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Abstract: Systemic hypertension is a major risk factor for cardiovascular disease and is present in 69% of patients
with a first myocardial infarction, in 77% of patients with a first stroke, in 74% of patients with chronic heart failure,
and in 60% of patients with peripheral arterial disease. Double-blind, randomized, placebo-controlled trials have
found that antihypertensive drug therapy reduces cardiovascular events in patients aged younger than 80 years and
in patients aged 80 years and older in the Hypertension in the Very Elderly Trial. Although the optimal blood pressure
treatment goal has not been determined, existing epidemiologic and clinical trial data suggest that a reasonable
therapeutic blood pressure goal should be <140/90 mm Hg in patients younger than 80 years and a systolic blood
pressure of 140-145 mm Hg if tolerated in patients aged 80 years and older. Non-pharmacologic lifestyle measures
should be encouraged both to prevent development of hypertension and as adjunctive therapy in patients with hyper-
tension. Angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, beta blockers, calcium channel
blockers, and diuretics have all reduced cardiovascular events in randomized trials. The choice of specific drugs de-
pends on efficacy, tolerability, presence of specific comorbidities, and cost.
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Introduction

The age-adjusted prevalence of systemic hyper-
tension in the United States is 64% of older
men and 78% of older women according to the
American Heart Association (AHA) Statistics
Committee and Stroke Statistics Committee [1].
Patients with hypertension should be evaluated
for other cardiovascular risk factors including
smoking, dyslipidemia, diabetes mellitus, age
older than 55 years for men and 65 years for
women, body mass index >30 kg/m2, physical
inactivity, microalbuminuria, an estimated
glomerular filtration rate <60 ml/min/1.73 m2,
and for a family history of premature cardiovas-
cular disease (younger than 55 years in fathers
or brothers and younger than 65 years in moth-
ers or sisters) [2]. Patients with hypertension
should also be evaluated for target organ dam-
age and clinical cardiovascular disease includ-
ing left ventricular hypertrophy, prior myocardial
infarction, angina pectoris, prior coronary revas-
cularization, congestive heart failure, stroke or
transient ischemic attack, peripheral arterial

disease, nephropathy, and retinopathy [2].

The higher the systolic or diastolic blood pres-
sure, the higher the risk of cardiovascular mor-
bidity and mortality [3]. Increased systolic blood
pressure and pulse pressure are stronger risk
factors for cardiovascular morbidity and mortal-
ity in older persons than is increased diastolic
blood pressure [4-6]. An increased pulse pres-
sure found in older persons with isolated sys-
tolic hypertension indicates decreased vascular
compliance in the large arteries and is even a
better marker of risk than is systolic or diastolic
blood pressure [4-6].

Systemic hypertension is a major risk factor for
coronary events [2, 7-12], for stroke [2, 7, 8, 12
-15], for congestive heart failure (CHF) [2, 7, §,
16, 17], and for peripheral arterial disease [2,
18-22]. Hypertension is present in approxi-
mately 69% of patients with a first myocardial
infarction [1], in approximately 77% of patients
with a first stroke [1], in approximately 74% of
patients with CHF [1], and in 60% of patients
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with peripheral arterial disease [22]. Hyperten-
sion is also a major risk factor for a dissecting
aortic aneurysm, sudden cardiac death, angina
pectoris, atrial fibrillation, diabetes mellitus, the
metabolic syndrome, chronic kidney disease,
thoracic and abdominal aortic aneurysms, left
ventricular hypertrophy, vascular dementia, Alz-
heimer's disease, and ophthalmologic disorders
[2].

