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Abstract
Hypertension is a major global health issue and it accounts for a big proportion of disability and mortality worldwide even 
in adults aged 65 years and above. Moreover, advanced age per se is an independent risk factor for adverse cardiovascular 
events and there is abundant scientific evidence supporting the beneficial effects of blood pressure lowering, within certain 
limits, in this subset of hypertensive patients. The aim of this review article is to summarize the available evidence regarding 
the appropriate management of hypertension in this specific subgroup, in an era of a constantly increasing aging population.
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Key Points 

With increasing aging of the population, the prevalence 
of hypertension increases and is associated with signifi-
cant morbidity and mortality.

Current antihypertensive medications mainly reduce 
peripheral vascular resistance having a small effect on 
arterial stiffness, which is a crucial etiologic factor of 
systolic hypertension in older adults.

The recent guidelines suggest a lower blood pressure 
target of less than 130/80 mmHg; however, because of 
the heterogeneity of older adults, this target may not be 
applicable to all of them.

Individualization and careful monitoring constitute the 
cornerstones of the efficient management of hyperten-
sion in these individuals.

1 Introduction

Globally, hypertension constitutes a significant disease 
burden and a major risk factor for cardiovascular diseases 
(CVDs) [1]. Global data from 2015 have shown that hyper-
tension is associated with 4.9 million, 2.0 million, and 1.5 
million deaths annually due to ischemic heart disease, hem-
orrhagic stroke, and ischemic stroke, respectively [2]. Data 
from Europe indicate that the prevalence of hypertension 
is gradually increasing because of the aging population, 
being 27% in people aged less than 60 years and 74% in 
those aged above 80 years [3]. According to current estima-
tions, by 2025, the percentage of patients with hyperten-
sion globally will rise by 15–20% reaching approximately 
the absolute number of 1.5 billion [4]. The results of the 
Framingham Heart Study revealed that more than 90% of 
normotensive individuals aged 55 years will finally develop 
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hypertension sometime during their life [3]. In addition, it 
is estimated that by the age of 60 years, 60% of the total 
population will develop hypertension and nearly 65% of 
men and 75% of women will present hypertension by the 
age of 70 years [3].

Increased blood pressure (BP) levels are related to a 
higher risk of CVD morbidity and mortality [5]. Hyperten-
sion is associated with major cardiovascular complications 
including stroke, myocardial infarction, and heart failure 
[3]. However, older hypertensive adults have a seven-
fold increased risk of developing chronic kidney disease, 
dementia, and peripheral artery disease as compared to 
their younger counterparts [5]. Interestingly, the results of 
a meta-analysis showed that a systolic BP (SBP) increase 
of more than 20 mmHg or a 10-mmHg rise in diastolic BP 
(DBP) in individuals aged between 40 and 69 years may 
be associated with doubling the risk of CVD development 
[3]. Recent studies revealed that therapeutic management 
of hypertension has favorable effects on decreasing the 
CVD risk, even in hypertensive patients aged above 80 
years [6].

Nevertheless, the optimal threshold of antihypertensive 
therapy initiation still remains controversial as different 
therapeutic targets are recommended by various scientific 
bodies [1]. Specifically, the recent guidelines for the treat-
ment of hypertension of the American College of Cardiol-
ogy/American Heart Association (ACC/AHA) recommend 
a SBP therapeutic target below 130 mmHg in hyperten-
sive individuals regardless of age [1]. In contrast, the 2018 
guidelines of the European Society of Cardiology/European 
Society of Hypertension propose a SBP therapeutic target 
below 140 mmHg for hypertensive individuals aged above 
65 years and a therapeutic target of 120–129 mmHg for 
those below 65 years of age [4]. The aim of this review 
article is to summarize the available evidence regarding the 
appropriate management of hypertension in adults aged 65 
years and above, in an era of a constantly increasing aging 
population.

2  Literature Search Methods

The PubMed database was searched in order to identify 
papers using the keywords: “hypertension,” “older patients,” 
and “elderly”. No lower date limit was applied. Reference 
lists of papers were searched manually to identify relevant 
publications. Articles were also identified by use of the 
related-articles function in PubMed. The last literature 
search was performed on 15 October, 2022. Only articles 
written in English were reviewed. The final list of cited ref-
erences was chosen on the basis of relevance to the topic of 
the review.

