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Abstract: Hypertension is an important risk factor for cardiovascular morbidity and mortality in the elderly. Isolated systolic hypertension
is particularly prevalent, because of structural and functional changes of the arteries and alterations in salt sensitivity and neural function
with aging. Blood pressure lowering therapy has been shown to reduce the morbidity and mortality in the elderly. There is little doubt
that a healthy lifestyle including diet, physical activity and ideal body weight is the foundation of hypertension management. Adequate
lifestyle changes may reduce the need for antihypertensive drugs, but most older people with elevated BP will require a combination
of antihypertensive drugs for ideal blood pressure control. An achieved systolic blood pressure of less than 150 mmHg seems to be
effective and safe to date, while stricter goals may be appropriate, if tolerated. Careful attention should be required to postural and
postprandial hypotension. Optimal blood pressure goal for the elderly remains inconclusive and needs to be further investigated.
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Introduction
In the developed countries of the world, life
expectancy is continuously increasing; as a result, the
proportion of elderly people in these population has
increased rapidly in recent decades. Data from the
National Health and Nutrition Examination Survey
from 1999 to 2004 show that 60% of all adults aged
60 to 69 years and up to 77% of those aged 80 years
or older have hypertension.! According to the World
Health Organization, hypertension is a common
cause of premature death in developed countries and
is increasingly significant in developing countries.
The prevalence of hypertension increases with age.?
Age is a strong risk factor for hypertension,
cardiovascular death and death. Blood pressure (BP)
reduction has been shown to be effective in prevent-
ing major cardiovascular events in hypertensive
subjects.* Because of the continued increase in the
proportion of older people in developed countries,
further increases in cardiovascular and renal compli-
cations of hypertension can be predicted for the next
few decades.””’ Indeed, hypertension in the elderly is
one of the main topics in antihypertensive treatment.
However, both the effectiveness of BP lowering and
the BP goal in the elderly have remained unclear.® !

Pathophysiology of Hypertension

in the Elderly

In older people, changes in the arterial structure—
namely, a decrease of vascular smooth muscle cells—
increase collagen in the vessel wall; together with the
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Figure 1. Changes in systolic and diastolic blood pressure with age.?

disruption of elastic fibers and calcium deposition that
occur with aging, this results in the large elastic ves-
sels becoming less distensible.'> Functional changes
in vessels also contribute to the increase in arterial
stiffness. Endothelial dysfunction is more common in
older people with hypertension, and derives from the
decreased bioavailability of nitric oxide. Nitric oxide
plays key roles in the promotion of vasodilatation and
the inhibition of platelet aggregation.” The increase
in arterial stiffness limits expansion of the vessels and
thus the system’s ability to effectively buffer the pres-
sures from the heart, leading to elevations in systolic
blood pressure (SBP), while the loss of recoil in the
diastolic phase leads to a diastolic blood pressure
(DBP) plateau in the fifth and sixth decades of life,
with slow declines thereafter (Fig. 1).*!'* Consequently,
isolated elevated SBP (ie, isolated hypertension) is
more prevalent in older people.’ These changes lead
to elevated pulse pressure, which damages vessels and
organs, and as a result, increased cardiovascular risk.
Hence, SBP should be recommended as a primary
target for the diagnosis and care of older subjects with
hypertension.® 14

Hypertension is common among older people with
kidney disease."!>!¢ A stepwise increase in the preva-
lence of isolated hypertension has been found at each
stage of chronic kidney disease.'® An inverse relation-
ship between pulse pressure and glomerular filtration
rate (GFR) has been also reported.'” These findings
highlight the importance of the relationship between
blood pressure and kidney function in the elderly.
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Geriatrichypertensionis generally ofasalt-sensitive
nature with a disproportionate frequency of isolated
systolic hypertension.'®!? Age-related increases in
salt sensitivity result, in part, from a reduced ability
to appropriately excrete salt loads and subsequent
sodium expansion, due to a decline in renal function
and reduced generation of natriuretic substances such
as prostaglandin E2, dopamine and atrial natriuretic
peptide. Declines in the activity of membrane sodium/
potassium-adenosine triphosphatase may also con-
tribute to hypertension in older people, because this
results in increased intracellular sodium, which may
cause reduced sodium-calcium exchange and thereby
increase intracellular calcium and vascular resistance.
Likewise, reduced calcium-ATPase activity may also
cause an increase in intracellular calcium and vas-
cular resistance. Age-related reduced renal tubular
mass provides fewer transport pathways for potas-
sium excretion; thus, elderly hypertensive patients
are prone to hyperkalemia.

The available experimental evidence indicates
that tonic whole-body sympathetic nervous system
activity increases with age.”” The tone of the sym-
pathetic nervous system for the heart is increased;
and, although the mechanisms underlying the age-
associated increases in its activity have not been
established, this appears to be due in part to reduced
neuronal reuptake of norepinephrine and increased
sympathetic drive in subcortical central nervous
system. These changes in sympathoadrenal function
with advancing age may have a number of important
physiological and pathophysiological consequences
for human health and disease. On the contrary, elderly
people are likely to have sluggish baroreflex response
and impaired cerebral autoregulation, which increase
risks of postural and postprandial hypotension, falls,
syncope, and cardiovascular events.

Clinical Trials
Effects of lifestyle modification
in the elderly

Lifestyle modification is an important BP-lowering
therapy for older people with hypertension. Several
lines of evidence have suggested that lifestyle modi-
fications such as maintaining ideal body weight,
restricting salt intake, regular aerobic activity for at
least 30 minutes three times a week, and limiting
alcohol intake reduce BP levels.?'?* A recent expert

consensus document on hypertension in the elderly
also recommended comprehensive lifestyle modifica-
tions such as smoking cessation, reduction in excess
body weight and mental stress, modification of exces-
sive salt and alcohol intake, and increased physical
activity to reduce anti-hypertensive agent doses in the
elderly.*

