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The continuously increasing number of elderly
people, especially those 80+ years of age, leads
into a growing population prone to frailty, multiple
comorbidities, and partial loss of autonomy. This
is now one of the target populations for geriatric
medicine necessitating the development of spe-
cific diagnostic and therapeutic approaches [1].
These approaches cannot be derived however from
a simple extrapolation of the strategies applied in
younger populations or even in elderly robust pop-
ulations. Thus, assessment of cardiovascular (CV)
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risk in these subjects represents a major issue. High
blood pressure (BP), especially systolic hyperten-
sion, is a common condition in the elderly and is
considered a major determinant not only of CV
morbidity and mortality but also of several other
age-related diseases, frailty, and loss of autonomy
[2]. Thus, high blood pressure has been related to
several age-related diseases such as osteoporosis
[3] and Alzheimer’s disease [4]. It has also been
shown that life expectancy is reduced in middle-
aged hypertensives [5, 6].

Therefore, there is no doubt that high blood
pressure and high risk of morbidity and mortal-
ity go hand in hand. This concept has dominated
hypertension epidemiology as well as clinical
trials which have shown that in hypertensive
subjects, the more important the decrease in sys-
tolic or diastolic BP (DBP), the more important
the benefits in terms of cardiovascular morbidity
and mortality in young, middle-aged, and older
populations of both genders [7-10]. Numerous
large clinical trials in individuals 65 years or
older showed that antihypertensive treatment in
older adults is as beneficial as that in younger
adults [11]. Thus, large studies such as the
Systolic Hypertension in the Elderly Program
[12], Swedish Trial in Old Patients [13], Medical
Research Council [14], Systolic Hypertension in
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Europe [15], and Systolic Hypertension in China
[16] have shown the benefits of reducing BP in
elderly subjects. The results of the Hypertension
in the Very Elderly (HYVET) study [17] also
showed the beneficial effect of antihypertensive
treatment in patients 80 years or older.

Although the concept “the lower the blood
pressure, the better the prognosis” may be a
very appealing message in terms of public health
policy, several results especially in the elderly
show that this dogma may not always represent
the truth. One of the most typical examples is
the inverse relationship between DBP and CV
risk observed in elderly individuals [18-21].
Furthermore, such an inverse relationship with
risk has even been observed with systolic blood
pressure (SBP) in very elderly subjects present-
ing several comorbidities [22, 23]. Actually,
although in relatively fit elderly people [7, 17]
high SBP is associated with higher morbidity
and mortality, no association between high BP
and morbidity and mortality was found in very
old persons with several comorbidities [22, 24,
25]. Notably, a J-shape or an inverse relation-
ship between BP (both systolic and diastolic)
and morbidity/mortality was observed in a sub-
set of studies [26, 27]. Clinical studies in very
old persons reported a poor prognosis in those
with systolic BP (SBP) <140 mmHg [28, 29].
The J-shape phenomenon associated with exces-
sive diastolic BP reduction in elderly patients
has been reported in the Practitioner’s Trial on
the Efficacy of Antihypertensive Treatment in
the Elderly [30] and in some post hoc analyses
of large clinical studies, such as the Systolic
Hypertension in the Elderly Program [31] and
Systolic Hypertension in Europe [32]. In another
post hoc analysis of the Systolic Hypertension
in the Elderly Program, the greatest benefits in
terms of lowering stroke risk were observed in
patients with SBP <150 mmHg but not in those
with SBP <140 mmHg [33]. Accordingly, exces-
sive reduction of BP in the elderly, particularly
in elderly patients with cardiovascular disease,
might be harmful because of decreased perfusion
of target organs [30].

Hence, the issue that we have attempted to
address herein is what does measured BP really
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means and what are its determinants during the
aging process. Actually, as we have developed
in a recent review, the demographic, technologi-
cal, and therapeutic changes over the past 20-30
years make possible now to reconsider the con-
cept of the “role of blood pressure in the cardio-
vascular risk determination” [34].

The Transition from Diastolic
to Systolic and Pulse Pressure (PP)
During Aging

The Reasons of Increase in PP
with Age

Until the ages of 50-60 years, both SBP and DBP
increase with age. Thereafter, in the majority of
cases, SBP increases with age disproportionally
to DBP. The most common cause for the disrup-
tion of the correlation between SBP and DBP
(leading to an excessive increase in SBP and PP)
is the progressive stiffening of the arterial wall
[35, 36]. Indeed, arterial stiffness develops as a
consequence of several structural and functional
changes of large arteries. Wall hypertrophy, cal-
cium deposits, and changes in the extracellular
matrix, such as an increase in collagen and in
fibronectin, fragmentation and disorganization of
the elastin network, non-enzymatic cross-links,
and cell-matrix interactions, are the predominant
structural determinants of the decrease in elastic
properties and the development of large-artery
stiffness [37].

