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Chapter 1

Definition of hypertension 

A survey of the literature of the past few decades shows that the definition of 
hypertension has changed drastically, and it seems to continue to change. It is 
presently recommended that antihypertensive therapy is started in patients 
who have “confirmed” hypertension, defined by the Seventh Report of the Joint 
National Committee on Prevention, Detection, Evaluation, and Treatment of High 
Blood Pressure (JNC 7) as a blood pressure (BP) level exceeding 140/90 mmHg. 
However, data from the Framingham Heart Study [1] make it exceedingly clear 
that BP is directly related to cardiovascular events, even at levels below that 
defined as hypertensive by the JNC 7 [2]. High normal BP was associated with a 
several-fold increase of cardiovascular disease in the Framingham population 
(Figure 1). A number of recent studies have shown that lowering BP in the so-
called normotensive population reduces morbidity and mortality. These recent 
data indicate that any arbitrary definition of hypertension, such as BP of above 
140/90 mmHg, may not be very useful. It seems time to abandon the dichotomous 
partition of the world population into either hypertensive or normotensive. 

Target BP should be lower in certain groups of patients (as acknowled ged by 
the JNC 7), such as those with diabetes, renal failure, or heart failure. The recent 
Action to Control Cardiovascular Risk in Diabetes Blood Pressure (ACCORD-
BP) trial has proven this concept wrong: in patients with type 2 diabetes, tar-
geting a systolic blood pressure below 120 mmHg, as compared with less than 
140 mmHg, did not reduce total or nonfatal cardiovascular events [3]. 

cardiovascular risk for a given patient.” 

that has no impact on this cardiovascular risk.” 

leads to impairment of blood flow to target organs.” 
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There are, of course, potential pitfalls to such pathophysiologic defini-
tions of hypertension and hypotension. It is entirely conceivable that in some 
patients BP cannot be lowered to levels that would abolish all cardiovascular 
and renal risk before the patient experiences distinct ortho static symptoms 
or repercussions from decreased blood flow to target organs, resulting in 
myocardial and/or renal ischemia. 

Cumulative incidence of cardiovascular events in patients without hypertension

Figure 1  Cumulative incidence of cardiovascular events in patients without hypertension. The 
Framingham data suggest that even within the normotensive range patients with the highest 
blood pressure (high normal) have a risk of cardiovascular morbidity and mortality that is several 
times higher than that of patients who have optimal blood pressure. Data from male patients is 
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Chapter 2

The J curve 

Much ink has been expended on whether the relationship between BP and car-
diovascular morbidity and mortality follows a J-shaped pattern. Conceivably, 
as BP is lowered, morbidity and mortality diminish, but, clearly, there is a point 
at which further lowering leads to the under-perfusion of vital organs and, 
thereby, will increase morbidity and mortality. Thus, it stands to reason that a J 
curve has to exist. However, it is not so clear whether the nadir of the J curve is 
anywhere near the target range of the systolic or diastolic pressure. Most studies 
have shown that for both cerebrovascular and renal disease there seems to be no 
J-shaped curve with regard to systolic or diastolic pressure. However, numerous 
studies have shown that the issue is different for diastolic pressure and coronary 
artery disease. The myocardium is perfused almost exclusively during diastole 
and, therefore, diastolic pressure is critically important for coronary perfusion. 
Most studies that have examined the relationship between diastolic pressure 
and the risk of coronary heart disease documented a J-shaped relationship in 
the physiologic range; namely, diastolic pressures below 85–80 mmHg. In the 
22,000-patient International Verapamil–Trandolapril Study (INVEST), a clear 
J-shaped relationship was found between diastolic pressure and coronary artery 
disease, but not with stroke or systolic pressure [4]. In this study, all patients 
had coronary artery disease and hypertension. When diastolic pressure was 
below 70 mmHg, the risk of myocardial infarction (MI) doubled; when diastolic 
levels were below 60 mmHg, the risk quadrupled. 

More recently, a distinct J-curve relationship between BP and primary 
outcome was found in the 15,000-patient Valsartan Antihypertensive Long-
term Use Evaluation (VALUE) study [5], the 10,000-patient Treatment to New 
Targets (TNT) trial [6], and in the 25,000-patient ONgoing Telmisartan Alone 
and in combination with Ramipril Global Endpoint Trial (ONTARGET) 
trial [7]. In some of these trials, the J-curve relationship between systolic 
and diastolic pressure and the primary outcome remained unchanged after 
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propensity matching, indicating that a low BP portents an increased risk of 
future cardiovascular events. 