The Trial of Nonpharmacologic Interventions in
the Elderly (TONE), is a randomized control trial
conducted in 975 hypertensive patients aged 60 to
80 years, which investigated whether weight loss of
4.5 kg or greater, sodium restriction to less than 1.8 g
per day, and a combination of both would reduce
BP levels and the risk of cardiovascular events during
a 30-month follow-up.?? In their findings, weight loss
reduced SBP/DBP levels to —4.0/—1.3 mmHg from
baseline, and was associated with 30% lower risk of
cardiovascular events as compared with noninterven-
tion. In this study, weight loss of 4.5 kg or greater
was achieved by regular exercise and diet therapy
and was well tolerated. Therefore, maintaining ideal
body weight with regular exercise and avoidance of
excessive calorie intake should be encouraged among
elderly subjects to reduce BP levels. The TONE study
also suggested the importance of sodium restriction
in the management of hypertension. Sodium restric-
tion reduced SBP/DBP values by 3.4/1.9 mmHg
compared to baseline. People with sodium restriction
had a 31% lower cardiovascular risk than those with-
out sodium restriction. Similar findings were demon-
strated in another clinical trial performed in United
Kingdom, in which restricting salt from 10 g/day to
less than 5 g/day was associated with 7.2/3.2 mmHg
lower SBP/DBP levels in elderly normotensive and
hypertensive subjects.”® Additionally, recent evidence
has suggested that a diet rich in fruits and vegetables,
or a combination diet rich in fruits, vegetables, and
low-fat dairy products and with reduced saturated and
total fat in addition to sodium restriction were likely
to have a benefit on BP lowering.?** Dietary modifi-
cation, that is salt sodium restriction and additional
nutritional approaches, is an important strategy in
preventing and treating hypertension.

Efficacy of pharmacological

antihypertensive treatment in the elderly
The efficacy of pharmacological therapy in older peo-
ple with systolic and diastolic hypertension or with
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isolated systolic hypertension, in terms of reducing
cardiovascular morbidity and mortality, has been
widely confirmed by many controlled and randomized
controlled trials.?’* The Systolic Hypertension in the
Elderly Program (SHEP) study showed the benefit
of antihypertensive treatment in 4,736 subjects aged
60 years and over with isolated hypertension during an
average 4.5-year follow-up, in which a chlorthalidone-
based regimen with or without atenolol reduced therisk
of cardiovascular death by 32% (P < 0.001), stroke
by 36% (P < 0.001), myocardial infarction by 27%
(P < 0.001), and heart failure by 54% (P < 0.001),
as compared with a placebo.?” Major cardiovascular
events were reduced, with a 5-year absolute benefit of
55 events per 1,000 patients. In the European Trial on
Systolic Hypertension in the Elderly (SYST-EUR),
4,695 patients aged 60 years and over with isolated
hypertension were randomly assigned to treatment
with the calcium channel blocker (CCB) nitrendipine
(with the possible addition of enalapril and/or hydro-
chlorothiazide) or a matching placebo.”® At a median
of 2-year follow-up, the CCB-based regimen low-
ered the SBP by 23 mmHg and the DBP by 7 mmHg.
Active treatment was associated with a reduction in
the risk of total stroke by 42% (P = 0.003), and all
fatal and non-fatal cardiac endpoints, including sud-
den death, by 26% (P = 0.03). Treatment of 1,000
patients for 5 years with a CCB-based regimen may
prevent 29 strokes or 53 cardiovascular endpoints.
A similar trial, the Systolic Hypertension in China
(SYST-CHINA) trial, was conducted in Chinese
people aged 60 years or older, also using nitrendipine
versus a placebo. SBP/DBP values were reduced by
20/5 mmHg in the active-treatment group. CCB-based
treatment reduced total strokes by 38% (P =0.01), all
fatal and nonfatal cardiovascular endpoints by 37%
(P =0.004), cardiovascular death by 39% (P =0.03),
and all-cause death by 39% (P =0.003).%° Active treat-
ment was estimated to prevent 55 deaths, 39 strokes or
59 major cardiovascular endpoints per 1,000 Chinese
patients over 5 years. In a meta-analysis of eight trials
including 15,693 older people with isolated systolic
hypertension, 1,482 major cardiovascular events and
1,390 deaths during an average 3.8 years of follow-
up, active treatment was shown to reduce all-cause
death by 13% (P =0.02), cardiovascular death by 18%
(P = 0.01), all cardiovascular complications by 26%
(P =0.001), stroke by 30% (P =0.001), and coronary

events by 23% (P = 0.001) (Fig. 2).*° The number of
patients who would have to undergo 5-year treatment
for one major cardiovascular event to be prevented
was lower in men (18 vs. 38), in patients at or above
age 70 (19 vs. 39), and in patients with previous car-
diovascular complications (16 vs. 37), suggesting
that the absolute benefit is greater in men, in patients
70 years or older and in those with previous cardio-
vascular complications.

Class of antihypertensive agents
Thiazide-type diuretics, either alone or in combina-
tion with other agents, is recommend as a first-line
treatment for older people with hypertension by the
Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment
of High Blood Pressure (JNC-7), unless other
comorbid medical conditions exist.® However, other
guidelines have stated that any of the five classes of
antihypertensive agents including thiazide diuretics,
CCBs, angiotensin-converting enzyme inhibitors
(ACEIs), angiotensin-receptor blockers (ARBs)
and beta-blockers are suitable for the initiation and
maintenance of antihypertensive treatment, alone or
in combination.”!!' Differences in the efficacy, safety
and tolerability across classes of antihypertensive
drugs are summarized in Table 1.

In the Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial (ALLHAT),
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Figure 2. Effects of antihypertensive treatment in the older people with
isolated systolic hypertension: the summarized results from 8 random-
ized controlled trials of antihypertensive treatment.®
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a total of 42,418 participants aged 55 years or older
with hypertension and at least 1 other cardiovascu-
lar risk factor were randomly assigned to receive
chlorthalidone, amlodipine, lisinopril, or doxazosin
and followed-up for an average of 4.9 years.”
Chlorthalidone was found to be superior to amlo-
dipine and lisinopril in heart failure prevention.
Chlorthalidone was also shown to be more effective
than lisinopril in lowering BP, preventing stroke,
and decreasing combined cardiovascular events.
The doxazosin arm was discontinued eventually,
because of an excess of cardiovascular events and
heart failure as compared with the chlorthalidone
arm. These findings extended to the subgroup of
elderly patients. It has been known that thiazide
diuretics induce various metabolic side effects such
as hypokalemia, hyponatremia, dyslipidemia, hyperu-
ricemia, and glucose intolerance.** ALLHAT demon-
strated that chlorthalidone use entailed a significantly
higher risk of hyperglycemia compared with amlo-
dipine or lisinopril. Despite the higher incidence of
hyperglycemia, the cardiovascular risk at the long-
term follow-up favored chlorthalidone.* In addition,
thiazide diuretics are prone to increase the incidence
of postural hypotension in older people with hyper-
tension, because of contracted intravascular volumes
and impaired baroreflexes. Thus, physicians should
check postural hypotension and suggest measures for
preventing falls.

