










similar findings in follow-up after BA; however, patients who
are �75 years of age have a higher mortality at 2 years.

Uncertainty regarding the effect of stenting on BP control
and progression of kidney failure continues. Some suggest
that stenting for atherosclerotic RAS can stabilize declining
kidney function; however, for patients with stable renal
function, the benefit is less clear.666 Others advise caution in
performing percutaneous revascularization in patients with
CKD.667

Early acute functional renal injury related to renal inter-
ventions in patients with atherosclerotic RAS was analyzed in
a prospective study of patients who averaged �70 years of
age.668 Indications for the procedure were poorly controlled
hypertension, associated CKD (creatinine �1.5 mg/dL), dia-
betes mellitus, and hyperlipidemia. Acute functional paren-
chymal renal injury occurred in 20%. In the injury group,
there were more current smokers with non–insulindependent
diabetes mellitus and presence of AAA. The CKD was more
advanced (GFR �20 mL/min), and contralateral renal artery
disease was more frequent in patients who suffered acute
kidney injury after the procedure. Acute kidney injury was
associated with more kidney morbidity 3 months after the
procedure and decreased survival at 5 years; in addition, 3
times more patients progressed to hemodialysis as compared
with those without acute kidney injury. It seems that patients
with unrepaired AAA, diabetes mellitus, and persistent renal
disease are more predisposed to acute functional injury
following RAS. Medical therapy or use of a distal renal
protective device may be beneficial until results of prospec-
tive trials (eg, CORAL) help to address appropriate use of
renal interventions.

The ASTRAL trial669 recruited 806 patients with RAS
(mean age 70 years, range 42 to 88 years) including patients
who quit smoking and those with a history of diabetes, PAD,
CVD, and stroke. Eighty percent were treated with statins,
90% with antiplatelet drugs, and 90% with antihypertensive
agents. Participants were randomized between renal artery
revascularization (BA-S) plus medical therapy versus medi-

cal therapy alone, and the primary outcome was rate of
decline of renal function; the secondary outcomes were BP
control, renal events (acute renal failure, dialysis), serious
vascular events, or mortality. At 12 months, there were no
differences between groups in renal function, SBP or DBP,
combined renal events, and CV events, inducing death.
During 4-year follow-up, there was slight benefit in favor of
revascularization for creatinine (10 mmol/L difference), SBP,
combined renal (17% versus 23%), and CV events (34%
versus 41%), but the study was underpowered. Serious
complications associated with revascularization occurred in
23 patients (6%), including 2 deaths and 3 amputations of
toes or limbs. Based on this definitive trial, there is no
evidence for benefit of BA-S for RAS. The authors concluded
that in patients with a range of radiologically significant RAS
lesions, there was no benefit in any outcome measure but
significant risk from additional revascularization when both
groups were treated with optimal medical therapy.669 The
ongoing CORAL study670 will analyze response to medical
treatment versus revascularization and might also provide
evidence about diagnostic tests that may predict the best
treatment.

Technical improvements in percutaneous renal artery in-
terventions have evolved. These include polyurethane filter
and basket (Angioguard XP emboli capture guide wire
system)671 to decrease the number of microembolic particles
introduced into the renal artery. Analysis of a retrospective
cohort of consecutive patients undergoing with and without
distal embolic protection, ages 69�7 years and 75�6 years,
respectively, did not show a difference between groups in
renal function or SBP changes. The authors concluded that
renal artery stenting improves GFR and SBP, however distal
embolic protection did not enhance this effect.672

4.2.5.9. Other Conditions/Situations/Special Populations
Resistant hypertension: Resistant hypertension is defined as
BP that remains above goal when a patient adheres to lifestyle
measures23 and maximum tolerated doses of 3 complemen-
tary antihypertensive agents including a diuretic,673 has an

Figure 11. Absolute risk of ischemic
heart disease mortality in relation to
blood pressure. (A) Systolic blood pres-
sure. (B) Diastolic blood pressure. The Y
axis is logarithmic. CI indicates confi-
dence interval; IHD, ischemic heart dis-
ease. Reprinted from Lewington et al.42
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unknown prevalence in the elderly. Data from NHANES
(2003 to 2004), show hypertension prevalence progressively
increases with age, reaching 77% in people �77 years of
age,674 so increasing age, particularly �65 years of age, is
associated with a higher prevalence of resistant
hypertension.675,676

There are no studies specifically powered to address
prognosis of older patients with resistant hypertension. In
adults 40 to 69 years of age with no previous vascular disease,
each difference of 20 mm Hg in SBP or 10 mm Hg in DBP
was associated with more than a 2-fold difference in the
stroke death rate (Figure 8), and with 2-fold differences in the
death rates from vascular causes (Figure 11). This association
was consistent for the entire range of BP studied, about
115/75 to 180/110 mm Hg. Differences in vascular mortality
were about half as extreme at 80 to 89 years of age versus 40
to 49 years of age, but the annual absolute differences in risk
were greater in old age. Agespecific associations were similar
for men and women, and for cerebral hemorrhage and
cerebral ischemia.42

Increasing age was the characteristic that was most signif-
icantly associated with lack of SBP control among treated
subjects. The FHS showed that subjects �75 years of age are
4 times less likely to achieve SBP control compared with
those �60 years of age.677 This was confirmed in another
study where BP control gradually declined with age, from
74% among those �40 years of age to 33% for those �70
years of age.674 Reasons for resistant hypertension in the
elderly include excess dietary salt intake, weight, alcohol, and
nicotine; decrease in efficacy of antihypertensive medication
with higher baseline BP; higher incidence of organ damage
comorbidities (eg, dyslipidemia, metabolic syndrome, diabe-
tes mellitus, CKD, stroke, HF, PAD, CAD674); poor adher-
ence to drug treatment; volume overload; pseudohyperten-
sion; and use of pain medications such as NSAIDs. NSAIDs
inhibit prostaglandin production, followed by sodium and
fluid retention215 and volume overload, especially in elderly
patients with organ damage.675