3  Pathophysiologic Mechanisms 
of Hypertension in Older Age

Hypertension is divided etiologically into two main catego-
ries: primary (also known as essential) hypertension that 
accounts for 85–95% of cases and secondary hypertension 
caused by certain causes such as renal artery stenosis and 
various endocrine disorders. Although the vast majority of 
hypertension in adults aged 65 years and above is essential, 
an estimated 10% of cases may be secondary and a thorough 
search for identifiable causes (such as renal artery stenosis 
mostly of atherosclerotic origin, hyperaldosteronism, and 
thyroid gland disorders) is necessary especially in cases of 
apparently resistant hypertension, recent and persistent BP 
destabilization, and flash pulmonary edema [7].

Several pathophysiologic mechanisms are related to 
the development of hypertension in older adults such as 
increased arterial stiffness, neuroendocrine and autonomic 
nervous system dysfunction, renal disease, and hemody-
namic changes (Fig. 1) [3]. Human senescence affects both 
the function and structure of the vascular system, especially 
the endothelial function [8]. Several pathophysiologic 
mechanisms of age-related vascular dysfunction have been 
proposed including inflammation and oxidative stress [8]. 
Endothelial dysfunction is characterized by reduced levels 
of nitric oxide and increased reactive oxygen species and 
endothelin-1 levels, thus adversely affecting the mechanism 
of vasodilation [3, 8]. Numerous publications have indicated 
that the impaired endothelial vascular dilatation of coronary, 
renal, and forearm arteries and the subsequent formation of 
atherosclerosis contribute to the development of CVD and 
cerebrovascular diseases [8].

Furthermore, these age-related structural and func-
tional alterations in the arterial system such as arterial 
wall hypertrophy, atheromatic plaque formation, and cal-
cification also contribute to the process of arterial stiff-
ening and thus to certain hypertension-related complica-
tions [3, 9]. Nevertheless, although arterial stiffness is a 
major determinant of the pathophysiologic mechanisms 
of hypertension in older adults, the process is different 
from that of atheromatic plaque formation [10]. By the 
age of 50–60 years, human senescence is accompanied 
by an increase in both SBP and DBP [9]. However, above 
the sixth decade of life, SBP continues to rise as opposed 
to DBP, which either remains constant or declines. Thus, 
arterial stiffness is a major determinant of increased SBP 
and pulse pressure, as well as decreased DBP [9]. Interest-
ingly, a study showed that the NT‐proBNP levels could 
be used as a marker of arterial stiffness in adults aged 65 
years and above without CVD manifestations. A positive 
association was found between the NT‐proBNP level and 
SBP [3, 11].
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Aging is associated with a gradual impairment of 
the regulation of BP owing to various reasons, namely 
reduced baroreflex sensitivity, plasma volume depletion, 
and defected vasomotor tone [12]. These can be driven by 
the presence of comorbidities including diabetes mellitus 
and Parkinson’s disease as well as the use of medications 
such as antihypertensive and diuretic drugs. However, the 
reduced baroreflex sensitivity has major consequences 
such as orthostatic hypotension and supine hypertension. 
Remarkably, orthostatic hypotension is frequently encoun-
tered in older adults and has been related to an increased 
risk of falls and mortality. Thus, it is of imperative impor-
tance to properly inform the older patients on the recogni-
tion of baroreflex insensitivity-related symptoms giving 
also practical advice regarding their appropriate manage-
ment [12].

Notably, there are important age-related changes in 
renal function including an increase in salt sensitivity due 
to an impaired function of calcium adenosine triphos-
phate and sodium-potassium channel pumps. This altered 
function of ion channels leads to vasoconstriction and 
increased vascular resistance [3]. Aging has also been 
linked to a decreased function of the renin angiotensin 
aldosterone system, especially above the age of 60 years 
and an accompanying 40–60% reduction in the renin levels 
may occur in adults aged 65 years and above compared 
with younger individuals [3]. Additionally, a hypersecre-
tion of angiotensin II enzyme, which is responsible for 
inducing inflammation and the production of reactive 
oxygen species, is also linked to arterial hemodynamic 
changes and further renal dysfunction [13]. Last but not 
least, a reduced serum aldosterone level has been observed 
in older adults, thus increasing their susceptibility to drug-
related hyperkalemia [3, 13].