It is important at this juncture to point out that
SBP is dependent on left ventricular performance
and on the stiffness of the aorta and other large
arteries [35]. Thus, peak systolic pressure will be
greater if the arterial wall is more rigid. On the
other hand, after closure of the aortic valves, arte-
rial pressure gradually falls as blood is drained
to peripheral vascular networks. Minimum DBP
is determined by the duration of the diastolic
interval and the rate at which pressure falls. The
rate of fall in pressure is influenced by the rate
of outflow, i.e., peripheral resistance, and by vis-
coelastic arterial properties. At a given vascular
resistance, the drop in diastolic pressure will be
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greater if the rigidity of large arteries is increased.
The viscoelastic properties of arterial walls are
also a determinant of the speed of propagation
of the arterial pressure wave (pulse wave veloc-
ity (PWV)) and of the timing of wave reflections.
Thus, stiffening of the arteries increases PWV
and may be responsible for an earlier return of
the reflected waves, which overlaps the incident
pressure wave, thus further contributing to the
increase in SBP and PP [35, 36]. Moreover, sev-
eral clinical cross-sectional and longitudinal stud-
ies have shown that increases in arterial stiffness
with age are not linear, being more pronounced
after the age of 55-60 [38, 39], which may in
turn explain the more pronounced increase in
PP after this age, as reported in the Framingham
study [19]. In addition to age, any disease and/or
situation that induces an accelerated increase in
arterial stiffness will be clinically expressed by
an increase in SBP and PP. Diabetes is a typical
example of accelerated arterial aging leading to a
more noticeable increase in PP with age as com-
pared to nondiabetic patients, due to a more pro-
nounced increase in arterial stiffness [40-42]. In
accordance with this concept, increased PP with
age is more pronounced in diabetics with initial
micro- or macroalbuminuria and retinopathy,
suggesting that the progression in arterial aging
is more prominent in the presence of target organ
damage [42].

The Increasing Impact of Systolic/
Pulse Pressure in the Elderly

Taking into account these considerations can bet-
ter explain why SBP and PP better reflect CVD
risk in older subjects, whereas DBP better reflects
the risk in younger subjects [20, 43]. Indeed,
DBP in young patients is predominantly depen-
dent on peripheral resistance, and, therefore, low
DBP reflects low peripheral resistance. In addi-
tion, in younger subjects with hyperkinetic circu-
lation, DBP is less variable than SBP, thus better
reflecting cardiovascular risk. In older subjects,
a low DBP may reflect high arterial stiffness,
which is a major manifestation of arterial aging,
rather than low peripheral resistance [35, 36]. In
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this case, low DBP is associated with high SBP
and high PP and increased cardiovascular risk.
The clinical application of these considerations
is that, as clearly stated in the latest guidelines of
the JNC, “in persons older than 50 years, SBP is
a much more important cardiovascular risk factor
than DBP” [8].

Also, in 2003, for the first time, the European
recommendations on the management of
hypertension [44] have suggested that PP may
represent an independent risk factor and that
therapeutic studies should henceforth be con-
ducted to assess the benefits of reducing PP in
terms of cardiovascular morbidity and mortal-
ity, especially among those over 60 years of age
[43]. Indeed, since the first study, conduced in
1989, which demonstrated a positive associa-
tion between PP and target organ damage [45],
a large number of clinical studies notably over
the past 10 years have shown that increased PP
is a strong predictor of coronary disease, inci-
dence of heart failure, and cardiovascular mor-
bidity and mortality, independently of mean BP
levels [19, 46-51]. Such observations have been
made in a variety of different populations but are
apparently more pronounced in diabetics and
elderly subjects. Threshold PP risk values have
been proposed, notably a value of approximately
65 mmHg [52, 53]. The association between
PP and CV mortality has also been observed in
elderly patients enrolled in large clinical trials, as
shown in a meta-analysis published in 2002 [54],
during which seven clinical trials in the elderly
were analyzed (EWPHE, HEP, MRC1, MRC?2,
SHEP, STOP, Syst-Eur). The subjects enrolled
in these trials were elderly patients with sys-
tolic-diastolic hypertension or isolated systolic
hypertension.

The SBP/PP-Related Increase
in Cardiovascular Risk: Is It Only
a Barometric Phenomenon?