Elderly subjects with higher baseline SBP typically have a
more severe or longer duration of hypertension that makes it
more difficult to treat. Higher baseline SBP is also often
associated with dysfunction or damage of organs that play a
key role in BP regulation. In elderly patients, volume over-
load is a common finding because of excessive salt intake,
inadequate kidney function, or insufficient diuretic therapy.
Physicians are less aggressive in treating elderly patients, as
25% of physicians believe that hypertension treatment in an
85 year old has more risks than benefits.678

Pseudohypertension represents another reason for resistant
hypertension in the elderly population. Increased arterial
stiffness and the presence of heavily calcified arteries that
cannot fully compress makes BP readings falsely higher than
the intra-arterial BP.679 Managing resistant hypertension in
the elderly requires a careful medical history, followed by BP
measurements in seated and in erect posture because of the
increase risk of postural hypotension. Complete investigation
of comorbidities and concomitant medications, as well as
suboptimal compliance and dietary indiscretions may help
explain the difficulties in BP control.

Recommendations for modification and intensification of
antihypertensive regiments for elderly patients taking �3
drugs are based on pharmacological principles, underlying
pathology, clinical experience, and comorbidities. We wish to
reinforce the importance of dietary sodium restriction, reduc-
tion in alcohol intake, and the DASH diet in resistant
hypertension. Most patients should receive a RAAS blocker
along with a CA and an appropriately dosed diuretic. It is
extremely important that the agents be given in adequate
dosages and at appropriate time intervals. An appropriate
diuretic to decrease volume expansion remains the corner-
stone of therapy in elderly patients. Thiazides can be selected
if the eGFR is �30 mL/min/ 1.73 m2; if hypoalbuminemia or
hyperkalemia is not present. If eGFR is below 30 mL/min/
1.73 m2, a loop diuretic is recommended.675 Next, add either
a CA or vasodilating beta blocker if pulse rate is not �50
bpm. Blockade of aldosterone should be considered espe-
cially in certain settings, (ie, those with HF, obesity, or sleep
apnea).680 Peripheral alpha blockers may be considered,
especially in older men with coexistent symptoms from
benign prostatic hypertrophy, but these will increase ortho-
static hypotension and are associated with excess HF and
stroke (Section 4.2.2.1.3, Alpha-Adrenergic Blocking
Agents).

As discussed previously, RAS and other secondary causes
of hypertension should be considered in elderly patients with
resistant hypertension. A key point in the management of BP
in this cohort of patients is that volume depletion with
diuretics, especially during summer months, is to be avoided.
Hence, CAs become useful agents as they are efficacious for
pressure reduction and avoid increases in serum creatinine
and volume depletion.

Osteoporosis: Thiazide diuretics preserve hip and spine
bone mineral density in older patients,681–683 so those with
hypertension and osteoporosis should generally receive a
thiazide,22 which can increase blood calcium levels. Loop
diuretics (such as furosemide and bumetanide) can decrease
calcium levels. Amiloride (a potassium-sparing diuretic) may
decrease the amount of calcium excreted in the urine (thus
increasing blood calcium levels), and may also be considered
for people with calcium oxalate kidney stones.

Arrhythmias: Beta blockers, verapamil, or diltiazem should
be used for ventricular rate control with supraventricular
tachyarrhythmias such as AF in elderly persons with hyper-
tension.22,286 Beta blockers should also be considered in
treatment of elderly persons with complex ventricular ar-
rhythmias with abnormal684 or normal685 ejection fraction.
Beta blockers are also useful to treat elderly persons with
hypertension who have hyperthyroidism, preoperative hyper-
tension, migraine, or essential tremor.22 CAs are useful in
patients with Raynaud’s disease, asthma, or chronic obstruc-
tive lung disease, in whom beta blockers are relatively
contraindicated.

Blacks: In general, treatment of hypertension is similar for
all racial/ethnic groups22 including blacks.686 Blacks have
reduced BP responses to monotherapy with beta blockers,
ACEIs, ARBs, and some CAs compared with diuretics, but
this is eliminated by including a diuretic in combination.22

RAAS686 inhibitors appear less effective than other classes in
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decreasing BP in elderly blacks, unless combined with
diuretics or CAs. ACEIs prevent adverse outcomes such as
decline of renal function in those with hypertensive nephrop-
athy.558 The SHEP demonstrated benefit in an older black
cohort with chlorthalidone-based treatment versus placebo.16

Patients were �60 years of age with SBP 160 to 219 mm Hg,
and DBP �90 mm Hg. Over 4.5 years, stroke was reduced in
black women (RR: 0.36; 95% CI: 0.16 to 0.83), but not in
black men. In LIFE, black patients aged 55 to 80 years with
stage 2 hypertension and LVH showed greater benefit with
atenolol plus diuretics versus losartan plus diuretics in pro-
tection against stroke and CAD.687

The initial agent in blacks with uncomplicated hyperten-
sion should be a thiazide diuretic. In ALLHAT, chlorthali-
done was unsurpassed in blacks decreasing BP and major CV
events versus regimens based on lisinopril, amlodipine, and
doxazosin (9688). CAs effectively lowered BP in blacks and
decreased CV event, especially stroke.688 Amlodipine in
ALLHAT was effective with similar protection against CAD
and stroke, although less effective for new onset HF when
compared with chlorthalidone.688 Because ALLHAT com-
pared those agents with diuretics and CAs, patients random-
ized to chlorthalidone or amlodipinebased therapies could not
additionally take lisinopril, despite the fact that a diuretic or
CA combination with an ACEI would be a reasonable
combination in blacks. In ALLHAT, a 40% higher incidence
of stroke in blacks with lisinopril-based therapy was noted
versus the diuretic.68 This occurred, to a large extent, related
to 4 to 5 mm Hg less SBP reduction in the lisinopril-based
versus chlorthalidone-based cohort, although BP reductions
did not fully explain outcome differences.