At 40-month follow-up of 664 men, mean age
80 years, and at 48-month follow-up of 1,488
women, mean age 82 years, hypertension in-
creased the incidence of new coronary events in
men (relative risk = 2.0, p = 0.0001) and in
women (relative risk = 1.6, p = 0.0001) [9]. At
42-month follow-up of 664 men, mean age 80
years, and at 48-month follow-up of 1,488
women, mean age 82 years, hypertension in-
creased the incidence of new stroke in men
(relative risk = 2.2, p = 0.0001) and in women
(relative risk = 2.4, p = 0.0001) [13]. Hyperten-
sion was an independent risk factor for periph-
eral arterial disease in 467 men, mean age 80
years, with an odds ratio of 2.2 (p = 0.023) and
in 1,444 women, mean age 81 years, with an
odds ratio of 2.8 (p = 0.001) [20]. Hypertension
was an independent risk factor for CHF in 2,902
patients (926 men and 1,976 women), mean
age 81 years, with a risk ratio of 2.5 (p =
0.0001) [16]. In 61 prospective studies of 1
million adults, coronary heart disease mortality
increased with each decade from ages 40-49 to
80-89 and with each increase in systolic blood
pressure from 120 to 140 to 160 to 180 mm
Hg [23].

Older persons are more likely to have hyperten-
sion and isolated systolic hypertension, to have
target organ damage and clinical cardiovascular
disease, and to develop new cardiovascular
events. Older persons also have the lowest
rates of blood pressure control [2, 7, 24, 25].
Blood pressure is adequately controlled in 36%
of men and 28% of women aged 60-79 years
and in 38% of men and 23% of women aged 80
years and older [25]. Prevalent comorbidities,
polypharmacy, an asymptomatic state, side ef-
fects from medications, and high cost of medi-
cations contribute to lower blood pressure con-
trol rates in older persons [2, 26]. A blood pres-
sure of <140/90 mm Hg was achieved in 70%
of 492 Medicaid or private insurance patients
versus 38% of 122 patients who had to pay for
their antihypertensive medications (p<0.001)
[26].
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Effect of antihypertensive therapy in reducing
cardiovascular events

Numerous prospective, double-blind, random-
ized, placebo-controlled studies have shown
that antihypertensive drug therapy reduces the
development of new coronary events, stroke,
and CHF [2, 7, 27-38]. Older patients with hy-
pertension if treated appropriately will have a
greater absolute reduction in cardiovascular
events such as major coronary events, stroke,
CHF, and renal insufficiency and a greater re-
duction in dementia [39] than in younger pa-
tients.

Therapy with antihypertensive drugs reduces
the incidence of all strokes 38% in women, by
34% in men, by 36% in older persons, and by
34% in persons older than 80 years [14]. The
overall data suggest that the decrease of stroke
in older persons with hypertension is related
more to a reduction in blood pressure than to
the type of antihypertensive drugs used [14].

In the Perindopril Protection Against Recurrent
Stroke Study [40], perindopril plus indapamide
reduced stroke-related dementia by 34% and
cognitive decline by 45%. In the Systolic Hyper-
tension in Europe trial [41], nitrendipine re-
duced dementia by 55% at 3.9-year follow-up. In
1900 older African-Americans, antihypertensive
drug treatment reduced cognitive impairment by
38% [42]. In the Rotterdam Study [43], anti-
hypertensive drugs decreased vascular demen-
tia by 70%.

At 1.8-year follow-up of 3, 845 patients aged 80
years and older (mean age 83.6 years) in the
Hypertension in the Very Elderly Trial (HYVET)
antihypertensive drug treatment reduced the
incidence of the primary end point (fatal or non-
fatal stroke) by 30% (p = 0.06) [38]. Antihyper-
tensive drug treatment reduced fatal stroke by
39% (p = 0.05), all-cause mortality by 21% (p=
0.02), death from cardiovascular causes by
23% (p = 0.06), and heart failure by 64%
(p<0.001).