To date, at least three hypotheses can be put for-
ward to explain the association between SBP/PP
and CV risk. Actually, these three hypotheses are
complementary rather than contradictory:
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(a) PP increases arterial cyclic stress: Experi-
mental studies indicate that fatigue and
fracture of elastic fibers within the arterial
wall are related to both steady-state and pul-
satile stress [55, 56]. In vivo, the former is
primarily dependent on mean arterial pres-
sure, whereas the latter is related to ampli-
tude of PP and also to heart rate. Therefore,
increased PP by itself could be responsible
for cardiac and arterial fatigue and subse-
quent complications such as left ventricular
hypertrophy, arterial hypertrophy and dilata-
tion, endothelial damage, and extracellular
matrix changes.
Altered ventricular-aortic coupling influ-
ences myocardial perfusion by elevating the
proportion of coronary flow during the sys-
tolic time period [57]. Thus, increased PP
and low DBP lead to decreased coronary per-
fusion, which mainly occurs during the dia-
stolic phase of the cardiac cycle.

(c) PP as an indicator of arterial stiffness: PP is
associated with CV risk since it is an indicator
of arterial stiffness; therefore, PP is merely an
epiphenomenon and not responsible for car-
diovascular alterations. This third hypothesis
seems to be the main explanation of the rela-
tionship between SBP/PP and CV morbidity
and mortality. This assumption is based on the
fact that the risk related to the PP is mainly
observed in the elderly and is due to both high
SBP and low DBP [19, 43], reflecting the typi-
cal clinical manifestations of arterial aging on
the macro- and microcirculation.

The results of epidemiological studies con-
ducted in subjects over 80 years of age also sup-
port the view that the association between PP and
CV complications is not observed when other
than arterial stiffness are the main determinants
of PP. In a study involving very elderly insti-
tutionalized patients (mean age 87 years.), we
found that PP failed to predict cardiovascular
mortality. In fact, in this very frail population,
low SBP and low PP mainly reflect comorbidities
than low arterial stiffness; this explains why in
this population aortic PWYV, a direct indicator of
arterial stiffness, was an independent predictor of
cardiovascular mortality [25].

(b)

A.Benetos et al.

Similar results were also observed in other
observational studies in very old, frail patients with
absence or even reverse relationships between BP
levels and cardiovascular risk [23, 27].

We recently studied this question in the
PARTAGE (Predictive Values of Blood Pressure
and Arterial Stiffness in Institutionalized Very
Aged Population) multicenter study performed
in 1,130 frail subjects 80 years or older liv-
ing in nursing homes [39]. Almost 80 % of the
participants were treated for hypertension with
a mean 2.2+1.0 drugs, and 63 % of men and
53 % of women treated for hypertension had
an SBP <140 mmHg [58]. This contrasts with
the much lower frequency (38 % of men, 23 %
of women) with SBP <140 mmHg reported for
subjects 80 years or older treated for hyperten-
sion in a community-living setting [59]. In the
PARTAGE study [25], after 2 years, there was a
30 % increase in all-cause mortality in patients
ranked in the lowest tertile of SBP (<130 mmHg)
compared to the two upper tertiles. These results
held after adjusting for several confounders such
as age, sex, history of previous cardiovascular
disease, index of comorbidity (Charlson), cog-
nitive function (MMSE), and autonomy status
(ADL). Thus, alow SBP in very old frail subjects
may not simply be a sign of good arterial health.
Rather, it might be the expression of malnutri-
tion, heart failure, neurological disorders, and
other comorbidities associated with poor prog-
nosis. In fact, at present no study has provided
evidence that higher morbidity-mortality rates in
elderly patients with very low BP are due to low
BP itself or are just a sign of general bad health.
It is therefore of particular relevance that partici-
pants in the PARTAGE study had several comor-
bidities and were polymedicated (receiving on
average 7.1 different drugs).

Hence, the absence or even the inverse asso-
ciations between BP levels and CVD risk in the
very elderly appears to be linked to several age-
related changes as summarized below:

(a) The presence of frequent comorbidities in the
very elderly, in particular denutrition, heart
failure, and several neurological disorders,
reduces BP levels, thereby masking the asso-
ciation between high BP and CVD risk [60].
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(b) Exaggeration of BP variability, mainly SBP
and PP variability, due to alterations in
homeostatic mechanisms. Arterial stiffness,
baroreceptor failure, and neurological dis-
eases are responsible for this variability and
for the presence of orthostatic or postpran-
dial hypotension [61]. Therefore, SBP and
PP recorded during casual measurements
may not reflect more permanent SBP and PP
levels. Actually, several studies have shown
that in the elderly, 24 h ambulatory [62-64]
or self-measured [65] BP is a better predictor
of cardiovascular risk than clinical
BP. Bjorklund et al. [66] showed that PP
measured with ABPM has the most powerful
prognostic value for cardiovascular morbid-
ity. The Ohasama study [67] also showed that
the prediction of stroke was much more pre-
cise with self-measurements than with casual
clinical measurements, whereas Bobrie et al.
[65] have clearly demonstrated in 5,000
treated hypertensive elderly subjects that
home measurements but not clinical mea-
surements of BP were able to predict cardio-
vascular events in these subjects. In the
PARTAGE study, we investigated this spe-
cific question in the very old institutionalized
individuals by comparing the BP levels
obtained with standard casual measurements
with those recorded following multiple self-
measurements. These analyses showed no
difference in both BP levels [39] and the pre-
dictive value of these BP levels on morbidity
and mortality [59]. This result is in contrast
with the results observed in community-
living more robust elderly persons and shows
that the “paradoxical” relationship between
BP and events observed in the very old frail
subjects cannot be the sole result of BP
variability.

Finally, we should mention the relatively
frequent overestimation of BP levels in the
presence of severe mediacalcosis (pseudo-
hypertension) [68] due to the lack of com-
pressibility of peripheral arteries. However,
a recent study has shown that the role of
“pseudohypertension” in the elderly has
been exaggerated and that what has been
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perceived as false elevation in brachial BP,
as compared with intra-arterial pressure, is
the result of discrepancies in office/clinic BP
versus home/ambulatory measurements [69].
The authors concluded this interesting analy-
sis on this topic, pointing out that “there are
no legitimate elevated BP phenotypes that
should be labeled as spurious, artifactual, or
as pseudohypertension.”

Therefore, we think that the “paradoxical”
results observed in old frail individuals are mainly
related to the presence of comorbidities and/or
conditions that profoundly modify the regulation
of blood pressure in these subjects. These data
point out the fact that BP measurements are not
adequate or even misleading for the evaluation of
CVD risk in the very old patients.

Influence of Arterial Aging
on the Response
to the Antihypertensive Treatment

Beyond this epidemiological evidence, the
response to the antihypertensive treatments
clearly shows that arterial aging should be taken
into account in order to answer a number of ques-
tions: Why is SBP not controlled in the majority
of the treated hypertensives? Is there an optimal
BP decrease? What is the J-shape curve thresh-
old for DBP, SBP, and PP? Should we be appre-
hensive of an excessive decrease of the BP in frail
patients?

Failure to Control SBP

It has been suggested that SBP should be under
140 mmHg and that DBP be under 90 mmHg for
all treated hypertensive subjects, unless diabetes
or target organ damage is present, in which case
lower BP levels (<130/85 mmHg) should be tar-
geted [8, 70, 71]. However, this latter statement
has been recently questioned by the latest guide-
lines of the ESC-ESH [2, 72]. Observational
studies from several countries have demonstrated
that among treated hypertensive individuals, the
proportion of those who are well controlled is
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less than 30 % [73, 74], and a recent survey in
the United Kingdom indicated that only 6 % of
hypertensive subjects presented BP levels below
the limit of 140/90 mmHg [75].

In France, the situation is similar: In a study
conducted in a general elderly population (over
60 years of age) in Nancy (Northeast part of
France), we found that only 50 % of treated
patients were well controlled, i.e., SBP <140 and
DBP <90 mmHg [76]. This study showed 2 key
results: First, better control rates were observed
in women than in men, probably due to a better
compliance to the treatment by women. Second,
most patients had a well-controlled DBP but still
had high SBP levels. Thus, among uncontrolled
subjects, 84 % were uncontrolled only for SBP
(>140 mmHg) and 14 % for both SBP and DBP
(>90 mmHg), while only less than 2 % were con-
trolled for SBP but uncontrolled for DBP. These
results are of importance in the prognosis of
treated patients, since lack of control of SBP (but
not DBP) has been shown to be a major deter-
minant of mortality in treated hypertensives [77].

Several factors can contribute to a poor control
of high SBP. Among these, the increasing preva-
lence of obesity, sedentary life, and high-salt diet
can contribute to the resistance to antihyperten-
sive treatment [78]. In addition to these important
factors, arterial aging is the main determinant,
which could explain current failure in controlling
systolic blood pressure. Hence, despite the use
of combination therapies, SBP in most patients
remains well above the goals determined by
international guidelines. However, as we men-
tioned above, the opposite is observed in very old
frail individuals who show much lower BP levels
due to the presence of several comorbidities and
polymedication [39].