In the AASK, ramipril-based therapy versus metoprolol
succinate and amlodipine was renoprotective in those with
hypertensive nephropathy, especially with proteinuria. The
AASK results confirm benefit of ACEI when needed in
blacks, such as protection against progression of renal disease
in concert with diuretics558 however, the diuretic used was
furosemide.

Although ACEIs and ARBs may be less efficacious for BP
reduction in blacks, at higher doses or combined with a
diuretic or long-acting CA, blacks benefit from these agents.
ACEIs are associated with a higher rate of cough and
angioedema among blacks versus whites.688 Nevertheless, in
blacks, socioeconomic status, dietary, and other lifestyle
considerations must be examined and addressed, because, to
a large extent, these non-drug aspects of elevated BP are of
primary significance. Blacks, many of whom have more
severe and complicated hypertension, usually will not reach
control with monotherapy. Aldosterone antagonists, spirono-
lactone, and eplerenone are beneficial in patients with resis-
tant hypertension, including blacks.689

Hispanics: Recommendations for pharmacological man-
agement of elderly Hispanic patients are the same as for
elderly patients in general. In INVEST, elderly Hispanic
patients with CAD had better BP responses to combination
therapy with either a CA plus ACEI or beta blocker plus
HCTZ versus white patients.76,77

Women: There is no evidence that elderly women respond
differently than elderly men to antihypertensive drugs.690,691

Recent studies have shown that multidrug therapy is needed
for elderly high-risk men and women with hypertension.691 A
recent meta-analysis of randomized trials showed that differ-
ent antihypertensive drug classes protected similarly against
major CV events in persons �65 years of age and persons
�65 years of age.251

Octogenarians: Successful treatment of hypertension in
octogenarians may be expected to substantially reduce CV
risk and mortality based on available data. Benefits on
cognitive function and appearance of dementia are less
certain. Although a BP �140/90 mm Hg was recommended
for all patients by “The Seventh Report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treat-
ment of High Blood Pressure,”22 except for a lower level in
special populations, randomized trial evidence to support this
BP level in the very elderly is not robust. Nevertheless, data
available from RCTs, which included patients over the age of
80 years, come largely from subpopulations, which in some
trials and collectively are larger than HYVET. These trials
(eg, ACCOMPLISH, INVEST) noted no difference in the
effects on outcomes among those �80 years of age versus
�80 years of age (8584). Based on these results and limita-
tions, the following recommendations can be offered for
persons �80 years of age. Those with SBP �150 mm Hg are
candidates for antihypertensive drugs with target SBP 140 to
145 mm Hg if tolerated (ie, somewhat more conservative
target than in individuals �80 years of age).

Initiate treatment with a single drug followed by addition
of a second drug if needed. Low-dose thiazides, CAs, and
RAAS blockers are preferred. Concomitant conditions will
often dictate which drugs are appropriate, as detailed in the
preceding text. Indeed, because of the evidence that the
benefits of antihypertensive treatment largely depend on BP
lowering per se,22 all drugs (alone or in rational combina-
tions) may be used provided that they have a suitable safety
profile and no excessive effect on orthostatic BP.

In starting or continuing treatment, use precautions even
more stringent than those employed in younger patients.
Octogenarians should be seen frequently and the medical
history accurately updated at each visit. Standing BP should
always be checked for excessive orthostatic decline. Al-
though BP values below which vital organ perfusion is
impaired are not known, SBPs lower than 130 mm Hg and
DBP �60 mm Hg should generally be avoided, if possible.
Drug treatments for concomitant diseases should be carefully
monitored to prevent adverse interactions with antihyperten-
sive drugs.

Drug treatment should not indiscriminately involve all
patients with hypertension who are �80 years of age. In
deciding whether to initiate treatment, physicians should
consider the general health condition of their patients. Treat-
ment may be withheld in more frail or medically compro-
mised patients, and there is less evidence of benefit in patients
approaching 90 years of age or who are �90 years of age.

4.2.5.10. Compliance With Pharmacological Therapy
Compliance may be defined as the extent to which a patient
takes medication as prescribed. The term compliance is often
used interchangeably with adherence, but compliance is
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preferred because it implies a responsibility shared by both
patient and physician.692,693 Compliance rates are often re-
ported as percentage of prescribed dose of medication actu-
ally taken over a period of time. Measurements of blood or
urine drug metabolites or serum drug concentrations can also
be used,694 but these have limited applications in a primary
care setting as they are invasive and potentially costly.
Clinicians are more inclined to evaluate compliance by
questioning the patient, taking pill count assessments at
checkup, and using electronic medication caps that record
when a bottle is opened.694,695 Unfortunately, patients do not
always report nonadherent behavior, and such indirect mea-
sures can mislead providers to overestimate compliance.694