The benefits of beta-blocker therapy for older
people with hypertension have been questioned.
A meta-analysis of 13 intervention trials for hyper-
tension (n = 105,951) showed that the relative risk
of stroke was reduced by 19% (P < 0.01), for all
beta blockers, when the effect of beta blockers was
compared with that of a placebo or no treatment.
However, patients treated with beta-blockers had
16% (P < 0.01) higher incidence of stroke than
those treated with other classes of antihyperten-
sive drugs. There was no difference for myocardial
infarction among drug classes.** The lack of ben-
efit from beta-blockers may be attributed to less BP
reduction as compared with other medication classes.
Also, beta-blockers may worsen glucose intolerance
or mask the symptoms of hypoglycemia. In contrast,
beta-blockers have several benefits for hypertensive
treatment: inhibition of renin release, central nervous

system effect, reduction of heart rate and cardiac
output, reduction in peripheral vascular resistance
and pulse pressure, and reduction in vasomotor tone.
Beta-blockers would be suitable for the management
of hypertension with comorbidities such as ischemic
heart disease, heart failure, and arrhythmias.

Other classes of antihypertensive drugs—namely,
ACEIs and CCBs—are also indicated. The Blood
Pressure Lowering Treatment Trialists’ Collaboration
(BPLTTC) investigated the effects of antihypertensive
drugs on cardiovascular death and morbidity among
subgroups of age, including assessments of the com-
parative effects of drugs, using data of 190,606 indi-
vidual patients from 31 randomized controlled trials.*!
This meta-analysis showed that the ACEI-based regi-
mens and CCB-based regimens significantly reduced
the risk of major cardiovascular events by 17%
(P < 0.01) and by 26% (P < 0.01), respectively, in
subjects aged 65 years or older as compared with a
placebo. In the overviews of trials comparing blood
pressure-lowering regimens based on different drug
classes in the elderly, there was no strong evidence
of differences in beneficial effects on cardiovascu-
lar risk among different classes of antihypertensive
drugs: ACEIls vs. diuretics or beta-blockers, CCBs
vs. diuretics or beta-blockers, and ACEIs vs. CCBs.
In the meta-regression analysis, there was no
difference in the risk reduction achieved per unit
reduction in blood pressure for individuals aged less
than 65 as compared with those 65 years or older for
major cardiovascular events. Therefore, this study
suggests that the favorable effects of antihypertensive
drugs can be attributed mainly to the BP reduction
achieved rather than the class of drug and failed to
reveal any strong evidence to support the use of one
specific class of drug over another for the treatment of
hypertension in the elderly.

On the contrary, the Losartan Intervention For
Endpoint reduction in hypertension (LIFE) study pro-
vides evidence of the benefits of a losartan-based reg-
imen on cardiovascular events as compared with an
atenolol-based regimen in 9,193 subjects with hyper-
tension and left ventricular hypertrophy (mean age,
70 years).** Patients assigned to the Losartan group
had a 13% (P = 0.02) lower risk of the composite
endpoint of death, myocardial infarction, or stroke
rather than those assigned to atenolol, despite only
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1 mmHg difference in the average BP levels during
the follow-up period between treatment groups,
raising the possibility that Losartan conferred benefits
beyond reduction in BP. Furthermore, several lines of
evidence have demonstrated that renin-angiotensin-
aldosterone system (RAS) inhibitors such as ACEIs
and ARBs improve the degree of albuminuria and
reduce the risk of end-stage kidney disease in diabetic
patients.* ¢ Accordingly, RAS inhibitors should be
recommended as a first-line drug for hypertensive
patients with coexisting chronic kidney disease,
diabetes, or target organ damage. The most com-
mon side effects of RAS inhibitors are cough, hyper-
kalemia, angioedema and reversible functional renal
insufficiency secondary to reduced renal perfusion.
Older people with hypertension are prone to need a
combination of antihypertensive drugs to control BP.
Common regimens involve RAS inhibitors combined
with diuretics or CCB. Some trials have sought to
find good combinations of different classes of antihy-
pertensive agents. The Anglo-Scandinavian Cardiac
Outcomes Trial-Blood Pressure-Lowering Arm
(ASCOT-BPLA), which was a randomized controlled
trial in 19,257 high-risk subjects with hypertension
aged 40-79 years, found that an amlodipine-based
regimen (with or without perindopril) prevented more
major cardiovascular events (relative risk reduction,
16%, P < 0.001), reduced all-cause death (11%,
P =0.03) and less frequently induced diabetes (30%,
P < 0.001) than the atenolol-based regimen (with or
without bendroflumethiazide) with a similar degree
of BP reduction.” The Avoiding Cardiovascular
Events through Combination Therapy in Patients
Living with Systolic Hypertension (ACCOMPLISH)
trial was conducted in 11,506 high-risk subjects with
hypertension who were randomly allocated to receive
treatment with either benazepril plus amlodipine
or benazepril plus hydrochlorothiazide. This study
demonstrated that initial antihypertensive therapy
with benazepril plus amlodipine was superior to
benazepril plus hydrochlorothiazide in preventing
the composite endpoint of death from cardiovascu-
lar causes, nonfatal myocardial infarction, nonfatal
stroke, hospitalization for angina, resuscitation after
sudden cardiac arrest, and coronary revasculariza-
tion, representing a relative risk reduction with
benazepril-amlodipine therapy of 20% (P < 0.001)

in the absence of a BP difference between treatment
groups.®® An ideal antihypertensive treatment for
the elderly would provide significant BP-lowering
effects, would be metabolically neutral, and would be
well-tolerated. The combination of an RAS inhibitor
plus CCB may meet these conditions.