BP Drop with Treatment: The “J-Shape
Curve”

Classically, a clinical relevant decrease in BP
following antihypertensive treatment signifies a
decrease by at least 6—7 mmHg, since this thresh-
old is considered to be associated with a signifi-
cant decrease in cardiovascular complications [8].

A.Benetos et al.

We believe that in order to correctly answer this
question, we must follow a different approach:
The clinical relevant decrease in BP is the one that
results from an improvement in arterial function.
In other words, a permanent progressive decrease
in DBP and SBP of 10 mmHg in a 50-year-old
hypertensive subject with a pretreatment level of
160/100 mmHg can be considered as clinically
relevant since it is certainly due to a significant
improvement in microcirculation and a decrease
in peripheral vascular resistance. On the other
hand, the same decrease in DBP but without a
decrease in SBP in a 75-year-old diabetic with an
initial BP of 175/100 is clearly a bad sign since it
reflects the incapacity of the drug to reduce arte-
rial stiffness which is the main determinant of
systolic hypertension in this subject. Finally, an
abrupt decrease in SBP and DBP from 180/85 to
160/70 in an 80-year-old subject following a com-
bination therapy may be dangerous since it may
be an indicator of dehydration and/or a decrease in
cardiac output and systolic function due to admin-
istered drugs. By contrast, a progressive decrease
in SBP by 20 mmHg and DBP by 10 mmHg could
be again an indicator of improvement of vascular
stiffness and peripheral resistance.

This approach is clearly more complicated
than “tell me a number and I’ll tell you the risk,”
but it nonetheless remains the only single pos-
sibility to truly answer questions regarding the
“J”-shape curve and the clinical relevance and
benefits from systolic and/or diastolic BP reduc-
tion, especially in the various subgroups of
elderly and frail patients.

The “J-curve” describes the relationship
between BP and the risk of CV morbidity and
mortality. CV risk is high for an elevated BP level
and is reduced in parallel with BP reduction until
a nadir is reached, below which further BP reduc-
tion increases risk [79-81]. Several studies have
shown that a J-shape curve exists mainly between
DBP and coronary disease especially patients
with several CV diseases [79, 80].

Thus, the “J-curve” legitimately brings the
motto “the lower, the better” into question and
confirms the need for using further diagnostic
methods to evaluate arterial hypertension and per-
sonalizing the treatment. As mentioned earlier,
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high PP and isolated systolic hypertension in the
elderly are signs of exaggerated vascular aging;
thus, these subjects may be considered at high CV
risk. Thus, in the presence of large-artery stiffen-
ing, antihypertensive treatment can excessively
reduce DBP levels and notably protodiastolic
pressure, hence contributing to a reduction in
coronary flow. Thus, the association between the
lowering of BP and the increase in cardiovascular
risk recorded in clinical trials most likely results
from marked arteriosclerosis and/or a previous
unknown coronary artery disease [81].

The question of the J-curve is also of particular
interest in the very old subjects. As we mentioned
above, the results of the HYVET study [17]
showed the beneficial effect of antihypertensive
treatment in patients 80 years or older. However,
one should always have in mind the design of
this study: Actually, this trial was conducted in a
highly selected population of fit elderly patients
with baseline SBP >160 mmHg and a target SBP
<150 mmHg.

Based on these considerations, the 2013
ESC-ESH Guidelines [2] for the management of
arterial hypertension stated that “in the elderly,
evidence is limited to individuals with initial
SBP of >160 mmHg, whose SBP was reduced
to values <150 mmHg but not <140 mmHg.”
Therefore, the recommendation of lowering
SBP to <150 mmHg in elderly individuals with
SBP >160 mmHg is strongly evidence based.
However, at least in elderly individuals 80 years
or older, antihypertensive treatment may be con-
sidered at SBP >140 mmHg and aimed at values
<140 mmHg, if the individuals are fit and treat-
ment is well tolerated [2].

Future Directions

The development in the elderly of several age-
related diseases and conditions makes that DBP
and even SBP in the very old, may be mislead-
ing in the understanding of the underlying arte-
rial state and therefore the evaluation of the
cardiovascular risk. As a consequence, no clear
recommendation exists regarding target BP in
the management of hypertension in very old frail
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subjects. Moreover, little is known about whether
low BP levels (e.g., SBP <130 mmHg) in these
individuals in response to therapy increase rather
than decrease morbidity and mortality. And then
a key question is whether an aggressive lowering
of SBP through the use of multiple drugs might
be deleterious in very old frail subjects, tipping
their delicate balance of survival. Further clinical
trials, comparing different therapeutic strategies,
will provide critical information to guide physi-
cians how to treat hypertension in these individu-
als. The knowledge generated by these trials will
have major consequences in terms of both indi-
vidual and public health.
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