4  Complications of Uncontrolled 
Hypertension

Hypertension has been related to several adverse cardio-
vascular outcomes, namely ischemic and hemorrhagic 
strokes, retinal disease, cognitive decline and demen-
tia, atrial fibrillation, and renal disease [3, 14–16]. One 
of the main and well-described complications of poorly 
controlled hypertension is coronary heart disease [17]. In 
fact, a large-scale observational study revealed that coro-
nary heart disease risk was largely influenced by aging, 
whilst pulse pressure and SBP are strong predictors of 
coronary heart disease risk in patients older than 60 years 
of age [18]. Moreover, hypertension is the most common 
cause of heart failure. The pathogenesis is largely due to 
two distinct pathways: either by causing left ventricular 
hypertrophy and diastolic dysfunction or by accelerating 
the process of atherosclerosis and sequential myocardial 
infarction [19]. Another commonly reported complication 
of uncontrolled hypertension is peripheral artery disease. 
The pathogenesis of peripheral artery disease is based on 
the formation of atheromatic plaques as a result of the 
constantly imposed shear stress on the vascular walls of 
peripheral vessels (e.g., carotids), which might lead to sub-
sequent arterial stenosis or plaque migration and obstruc-
tion and thus an ischemic stroke may ensue. Apart from 
ischemia, the incidence of parenchymal intracranial hem-
orrhage was reported to be doubled in patients with hyper-
tension, in part owing to the mechanism of a hypertensive 
crisis [20]. Additionally, the occurrence of further neu-
rological manifestations has also been reported, namely 
subarachnoid hemorrhage, hypertensive encephalopathy, 
and subdural hematoma [21].

Furthermore, hypertension has been strongly associated 
with chronic renal disease, in the sense that most patients 
with chronic renal disease were proven to be hypertensive 

AUTONOMIC NERVOUS 
SYSTEM (SNS)
DYSFUNCTION

↑ INFLAMMATORY RESPONSE

NEUROHORMONAL 
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ENDOTHELIAL 
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Fig. 1  Main pathophysiological mechanisms of hypertension in elderly subjects. DBP diastolic blood pressure, SBP systolic blood pressure, ↑ 
increased, ↓ decreased
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and undertreated [22]. Another complication of uncon-
trolled hypertension is hypertensive retinopathy, owing to 
retinal microvascular changes, such as focal retinal arte-
riolar narrowing, arteriovenous nicking, retinal hemor-
rhages, and microaneurysms [23].

5  Treatment of Hypertension

The American and European hypertension guidelines pre-
sent significant differences related to the definitions and 
therapeutic targets in older adults [24]. The main explanation 
for this difference is that the European population is much 
more homogeneous mainly regarding ethnic characteristics 
compared with the American population. However, both 
emphasize the significance of hypertension management 
in older adults aiming thus to reduce their associated CVD 
risk [24].

The recent 2018 European Society of Cardiology/Euro-
pean Society of Hypertension BP guidelines have divided 
older adults into two categories: (a) individuals aged 
between 65 and 79 years referred to as “elderly” and (b) 
individuals aged ≥80 years characterized as “very old” [24]. 
Based on these guidelines, antihypertensive treatment should 
be instituted when SBP is ≥ 140 mmHg and DBP is ≥ 90 
mmHg in older hypertensive adults [24]. Moreover, anti-
hypertensive therapy should be offered in fit patients aged 
above 80 years with SBP ≥ 160 mmHg and/or DBP ≥ 90 
mmHg. Both in elderly and in very old hypertensive indi-
viduals, the therapeutic goal is set at SBP 130–139 mmHg 
and DBP 70–79 mmHg only on the condition that these BP 
values are well tolerated [24]. Most importantly, European 
guidelines recommend that a clinical decision pertaining to 
the initiation of antihypertensive therapy should take into 
consideration the frailty status, as well as the presence of 
any underlying comorbidities and polypharmacy in older 
adults [6].

On the contrary, the novel ACC/AHA hypertension 
guidelines recommend the following categorization of BP: 
(a) normal, defined as SBP < 120 mmHg and DBP < 80 
mmHg, (b) elevated, with SBP between 120 and 129 mmHg 
and DBP between 80 and 89 mmHg, (c) stage 1 hyperten-
sion, defined as SBP between 130 and 139 mmHg or DBP 
between 80 and 89 mmHg, and (d) stage 2 hypertension, 
with SBP ≥140 mmHg or DBP ≥ 90 mmHg [25].

5.1  Ambulatory BP Measurement

All the aforementioned treatment goals are based on office 
BP measurements. However, there are numerous studies 
promoting the out-of-office BP measurement as a strategy 
to improve the diagnostic accuracy and the appropriate 

management of hypertension. White coat hypertension and 
white coat phenomenon, as well as the difficulty of acces-
sibility amongst a number of older patients are only some of 
the factors underpinning the importance of ambulatory BP 
measurement as a beneficial alternative. However, further 
investigation is needed to illustrate the potential benefits 
of routine ambulatory BP measurement in older patients 
[26–28].