Very elderly trial

The Swedish Trial in Old Patients with Hypertension
(STOP-Hypertension), which was a prospective,
randomized, and double-blind intervention study
comparing the effects of active antihypertensive
therapy (atenolol, metoprolol, pindolol, or hydrochlo-
rothiazide plus amiloride) and placebo on the risk of
fatal and non-fatal stroke and myocardial infarction
and other cardiovascular death in hypertensive
Swedish people aged 70-84 years, demonstrated that
active treatment significantly reduced the number of
primary endpoints (P = 0.003) and stroke morbidity
and mortality (P = 0.008).>° The Hypertension in the
Very Elderly Trial (HYVET), a randomized control
trial conducted in 3,845 patients from Europe, China,
Australasia, and Tunisia who were 80 years of age
or older and had a sustained systolic blood pressure
of 160 mmHg or more, compared treatment groups
receiving either the diuretic indapamide or a matching
placebo.’! The ACEI perindopril (2 or 4 mg) or match-
ing placebo was added if necessary to achieve the
target blood pressure of 150/80 mmHg. The primary
endpoint was fatal or nonfatal stroke; median follow-
up was 1.8 years. Active treatment was associated with
a 30% (P = 0.06) reduction in the rate of fatal or non-
fatal stroke, a 39% (P = 0.046) reduction in the rate of
death from stroke, a 21% (P = 0.02) reduction in the
rate of death from any cause, a 23% (P = 0.06) reduc-
tion in the rate of death from cardiovascular causes,
and a 64% (P < 0.001) reduction in the rate of heart
failure. Fewer serious adverse events were reported in
the active-treatment group (358, vs. 448 in the placebo
group; P = 0.001). Further, a meta-analysis of data
from 1,670 participants aged 80 years or older in ran-
domized controlled trials of antihypertensive drugs,
conducted by the Individual Data Analysis of Anti-
hypertensive Drug Intervention Trials (INDANA)
group, suggested that active treatment reduced the
risk of stroke by 34% (P =0.01), major cardiovascular
events by 22% (P = 0.01) and heart failure by 39%
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(P =0.01) of heart failure.* The treatment regimens
used in the trials analyzed in INDANA were generally
high-dose diuretics and beta-blockers. These studies
provide evidence that antihypertensive treatment in
persons 80 years of age or older is beneficial for the
prevention of cardiovascular disease and premature
death.

Dementia and cognitive impairment occurs
commonly among very elderly adults. The relation
of blood pressure level with cognitive function
and dementia has received much attention from
epidemiological research.®® Longitudinal studies
have yielded diverse results that largely depend
on the age at which blood pressure is measured
and the time interval between blood pressure and
outcome assessments.’’ Additionally, some studies
have suggested that midlife high blood pressure is
a risk factor for late-life cognitive impairment and
dementia, especially vascular dementia.’>>* However,
several randomized controlled trials provide limited
evidence for the protective effect of antihypertensive
therapy against dementia and stroke-related cognitive
decline among the elderly so far. In the SYST-EUR,
antihypertensive treatment was associated with a
risk reduction of the incidence of dementia by 50%
(P=0.05)1n 2,418 subjects aged 60 year or over with
isolated hypertension.** On the basis of this finding,
19 cases of dementia might be prevented among 1000
hypertensive patients treated with antihypertensive
drugs for 5 years. The Perindopril Protection Against
Recurrent Stroke Study (PROGRESS), a randomized
control trial in 6,105 patients with a history of
cerebrovascular disease, demonstrated that the risks
of dementia with recurrent stroke and of cognitive
decline with recurrent stroke were reduced by 34%
(P = 0.03) and 45% (P < 0.001), respectively,
with no clear effect on either dementia or cognitive
decline in the absence of recurrent stroke.>> On the
contrary, the SHEP study and the HY VET failed to
reveal the benefit of antihypertensive treatment on
the prevention of dementia.’®>” Long exposure to
poorly controlled hypertension presumably worsens
arteriolosclerotic changes and lipohyalinosis in the
deep subcortical white matter circuit, which may be
less reversible by BP reduction once these changes
are established.”***? If this is indeed the case, optimal
management of hypertension as early as possible in

the life cycle should be recommended to prevent late-
life dementia.

Safety of Antihypertensive

Treatment in the Elderly

Data on the safety and efficacy of lower BP levels
in the elderly have been inconclusive. Observational
analyses of clinical trials have documented a J curve
relationship between a low BP and an increased risk of
cardiovascular events and death in the elderly,**¢!
On the other hand, the results from a meta-analysis
of individual participant data from 61 prospective
cohort studies suggested that greater SBP was asso-
ciated linearly with an increased risk of stroke or
ischemic heart disease mortality without evidence of
an excess risk at lower SBP levels in the BP range
from 115/72 to 180/110 mmHg among older people
as well as middle-aged people (Fig. 3).% Likewise,
randomized control trials have provided no definitive
evidence of an increase in the risk of adverse out-
comes from aggressive use of antihypertensive ther-
apy in elderly.®

The HYVET demonstrated that BP lowering could
successfully reduce mortality with relative safety, as
well as cardiovascular events, among very elderly
people.’! In the INDANA meta-analysis, antihyper-
tensive treatment showed a tendency to increase the
risk of all-cause death by 6%, but this effects was not
significant.* In the Japanese Trial to Assess Optimal
Systolic Blood Pressure in Elderly Hypertensive
Patients (JATOS), which evaluated the optimal BP tar-
get in elderly hypertensive patients aged 6585 years,
there were no differences between the strict-treatment
group (SBP maintained at less than 140mmHg)
and the mild-treatment group (SBP maintained at
140-159 mmHg) in terms of the 2-year incidence of
primary endpoints of cardiovascular disease and renal
failure.® Likewise, the strict treatment, maintaining
SBP of less than 140 mmHg, did not show any added
risk of adverse events.

The safety and efficacy of BP lowering to below
130/80 mmHg has not been examined sufficiently
among older people with diabetes mellitus or chronic
kidney disease. The post-hoc analysis of Action
in Diabetes and Vascular disease: preterAx and
diamicroN-MR Controlled Evaluation (ADVANCE)
study failed to reveal significant evidence of
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Figure 3. Absolute risks of death from stroke or ischemic heart disease in relation to systolic blood pressure according to age: the result from prospective

studies collaboration.5?

Note: The Y axis is log-transformed. The vertical bars represent 95% confidence intervals.

Abbreviations: Cl, confidence interval; IHD, ischemic heart disease.

heterogeneity in the favorable effects of a fixed
combination of perindopril and indapamide in terms
of major clinical outcomes including macro- and
microvascular disease and death between middle-
aged and older people with type-2 diabetes at high
cardiovascular risk.® In this study, the mean SBP/DBP
levels achieved over time in the active-treatment
groups were 133/77, 135/74 and 137/72 mmHg
for patients aged <65, 65-74 and =75 years old,
respectively. As expected, the proportion of patients
permanently discontinuing study treatment increased
with age group, but was similar in the active-
treatment and placebo groups. Compared with the
placebo group, the active-treatment group was more
likely to discontinue study treatment due to cough,
hypotension or dizziness. Serious adverse events and
hyperkalemia were reported in similar proportions in
both treatment groups. In this trial, importantly, the
absolute benefits of active treatment on major clinical
outcomes appeared to outweigh the risk of side
effects in older people. On the other hand, in the BP
arm of the Action to Control Cardiovascular Risk in

Diabetes (ACCORD) trial among 4,733 patients with
type 2 diabetes at high cardiovascular risk, results
of a target SBP of 120 mmHg or lower as compared
with that 140 mmHg or lower suggested important
benefits connected with the significant reduction of
stroke in the intensive-treatment group, but it also
showed the lack of advantage of such therapy on other
endpoints.®® The same was true among the subgroup
of 1,617 patients aged 65 years or over. In fact, the
ACCORD Trial also showed an increased risk of
adverse events including hypotension, hyperkalemia
and kidney impairment when intensive treatment was
used in this group of patients.