In general, BP lowering is still not tackled aggressively enough, and only 
about a third of all patients with hypertension are controlled according to 
the JNC 7 criteria [8]. However, in patients at risk, such as those with mani-
fest coronary artery disease, excessive lowering of diastolic pressure could 
have serious consequences. In contrast, it can be assumed that, as long as 
there is significant proteinuria in a patient with diabetes, arterial pressure 
is inappropriately elevated to levels that are detrimental for the kidney. This 
could lead to the paradoxical situation whereby one target organ, such as the 
kidney, requires a BP that the other target organ, the heart, cannot afford. 
Thus, many questions remain as to the exact target level for BP during 
antihypertensive therapy in a given patient. The good news, however, is that 
lowering BP to values below 140/90 mmHg has been shown to drastically 
reduce cardiovascular morbidity and mortality, and to be safe in the large 
majority of patients with hypertension. Importantly, the majority of patients 
with uncomplicated hypertension will need two or more drugs to lower BP 
levels to meet therapeutic goals. 



Chapter 3

Drug therapy or lifestyle modification? 

The lifestyle modifications recommended by the JNC 7 were mostly nutritional, 
consisting of weight loss in the overweight, lowering of dietary sodium intake 
to less than 100 mmol/day, modification of alcohol intake to, at most, two 
drinks per day, and maintenance of an adequate dietary intake of potassium, 
calcium, and magnesium [2]. The JNC 7 also recommended regular physical 
activity for all patients with hypertension who have no conditions that would 
make exercise contraindicated. 

There is little doubt that many lifestyle factors, such as dietary salt, alcohol 
intake, lack of exercise, and stress, can affect BP and contribute to hypertension. 
Conversely, it has been well documented that BP can be lowered by modifying 
lifestyle. The antihypertensive efficacy of lifestyle modification in four thorough 
meta-analyses of a large number of patients has been reported [8–11]. Although the 
fall in BP may appear relatively small, it should not be forgotten that, in contrast 
to drug therapy, lifestyle modification has few, if any, adverse effects and may also 
exert a favorable effect on concomitant risk factors, such as hyperlipidemia, insulin 
resistance, obesity, and gout (Figure 2). Implementing lifestyle modifications, 
as effective as they are, is often very difficult and discouraging, and physicians 
have learned that repeated nagging about weight loss, a low-salt diet, and regular 
exercise may adversely affect the physician–patient relationship. 

My recommendation is that, once the diagnosis of hypertension has been 

established, the patient should be treated with pharmacologic therapy. This 

by no means indicates that lifestyle modifications have no place in the anti-

hypertensive approach. As soon as the BP is under control (and this rarely 

takes longer than a few weeks), ample time remains to educate the patient 

with regard to dietary modifications, weight control, and exercise. In fact, any 

exercise prescription is much less risky in a patient whose BP is well controlled 
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Many patients are unwilling, or unable, to live up to the high expectations 
of lifestyle modification. Also, there seems little reason to expose the vascular 
tree of a patient, and its target organs, to an elevated pressure for months before 
antihypertensive therapy is started. Importantly, there is no justification to deny 
antihypertensive therapy to patients who are unable to modify their alcohol 
intake to the desired two drinks a day, to overweight patients who are unable 
to shed the necessary pounds, or to smokers who are unable, or unwilling, 
to give up cigarettes. To the contrary, BP needs to be aggressively treated in 
such patients because they have comorbid factors that greatly accelerate the 
long-term repercussions of hypertensive cardiovascular disease. 

Meta-analyses of nonpharmacologic interventions

Figure 2  Meta-analyses of nonpharmacologic interventions. DBP, diastolic blood pressure; 
SBP, systolic blood pressure. 
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baseline BP and an exaggerated BP response during peak exercise). Patients 

soon realize that it is much more convenient to pop a pill than to try to follow 

restrictive dietary recommendations for the rest of their lives. 



Low-salt diet
Lifestyle modifications can profoundly affect antihypertensive therapy; for 
instance, a low sodium diet will decrease potassium excretion in a patient who 
is on a diuretic, as less sodium is available at the level of the distal tubule for 
exchange against potassium. Thus, a low-sodium diet will prevent total body 
potassium depletion and, thereby, may enhance the morbidity and mortality 
benefits of diuretic therapy. In the Systolic Hypertension in the Elderly (SHEP) 
study [12], patients who had hypokalemia showed no reduction in heart attacks 
and strokes when compared with patients whose potassium was normal, despite a 
similar fall in BP. In addition, by stimulating the renin–angiotensin–aldosterone 
system (RAS), a low-sodium diet also enhances the antihypertensive efficacy 
of angiotensin-converting enzyme (ACE) inhibitors and angiotensin receptor 
blockers (ARBs). Not only is BP lowered more efficiently with ACE inhibitors 
and ARBs in a patient on a low-sodium diet, but also the beneficial effects of 
these drugs on proteinuria (and the progression of renal disease) are distinctly 
enhanced. As shown in the Dietary Approaches to Stop Hypertension (DASH) 
trial [13], a diet that emphasizes fruit and vegetables will lower BP, even when 
patients do not restrict their salt intake, although the combination of such a 
diet with sodium restriction had the greatest antihypertensive effect. 

My dietary advice to all patients with hypertension is sound and simple, and 

consists of three parts: 

eat lots of fresh fruits and vegetables; 

avoid processed or prepared food; and 

stay clear of the salt shaker at the table and in the kitchen. 