Definition and Predictors: Unfortunately, a large propor-
tion of elderly patients will discontinue or take the drugs
inappropriately.692,696,697 This noncompliance often results in
failing to reach guideline-recommended BP targets and im-
pacts outcomes; patients are much more likely to be hospi-
talized and have greater healthcare costs than those who
follow their prescriptions.22 About 1 in 3 patients remain
highly adherent to antihypertensive medication after 12
months, and after that, adherent patients are much less likely
to discontinue medication. Older age, in addition to previous
noncompliance, low risk for CV events, competing health
problems, nonwhite race, low socioeconomic status, com-
plexity (eg, multiple dosing, pill burden), side effects, and
cost of medication regimen predict noncompliance.698,699

Compliance Barriers: The asymptomatic state associated
with hypertension appears to be a common barrier.692,697,700 A
prospective study found that only 37% of patients surveyed
reported consistent compliance to antihypertensive regi-
men.701 In a cross-sectional study, 21% of patients with
hypertension stopped treatment without being advised to do
so. A factor most commonly found to distinguish nonadherent
patients from those adherent to medication regimens was
perception of health status.700 The poorer the patients per-
ceived their health, the more likely they were to adhere to
prescribed treatment; the reason given most often for discon-
tinuation was that they felt well without the medication.
Although the mean age of this cohort was only 58, elderly
patients with hypertension are likely to be asymptomatic with
a variety of serious comorbidities (eg, AF, CAD, diabetes
mellitus, HF).700 Prevalent comorbidities, polypharmacy, and
high cost of medications also contribute to lower BP control
rates in the elderly.610

Some patients with hypertension are more likely to adhere
to their medication regimen. Patients who viewed hyperten-
sion as a symptomatic disease and believed treatment had
beneficial effects on symptoms were more adherent and had
better BP control.702

Side Effects: Side effects are another common reason for
therapy discontinuation in the elderly703–705 and may be more
apparent in patients with hypertension. This because the
illness is often asymptomatic, which may increase awareness
of side effects associated with therapy. A drug’s side-effect
profile has been demonstrated to contribute to poor compli-
ance by affecting a patient’s QoL.701,706 In patients with
hypertension, approximately 10% of poor compliance was
due to adverse effects of prescribed medication.707 In addition

to side effects, new symptoms that may be unrelated to the
medication regimen can also impact compliance. It is there-
fore important to advise patients of side effects that may be
related to medications, as patients tend to blame their drugs
for any new symptoms they experience (Table 10).708

Pill Burden and Dosing Complexity: Complexity of a drug
regimen influences compliance709 and is especially problem-
atic for hypertension and HF, as dosing complexity and
number of medications increases with disease severity. This
problem has been growing as the number of medications and
evidence-based guidelines have increased.710 An average of 2
to 4 antihypertensive medications are required for BP control
in most high-risk patients with hypertension and comorbid
conditions such as renal disease or diabetes mellitus.711 As
seen in Figure 12, �2 antihypertensive agents were needed to
achieve target BP goals in the majority of patients.712 As new
treatment strategies are added, the increased pill burden may
contribute to problems with compliance.

There is an inverse relationship between the number of
daily drug doses and the adherence rate.692,699 A meta-anal-
ysis for chronic conditions including CVD showed that mean
dose-taking compliance was 79% for 1 dose, 69% for 2 doses,
65% for 3 doses, and 51% for 4 doses (P�0.001 among dose
schedules).699 Thus, it is important to prescribe therapies that
will help to alleviate pill burden. Reduction in dose frequency
through selection of once-daily agents improves medication

Table 10. Adverse Effects of Antihypertensive Therapy in
the Elderly

Drug Class Adverse Effect

Thiazide and loop diuretics Hypokalemia, hyponatremia, hypomagnesemia,
volume-depletion hypotension, renal impairment,
hyperuricemia, gout, hyperglycemia

Potassium-sparing diuretics Hyperkalemia, hypotension

Beta-adrenergic blockers Sinus bradycardia, fatigue, AV nodal heart
block, bronchospasm, intermittent
claudication, confusion, aggravation of acute
heart failure, hyperglycemia

Alpha-beta adrenergic
blockers (vasodilator-beta
adrenergic blockers)

Hypotension, heart block, sinus bradycardia,
bronchospasm

Alpha1-adrenergic
antagonists

Orthostatic hypotension

Angiotensin-converting
enzyme inhibitors

Cough, hyperkalemia (only with eGFR �50
mL/min), angioneurotic edema, rash, altered
taste sensation, renal impairment

Angiotensin receptor
blockers

Hyperkalemia, renal impairment

Central-acting drugs Sedation, constipation, dry mouth

Calcium antagonists

(Non-dihydropyridines) Rash, exacerbation of GERD symptoms, sinus
bradycardia, heart block, heart failure,
constipation (verapamil), gingival hyperplasia

(Dihydropyridines) Peripheral edema, heart failure, tachycardia,
aggravation of angina pectoris (short-acting
agents)

Direct vasodilators Tachycardia, fluid retention, angina pectoris

AV indicates atrioventricular; eGFR, estimated glomerular filtration rate; and
GERD, gastroesophageal reflux disease.
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compliance,713 particularly in hypertension treatment.698

Once-daily dosing was shown to have the highest compliance
rate among dosing schedules for a range of CV disorders: as
the number of doses per day increased, compliance rates
declined.699,714 Although these data are from cohorts that
included few elderly patients, reducing daily dose frequency
was found to produce a significant improvement in compli-
ance. The average compliance rate was significantly higher
for once-daily dosing compared with multiple-daily dosing
(91.4% versus 83.2%, P�0.001). Average compliance was
higher for once-daily (92.7%) versus twice-daily dosing
(87.1%, P�0.026).