Although the optimal blood pressure treatment
goal has not been determined, a therapeutic
target of less than 140/90 mm Hg in patients
younger than 80 years and a systolic blood
pressure of 140-145 mm Hg if tolerated in pa-
tients aged 80 years and older is reasonable
[2]. We should also be careful to avoid intensive
lowering of the blood pressure, especially in
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patients with diabetes mellitus and coronary
artery disease, as this might be poorly tolerated
and might increase cardiovascular events (the J-
curve phenomenon) [2, 44-48]. Until additional
data from randomized controlled trials
(including the Systolic Blood PRessure INterven-
tion Trial-SPRINT) comparing various blood pres-
sure targets in the elderly and younger become
available, existing epidemiologic and clinical
trial data suggest a diagnostic and therapeutic
threshold for hypertension of 140/90 mm Hg
remains reasonable in adults younger than 80
years and of 150 mm Hg of systolic blood pres-
sure in adults 80 years of age and older [2].

Lifestyle measures

Lifestyle modification should be used to prevent
mild hypertension and to decrease the dose
levels of drugs needed to control hypertension.
Weight reduction, consuming a diet rich in
fruits, vegetables, and low-fat dairy products
with a reduced amount of saturated fat and
total fat, sodium reduction to not exceed 1.5
grams daily, smoking cessation, regular aerobic
physical activity, avoidance of excessive alcohol
intake, avoidance of excessive caffeine, and
avoidance of drugs which can increase blood
pressure including nonsteroidal antiinflamma-
tory drugs, glucocorticoids, and sympathomi-
metics are recommended [2, 7]. Implementing
a national salt reduction program is likely a sim-
ple and cost effective way of improving public
health [49, 50].

Long-term observational follow-up was per-
formed in 744 patients in the trial of hyperten-
sion prevention (TOHP) | (10 years after its end)
and in 2,382 patients in TOHP Il (5 years after
its end) in which persons with prehypertension
were randomized to sodium reduction or usual
diet (25%-35% greater sodium intake) [51]. In
these studies, sodium reduction decreased car-
diovascular events by 25% (p =0.04) [51]. At 31
-month follow-up of 1,981 Taiwanese veterans,
mean age 75 years, living in a retirement home,
those randomized to a potassium enriched diet
with 50% less sodium had a 41% reduction in
cardiovascular mortality (95% CI, 0.37, 0.95)
compared with those randomized to a regular
salt diet [52].

At 14.8-year follow-up of 12,267 adults in the
Third National Health and Nutrition Examination
Survey, a higher sodium intake was associated
with a 20% increase in all-cause mortality per
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1,000 mg of sodium intake per day (p = 0.02),
whereas a higher potassium intake was associ-
ated with a 20% reduction in mortality per
1,000 mg of potassium intake per day (p =
0.01) [53]. For the sodium-potassium ratio,
compared with the lowest quartile, the highest
quartile increased all-cause mortality 46%
(p<0.001), cardiovascular mortality 46%
(P<0.001), and ischemic heart disease mortality
215% (p<0.001) [53]. Current guidelines sug-
gest no more than 2,300 mg of sodium daily in
the general population and no more than 1,500
mg of sodium daily in the elderly, in blacks, and
in persons with hypertension, diabetes mellitus,
chronic kidney disease, or CHF [54, 55].

Use of antihypertensive drug therapy

A meta-analysis of 147 randomized trials includ-
ing 464,000 patients with hypertension showed
that except for the extra protective effect of
beta blockers given after myocardial infarction
and a minor additional effect of calcium chan-
nel blockers in preventing stroke, use of beta
blockers, angiotensin-converting enzyme (ACE)
inhibitors, angiotensin receptor blockers (ARBs),
diuretics, and calcium channel blockers cause a
similar reduction in coronary events and stroke
for a given decrease in blood pressure [56, 57].
The proportionate decrease in cardiovascular
events was the same or similar regardless of
pretreatment blood pressure and the presence
or absence of cardiovascular events [56, 57].
Diuretics, ACE inhibitors, ARBs, calcium channel
blockers, or beta blockers may be used as initial
therapy in the treatment of primary hyperten-
sion in older and in younger patients. Atenolol
should not be used [58-60]. Beta blockers such
as carvedilol, nebivolol, and bisoprolol are pre-
ferred [60]. Centrally acting agents, such as
clonidine, reserpine, and guanethidine, should
not be used as monotherapy because they have
been associated with a high incidence of signifi-
cant side effects, including sedation, depres-
sion, and constipation.