A very high potassium intake has been shown, on occasion, to be detri-
mental in patients on ACE inhibitors and ARBs. In susceptible patients, the 
ingestion of large amounts of apple juice or dried fruit can cause hyperkalemia, a 
decrease in glomerular filtration rate (GFR), and an increase in creatinine. 

A guide for patients wishing to adopt a healthy diet is provided in Figure 3 [14].

Weight loss
Numerous studies have shown that weight loss results in a fall in BP. This fall 
is particularly prominent in patients on a high-protein diet because of the so-
called natriuresis of fasting. In susceptible patients, a high-protein diet may 
lead to dehydration, orthostatic hypotension and even syncope. This scenario 
is not uncommon in patients who are on blockers of RAS (ACE inhibitors or 
ARBs) because the activity of the renal angiotensin system is upregulated 
by the sodium depletion secondary to the high-protein diet. Thus, patients 
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well controlled on multiple antihypertensive drugs should be warned not to 
drastically change their diet, as unexpected adverse effects such as weakness 
and even syncope can occur. 

While there is no question that any weight loss over the short term reduces 
BP, the long-term effects of weight loss have been disappointing. Sjöström 
et al. [15] has shown that, 10 years after gastric bypass surgery, BP returns 
to presurgical levels despite the fact that weight loss was sustained and body 
weight remained more than 15% lower than before surgery. 

Exercise
Regular aerobic exercise is an excellent tool in the antihypertensive arsenal. 
The exact mechanism of any exercise-induced fall in BP is probably multi-
factorial. It may be related to salt and volume depletion caused by sweating 
and also to conditioning of the large arteries to accommodate a higher stroke 
volume, thereby rendering them more compliant. In contrast to aerobic 
exercise, isometric exercise (weightlifting) has not been shown to have a 
significant effect on BP. 

Step-down therapy
Should the patient be successful in modifying their lifestyle weeks or months 
after BP is controlled with antihypertensive therapy, it is reasonable to consider 
using the “step-down” approach to decrease the dose, or number, of anti-
hypertensive drugs taken, or even to stop therapy completely. Lowering BP 
over the long term by using antihypertensive drugs such as ACE inhibitors, 
ARBs and calcium antagonists, will reduce vascular hypertrophy and target 
organ disease and will restore endothelial function. After antihypertensive 
therapy is stopped in a successfully treated patient, it is often possible for that 
patient to stay off therapy for months, even years, provided that they maintain 
reasonable lifestyle modifications and monitor their BP regularly [16]. Again, 
lifestyle modification should not be considered as a substitute for drug therapy 
in hypertension, but rather should be complementary to drug therapy. 

Antihypertensive therapy in physically active patients 
Lifestyle modifications often have to be adapted to fit a specific antihypertensive 
therapy and vice versa. Regular aerobic exercise has a mild antihypertensive 
effect, probably because of low-grade, chronic f luid volume and salt depletion. 
Thus, aerobic exercise should be encouraged in all patients with hypertension; 
conversely, drugs that decrease aerobic exercise performance, such as beta-
blockers and, to a lesser extent, diuretics, should be avoided in the physically 



active patient. Fluid and salt depletion associated with diuretic therapy may 
make the patient more prone to dehydration during prolonged aerobic exercise. 
Isometric exercise (weightlifting) is relatively contraindicated in patients with 
hypertension because of the excessive spikes in systolic pressure that have been 
documented during strenuous weightlifting. Profound hypotension can be 
observed in patients on ACE inhibitors or ARBs, together with dehydration, 
such as that which occurs when running or when undertaking other aerobic 
exercise during the hot summer months. With increasing dehydration, the 
activity of the RAS becomes increasingly important in maintaining BP 
within the physiological range; blockade of this system takes away the body's 
most important defense mechanism. Patients who are prone to orthostatic 
hypotension, such as elderly patients and patients with diabetes, should be 
warned about dehydration when starting antihypertensive therapy with an 
ACE inhibitor or an ARB. Calcium antagonists as a class are well tolerated in 
patients who exercise regularly and have not been shown to impair exercise 
tolerance. Nevertheless, good control of BP is mandatory in all patients before 
embarking on an exercise program. 





Chapter 4

First-line antihypertensive therapy: 
the simplistic viewpoint 

By definition, all antihypertensive drugs lower BP. Given at appropriate doses, 
the antihypertensive efficacy is remarkably similar among various drugs. 
However, outcome data and adverse effects have been shown to differ from 
one drug class to another. 