5.2  Non‑pharmacological Treatment

Several non-pharmacological interventions proved to have 
a favorable effect on BP reduction [29]. The ACC/AHA 
guidelines highlight the importance of lifestyle modifi-
cations including diet and reduced salt intake, increased 
exercise uptake and reduced body weight, stress reduction, 
tobacco cessation, and moderate alcohol consumption [29]. 
Additional non-pharmacological approaches include high 
potassium, magnesium, and calcium supplementation and 
also high protein and fiber, as well as tea and dark choco-
late consumption [3, 30]. Behavioral therapies such as yoga, 
Thai chi, transcendental meditation, as well as acupuncture 
can lower BP [3, 31]. A proposed physiologic mechanism by 
which these interventions reduce BP is the downregulation 
of the sympathetic nervous system [31].

A diet rich in vegetables, whole grains, fruits, low-fat 
dairy products, virgin olive oil, and fish is recommended 
for lowering BP in hypertensive individuals [31]. Further-
more, reduced intake of sugar, red meat, and saturated and 
total fat is also recommended [30, 31]. Various heart-healthy 
dietary patterns such as a vegetarian and plant-based diet, a 
Dietary Approaches to Stop Hypertension (DASH) diet, a 
low-carbohydrate diet, and a Mediterranean diet have been 
proposed for the management of hypertension [3, 31]. The 
DASH diet was found to reduce SBP by 5.5 mmHg and 
DBP by 3 mmHg [31]. The SUN (Seguimiento Universidad 
de Nevarra) Study showed that following a Mediterranean 
dietary pattern at a moderate level can lower SBP by 2.4 
mmHg and DBP by 1.3 mmHg while a stricter adherence 
can reduce SBP by 3.1 mmHg and DBP by 1.9 mmHg [31]. 
The typical Mediterranean diet mainly consists of fresh 
fruits and vegetables, nuts, fatty fish, virgin olive oil, whole 
grains, and red wine. However, moderate consumption of 
dairy foods is advised, whereas processed food and red meat 
consumption should be limited [32]. Remarkably, high-risk 
individuals for the development of CVD who followed the 
Mediterranean diet showed a 7.1-mmHg decrease in terms 
of SBP [31].

Studies have also reported that a reduced sodium con-
sumption may be linked to BP lowering [31]. The suggested 
amount of sodium intake in adults is less than 2.400 mg/
day, which is equal to approximately 1 teaspoon of table 
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salt [31]. This is associated with a reduction of SBP/DBP 
by 2/1 mmHg respectively [31]. However, the optimal target 
of daily sodium consumption is less than 1.500 mg/day and 
can cause a SBP/DBP decrease by 7/3 mmHg, respectively 
[30, 31]. It has been found that sodium intake less than 1200 
mg is effective and safe for the cardiovascular system [33]. 
Moreover, increased intake of dietary potassium can reduce 
SBP and DBP in both normotensive and hypertensive indi-
viduals by 4.7 mmHg and 3.5 mmHg, respectively [31]. This 
favorable effect of dietary potassium though, is more effec-
tive in hypertensive patients with a reduction of SBP by 6.8 
mmHg and DBP by 4.6 mmHg [30, 31]. Additionally, the 
administration of magnesium supplements has been related 
to a reduction in both SBP and DBP by 2.0 mmHg and 1.8 
mmHg, accordingly. However, further studies are needed 
to specify their role in antihypertensive interventions [31]. 
The Trial of Nonpharmacologic Interventions in the Elderly 
(TONE) showed that both weight loss and low sodium con-
sumption constitute efficient methods of BP regulation [33]. 
Moreover, the American obesity guidelines report a strong 
association between increased weight, obesity, and hyperten-
sion. Furthermore, a dose–response effect of weight loss on 
BP reduction is reported [34].

Regarding alcohol consumption, a positive correlation 
between moderate intake and diminished BP levels was 
found [31]. Interestingly, individuals who presented with 
a significantly increased BP above the optimal target had 
the most favorable impact on BP levels [31]. Heavy drink-
ers have shown a SBP decrease by 5 mmHg and DBP by 3 
mmHg following a month of consultation or replacement 
with low alcoholic products [31]. Thus, limiting alcohol 
consumption to ≤1 drink daily for women and ≤ 2 drinks 
for men is suggested [30].