Most patients with hypertension will need 2 or
more antihypertensive drugs to control their
blood pressure [2, 7]. If the blood pressure is
more than 20/10 mm Hg above the goal blood
pressure, drug therapy should be initiated with
2 antihypertensive drugs [2, 7].

The initial antihypertensive drug should be given

to older patients at the lowest dose and gradu-
ally increased to the maximum dose. If the anti-
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hypertensive response to the initial drug is in-
adequate after reaching the full dose of drug, a
second drug from another class should be given
if the person is tolerating the initial drug. If there
is no therapeutic response or if there are signifi-
cant adverse effects, a drug from another class
should be substituted. If the antihypertensive
response is inadequate after reaching the full
dose of two classes of drugs, a third drug from
another class should be added.

Before adding new antihypertensive drugs, the
physician should consider possible reasons for
inadequate response to antihypertensive drug
therapy, including nonadherance to therapy,
volume overload, drug interactions (use of non-
steroidal antiinflammatory drugs, caffeine, anti-
depressants, nasal decongestants, sympath-
omimetics, etc.), and associated conditions
such as increasing obesity, smoking, excessive
ethanol intake, and insulin resistance [2, 7].
Causes of secondary hypertension should be
identified and treated in accordance with cur-
rent guidelines [2, 7, 61].

Older patients with hypertension have a very
high prevalence of associated medical condi-
tions [2, 7]. The selection of antihypertensive
drug therapy in these patients depends on their
associated medical conditions [2, 7].

Falls or syncope may be due to orthostatic or
postprandial hypotension [62]. Management of
orthostatic and postprandial hypotension is dis-
cussed in detail elsewhere [62]. The dose of
antihypertensive drug may need to be de-
creased or another antihypertensive drug given.
Elderly frail persons are most susceptible to
orthostatic and postprandial hypotension [62].
Measurements of blood pressure in the upright
position, especially after eating, are indicated in
these persons.

Use of antihypertensive drugs with associated
medical conditions

Patients with prior myocardial infarction should
be treated with beta blockers and ACE inhibitor
[2, 7, 63-68]. In an observational prospective
study of 1,212 older men and women with prior
myocardial infarction and hypertension treated
with beta blockers, ACE inhibitors, diuretics,
calcium channel blockers, or alpha blockers, at
40-month follow-up, the incidence of new coro-
nary events in patients treated with 1 antihyper-
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tensive drug was lowest in those treated with
beta blockers or ACE inhibitors [63]. In patients
treated with 2 antihypertensive drugs, the inci-
dence of new coronary events was lowest in
those treated with beta blockers plus ACE inhibi-
tors [63].

Beta blockers should be used to treat patients
with complex ventricular arrhythmias with ab-
normal [69] or normal [70] left ventricular ejec-
tion fraction and with CHF with abnormal[71,
72] or normal [72, 73] left ventricular ejection
fraction. Beta blockers should also be used to
treat patients with hypertension who have an-
gina pectoris [74], myocardial ischemia [75],
supraventricular tachyarrhythmias such as atrial
fibrillation with a rapid ventricular rate [76, 77],
hyperthyroidism [78], preoperative hypertension
[7], migraine [7], or essential tremor [7].

In addition to beta blockers, patients with CHF
should be treated with diuretics and ACE inhibi-
tors and with aldosterone antagonists if needed
[79]. ACE inhibitors or ARBs should be adminis-
tered to patients with diabetes mellitus, chronic
renal disease, or proteinuria [2, 7, 65, 80, 81].
Diuretics and ACE inhibitors are recommended
to prevent recurrent stroke in patients with hy-
pertension [7, 40]. Thiazide diuretics should be
used to treat patients with osteoporosis [7].