Outcome 
The drug class best documented to reduce morbidity and mortality in hyper-
tension, when compared with either placebo or active therapy, remains the 
thiazide diuretics, specifically chlorthalidone. In all diuretic-based trials, other 
antihypertensive drug classes, such as beta-blockers and antiadren ergics, have 
been added to titrate BP to target. However, although the addition of these 
drugs to diuretic therapy adds to the antihypertensive efficacy (and therefore, 
seemingly has a beneficial effect on the surrogate end point), they have not 
been shown to enhance the benefit of diuretics on morbidity and mortality (the 
real end point). Thus, it cannot be concluded that the addition of these drugs 
is beneficial. Even shakier is the conclusion that these drugs by themselves 
(when not added to diuretics) will be beneficial. In contrast to chlorthalidone 
therapy, treating hypertension with beta-blockers, for instance, has not been 
shown to offer any primary cardioprotective or cerebroprotective effect in 
the patient with hypertension (Figure 4) [17]. 

Although numerous studies attest to the efficacy of beta-blockers for 
secondary cardioprotection, there are no data showing that lowering BP 
with a beta-blocker reduces the risk of heart attack, stroke, or cardiovascular 
or all-cause mortality. It makes little sense, therefore, to start a patient with 
hypertension at risk for coronary artery disease or stroke on a beta-blocker. 
Conversely, ACE inhibitors have been shown to reduce some cardiac end points 
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more than would be expected from their antihypertensive efficacy alone. Thus, 
a patient at risk for acute MI is likely to profit much more from lowering BP 
with an ACE inhibitor than from lowering BP to the same extent with a beta-
blocker. Diuretics, calcium antagonists and ARBs have been shown to reduce 
the risk of stroke better than most other drug classes and should, therefore, be 
the preferred treatment in patients at risk for cerebrovascular disease. 

The statement from the JNC 7 [2] that thiazides are “unsurpassed” in reducing 
morbidity and mortality is, however, unfortunately deceptive. There is no ques-
tion that in SHEP [18] and the Antihypertensive and Lipid-Lowering Treatment 
to Prevent Heart Attack Trial (ALLHAT) [19], chlorthalidone was exceedingly 
efficacious in reducing heart attacks, stroke and death. Similarly, a reduction in 
morbidity and mortality has been shown in some trials with indapamide [20,21]. 
However, the most commonly used thiazide diuretic is hydrochlorothiazide 
(HCTZ), with more than 130 million prescriptions per year in the US alone. Over 
95% of HCTZ is used at a dose of 12–25 mg/day. There are no, repeat no, data 
available showing that such a dose of HCTZ reduces morbidity and mortality. 
All studies with HCTZ were performed using a much higher dose. Furthermore, 
a recent meta-analysis has shown that the antihypertensive efficacy of HCTZ 
in the dose range of 12.5–25 mg is paltry and significantly inferior to all other 
antihypertensive drug classes [22]. Thus, because of a lack of outcome data at 
commonly used doses and suboptimal antihypertensive efficacy, physicians 
should no longer prescribe HCTZ as initial antihypertensive therapy. 

Meta-analysis of prospective clinical trials in hypertension in the elderly

Figure 4  Meta-analysis of prospective clinical trials in hypertension in the elderly. CI, confidence 
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Adverse effects and tolerability 
Most antihypertensive drugs have some adverse effects that can affect 
tolerability. For instance, the main adverse effect of dihydropyridine calcium 
antagonists is pedal edema [23], which is dose dependent and more common in 
women than in men. In an overweight, middle-aged woman, calcium antagonist 
monotherapy will almost invariably trigger, or aggravate, pedal edema and 
make the patient unhappy with the selection of the initial antihypertensive 
drug. Of note, not all dihydropyridine calcium antagonists have an equal effect 
with regard to pedal edema. For a given fall in BP, lercanidipine, manidipine 
and lacidipine elicit less edema than do amlodipine and nifedipine.  
The great majority of patients with mild hypertension cannot be controlled 
with monotherapy, but need two or more drugs to lower BP into the target 
range. Monotherapy rarely lowers BP sufficiently, because it invariably triggers 
compensatory mechanisms that serve to maintain BP at its “usual pretreat-
ment” level. Treatment with a diuretic, for instance, stimulates the sympathetic 
nervous system and activates the RAS. The activation of both of these systems 
will mitigate the antihypertensive efficacy of the diuretic. Thus, it is useful 
to start therapy with a drug, or a drug class, that can be combined easily or 
is available as a fixed combination with another drug class. Tolerability may 
also be an issue in the selection of antihypertensive therapy. The best-tolerated 
drug class for first-line antihypertensive therapy is the ARBs, followed, on 
an equal footing, by ACE inhibitors and calcium antagonists, then low-dose 
diuretics and, finally, considerably less well tolerated, the alpha-blockers and 
beta-blockers. From a simplistic, tolerability point of view, it could be main-

tained that, if there were ironclad outcome data (and there are not, or not yet), 

all patients should be started on an ARB, and other drugs should only be used 

if the ARB does not bring the BP into the target range or is not tolerated. 