Based on the updated Physical Activity Guidelines of 
2018, and the 2019 ACC/AHA Guidelines on the primary 
prevention of CVD, increased physical activity including 
both aerobic and muscle-strengthening exercise (resist-
ance) is highly indicated for every American individual 
[35]. Specifically, according to the recommendations of 
2017 Hypertension Clinical Practice Guidelines, individuals 
should engage in 90–150 minutes of moderate-to-vigorous 
intensity of aerobic training every week and 90–150 minutes 
of muscle-strengthening exercise ≥ 2 times per week. The 
2018 Physical Activity Guidelines Advisory Committees 
highlighted that exercise can significantly affect BP levels. 
Most importantly, aerobic exercise has been demonstrated to 
reduce SBP by 4 mmHg and DBP by 3 mmHg on average, 
whereas resistance exercise can lower SBP by 2 mmHg and 
DBP by 3 mmHg [35]. A meta-analysis reported that physi-
cally active individuals have a 21% lower risk of developing 
CVD and a 36% lower risk of CVD mortality compared with 
their physically inactive counterparts [36].

5.3  Pharmacological Treatment

Before the initiation of antihypertensive treatment in adults 
aged 65 years and above with uncontrolled hypertension, 
several factors must be taken into serious consideration, 
namely the functional status of the patient, adherence to 
the medication(s), kidney function, and electrolyte levels 
[3]. Several trials have investigated the various effects of 
the main antihypertensive drug classes including angioten-
sin-converting enzyme inhibitors, diuretics, angiotensin II 
receptor blockers, calcium channel blockers (CCB), and 
beta blockers in older hypertensive adults [37]. Adminis-
tration of all the above-mentioned antihypertensive drugs 
proved to be associated with favorable CVD outcomes in 
this particular subset of hypertensive subjects [3]. Rel-
evant meta-analyses revealed that a decrease of 10 mmHg 
in SBP or 5 mmHg in DBP reduces the relative risk of 
heart failure by 40%, stroke by 35%, all major CVD events 
by 20%, and overall mortality by 10–15% [4]. Remark-
ably, these relative risk reductions were independent of the 
CVD risk, underlying comorbidities, age, sex, the baseline 
BP value, being within the hypertensive range [4]. Cur-
rent meta-analyses showed that these classes of drugs were 
related to different favorable outcomes (e.g., beta-blockers 
were mainly associated with a reduced stroke incidence) 
but the overall CVD outcomes and mortality were equiva-
lent among these therapeutic agents [4].

Although all major drug classes are effective, older 
adults with isolated systolic hypertension may preferentially 
be managed with a CCB or diuretic [4]. Additionally, the 
Antihypertensive and Lipid Lowering Treatment to Prevent 
Heart Attack Trial (ALLHAT) showed that daily adminis-
tration of chlorthalidone in low doses was more efficacious 
than amlodipine (CCB) or lisinopril (angiotensin-converting 
enzyme inhibitors) with regard to the prevention of major 
CVD events as well as the increase in survival rates [38].

According to the 2018 European Society of Cardiology/
European Society of Hypertension guidelines, most hyper-
tensive individuals should be initially managed with dual 
therapy consisting of a renin-angiotensin-system blocker 
with a CCB or a diuretic [4]. Interestingly, certain com-
pelling indications exist when it comes to combine a beta-
blocker with any other antihypertensive drug category. These 
indications include heart failure, angina, heart rate control, 
and post-myocardial infarction cases [4]. The Losartan Inter-
vention for Endpoint reduction in hypertension study (LIFE) 
showed that hypertensive patients treated with an angio-
tensin II receptor blocker and a diuretic combination had 
fewer CVD outcomes as compared with those who received 
a beta-blocker and a diuretic combination [39]. Similarly, 
the Anglo-Scandinavian Cardiac Outcomes Trial-BP Low-
ering Arm (ASCOT-BPLA) found that the combination of 
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a CCB and an angiotensin-converting enzyme inhibitor was 
associated with a more pronounced decrease in CVD out-
comes compared with the beta-blocker–diuretic combination 
[40]. Remarkably, based on observational studies, the beta-
blocker–diuretic combination displays diabetogenic effects, 
leading thus to the development of new-onset diabetes espe-
cially in susceptible patients [41].