It is also very important to treat other cardiovas-
cular risk factors in patients with hypertension
to reduce cardiovascular events, and mortality
[2]. Smoking must be stopped [82]. Dyslipide-
mia must be treated [44, 82, 83]. Diabetes mel-
litus must be controlled [84-87].

The more aggressive control of blood pressure
among patients at high risk for coronary artery
disease such as those with diabetes mellitus,
chronic kidney disease, coronary artery disease
or coronary artery risk equivalent, or a 10-year
Framingham risk score >210% with maintenance
of the blood pressure below 130/80 mm Hg
and below 120/80 mm Hg in patients with left
ventricular dysfunction recommended by the
AHA Task Force scientific statement in 2007
[88] was based upon expert medical opinion at
that time, not on prospective, randomized, ade-
quately controlled trial data [45].

The Pravastatin or Atorvastatin Evaluation and

Infection Therapy-Thrombolysis in Myocardial
Infarction (PROVE IT-TIMI) 22 trials enrolled
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4,162 patients with an acute coronary syn-
drome (acute myocardial infarction with or with-
out ST-segment elevation or high-risk unstable
angina pectoris) [89]. The lowest cardiovascular
events rates occurred with a systolic blood pres-
sure between 130 to 140 mm Hg and a dia-
stolic blood pressure between 80 to 90 mm Hg
with a nadir of 136/85 mm.

An observational subgroup analysis was per-
formed in 6,400 of the 22, 576 patients en-
rolled in the International Verapamil SR-
Trandolapril Study (INVEST) [90]. The study par-
ticipants had diabetes mellitus and coronary
artery disease. Patients were categorized as
having tight control of their blood pressure if
they could maintain their systolic blood pres-
sure below 130 mm Hg and their diastolic blood
pressure below 85 mm Hg, usual control if they
could maintain their systolic blood pressure
between 130 to 139 mm Hg, and uncontrolled
if their systolic blood pressure was 140 mm Hg
or higher.

During 16,893 patient-years of follow-up, a car-
diovascular event rate of 12.6% occurred in
patients with usual control of blood pressure
versus 19.8% in patients with uncontrolled hy-
pertension, p <0.001 [90]. The incidence of
cardiovascular events was 12.6% in patients
with usual control of blood pressure versus
12.7% in patients with tight control of blood
pressure (p not significant). The all-cause mor-
tality rate was 11.0% with tight control of blood
pressure versus 10.2% with usual control of
blood pressure (p = 0.06). When extended fol-
low-up was included, the all-cause mortality rate
was 22.8% with tight control of blood pressure
versus 21.8% with usual control of blood pres-
sure, p = 0.04.

The Action to Control Cardiovascular Risk in
Diabetes (ACCORD ) blood pressure trial ran-
domized 4,733 patients with type 2 diabetes
mellitus to intensive blood pressure control with
a target systolic blood pressure of <120 mm Hg
or to standard blood pressure control with a
target systolic blood pressure < 140 mm Hg
[91]. The primary composite outcome was non-
fatal myocardial infarction, nonfatal stroke, or
death from cardiovascular causes. The mean
follow-up was 4.7 years. After 1 year, the mean
systolic blood pressure was 119.3 mm Hg in the
intensive blood pressure control group versus
133.5 mm Hg in the standard blood pressure
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control group. The annual rate of the primary
outcome was 1.87% in the intensive blood pres-
sure control group versus 2.09% in the standard
blood pressure control group (p not significant).
The annual rate of death from any cause was
1.28% in the intensive blood pressure control
group versus 1.19% in the standard blood pres-
sure control group (p not significant). The an-
nual rate of stroke, a prespecified secondary
outcome, was 0.32% in the intensive blood
pressure control group versus 0.53% in the
standard blood pressure control group, p =
0.01. Serious adverse events attributed to anti-
hypertensive treatment occurred in 3.3% of the
intensive blood pressure control group versus
1.3% of the standard blood pressure control
group (p <0.001) [91].