Antihypertensive efficacy 
Concomitant medications, such as nonsteroidal anti-inflammatory drugs 
(NSAIDs), or a high salt intake can mitigate the antihypertensive efficacy 
of certain drug classes, such as ACE inhibitors or ARBs. Beta-blockers have 
little, if any, effect in isolated systolic hypertension in elderly patients. A high 
salt intake can counteract the effects of diuretics and blockers of the RAS. 
In contrast, few, if any, drugs or dietary interventions affect the efficacy 
of calcium antagonists. Calcium antagonists, of which amlodipine is the 
prototype, lower BP regardless of age, sex, race, diet, concomitant diseases, 
or medications. Numerous prospective randomized trials have documented 
that calcium anatagonists reduce the rate of stroke and heart attack. From an 



efficacy standpoint, the simplistic view could be taken that all patients should 

be started on a calcium antagonist, as this drug class offers the broadest 

spectrum of efficacy in all patient populations. 

Cardiovascular protection 
From a simplistic, cardioprotective point of view, an ACE inhibitor would clearly 

be the drug of choice for all patients, as members of this class have shown 

impressive cardiovascular protection in high-risk patients. Although the BP 
of black patients responds less well to ACE inhibitor therapy, and the risk of 
angioedema is several times higher than in white patients, ACE inhibitors 
still confer a distinct nephroprotective effect. 

Economic considerations 
From a purely economical point of view (which may be the most simplistic of 

all), it could be maintained that therapy for all patients should begin with a 

low dose of a thiazide diuretic and that another drug class should only be 

used if diuretics are contraindicated, poorly tolerated, or do not lower BP into 

the target range. This viewpoint is put forward by the JNC 7 guidelines [2] 
based on the ALLHAT study [19]. Whatever drug class is selected, it must be 
affordable for the patient. Sophisticated therapeutic wisdom is utterly useless 
if the patient is unable, or unwilling, to pay for the prescription. 



Chapter 5

Hypertension as a gateway to 
cardiovascular risk modification

Measurement of BP is a simple, straightforward procedure that allows us to 
identify the risk of cardiovascular disease. However, treatment of raised BP 
is clearly inefficient to reduce the overall associated cardiovascular disease 
risk. Antihypertensive therapy should, therefore, serve as a gateway to overall 
cardiovascular risk management and give rise to normal risk estimation. 
This can be done by using the Framingham risk score [1] or the systems put 
forward by the European Society of Cardiology [24] and others. We have 
learned recently that the use of more elaborate risk assessment by a series of 
biomarkers does not really add much to additional methods of assessing the 
cardiovascular disease risk. However, one of the most important criticisms of 
cardiovascular risk estimation is that it is based on limited time projections, 
most often on 10-year absolute risk estimation. This approach strongly favors 
treatment of the elderly population because age is a more powerful determinant 
of the short-term risk in the elderly than in younger patients. Additional risk 
factors that should be considered are diabetes, decreased GFR, proteinuria 
and cardiac abnormalities on electrocardiography (ECG). Figure 5 outlines 
progression of the natural history of hypertensive cardiovascular disease. 

A patient is said to be at high risk when he or she has a 10-year Framingham-
derived cardiovascular disease risk of 20% or more. Your typical hypertensive 
male patient, aged 55 or older, will be at this level of risk. 

Of note, formal cardiovascular risk disease estimation is no longer neces-
sary for patients with high BP and manifest cardiovascular disease, diabetes 
or overt end-organ disease. Clearly, these patients are at sufficient risk of 
cardiovascular disease so that a multifactorial risk factor intervention will 
be beneficial. 
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Range of hypertensive cardiovascular disease from prehypertension to target-
organ damage and end-stage disease

Figure 5  Range of hypertensive cardiovascular disease from prehypertension to target-organ 
damage and end-stage disease. 
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Chapter 6

To twofer or not to twofer? 

The two-for-one therapeutic concept or, namely, to treat two conditions with 
one drug, is attractive for a variety of reasons; among these are a reduction in 
adverse effects, the number of pills, and cost. Physicians and patients, therefore, 
like the “twofer” and use it whenever possible. Unfortunately, the concept of 
the twofer has never been vigorously tested. Ironclad trials have shown that 
beta-blockers confer secondary cardioprotection in patients who have suffered 
an acute MI [26]. However, beta-blockers have no primary cardioprotective 
effect in hypertension, and there are no studies showing that the reduction 
of BP by beta-blockers confers any additional benefit in the post-MI patient 
with hypertension, as would be expected from the fact that two risk factors 
are modified by one and the same drug. In the post-MI patient, it seems more 
logical to use a beta-blocker for secondary cardioprotection and to treat hyper-
tension separately by adding another drug class that has been shown to have 
outcome benefits in hypertension, such as a diuretic, calcium antagonist, or 
ACE inhibitor. The twofer, however, is perfectly acceptable in the same situ-
ation for the ACE inhibitor. ACE inhibitors have well-documented benefits 
in the post-MI patient (secondary prevention) [27,28], and the treatment of 
hypertension with an ACE inhibitor has been shown to reduce morbidity and 
mortality (primary prevention). Therefore, an ACE inhibitor is an excellent 
twofer for cardioprotection and for treatment of hypertension in the post-MI 
patient. Similarly, in the patient with hypertension and heart failure, an ACE 
inhibitor (or an ARB) should be the drug of choice because these agents have 
well-documented benefits in both heart failure and hypertension. Treatment 
with a drug that blocks the RAS will lower morbidity and mortality. 