One concern regarding once-daily formulations is that
when patients are not adherent, they miss an entire day of
medication as opposed to missing half a day or less with
multiple dosing. Although this is an important consideration,
the properties of long-acting oral formulations may help to
provide protection from adverse events even when compli-
ance is not perfect. Although BP control was significantly
reduced in patients who were only partially adherent (�80%
of prescribed pills taken) to short-acting, twice-daily dilti-
azem, this was not the case in patients who were only
partially adherent to the once-daily amlodipine formula-
tion.715 This suggests that the negative consequences of
partial compliance for BP control may be offset by selecting
agents with a longer duration of action beyond the dosing
intervals. Overall, use of once-daily drug formulations pro-
vide a significant improvement in compliance to a prescribed
regimen and may improve outcomes.

Cost Considerations: Although higher out-of-pocket med-
ication costs are associated with reduced compliance in the
overall population, this is a particular concern in the elderly
because of their generally lower incomes. Clinicians should
use generic and formulary drugs when possible. Conversely,
an impact on overall healthcare costs is also observed with
poor compliance. An analysis of the association between

interruption or termination of therapy and total healthcare
costs716 using paid claims data (California Medicaid) found
each patient with interrupted antihypertensive drug therapy
accumulated an additional $873 in healthcare costs during the
first year. These costs were primarily the result of increased
hospital expenditures.716 These findings were confirmed in a
patient primary database in the United Kingdom.717

5. Future Considerations
5.1. Prevention of Hypertension
Most consideration of preventing hypertension has been
targeted at young people, and little information is available
about preventive strategies in the elderly. Increases in SBP
occur with aging in most societies around the world. Unfor-
tunately, there are no clear explanations for these exceptions
and thus no clinical guidance.721 It is likely that patterns of
decreasing physical activity and weight gain with age in
industrialized societies partially explain this trend for increas-
ing SBP with age.

Usual recommendations for hypertension prevention are
based on the following lifestyle changes: reduced sodium
intake; weight loss; moderation of alcohol use; diets centered
on fresh produce; and physical activity.722 Excess weight is
common in older people, so weight loss represents an
opportunity for slowing progression to hypertension. Like-
wise, use of the DASH diet, based on increased intake of
fresh produce and discussed elsewhere in this report, has a
BP-lowering effect. Although dietary strategies are not easy
to achieve or sustain in younger people, it is possible that
elderly people might be more acutely sensitive to the CV
consequences of rising BPs and thus more motivated to make
lifestyle changes, including the assumption of increased
physical activity such as walking.

Perhaps the best documented of these approaches in elderly
people is reduced dietary sodium. A study in China demon-

Figure 12. Percentage of people in outcomes trials of the elderly taking 2 or more antihypertensive medications. ACCOMPLISH8 indi-
cates Avoiding Cardiovascular Events in Combination Therapy in Patients Living with Systolic Hypertension; ALLHAT,9 Antihypertensive
and Lipid-Lowering Treatment to Prevent Heart Attack Trial; Australian HTN,718 Australian Hypertension Study; CONVINCE,719 Con-
trolled Onset Verapamil Investigation of Cardiovascular End Points Trial; EWPHE,12 European Working Party on High Blood Pressure in
the Elderly; HYVET,4 Hypertension in the Very Elderly Trial; INVEST,584 International Verapamil-Trandolapril Study; LIFE,14 Losartan
Intervention For Endpoint Trial; MRC-Elderly,15 Medical Research Council Trial of treatment of hypertension in older adults; SBP, systol-
ic blood pressure; SHEP,16 Systolic Hypertension in the Elderly Program; STONE,17 Shanghai Trial of Hypertension in the Elderly;
STOP-2,720 Swedish Trial in Old Patients with Hypertension; Syst-China,19 Systolic Hypertension in China Trial; and Syst-Eur,20 Systolic
Hypertension in Europe Trial.
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strated that switching to sodium intake at the lower end of the
usual dietary range produced meaningful BP reductions in
older persons.723 A possible explanation for this is that the
reactive increase in activity of the RAAS that blunts antihy-
pertensive efficacy of salt restriction is less active in the
elderly.724,725 From a mechanistic point of view, sodium and
the RAAS have synergistic effects accelerating arterial dis-
ease, including arterial stiffening that leads to systolic hyper-
tension of the elderly.726 Indeed, it has been suggested that
aging may increase sensitivity of arteries to sodium.727

Integrity of endothelium, vascular smooth muscle cells, and
connective tissue are all compromised by sodium so as to
reduce vascular compliance, particularly in concert with
effects of AII and aldosterone. Evidence implicates the role of
the high vascular tissue concentrations of AII found in the
elderly in amplifying adverse changes in extracellular tissues,
so increasing rigidity of the wall structure.727

These considerations would support the dual strategies of
dietary salt restriction and RAAS blockade for preventing or
modifying the appearance of hypertension in older people.
One trial, albeit in a young-to-middle-aged cohort, showed
2-year intervention with an ARB in patients with prehyper-
tension modestly but significantly reduced progression to
overt hypertension.728 It is not known whether this strategy
would be effective in an older group. On theoretical grounds,
addition of a CA to a RAAS blocker might provide additional
inhibition of adverse vascular proliferative changes.729

At present, prevention of hypertension in the elderly should
be based primarily on a strategy of dietary salt restriction,
weight control, and physical activity. This could be aug-
mented by relatively early introduction of RAAS blockade in
stage 1 hypertension with the intent of limiting further
progression of hypertensive disease.

