50 years with high–normal blood
pressure or AHT, 35% of individuals in Spain were
up-staged by SBP alone vs 35% in the US NHANES
III study. The corresponding percents up-staged by
DBP alone were 42% in Spain and 46% in the US.
For untreated subjects �50 years with high–normal
or AHT, 44% of individuals in Spain were up-staged
by SBP alone vs 85% in the US. The corresponding
percents up-staged by DBP alone were 22% in Spain
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and 7% in the US. The differences between SBP and
DBP upstaging frequencies for subjects �50 years
were much greater in the US than in Spain, probably
reflecting that the population subgroup for Spain
was 50–65 years of age, whereas in NHANES was
�50 years. Overall, these findings in Spain reinforce
the findings of SBP upstaging found in US studies
when demographic differences are taken appropri-
ately into account, and also reinforce the new con-
cept of DBP upstaging in the younger age group
advanced by Franklin et al6 based on NHANES data.

In conclusion, SBP constitutes a greater com-
munity burden than DBP, and has a greater impact
on blood pressure staging, in Spain’s middle-aged
population. Focusing solely on DBP gives rise to a
classification error, inasmuch as it underestimates
the number of hypertensives, leading in turn to the
possible omission of treatment in a considerable
number of subjects. Greater emphasis on SBP is
therefore called for in determining blood pressure
stage and in hypertension management in Spain, in
line with recent American guidelines.10 Nonethe-
less, the differences between SBP and DBP we found
are not very great within the middle-aged segment
of the population. Age is an important modifier of
SBP- vs DBP-related prevalence, control and staging
impact. Only among subjects over age 50 years is
SBP a better classifier of blood pressure than DBP
and a better indicator of the burden of both hyper-
tension and low control. Accordingly, our results
should not be allowed to diminish the importance
of DBP, especially among the youngest segment.

The above suggest that JNC-VI and WHO-ISH
guidelines,2,3 which assign relatively similar roles to
SBP and DBP in blood pressure level classification
and management, are reasonably appropriate for a
country such as Spain, but specifically referred to
the middle-aged segment of the population (more
specifically people �50 years), a segment that
accounts for approximately half of all Spanish
hypertensives. Thus, for most hypertensives SBP
seems to be the principal criterion, in accordance
with more recent guidelines.10

Acknowledgements

This study has been partially funded by ‘Comunidad
de Madrid’ grant 08.4/0011/2000. We thank the
Ministry of Health for supporting the survey, and all
the researchers who took part in it.

Journal of Human Hypertension

References
1 Burt VL et al. Prevalence of hypertension in the US

adult population. Results from the Third National
Health and Nutrition Examination Survey, 1998–91.
Hypertension 1995; 25: 305–313.

2 Joint National Committee on Detection, Evaluation,
and Treatment of High Blood Pressure. The Sixth
Report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood
Pressure (JNC VI). Arch Intern Med 1997; 157: 2413–
2446.

3 1999 World Health Organization-International Society
of Hypertension Guidelines for the Management of
Hypertension. Guidelines Subcommittee. J Hypertens
1999; 17: 151–183.

4 Lloyd-Jones DM et al. Differential impact of systolic
and diastolic blood pressure level on JNC-VI staging.
Hypertension 1999; 34: 381–385.

5 Whelton PK. Blood pressure in adults and the elderly.
In: Bulpitt CJ (ed). Handbook of Hypertension Vol 6.
Epidemiology of Hypertension. Elsevier: Amsterdam,
1985, pp 51–69.

6 Franklin SS et al. Predominance of isolated systolic
hypertension among middle-aged and elderly US
hypertensives. Analysis based on National Health and
Nutrition Examination Survey (NHANES) III. Hyper-
tension 2001; 37: 869–874.

7 Neaton JD, Kuller L, Stamler J, Wentworth DN. Impact
of systolic and diastolic blood pressure on cardio-
vascular mortality. In: Laragh JH, Brenner BM (eds).
Hypertension: Pathophysiology, Diagnosis, and Man-
agement. Raven Press: New York, 1995, pp 127–144.

8 Black HR, Zanchetti A (eds). Reports of the Systolic
and Pulse Pressure (SYPP) Working Group. J Hyper-
tens 1999; 17 (Suppl 5): S1–S63.

9 Coca A. Evolución del control de la hipertensión
arterial en España. Resultados del Estudio Controlpres
98. Hipertensión 1998; 15: 298–307.

10 Izzo JL, Levy D, Black HR. Clinical advisory statement.
Importance of systolic blood pressure in older Amer-
icans. Hypertension 2000; 35: 1021–1024.

11 Banegas JR et al. Blood pressure in Spain: distribution,
awareness, control, and benefits of a reduction in aver-
age pressure. Hypertension 1998; 32: 998–1002.

12 World Health Organization. Arterial Hypertension.
WHO technical report series, 628. Geneva, Switzer-
land: World Health Organization, 1978.

13 SPSS. SPSS Advanced Statistics 7.5. Chicago, III: SPSS
Inc, 1997.

14 Puras A. Causas del mal control de la presión arterial
en España. Aten Primaria 1998; 21: 638–644.

15 Mancia G et al. Systolic blood pressure and pulse
pressure: role of 24 h mean values and variability in
the determination of organ damage. J Hypertens 1999;
17 (Suppl 5): S55–S61.


	Systolic vs diastolic blood pressure: community burden and impact on blood pressure staging
	Introduction
	Subjects and methods
	Study population
	Hypertension prevalence and control
	Blood pressure staging

	Results
	SBP vs DBP community burden
	SBP vs DBP impact on blood pressure staging

	Discussion
	SBP vs DBP community burden
	SBP vs DBP impact on blood pressure staging

	Acknowledgements
	References