The findings from clinical trials seem to support the
safety and efficacy of antihypertensive treatment in the
elderly, but these clinical trials have been performed
among relatively fit patients who tended to have the
ability to tolerate the study treatment. Furthermore,
the average SBP levels achieved in active-treatment
groups were generally more than 140 mmHg among
the randomized control trials which revealed the ben-
eficial effects of active treatment as compared with
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Figure 4. Baseline and achieved systolic blood pressure levels in active
treatment group among randomized placebo-controlled trials for elderly
patients with hypertension.

Abbreviations: SHEP, The Systolic Hypertension in the Elderly Program;?”
SYST-EUR, The European Trial on Systolic Hypertension in the Elderly;*
SYST-CHINA, The Systolic Hypertension in China;?® HYVET, The
Hypertension in the Very Elderly Trial;*' EWPHE, European Working Party
on High Blood Pressure in the Elderly;*> HEP, The trial on Hypertension
in Elderly Patients in Primary Care;** STOP-Hypertension, The Swedish
Trial in Old Patients with Hypertension;** MRC (Elderly), Medical Research
Council Trial of treatment of hypertension in older adults.3

placebo among the elderly (Fig. 4). The results from
JATOS may indicate that strict treatment for elderly
hypertensive patients has little effect in enhancing
the suppression of the onset of cardiovascular events
as compared with mild treatment. Additionally, evi-
dence of the benefit of more aggressive BP treatment
on cardiovascular events and death in older people
with diabetes or target organ damage is limited, and
caution should be applied to the use of more aggres-
sive treatment in the elderly, which may increase the
risk of adverse events.

Patient Preference

Treatment adherence is an important contributor to
the efficacy of BP control treatments, and its lack
is often a cause of failure. Many older people with
hypertension may be taking multiple pharmacologic
agents for chronic conditions such as diabetes mel-
litus, hypercholesterolemia, heart disease or arthritis.
Polypharmacy causes several problems: for exam-
ple, the complexity of the regimen can easily lead
to confusion about dose, especially for patients with
impaired cognitive function; there is an increased risk
of side effects; and the high total cost may force the
discontinuance of one or more medications. These

problems can adversely affect adherence to treatment.
Concomitant medications for other chronic disease
may alsointerfere withthe pharmacological effectsofan
antihypertensivedrug. Non-steroidalanti-inflammatory
drugs (NSAIDs) and selective chyclooxigenase-2
(COX-2) inhibitors, which are used for the pain con-
trol of osteoarthritis among the elderly, are notorious
for worsening BP control by inhibiting prostaglandin
E2 and prostacyclin production by the kidney, result-
ing in sodium retention and vasoconstriction.®’
Therefore, patients at risk for hypertension should be
monitored for changes in BP levels during the usage of
NSAIDs or COX2 inhibitors. Incidentally, low-dose
aspirin, which is commonly used in the prevention
of cardiovascular events, has not been shown to have
a significant influence on BP control in the elderly.®
Postural and postprandial hypotension, which is asso-
ciated with symptoms such as dizziness, difficulty
walking, frequent fall, and syncope, is another reason
for nonadherence to antihypertensive treatment in the
elderly. Thus, the titration of drug doses along with
routine checks for relevant symptoms and standing BP
is necessary. The use of alpha-blockers in older people
is discouraged.

Management of Hypertension
in the Elderly

Because there is limited information for evidence-
based guidelines to manage older people with
hypertension, the following recommendations are
based on expert opinion.

For the diagnosis of hypertension among older
people, who are likely to have wide fluctuations in
BP, BP should be measured at least twice after the
patient has been seated quietly for 5 minutes using an
appropriately sized cuff. BP should be also measured
in both sitting and standing positions in older people to
evaluate the presence of postural hypotension. Before
determining a therapeutic strategy for hypertension in
the elderly, it would be most important to evaluate
the following issues: the duration and severity of the
hypertension, the existence of reversible and treatable
causes, the contribution of other cardiovascular risk
factors and target organ damage (Table 2), adverse
effects such as fainting and hypotension, and treat-
ment adherence. Several laboratory tests are recom-
mended: eg, urinalysis (albuminuria or proteinuria);
serum chemistries (serum creatinine, ¢GFR, and
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Table 2. Cardiovascular risk factors and target organ
damage in older subjects with hypertension.

Risk factors Target organ damage

Tobacco use
Obesity
Dyslipidemia
Sedentary lifestyle

Coronary artery disease
Left ventricular hypertension
Congestive heart failure
Stroke/transient ischemic
attack

Chronic kidney disease
Peripheral artery disease
Retinopathy

Diabetes mellitus
Microalbuminuria
Family history of
cardiovascular disease

potassium); lipids (total cholesterol, high-density
lipoprotein  cholesterol, triglycerides); glucose
tolerance (fasting glucose concentration, hemoglobin
Alc); and electrocardiography and echocardiography
findings.

The aim of antihypertensive treatment is to
reduce cardiovascular and renal morbidity and mor-
tality. Current guidelines recommend a BP goal of
less than 140/90 mmHg in uncomplicated hyper-
tensive subjects.®*!' The BP goal in hypertensive
subjects with diabetes mellitus or chronic kidney
disease is less than 130/80 mmHg. However, the BP
goal for elderly hypertensive people has been ques-
tioned because evidence for the benefit of lowering
SBP below 140 mmHg is limited. Nonetheless,
an SBP target of less than 150 mmHg seems to be
both effective and safe in the elderly, on the basis
of previous clinical trials, as stated previously. An
achieved SBP of less than 140 mmHg, if tolerated,
would be recommended. The main difference in anti-
hypertensive treatment of older people as opposed
to younger people is the need for careful attention
to postural and postprandial hypotension in older
people. Thus, the antihypertensive drug should be
started at the lowest dose and be titrated to the max-
imum tolerable dose, with particular attention to
potential adverse responses and excessive BP low-
ering. Any of five classes of antihypertensive agents
including thiazide diuretics, CCBs, ACEIs, ARBs
and beta-blockers could be selected as a first-line
drug depending on the patient’s medical conditions
and side effects (Table 1). ACEIs or ARBs would
be strongly recommended for hypertensive patients
with chronic kidney disease, diabetes or target organ
damage.