A twofer is also very much acceptable if it serves to improve symptoms and 
signs of a comorbid condition in a patient with hypertension. For instance, a 
thiazide diuretic has been shown to diminish the risk of osteoporosis in elderly 
patients. Calcium antagonists, particularly verapamil, may have a beneficial 
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effect on migraine headaches. Nonselective beta-blockers may favorably 
affect familial tremor. ACE inhibitors or ARBs diminish diuretic-associated 
potassium loss and insulin resistance. Postsynaptic alpha-blockers dimin-
ish nocturia and symptoms of prostatism in patients with benign prostatic 
hypertrophy, but may increase the risk of heart failure. As heart failure is a 
very common cardiac endstage of hypertensive cardiovascular disease, alpha-
blockers should be avoided as first-line antihypertensive drugs. As attractive 
as the twofer is, before using it extensively, knowledge of outcome data in 
hypertensive cardiovascular disease is needed (ie, whether the drug class has 
been documented to improve the symptoms or morbidity and mortality of the 
comorbid condition). Figure 6 lists some currently acceptable twofers. It is also 
worth remembering that some antihypertensive drugs may have unfavorable 
effects on comorbid conditions, as outlined in Figure 7. 

Favorable effects of certain drugs on comorbid conditions

Angina Beta-blockers, calcium antagonists

Myocardial infarction Beta-blockers, non-DHP calcium antagonists, 
ACE inhibitors

Osteoporosis Thiazide diuretics

Atrial fibrillation

Beta-blockers, non-DHP calcium antagonists

ACE inhibitors, ARBs

Heart failure Beta-blockers (carvedilol), ACE inhibitors, ARBs

Impaired renal function ACE inhibitors, ARBs

Diabetes mellitus (types 1 and 2) 
with proteinuria

ACE inhibitors, ARBs, calcium antagonists

Dyslipidemia Alpha-blockers

Migraine Beta-blockers (noncardioselective), non-DHP 
calcium antagonists

Hyperthyroidism Beta-blockers

Essential tremor Beta-blockers (noncardioselective)

Cyclosporine-induced hypertension DHP-calcium antagonists

Prostatism Alpha-blockers

Erectile dysfunction ARBs

Hyperuricemia Losartan

Figure 6  Favorable effects of certain drugs on comorbid conditions. ACE, angiotensin-
converting enzyme; ARBs, angiotensin receptor blockers; DHP, dihydropyridine.



Unfavorable effects of certain drugs on comorbid conditions

Erectile dysfunction Beta-blockers, diuretics, antiadrenergics

Heart failure Calcium antagonist (except amlodipine)

Renal failure Potassium-sparing agents, ACE inhibitors, 
ARBs, thiazide diuretics

Renovascular disease ACE inhibitors, ARBs, thiazide diuretics

Peripheral vascular disease Beta-blockers*

Second- or third-degree heart block Beta-blockers, non-DHP calcium 
antagonists

Diabetes mellitus (types 1 and 2) Beta-blockers*, high-dose diuretics

Dyslipidemia Beta-blockers*, diuretics (high dose)

Gout Diuretics

Bronchospastic disease Beta-blockers

Pregnancy ACE inhibitors, ARBs

Depression Beta-blockers, antiadrenergics, reserpine

Figure 7  Unfavorable effects of certain drugs on comorbid conditions. *Carvedilol and 
nebivolol have less metabolic adverse effects than other beta blockers. ACE, angiotensin-
converting enzyme; ARBs, angiotensin receptor blockers; DHP, dihydropyridine.





Chapter 7

When initial therapy is insufficient – 
To uptitrate, to substitute, or to combine? 

One of the most common questions practicing physicians face after starting 
a patient on treatment with a given antihypertensive drug is how to proceed 
when BP remains elevated. That physicians are uneasy with this question is 
illustrated by the fact that patients are often treated for years with the same 
dose of the same drug or combination, despite the fact that BP is not at goal. 
Any excuses volunteered by the patient (ie, crowded parking garage, mother-
in-law visiting) seem good enough to rationalize that day's high BP as an 
exception and delay further therapeutic intervention. 

The decision as to which of the three options (to uptitrate, to substitute, 
or to combine) is best for a given patient can often be based on a few simple 
facts pertaining to the efficacy and side effects of various drugs. 

Uptitration 
Uptitration of the original drug to double the dosage is reasonable only if 
distinctly enhanced antihypertensive efficacy has been documented and the 
cost is not prohibitive. Most antihypertensive drugs have a rather shallow 
dose–response curve and increasing the dose has little additional effect on 
BP. For instance, doubling the starting dose of losartan from 50 mg to 100 mg, 
has not been shown to increase antihypertensive efficacy. In a situation like 
this, it is more rational to combine a low dose of a diuretic with the ARB. 
Indeed, the combination has been shown to lower BP better than a higher 
dose of losartan monotherapy [29]. 