5.2. Unanswered Questions
There remain many important but unresolved issues regard-
ing hypertension treatment in the elderly. One is to agree on
a working definition of the term elderly. Another is to
establish BP values for making the diagnosis of hypertension
as well as setting targets for treatment. A third is to identify,
for those patients in whom pharmacological therapy is indi-
cated, which drugs will be most effective for reducing CV
events. A final question is whether there is a subgroup of
elderly patients with hypertension in whom treatment is not
beneficial.

Defining elderly is a difficult task, as discussed earlier in
this document. Because of the great heterogeneity among
individuals in the aging process, it is not possible to readily
assign an overall chronological value that establishes the state
of being elderly. Some octogenarians can be fully active in
the work environment or elsewhere on a daily basis, but
others are not so fortunate. Given this marked heterogeneity
of health and physiological function in older adults, it is more
important to focus on defining the extent of these age-
associated conditions than on using chronologic age to define
and treat the elderly patient with hypertension.

Ongoing and future research will further explore the causes
and mechanisms of age-related development and progression
of vascular disease. It is clear that age, apparently indepen-

dent of other CV risk factors, is a powerful predictor of
events. In the future, it should be possible to apply objective
measurements of vascular or other clinical properties to better
define hypertension and to tailor therapy.

The most practical definition of hypertension in the elderly
should describe a BP level above which medical interven-
tion—lifestyle changes or drugs—could be expected to pro-
vide clinical benefits. Although several clinical trials have
reported beneficial results of treating hypertension in the
elderly, these studies have not provided clear guidance for
selecting a specific BP value that could be used to diagnose
hypertension or to use as a target for treatment. A report from
INVEST found that patients who had BP �140/90 mm/Hg at
�75% of their follow-up visits had the lowest risk for adverse
outcomes.730 As a simple generalization, it could be stated
that pretreatment SBP �160 mm Hg would fit the profile of
most of these studies, including HYVET,4 as would a target
SBP �150 mm Hg. These studies have shown clinical
benefits with achieved SBP values averaging in the 140s,
150s, and 160s. Thus, unlike previous guidelines that ad-
dressed the full spectrum of adults,22,23 there is limited
evidence in the elderly to support a value of 140 mm Hg as
a diagnostic and therapeutic threshold. There are also limited
data as to whether patients with initial SBP between 150 and
159 mm Hg would benefit from treatment.731 Nevertheless,
achieved values �140 mm Hg for those �79 years of age are
appropriate; but for those �80 years of age, 140 to
145 mm Hg, if tolerated, can be acceptable.

Until recently, no randomized trials had compared effects
on clinical outcomes of achieving different BP values in older
adults. However, in 2009, the Cardio-Sis (Studio Italiano
Sugli Cardiovascolari del Controllo della Pressione Arteriosa
Sistolica) trial, in 1111 nondiabetic patients (mean age 67
years) with baseline SBP �150 mm Hg reported a reduction
in the primary outcome, the rate of ECG LVH at 2 years
median follow-up in patients randomized to a SBP goal
�130 mm Hg versus a goal of 140 mm Hg using open-label
drugs (11.4% versus 17%, OR: 0.63; 95% CI: 0.43 to 0.91;
P�0.013). In addition, a composite CV endpoint occurred in
9.4% in the usual control group versus 4.8% in the tight-
control group (HR: 0.50; 95% CI: 0.31 to 0.79; P�0.003).732

Although the age–treatment group interaction was nonsignif-
icant, the greatest reduction in the primary outcome was seen
in the subgroup �70 years of age.732 Other than Cardio-Sis,
comparisons of different BP treatment targets in the elderly
are limited to post hoc interpretations of previously con-
ducted studies comparing different achieved BP lev-
els.4,11,15,16,18,20,526,529 However, as discussed earlier in this
report, these studies varied, not only in their target BPs, but
also in patient selection, drug choices, and duration of
therapy. Furthermore, they were all based primarily on SBPs
and generally did not attempt to reach the aggressive BP
goals used in more contemporary hypertension trials in
younger cohorts.8,9,21

Until additional data from RCTs comparing various BP
targets in the elderly become available, existing epidemio-
logic and clinical trial data suggest a diagnostic and thera-
peutic threshold for hypertension of 140/90 mm Hg remains
reasonable in adults 65 to 79 years of age. As mentioned
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previously (see Section 1.4), the ACCORD BP, although
limited to high-risk persons with type 2 diabetes mellitus,
found no additional benefit from an intense BP-lowering
strategy targeting SBP of 120 mm Hg, with an increase in
adverse experiences related to antihypertensive drugs in the
cohort �65 years of age. The soon-to-be-launched SPRINT
(Systolic Blood PRessure INtervention Trial) should provide
additional information about the optimal BP treatment goal in
older adults. Among individuals �80 years of age, HYVET
data suggest a SBP of 150 mm Hg as the diagnostic criterion
for hypertension and the treatment target in octogenarians and
beyond. Should SBP fall readily to lower levels, it would be
reasonable to maintain this level of control, provided treat-
ment is well tolerated. Yet it is the low DBP that concerns
many clinicians from the J-curves reported.268 Clinicians,
however, should consider 2 exceptions to this recommenda-
tion. First, in those elderly patients in whom a SBP
�150 mm Hg is readily and safely obtained with just 1 or 2
drugs, a further modest intensification of treatment to achieve
a value �140 mm Hg could be considered, even though there
is no firm evidence to support this target. The second
exception to the recommendation applies to patients whose
SBP remain �150 mm Hg under the following 3 circum-
stances that: 1) despite taking a regimen of 4 well-selected
and appropriately dosed drugs, this goal has not been
achieved; 2) prescribed therapy is causing unacceptable side
effects, particularly postural changes that could result in the
potentially disastrous consequences of physical injury; and 3)
in attempting to reach the SBP target, the DBP is being
reduced to a potentially dangerous level �65 mm Hg. Under
any of these circumstances, the lowest safely achieved SBP
�150 mm Hg is acceptable.