However, according to the same guidelines, the use of 
monotherapy is recommended for frail and older hyperten-
sive adults, those with SBP < 150 mmHg and very high-risk 
individuals having high-normal BP levels [4]. In cases of 
uncontrolled hypertension after the initial trial with a dual 
therapy, the next therapeutic step is a triple-combination 
therapy consisting of a renin-angiotensin-system blocker, a 
CCB, and a diuretic [4]. Last but not least, in truly resistant 
hypertension, spironolactone or another diuretic is added to 
the triple-combination therapy [4].

5.3.1  Benefits of Drug‑Based BP Lowering in the Older 
Adults

A plethora of randomized placebo-controlled clinical tri-
als have confirmed the beneficial effects of drug treatment-
based BP lowering in adults aged 65 years and above with or 
without established CVD (Table 1). The Systolic Hyperten-
sion in the Elderly Program (SHEP), where participants had 
isolated systolic hypertension, showed dramatic decreases in 
the prevalence of stroke (both ischemic and hemorrhagic), 
as well as in heart failure and in all-cause mortality linked 
to the administration of antihypertensive therapy during a 
4.5-year follow-up period [42]. Moreover, both the Sys-
tolic Hypertension in Europe (Syst-Eur) [43] and China 
(Syst-China) [44] trials have also brought into light the life-
saving effects of antihypertensive therapy in older adults 
with isolated systolic hypertension. The HYVET (Hyper-
tension in the Very Elderly trial) was a game changer in 
terms of drug-based antihypertensive treatment in patients 
aged 80 years or older and it crucially affected hypertension 
management guidelines coming from various national and 
international scientific organizations [45]. Study participants 

were randomized to either placebo or indapamide ± perin-
dopril with a target systolic BP below 160 mmHg. Over a 
median 1.8-year follow-up period, older adults randomized 
to the active drug regimen exhibited a 39% reduction in fatal 
stroke, a 64% reduction in heart failure, as well as a 21% 
decrease in all-cause mortality, and a 23% in cardiovas-
cular mortality, as compared to their placebo randomized 
counterparts.

The SPRINT (Systolic BP Intervention Trial) trial, a ran-
domized controlled study that questioned current BP goals 
emphasizing the potential benefits of intensive (SBP < 120 
mmHg) versus standard (SBP <140 mmHg) BP lowering 
shed more light on the concept of antihypertensive therapy 
in older adults [46]. Among the total of 9361 study par-
ticipants (SBP of 130–180 mmHg at a high cardiovascular 
risk), 2636 (almost 28%) were aged 75 years or older and 
they were randomized to either placebo or active treatment 
(based on azilsartan mainly). In this particular trial, inten-
sive SBP lowering (< 120 mmHg), compared with standard 
lowering (< 140 mmHg) was associated with a statistically 
significant 34% decrease in the primary endpoint (consisting 
of myocardial infarction and other acute coronary syndrome, 
stroke, heart failure, and cardiovascular death), as well as 
with a 33% reduction regarding all-cause mortality and a 
38% decrease in the heart failure.

Furthermore, intensive SBP lowering was linked to 
only a numerically augmented risk of electrolyte disorders, 
syncope, orthostatic hypotension (which was not associ-
ated with injurious falls), as well as acute kidney injury. 
Of particular note is the fact that the beneficial effects of 
intensive SBP lowering in the subgroup of SPRINT par-
ticipants aged 75 years or older remained unaffected by the 
frailty status [47]. However, we need to emphasize that the 
results of the SPRINT study, which did not include diabetic 
patients, were driven mainly by the reduction in heart fail-
ure, while the intensive and standard arms of treatment did 
not differ in myocardial infarction and stroke outcomes. In 
addition, in this study, BP measurement was performed by 
an electronic device with the patient unattended in contrast 
to the common attended method, a fact that could have had 

Table 1  The favorable cardiovascular outcomes of antihypertensive therapy in elderly subjects

BP blood pressure, SBP systolic blood pressure, DBP diastolic blood pressure, HF heart failure, RR relative risk

Trial name Mean treatment BP decrease (SBP/
DBP, mmHg)

% RR reduction of strokes 
(%)

% RR reduction of HF 
(%)

% RR reduction of 
coronary artery disease 
(%)

Syst-Eur − 23/− 7 − 42 − 29 − 30
Syst-China − 20/− 5 − 38 − 58 + 6
SHEP − 27/− 9 − 32 − 55 − 27
STOP − 29/− 17 − 47 − 51 − 13
HYVET − 29/− 23 − 30 − 64 − 23
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a significant impact on the study results. Nevertheless, the 
SPRINT has shown a decline in the occurrence of dementia 
and of chronic kidney disease in those patients with normal 
kidney function at baseline.