Hypertension in the elderly has been known to
be more difficult to control in the elderly, and most
older people with hypertension require treatment
with a combination of antihypertensive drugs to
reduce BP.® Generally, when BP lowering is inade-
quate after using the maximum tolerable dose of one
drug, a second antihypertensive drug from another
class should be added. However, combination
therapy with lower doses of drugs having comple-
mentary active mechanisms may be more effec-
tive at reducing BP levels with fewer side effects
than maxing out one drug.” The use of two or three
drugs that act by different mechanisms may provide
improved BP lowering efficacy and a lower risk
of adverse events because one drug may offset the
potential adverse effects of the other.”” For example,
combination therapy with both diuretics and a CCB
has been shown to be significantly more effective in
reducing SBP and pulse pressure than either mono-
therapy, and also reduced peripheral edema better
than monotherapy with a CCB.”" For older people
with refractory hypertension (eg, taking more than
6 prescription drugs), it would also be important
to examine possible reasons for inadequate BP
response before adding new antihypertensive drugs:
nonadherence, inadequate lifestyle modification,
and potential drug interaction.

Conclusion

Hypertension is an important risk factor for
cardiovascular morbidity and mortality in the
elderly. Isolated systolic hypertension is particularly
prevalent, and is attributable to structural and
functional changes of the arteries and alterations
in salt sensitivity and neural function with aging.
Accumulated evidence indicates the overall benefit of
antihypertensive treatment in the elderly. Treatment
of hypertension is likely to prevent cardiovascular
events and prolong life. Although the BP goal for
the elderly needs to be further investigated, an
achieved SBP of less than 150 mmHg seems to be
effective and safe, while stricter goals, if tolerated,
may be appropriate. Careful attention should be
required to postural and postprandial hypotension,
which is one of the causes of nonadherence in the
elderly. Therefore, treatment decisions should be
guided by the presence of a comorbidity such as
diabetes, heart disease itself, and by tolerability of
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the treatment. There is little doubt that a healthy
lifestyle including diet, physical activity and ideal
body weight is the foundation of hypertension
management. Adequate lifestyle changes may
reduce the need for antihypertensive drugs, but
most older people with elevated BP will require a
combination of antihypertensive drugs for ideal BP
control.

Author Contributions

Wrote the first draft of the manuscript: TN. Contributed
to the writing of the manuscript: TN. Author reviewed
and approved of the final manuscript.

References

1.

11.

Ostchega Y, Dillon CF, Hughes JP, Carroll M, Yoon S. Trends in hypertension
prevalence, awareness, treatment, and control in older U.S. Adults: Data
from the national health and nutrition examination survey 1988 to 2004.
Journal of the American Geriatrics Society. 2007;55:1056—-65.

. Elliott WJ. Management of hypertension in the very elderly patient.

Hypertension. 2004;44:800—4.

. Franklin SS, Jacobs MJ, Wong ND, L’Italien GJ, Lapuerta P. Predominance

of isolated systolic hypertension among middle-aged and elderly us
hypertensives: Analysis based on national health and nutrition examination
survey (nhanes) iii. Hypertension. 2001;37:869-74.

. Lawes CM, Bennett DA, Feigin VL, Rodgers A. Blood pressure and

stroke: An overview of published reviews. Stroke: A journal of Cerebral
Circulation. 2004;35:1024.

. Sniderman AD, Furberg CD. Age as a modifiable risk factor for

cardiovascular disease. Lancet. 2008;371:1547-9.

. Global burden of stroke. Who in collaboration with the us centers for

disease control and prevention: The atlas of heart disease and stroke.
URL address; http://www.who.int/cardiovascular_diseases/resources/atlas/
en/index.html.

. Murray CJ, Lopez AD. Mortality by cause for eight regions of the world:

Global burden of disease study. Lancet. 1997;349:1269-76.

. Chobanian AV, Bakris GL, Black HR, et al. The seventh report of the joint

national committee on prevention, detection, evaluation, and treatment of
high blood pressure: The jnc 7 report. JAMA: the Journal of the American
Medical Association. 2003;289:2560-72.

. Mancia G, De Backer G, Dominiczak A, et al. 2007 guidelines for the

management of arterial hypertension: The task force for the management
of arterial hypertension of the european society of hypertension (esh) and
of the european society of cardiology (esc). Journal of Hypertension.
2007;25:1105-87.

. Rabi DM, Daskalopoulou SS, Padwal RS, et al. The 2011 canadian

hypertension education program recommendations for the management
of hypertension: Blood pressure measurement, diagnosis, assessment of
risk, and therapy. The Canadian Journal of Cardiology. 2011;27:415-33,
e411-2.

Ogihara T, Kikuchi K, Matsuoka H, et al. The japanese society of
hypertension guidelines for the management of hypertension (jsh 2009).
Hypertension Research: Olfficial Journal of the Japanese Society of
Hypertension. 2009;32:3—107.

. Dao HH, Essalihi R, Bouvet C, Moreau P. Evolution and modulation

of age-related medial elastocalcinosis: Impact on large artery stiffness
and isolated systolic hypertension. Cardiovascular Research. 2005;66:
307-17.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Walsh T, Donnelly T, Lyons D. Impaired endothelial nitric oxide
bioavailability: A common link between aging, hypertension, and
atherogenesis? Journal of the American Geriatrics Society. 2009;57:140-5.
Franklin SS, Gustin Wt, Wong ND, et al. Hemodynamic patterns of age-
related changes in blood pressure. The framingham heart study. Circulation.
1997;96:308-15.

Nagata M, Ninomiya T, Doi Y, et al. Trends in the prevalence of chronic
kidney disease and its risk factors in a general japanese population: The
hisayama study. Nephrology, Dialysis, Transplantation: Official Publica-
tion of the European Dialysis and Transplant Association—European Renal
Association. 2010;25:2557—-64.

Cheng LT, Gao YL, Gu Y, et al. Stepwise increase in the prevalence of
isolated systolic hypertension with the stages of chronic kidney disease.
Nephrology, Dialysis, Transplantation:Official Publication of the European
Dialysis and Transplant Association—European Renal Association.2008;23:
3895-900.