In contrast, additional antihypertensive efficacy can be gained using 
amlodipine when the starting dose is doubled from 5 mg to 10 mg; furthermore, 
the cost of the 10 mg dose is less than that of two 5 mg doses. However, the 
incidence of pedal edema also increases with the higher dose of amlodipine. 
Pedal edema is a well-known, dose-dependent side effect of all dihydropyridine 
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calcium antagonists (Figure 8) [23,30]. In a middle-aged, overweight woman, 
it is probably not a good idea to uptitrate to 10 mg of amlodipine because the 
likelihood of her experiencing pedal edema is substantial. 

As can be seen in Figure 8, uptitration from 15 mg to 20 mg does not increase 
antihypertensive efficacy but doubles the occurrence of pedal edema. 

Combination 
In contrast, the combination of an ACE inhibitor or an ARB with a calcium 
antagonist has been shown to diminish the incidence of pedal edema [23]. 
Unlike the pedal edema seen with calcium antagonists, the cough seen with 
ACE inhibitors is not dose dependent. If a patient does not exhibit a cough 
with 1 mg of trandolapril, it is unlikely that there will be a cough with 8 mg of 
trandolapril. Therefore, uptitration can be pursued without much concern. The 
only common dose-dependent side effects from ACE inhibitors (and to a lesser 
extent ARBs) is hyperkalemia and a decrease in GFR in susceptible patients. 

The above considerations make it clear that, as a general rule, it may be 
better to combine than to uptitrate monotherapy to the maximum dose. 
Uptitration to maximal dose, or higher, should be considered if dose-dependent 
adverse effects are absent, or tolerable, and if the dose pricing curve is flat. A 
recent meta-analysis of 11,000 participants from 42 trials reported that the 
incremental BP reduction achieved from combining drugs from two different 
classes was approximately five times greater than doubling the dose of one drug. 
Combination should therefore be preferred over uptitration [31].

Figure 8  Dose–response curve with a dihydropyridine calcium antagonist. CR, controlled 
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Substitution 
Substituting a different antihypertensive drug should be considered if there 
is no antihypertensive efficacy with a reasonable dose, as is occasionally 
seen with beta-blockers, ACE inhibitors or ARBs in black patients, or if there 
are intolerable side effects, such as angioedema. Fortunately, most modern 
antihypertensive drugs are well tolerated and serious adverse effects are few. 
Some patients are even willing to put up with a scratchy throat or low-grade 
cough associated with ACE inhibitors, or the pedal edema associated with 
calcium antagonists, once they know that these are harmless conditions 
related to the drugs. 





Chapter 8

How aggressively should blood pressure  
be lowered? 

The VALUE study clearly established that patients whose BP was under 
control after 6 months had a much lower risk of heart attack and stroke than 
did patients whose BP remained elevated [32]. This appears to indicate that 
swift BP control should be achieved and argues against the old dictum of 
“start low, go slow.” It should be considered, however, that in the VALUE study 
most patients were taken off multiple drugs and were put on monotherapy (ie, 
valsartan 80 mg) for several months. Clearly, this is not the way a practicing 
physician would treat patients. In most placebo-controlled antihypertensive 
trials, the Kaplan–Meier curves of morbidity and mortality grow apart after 
6 months to 1 year. It seems reasonable to treat elevated BP aggressively in a 
younger patient whose cardiovascular system can tolerate an abrupt decrease 
in BP. In such a patient, antihypertensive therapy may be initiated with two 
drugs, such as an ARB and a diuretic, or a calcium antagonist and an ACE 
inhibitor. However, in an elderly, more fragile patient, it is probably justified 
to start on monotherapy and to uptitrate gradually every 4–6 weeks. 

Blood pressure lowering in normotensive patients
The Framingham study has clearly documented that, even within the normo-
tensive range, patients with higher BPs have a higher risk of cardiovascular 
morbidity than those who have an optimal BP [1]. This raises the question 
of whether one should consider antihypertensive therapy in normotensive 
patients. Indeed, several studies have shown that lowering BP in the so-called 
normotensive population reduces cardiovascular morbidity and mortality. This 
is particularly true for stroke but less so for coronary heart disease. Although 
it has been accepted that lipid lowering in high-risk patients is beneficial 
regardless of lipid levels, the same principle is still somewhat foreign with 
regard to antihypertensive therapy. 
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In my opinion, some normotensive patients at high cardiovascular risk may 

benefit from antihypertensive therapy. In fact, the benefits of antihypertensive 

therapy in these normotensive patients will probably exceed those seen in 

mildly hypertensive patients without any significant risk factors. However, 

special attention should be paid to patients with coronary artery disease and 

low diastolic BP levels (see Chapter 2).