The impact of baseline systolic blood pressure
on outcomes was investigated in 7,785 persons
with mild to moderate chronic CHF in the Digj-
talis Investigation Group trial [92]. A baseline
systolic blood pressure < 120 mm Hg was asso-
ciated during 5 years of follow-up with a 15%
increase in cardiovascular mortality (p =0.032),
with a 30% increase in heart failure mortality
(p=0.006), with a 13% increase in cardiovascu-
lar hospitalization (p=0.008), with a 10% in-
crease in all-cause hospitalization (p=0.017),
and with a 21% increase in heart failure hospi-
talization (p=0.002) [92].

In the Ongoing Telmisartan Alone and in Combi-
nation With Ramipril Global Endpoint Trial
(ONTARGET), a progressive increase in the pro-
portion of visits in which the blood pressure was
decreased to <140/90 mm Hg or to <130/80
mm Hg was associated with a progressive de-
crease in stroke, new onset of microalbuminuria
or macroalbuminuria, and return to normoalbu-
minuria in persons with albuminuria [93]. How-
ever, the adjusted risk of cardiovascular events
was reduced by increasing the frequency of
blood pressure control to <140/90 mm Hg but
not to <130/80 mm Hg [93].

In ONTARGET, 9,603 of 25, 584 patients had
diabetes mellitus [94]. Diabetes mellitus in-
creased the primary outcome of cardiovascular
death, nonfatal myocardial infarction or stroke,
or hospitalization for CHF by 48% (95% Cl, 1.38
to 1.57). In both diabetics and nondiabetics,
antihypertensive treatment reduced the primary
outcome if baseline systolic blood pressure lev-
els ranged from 143 to 155 mm Hg. Except for
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stroke, there was no benefit in fatal or nonfatal
outcomes by lowering systolic blood pressure
below 130 mm Hg [94].

During >12 years of median follow-up in the
Cardiovascular Health Study, isolated diastolic
hypotension (a diastolic blood pressure <60
mm Hg with a systolic blood pressure = 100 mm
Hg) was associated with a 29% significant inde-
pendent increase in incident CHF (p = 0.003)
[95]. Therefore, isolated systolic hypertension
and isolated diastolic hypotension are signifi-
cant risk factors for CHF in community-dwelling
older persons.

Three trials including 2,272 patients with
chronic kidney disease and proteinuria without
diabetes mellitus showed that a blood pressure
target of <130/80 mm Hg did not improve clini-
cal outcomes more than a blood pressure target
of <140/90 mm Hg [96]. At 2.5-year follow-up
of 20,330 patients with a recent noncardioem-
bolic stroke, compared with a systolic blood
pressure of 130-139 mm Hg, the incidence of
the primary outcome of cardiovascular death,
myocardial infarction, or stroke was increased
29% (95% CIl, 1.07-1.56) by a systolic blood
pressure <120 mm Hg, 23% (95% Cl, 1.07-
1.41) by a systolic blood pressure of 140-149
mm Hg, and 208% (95% CI by a systolic blood
pressure of 2150 mm Hg [97].

Finally, although the optimal blood pressure
treatment goal has not been determined a
therapeutic target of <140/90 mm Hg in pa-
tients younger than 80 years and a systolic
blood pressure of 140-145 mm Hg if tolerated
in patients aged 80 years and older is reason-
able [2, 44-48]. We should also be careful to
avoid intensive lowering of the blood pressure,
especially in those with diabetes and coronary
artery disease, as this might be poorly tolerated
and might increase cardiovascular events (the J-
curve phenomenon).
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