Verhave JC, Fesler P, du Cailar G, Ribstein J, Safar ME, Mimran A. Elevated
pulse pressure is associated with low renal function in elderly patients with
isolated systolic hypertension. Hypertension. 2005;45:586-91.

Epstein M, Hollenberg NK. Age as a determinant of renal sodium conservation
in normal man. The Journal of Laboratory and Clinical Medicine.
1976;87:411-17.

Zemel MB, Sowers JR. Salt sensitivity and systemic hypertension in the
elderly. The American Journal of Cardiology. 1988;61:7TH—12.

Seals DR, Esler MD. Human ageing and the sympathoadrenal system. The
Journal of Physiology. 2000;528:407—-17.

Westhoff TH, Franke N, Schmidt S, et al. Too old to benefit from sports?
The cardiovascular effects of exercise training in elderly subjects treated
for isolated systolic hypertension. Kidney & Blood Pressure Research.
2007;30:240-7.

Whelton PK, Appel LJ, Espeland MA, et al. Sodium reduction and weight
loss in the treatment of hypertension in older persons: A randomized con-
trolled trial of nonpharmacologic interventions in the elderly (tone). Tone
collaborative research group. JAMA: The Journal of the American Medical
Association. 1998;279:839—46.

Cappuccio FP, Markandu ND, Carney C, Sagnella GA, MacGregor GA.
Double-blind randomised trial of modest salt restriction in older people.
Lancet. 1997;350:850—4.

Aronow WS, Fleg JL, Pepine CJ, et al. Accf/aha 2011 expert consensus
document on hypertension in the elderly: A report of the american col-
lege of cardiology foundation task force on clinical expert consensus
documents developed in collaboration with the american academy of
neurology, american geriatrics society, american society for preventive
cardiology, american society of hypertension, american society of neph-
rology, association of black cardiologists, and european society of hyper-
tension. Journal of the American Society of Hypertension: JASH. 2011;5:
259-352.

Appel L], Moore TJ, Obarzanek E, et al. A clinical trial of the effects of
dietary patterns on blood pressure. Dash collaborative research group. The
New England Journal of Medicine. 1997;336:1117-24.

Vollmer WM, Sacks FM, Ard J, et al. Effects of diet and sodium intake
on blood pressure: Subgroup analysis of the dash-sodium trial. Annals of
Internal Medicine. 2001;135:1019-28.

Shep cooperative research group. Prevention of stroke by antihypertensive
drug treatment in older persons with isolated systolic hypertension. Final
results of the systolic hypertension in the elderly program (shep). JAMA:
The Journal of the American Medical Association. 1991;265:3255-64.
Staessen JA, Fagard R, Thijs L, et al. Randomised double-blind com-
parison of placebo and active treatment for older patients with isolated
systolic hypertension. The systolic hypertension in europe (syst-eur) trial
investigators. Lancet. 1997;350:757-64.

LiuL, Wang JG, Gong L, Liu G, Staessen JA. Comparison of active treatment
and placebo in older chinese patients with isolated systolic hypertension.
Systolic hypertension in china (syst-china) collaborative group. Journal of
Hypertension. 1998;16:1823-9.

40

Clinical Medicine Reviews in Vascular Health 2012:4


http://www.la-press.com
http://www.who.int/cardiovascular_diseases/resources/atlas/en/index.html
http://www.who.int/cardiovascular_diseases/resources/atlas/en/index.html

Hypertension in the elderly

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

. Dahlof B, Lindholm LH, Hansson L, Schersten B, Ekbom T, Wester PO.
Morbidity and mortality in the swedish trial in old patients with hypertension
(stop-hypertension). Lancet. 1991;338:1281-5.

Beckett NS, Peters R, Fletcher AE, et al. Treatment of hypertension in
patients 80 years of age or older. The New England Journal of Medicine.
2008;358:1887-98.

Amery A, Birkenhager W, Brixko P, et al. Mortality and morbidity results
from the european working party on high blood pressure in the elderly trial.
Lancet. 1985;1:1349-54.

Coope J, Warrender TS. Randomised trial of treatment of hypertension
in elderly patients in primary care. Br Med J (Clin Res Ed). 1986;293:
1145-51.

Mrc working party. Medical research council trial of treatment of hyperten-
sion in older adults: Principal results. BMJ. 1992;304:405—12.

Medical research council working party. Mrc trial of treatment of mild
hypertension: Principal results. Br Med J (Clin Res Ed). 1985;291:97-104.

Staessen JA, Gasowski J, Wang JG, et al. Risks of untreated and treated
isolated systolic hypertension in the elderly: Meta-analysis of outcome
trials. Lancet. 2000;355:865-72.

ALLHAT Officers and Coordinators for the ALLHAT Collaborative
Research Group. Major outcomes in high-risk hypertensive patients ran-
domized to angiotensin-converting enzyme inhibitor or calcium channel
blocker vs. diuretic: The antihypertensive and lipid-lowering treatment
to prevent heart attack trial (allhat). JAMA: the journal of the American
Medical Association. 2002;288:2981-97.

Lind L, Pollare T, Berne C, Lithell H. Long-term metabolic effects of anti-
hypertensive drugs. American Heart Journal. 1994;128:1177-83.

Davis BR, Piller LB, Cutler JA, et al. Role of diuretics in the prevention of
heart failure: The antihypertensive and lipid-lowering treatment to prevent
heart attack trial. Circulation. 2006;113:2201-10.

Lindholm LH, Carlberg B, Samuelsson O. Should beta blockers remain first
choice in the treatment of primary hypertension? A meta-analysis. Lancet.
2005;366:1545-53.

Turnbull F, Neal B, Ninomiya T, et al. Effects of different regimens to lower
blood pressure on major cardiovascular events in older and younger adults:
Meta-analysis of randomised trials. BM.J. 2008;336:1121-3.

Dahlof B, Devereux RB, Kjeldsen SE, et al. Cardiovascular morbidity
and mortality in the losartan intervention for endpoint reduction in
hypertension study (life): A randomised trial against atenolol. Lancet.
2002;359:995-1003.

Brenner BM, Cooper ME, de Zeeuw D, et al. Effects of losartan on renal and
cardiovascular outcomes in patients with type 2 diabetes and nephropathy.
The New England Journal of Medicine. 2001;345:861-9.