In support of the findings of this landmark trial, a recent 
systematic review with a meta-analysis and meta-regression, 
which included 16 studies totaling almost 66,000 hyperten-
sive participants (average age 69.4 years) with a follow-up 
period that ranged from 1.8 to 4.9 years, showed that inten-
sive BP treatment was associated with a significant reduc-
tion in major adverse cardiovascular events by 26%, a 13% 
reduction in myocardial infarction, a 28% decrease in stroke, 
a 47% reduction in heart failure, and 24% and 17% decreases 
in cardiovascular and all-cause mortality, respectively [48]. 
At this point, we need to clarify though that these results 
may not be applicable to the frailest older adults, namely 
those who are institutionalized or absolutely dependent on 
caregivers, as in general these subjects are excluded from 
clinical trials.

5.3.2  Which Drug to Choose?

It seems that there is no ideal drug therapy regarding the 
management of hypertension in older adults, in the sense 
that all major drug classes have been shown to be safe and 
effective in these individuals. Compelling indications, such 
as the presence of diabetes, coronary artery disease, and 
heart failure should lead the therapeutic decisions on which 

drug to prefer, always exercising extreme caution in potential 
drug–drug interactions, and also having in mind the specific 
issues pertaining to drug absorption and metabolism related 
to the aging process (Table 2) [49].

According to a position statement paper released by the 
ESH, CCB and diuretics may constitute rational first choices 
concerning the pharmaceutical approach in older adults with 
hypertension [4]. Moreover, contrary to the current trend of 
initiating single-pill fixed-dose combination therapy from 
the beginning, it seems prudent to start with monotherapy 
in older adults, carefully uptitrating the dosage or adding a 
second agent according to the patients’ response.

Polypharmacy is a specific issue in older adults as it is 
not only associated with decreased compliance to proposed 
therapy, but it also increases the risk of adverse events [9]. 
Poor compliance because of polypharmacy together with 
pseudo-resistant hypertension as a result of problematic BP 
measurement due to increased arterial stiffness and age-
associated arterial calcification are major factors contrib-
uting to resistant hypertension in older adults. Particular 
attention should be paid among others to patients receiving 
anti-Parkinsonian drugs, as well as alpha-blockers for the 
treatment of prostatic hyperplasia, as it is well known that 
their use is linked to an increased risk of orthostatic hypoten-
sion [9]. Last but not least, as aging per se is associated with 
a decline in renal function, the choice of a specific diuretic 
drug should take into serious consideration the estimated 
glomerular filtration rate and the need for more frequent 

Table 2  Aging-related pharmacokinetic and pathophysiologic changes of anti-hypertensive drugs in elderly individuals

α1-AG α1-acid glycoprotein, ACEIs angiotensin converting enzyme inhibitors, BMI body mass index, eGFR estimated glomerular filtration rate, 
GI gastrointestinal, RBF renal blood flow, Vd apparent volume of drug distribution

Antihypertensive 
drug pharmacoki-
netics

Pathophysiologic changes Outcomes Antihypertensive drug categories affected 
by the aging processes

Absorption ↓ Production of gastric acid ↓ Solubility of basic drugs and altered 
metabolism

All drugs are affected

↓ Gastric emptying time ↓ Acidic drug absorption –
↓ GI blood flow, motility and sur-

face of absorption
↓ Drug absorption All drugs are affected

Distribution ↓ Percentage of body water ↓ Volume of hydrophilic drugs bioavail-
ability

ACEIs

↑ Body fat percentage
↓ BMI

↓ Volume of lipophilic drug bioavail-
ability

β-blockers central α-agonists

↓ Serum albumin
↓ Disease-associated rise of α1-AG
↓ Changes of tissue perfusion

Alterations of the Vd, free drug avail-
ability and calculated values of bound 
drugs

–

Metabolism ↓ Hepatic parenchyma mass Accumulation of metabolized drugs β-blockers (i.e propanol, labetalol) vera-
pamil, diltiazem↓ Hepatic blood flow

↓ Liver metabolic function
Excretion ↓ RBF Accumulation of drugs eliminated by 

kidneys
β-blockers (i.e atenolol, nadolol, sotalol) 

ACEIs↓ eGFR
↓ Tubular function
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laboratory checks regarding the estimated glomerular fil-
tration rate and electrolytes may be larger in this subset of 
hypertensive individuals [50].