Finally, there is no evidence in older people to support the
use of lower BP targets in patients at high risk because of
conditions such as diabetes mellitus, CKD, or CAD.

Drug choice to treat the elderly is often dictated by
concomitant conditions (eg, CAD, HF, diabetes mellitus, and
kidney insufficiency). Diuretics, CAs, and RAAS blockers
have all been effective in reducing events in the elderly.
There are no authoritative comparison trials that would
indicate superiority of monotherapy with 1 class over the
other. As discussed elsewhere, most patients will require
combination drug therapy (Table 9). Diuretic-based regimens
were effective in earlier studies, although a large hyperten-
sion trial that included mostly elderly patients indicated that
amlodipine is preferable to a thiazide in combination treat-
ment for reducing fatal and nonfatal CV outcomes.579

5.3. Future Research
Future research should include both fundamental and clinical
investigation directed toward defining the pathogenesis of
increased vascular and LV stiffness, characteristic of elderly
patients with hypertension. The goal of this research should
be to develop strategies to both prevent and reverse this form
of vascular pathology, which is the cornerstone of systolic
hypertension in the elderly. Another direction should be
well-designed randomized controlled outcome trials to define
appropriate thresholds and goals for antihypertensive treat-
ment in the elderly. These might include randomizing persons

with SBP �160 mm Hg to SBP goals of either 150 mm Hg
or 140 mm Hg. Safety considerations would be important in
these trials. Finally, comparative effectiveness trials are
needed to test various treatment strategies (ie, different drug
regimens and different intensities of lifestyle modification)
and to assess the relative safety and efficacy of these
approaches in the prevention of CV mortality and morbidity
and total mortality. Strategies using non-physician providers
(nurses, pharmacists, and trained laypersons) should be
tested, given the increasing demands of an expanding elderly
population and the growing shortage of physicians.

Potential New Therapeutic Strategies: Because several
efficacious and well-tolerated antihypertensive drug classes
are now available, there are relatively few new classes in
development. It is likely that advances for the foreseeable
future will focus primarily on innovative strategies for select-
ing and combining available drugs. Thiazide diuretics and
dihydropyridine CAs have been the best-studied drugs in
older cohorts. However, there is growing evidence both of the
fundamental role of RAAS mechanisms in the genesis of
vascular pathology and hypertension in the elderly and of the
benefits of pharmacologically blocking this system.

As emphasized elsewhere in this document, a limiting
factor for therapy in older people is uncertainty about
appropriate BP targets. Whereas the general BP goal in adults
has been �140/90 mm Hg, HYVET results in octogenarians
showed meaningful event reduction with SBP in the mid-
150s.4 However, the Cardio-Sis trial showed lower event
rates in “younger” elderly hypertensive patients with a goal of
SBP �130 mm Hg versus �140 mm Hg.732 Yet the results of
ACCORD BP (Section 1.4), found no benefit targeting
120 mm Hg versus 140 mm Hg in high-risk patients with an
increase in drug-related adverse experiences. A trial now
underway in Japan is comparing event rates in elderly
patients whose SBPs are reduced to �140 mm Hg versus 140
to 160 mm Hg.733 The SPRINT trial, sponsored by NHLBI, is
comparing SBP targets of 120 mm Hg versus 140 mm Hg in
higher-risk adults, and oversampling elderly patients. These
trials and others will hopefully cast more light on 1 key
treatment objective in older patients: avoidance of cognitive
dysfunction, perhaps most readily accomplished by effective
BP control.260

Future treatment strategies should evaluate sodium restric-
tion together with therapeutic blockade of the RAAS. In fact,
RAAS blockers are all effective in elderly patients with
hypertension.602,734 Further research with bradykinin and
related targets, including newly developed angiotensin immu-
notherapy,735 may also be warranted. Innovative combina-
tions of CAs with RAAS blockers have demonstrated benefit
in high-risk patients and could be especially useful for the
elderly.8

Endothelin antagonists could also be valuable in older
patients. Endothelin antagonists provide efficacy in resistant
hypertension, and their main drawback, teratogenicity, is not
an issue in elderly patients.736 Likewise, increased use of
aldosterone antagonists could be anticipated, for in low doses,
they can also be effective for adjunctive therapy.737 More-
over, a new progestogen, drospirenone, has exhibited antial-
dosterone activity and BP-lowering effects in post-
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menopausal women and may represent a novel strategy.738

There is limited information on non-drug substances for
hypertension treatment in the elderly. Soy nuts, for instance,
reduce BP in elderly women, though it is not clear whether
soy proteins or other components produce this effect.739,740

Studies with calcium and vitamin D supplements or vitamin
C have not demonstrated useful BP effects.241
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Committee

● Defense deposition
testimony, stroke
in a young person
2008

● Defense deposition
and trial testimony,
alleged traumatic
brain injury 2009

Victor Ferrari Official Reviewer—ACCF
Task Force on Clinical

Expert Consensus
Documents

None None None None None None

Lawrence Fine Official Reviewer—National
Heart, Lung and Blood

Institute

None None None None None None

Sverre Kjeldsen Official Reviewer—European
Society of Hypertension

None ● AstraZeneca LP None ● Norwegian Government None None

● Boehringer Ingelheim

● Novartis
Pharmaceuticals

● Sanofi-aventis

● Takeda
Pharmaceuticals

Robert Palmer Official Reviewer—American
Geriatrics Society

None None None None None None

Robert A. Phillips Official Reviewer—American
Society of Hypertension

None None None ● Monarch
Pharmaceuticals*

None None

Joseph Redon Official Reviewer—European
Society of Hypertension

None ● Boehringer Ingelheim None None None None

● Merck Shark &
Dohme

● Novartis
Pharmaceuticals

● Pfizer

(Continued)
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Appendix 2. Continued