Lewis EJ, Hunsicker LG, Clarke WR, et al. Renoprotective effect of the
angiotensin-receptor antagonist irbesartan in patients with nephropathy
due to type 2 diabetes. The New England Journal of Medicine. 2001;345:
851-60.

Haller H, Ito S, Izzo JL Jr, et al. Olmesartan for the delay or prevention of
microalbuminuria in type 2 diabetes. The New England Journal of Medicine.
2011;364:907-17.

de Galan BE, Perkovic V, Ninomiya T, et al. Lowering blood pressure
reduces renal events in type 2 diabetes. Journal of the American Society of
Nephrology: JASN. 2009;20:883-92.

Dahlof B, Sever PS, Poulter NR, et al. Prevention of cardiovascular
events with an antihypertensive regimen of amlodipine adding perindopril
as required versus atenolol adding bendroflumethiazide as required, in
the anglo-scandinavian cardiac outcomes trial-blood pressure lowering
arm (ascot-bpla): A multicentre randomised controlled trial. Lancet.
2005;366:895-906.

Jamerson K, Weber MA, Bakris GL, et al. Benazepril plus amlodipine
or hydrochlorothiazide for hypertension in high-risk patients. The New
England Journal of Medicine. 2008;359:2417-28.

Gueyffier F, Bulpitt C, Boissel JP, et al. Antihypertensive drugs in very old
people: A subgroup meta-analysis of randomised controlled trials. Indana
group. Lancet. 1999;353:793-6.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Qiu C, Winblad B, Fratiglioni L. The age-dependent relation of blood pressure
to cognitive function and dementia. Lancet neurology. 2005;4:487-99.
Hachinski V, Iadecola C, Petersen RC, et al. National institute of neurological
disorders and stroke-canadian stroke network vascular cognitive impairment
harmonization standards. Stroke: A Journal of Cerebral Circulation. 2006;
37:2220-41.

Launer LJ, Masaki K, Petrovitch H, Foley D, Havlik RJ. The association
between midlife blood pressure levels and late-life cognitive function. The
honolulu-asia aging study. JAMA: The Journal of the American Medical
Association. 1995;274:1846-51.

Ninomiya T, Ohara T, Hirakawa Y, et al. Midlife and late-life blood pressure
and dementia in japanese elderly: The hisayama study. Hypertension. 2011;
58:22-8.

Forette F, Seux ML, Staessen JA, et al. Prevention of dementia in ran-
domised double-blind placebo-controlled systolic hypertension in europe
(syst-eur) trial. Lancet. 1998;352:1347-51.

Tzourio C, Anderson C, Chapman N, et al. Effects of blood pressure low-
ering with perindopril and indapamide therapy on dementia and cogni-
tive decline in patients with cerebrovascular disease. Archives of Internal
Medicine. 2003;163:1069-75.

Applegate WB, Pressel S, Wittes J, et al. Impact of the treatment of isolated
systolic hypertension on behavioral variables. Results from the systolic hyper-
tension in the elderly program. Archives of Internal Medicine. 1994;154:
2154-60.

Peters R, Beckett N, Forette F, et al. Incident dementia and blood pressure
lowering in the hypertension in the very elderly trial cognitive function
assessment (hyvet-cog): A double-blind, placebo controlled trial. Lancet
Neurology. 2008;7:683-9.

Elias PK, Elias MF, Robbins MA, Budge MM. Blood pressure-related
cognitive decline: Does age make a difference? Hypertension. 2004;44:
631-6.

Birns J, Markus H, Kalra L. Blood pressure reduction for vascular risk: Is
there a price to be paid? Stroke: A Journal of Cerebral Circulation. 2005;
36:1308-13.

Somes GW, Pahor M, Shorr RI, Cushman WC, Applegate WB. The role
of diastolic blood pressure when treating isolated systolic hypertension.
Archives of Internal Medicine. 1999;159:2004-9.

Denardo SJ, Gong Y, Nichols WW, et al. Blood pressure and outcomes in
very old hypertensive coronary artery disease patients: An invest substudy.
The American Journal of Medicine. 2010;123:719-26.

Lewington S, Clarke R, Qizilbash N, Peto R, Collins R. Age-specific
relevance of usual blood pressure to vascular mortality: A meta-analysis
of individual data for one million adults in 61 prospective studies. Lancet.
2002;360:1903-13.

Rakugi H, Ogihara T, Goto Y, Ishii M. Comparison of strict- and mild-blood
pressure control in elderly hypertensive patients: A per-protocol analysis of
jatos. Hypertension Research: Official Journal of the Japanese Society of
Hypertension. 2010;33:1124-8.

JATOS Study Group. Principal results of the japanese trial to assess optimal
systolic blood pressure in elderly hypertensive patients (jatos). Hypertension
Research: Official Journal of the Japanese Society of Hypertension. 2008;
31:2115-27.

Ninomiya T, Zoungas S, Neal B, et al. Efficacy and safety of routine blood
pressure lowering in older patients with diabetes: Results from the advance
trial. Journal of Hypertension. 2010;28:1141-9.

Cushman WC, Evans GW, Byington RP, et al. Effects of intensive blood-
pressure control in type 2 diabetes mellitus. The New England Journal of
Medicine. 2010;362:1575-85.

Frishman WH. Effects of nonsteroidal anti-inflammatory drug therapy on
blood pressure and peripheral edema. The American Journal of Cardiology.
2002;89:18D-25.

Avanzini F, Palumbo G, Alli C, et al. Effects of low-dose aspirin on
clinic and ambulatory blood pressure in treated hypertensive patients.
Collaborative group of the primary prevention project (ppp)—hypertension
study. American Journal of Hypertension. 2000;13:611-6.

Clinical Medicine Reviews in Vascular Health 2012:4

41


http://www.la-press.com

Ninomiya ﬂ

69. Munger MA. Polypharmacy and combination therapy in the management of 71. Neutel JM, Smith DH, Weber MA, Schofield L, Purkayastha D, Gatlin M.
hypertension in elderly patients with co-morbid diabetes mellitus. Drugs & Efficacy of combination therapy for systolic blood pressure in patients
Aging. 2010;27:871-83. with severe systolic hypertension: The systolic evaluation of lotrel efficacy

70. Sica DA. Rationale for fixed-dose combinations in the treatment of and comparative therapies (select) study. J Clin Hypertens (Greenwich).
hypertension: The cycle repeats. Drugs. 2002;62:443-62. 2005;7:641-6.

42 Clinical Medicine Reviews in Vascular Health 2012:4


http://www.la-press.com