Type 2 diabetes affects millions of people and it is com-
monly associated with hypertension. Currently, there is evi-
dence that sodium-glucose cotransporter 2 inhibitors may 
have a favorable effect on BP control amongst patients with 
diabetes and heart failure. It has been reported that this effect 
is not just a short-term result but rather a long-term impact 
on both DBP and SBP levels [51, 52].

Interestingly, in a multicenter, phase II, open-label study 
including 256 overweight patients, it was reported that a 
first-in-class brain aminopeptidase A inhibitor, firibastat, 
was effective in decreasing BP [53, 54]. Most importantly, 
the effects of firibastat in patients with resistant hypertension 
show great promise. Indeed, this novel agent might be very 
effective in particular in older patients with uncontrolled 
hypertension and this is currently under investigation in a 
phase III clinical trial called Firibastat in Treatment-resistant 
Hypertension (FRESH) [55]. Of particular notice is the fact 
that up until now there is no evidence regarding potential 
drug–drug interactions in patients receiving firibastat, thus 
having significant implications regarding the treatment of 
older adults with hypertension who usually face polyphar-
macy as a consequence of their comorbidities [55].

5.3.3  Non‑Steroidal Anti‑Inflammatory Drugs, 
Acetaminophen, and Hypertension

There is a great discussion in the literature as to whether 
non-steroidal anti-inflammatory drugs (NSAIDs) elevate BP 
especially in older subjects and possibly affect the antihy-
pertensive treatment effectiveness. In a recently published 
study, NSAID usage was found to be a potential independent 
risk factor for uncontrolled hypertension [56]. More spe-
cifically, both cyclooxygenase-1 inhibitors and cyclooxyge-
nase-2 inhibitors may adversely affect BP levels. Indeed, 
there is evidence that NSAIDs increase BP by negatively 
impacting on prostaglandin production, which might have 
adverse renal effects. Non-steroidal anti-inflammatory drugs 
may also enhance the systemic vascular resistance through 
endothelin-1 synthesis and by altering arachidonic metab-
olism [57]. Apart from NSAIDs, acetaminophen is also a 
common first-line treatment for chronic pain. Although it 
is reported that in contrast to NSAIDs, acetaminophen has 
only a minimal effect on BP, the latest evidence showed that 
a regular intake of 4 g of acetaminophen per day increases 
SBP compared with placebo [58, 59].

5.3.4  Timing of Anti‑Hypertensive Medications

Another point of investigation through recent years has been 
whether bedtime versus the commonly used upon-waking 

hypertension treatment administration has a more promi-
nent effect on CVD risk reduction. There are clinical stud-
ies reporting that timing differences regarding the adminis-
tration of several classes of anti-hypertensive medications 
could actually play a role in their effectiveness. The results 
from the Hygia Chronotherapy Trial, conducted within the 
clinical primary care setting, also suggested that bedtime 
administration significantly resulted in a more effective 
decrease in asleep BP, while it enhanced the sleep-time rela-
tive BP decline. Most interestingly, bedtime administration 
showed a decreased occurrence of major CVD events com-
pared with conventional upon-waking administration [60]. 
In a recent study, it has been shown that bedtime admin-
istration with ≥ 1 BP-lowering treatment, compared with 
conventional upon-waking administration, more effectively 
improved the control of BP as well as significantly reduced 
the CVD mortality [61]. In line with these results, in a meta-
analysis of randomized controlled trials investigating the 
impact of bedtime dosing of antihypertensive agents com-
pared to morning therapy, it has been shown that bedtime 
administration of antihypertensive medication is correlated 
to a decrease of cardiovascular and cerebrovascular events 
when compared with the more commonly used morning 
administration [62].

However, in a very recently published prospective, ran-
domized, open-label, blinded-endpoint clinical trial evalu-
ating cardiovascular outcomes in adults with hypertension 
with evening versus morning dosing of usual antihyperten-
sive medications in the UK (TIME study), it was reported 
that evening dosing of a usual antihypertensive medication 
was not different from morning dosing in terms of major 
cardiovascular outcomes. Based on these results, the authors 
conclude that “patients can be advised that they can take 
their regular antihypertensive medications at a convenient 
time that minimizes any undesirable effects” [63].

6  Conclusions

Hypertension is a real epidemic in the current era, which is 
characterized by a constantly and rapidly aging population, 
further perplexing the whole issue of the associated cardio-
vascular morbidity and mortality. However, there is sound 
scientific evidence supporting the need for the institution of 
early and effective antihypertensive treatment in the specific 
subgroup of older adults with hypertension with the ultimate 
goal to combat CVD, leading thus to the optimal prognosis 
of these particular individuals.
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