Peer Reviewer Representation Consultant Speaker’s Bureau

Ownership/
Partnership/

Principal Personal Research

Institutional,
Organizational, or Other

Financial Benefit Expert Witness

Elijah Saunders Official
Reviewer—Association of

Black Cardiologists

● Bristol-Myers
Squibb/Sanofi
Pharmaceuticals
Partnership

● Bristol-Myers
Squibb/Sanofi
Pharmaceuticals
Partnership

None ● Bristol-Myers
Squibb/Sanofi
Pharmaceuticals
Partnership

None None

● Forest ● Forest Laboratories ● Forest Laboratories

● Novartis
Pharmaceuticals

● Novartis
Pharmaceuticals

● Novartis
Pharmaceuticals

● Pfizer ● Pfizer ● Pfizer

Pushpendra
Sharma

Official Reviewer—American
Geriatrics Society

None None None None None None

Vincenza Snow Official Reviewer—American
College of Physicians

None None None ● Boehringer Ingelheim None None

● Bristol-Myers Squibb

● Centers for Disease
Control and Prevention

● Merck Vaccines

● Novo Nordisk

● Sanofi Pasteur

● Wyeth Pharmaceuticals

Sandra J. Taler Official Reviewer—American
Society of Hypertension

None None None None None None

Carole Warnes Official Reviewer—ACCF
Board of Trustees

None None None None None None

Paul Whelton Official Reviewer—American
Heart Association

None None None None None None

Jackson Wright Official
Reviewer—Association of

Black Cardiologists

● Daiichi Sankyo None None ● CVRx None None

● Novartis
Pharmaceuticals

● Sanofi-aventis

● Take Care Health
Systems

● Wyeth
Pharmaceuticals

Nathan Wong Official Reviewer—American
Society of Preventive

Cardiology

None None None None None None

Daniel Forman Content Reviewer—Geriatric None None None None None None

Stanley Franklin Content
Reviewer—Hypertension

None None None None None None

Andrew P. Miller Content
Reviewer—Hypertension

None ● AstraZeneca LP None ● Novartis ● John A. Hartford
Foundation

None

● Boehringer Ingelheim

● Pfizer

Nanette Wenger Content
Reviewer—Geriatrics

● Abbott
Laboratories

None None ● Abbott Laboratories*

● Eli Lilly*

● Gilead Sciences*

● Merck*

● NHLBI*

● Pfizer*

● Sanofi-aventis*

None None

● AstraZeneca LP

● Boston Scientific

● Genzyme

● Gilead Sciences*

● Medtronic

● Merck

● Pfizer

● Schering-Plough*

This table represents the relevant relationships with industry and other entities that were disclosed at the time of peer review. It does not necessarily reflect
relationships with industry at the time of publication. A person is deemed to have a significant interest in a business if the interest represents ownership of 5% or
more of the voting stock or share of the business entity, or ownership of $10 000 or more of the fair market value of the business entity; or if funds received by the
person from the business entity exceed 5% of the person’s gross income for the previous year. A relationship is considered to be modest if it is less than significant
under the preceding definition. Relationships in this table are modest unless otherwise noted. Names are listed in alphabetical order within each category of review.
ACCF indicates American College of Cardiology Foundation; NIH, National Institutes of Health; and NHLBI, National Heart, Lung, and Blood Institute.

*Significant relationship.
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Appendix 3. Abbreviation List

ACEI � angiotensin-converting enzyme inhibitors

AF � atrial fibrillation

AMD � age-related macular degeneration

ARB � angiotensin receptor blocker

BA � balloon angioplasty

BP � blood pressure

CA � calcium antagonist

CHD � coronary heart disease

CKD � chronic kidney disease

CV � cardiovascular

CVD � cardiovascular disease

DBP � diastolic blood pressure

eGFR � estimated glomerular filtration rate

GFR � glomerular filtration rate

HCTZ � hydrocholorothiazide

ISH � isolated systolic hypertension

LV � left ventricular

LVH � left ventricular hypertrophy

NSAIDs � nonsteroidal anti-inflammatory drugs

QoL � quality of life

RAAS � renin-angiotensin-aldosterone system

RAS � renal artery stenosis

RCT � randomized control trial

SBP � systolic blood pressure

TSH � thyroid stimulating hormone
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1 
 

 
Correction 
 
In the article by Aronow et al, “ACCF/AHA 2011 Expert Consensus Document on Hypertension 
in the Elderly: A Report of the American College of Cardiology Foundation Task Force on 
Clinical Expert Consensus Documents,” which published ahead of print April 25, 2011, several 
corrections are needed. 
 
1. On page 13, Figure 2 was incorrect and has been replaced in its entirety. The original figure 

appeared as:  
 

 
 
The correct figure is shown below:  

 

 
 
2. On page 47, in the right column, the sentence that begins on line 13 of the first paragraph 

reads “Thiazides can be selected if the eGFR is >30 mL/min/1.73 m2; if 
hypoalbuminemia or hyperkalemia is not present.” It should read, “Thiazides can be 
selected if the eGFR is >30 mL/min/1.73 m2; if hypoalbuminemia or hypokalemia is not 
present.”  
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