Blood pressure lowering in prehypertensive patients
The JNC created a new BP class in 2003 called prehypertension [2]. The issue 
surrounding this entity has stirred tempers to an extent that seems more 
suitable to medieval theologians than to modern scientists. The extensively 
quoted meta-analysis of Lewington [33] suggested a continuous relationship 
between the risk of cardiovascular disease (stroke, coronary heart disease, and 
vascular disease) and usual BP values down to at least 115/75 mmHg. In the 
Framingham cohort [1], an increase in cardiovascular events was reported in 
individuals with a higher baseline BP within the normotensive range (ie, below 
140/90 mmHg). In this cohort of normotensive subjects, BP levels paralleled 
cardiovascular disease risk in the same way as they did in hypertension. It 
follows that normotensive individuals with a host of additional risk factors 
could be at higher overall cardiovascular risk than patients without risk 
factors with mild hypertension. It follows further that the absolute benefits 
of antihypertensive treatment for such normotensive subjects could be greater 
than for patients with uncomplicated hypertension. Irrespective of BP levels, 
it is always preferable to bring BP to goal by nonpharmacologic means if 
possible. The experienced clinician has learned that patients' adherence to 
lifestyle intervention is notoriously poor. Thus, even in some normotensive 
individuals, antihypertensive therapy may have to be considered. When weigh-
ing the pros and cons, we should consider that the benefits in this population 
are fairly small, and therefore the long-term safety of any drug used has to be 
well documented. The only drug classes that fulfill these criteria are the ARBs 
[34] and possibly some calcium antagonists. Diuretics and beta-blockers elicit 
metabolic side effects that make them unsuitable for the treatment of patients 
with prehypertension [35]. 



Chapter 9

Evidence-based versus eminence-based 
therapy 

Eminence-based therapy can be defined as “making the same mistakes with 
increasing confidence over an impressive number of years” [36]. Numerous 
prospective, randomized large trials have taught us what is now defined as 
evidence-based medicine (EBM) in the treatment of hypertension. However, 
a critical analysis of these trials remains extremely important because they 
provide the results that should be translated into clinical practice. For instance, 
the SHEP program [18] is commonly used as EBM for the safety and efficacy 
of diuretics in patients with isolated systolic hypertension. Before applying 
this evidence to an individual patient, however, the physician should remem-
ber that out of 100 screened patients with isolated systolic hypertension only 
one was included in the SHEP study and 99 were excluded for one reason or 
another. Can the evidence derived from 1% of the population be extrapolated 
to the remaining 99%? 

The application of published inclusion criteria from 13 randomized clinical 
trials in the elderly to a patient cohort of 5530 patients with hypertension who 
were over the age of 60 years and recruited from general practices, showed that 
a total of 71.3% of these patients met at least one exclusion criterion [37]. This 
clearly indicates that trial-eligible patients are remarkably healthy compared 
with those who are excluded (Figure 9). 

In my opinion, EBM never seems to quite apply to the patient sitting in front 

of me and, as clinicians, we will have to continue to make seemingly arbitrary 

decisions in everyday practice.
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Eligibility for participation in clinical trials among 5530 elderly patients, 
according to criteria from 13 trials involving elderly patients with hypertension

Variable Ineligible patients Eligible patients p-Value

No. of patients (%) 3944 (71.3) 1586 (28.7)

Mean age (years)* 69.3±6.4 67.1±5.8 <0.001

Female sex (%) 57.0 62.8 <0.001

34.7 22.1 <0.001

Dyslipidemia (%) 76.3 71.4 <0.001

Abdominal obesity (%) 61.7 55.4 <0.001

Left ventricular hypertrophy (%) 37.5 21.5 <0.001

Coronary heart disease (%) 49.2 19.1 <0.001

Heart failure (%) 20.0 2.1 <0.01

Figure 9  Eligibility for participation in clinical trials among 5530 elderly patients, according 
to criteria from 13 trials involving elderly patients with hypertension. 



Chapter 10

Combination therapy 

Cardiovascular risk factors, such as hypertension, diabetes, and hyperlipidemia, 
as well as cardiovascular disease states, such as coronary heart disease, heart 
failure, and certain arrhythmias, are amenable to a variety of therapeutic 
interventions that have been proven to be beneficial. However, the combina-
tion of these interventions has rarely been studied in a rigorous scientific way. 
No data are available that analyze the relevant contribution of each drug to 
the overall outcome in a given patient. Progress has been made in identifying 
and understanding some drug interactions, allowing the rational combination 
of certain drugs in a given patient. Drug combinations may be rational for 
several reasons (Figure 10): 

 Drug A may enhance the efficacy of Drug B. Such an additive effect is 
the most common reason for combining two drugs in one patient. If BP 
or low-density lipoprotein (LDL) cholesterol do not fall to target levels 
with monotherapy, it is reasonable to consider adding another drug that, 
hopefully, will get the levels closer to target. 
 Drug A is effective but has an adverse effect or elicits a risk that can 
be antagonized or abolished by Drug B; Drug B may or may not have 
an effect on a surrogate end point. A classic example of this scenario 
is the use of a potassium-sparing diuretic, such as triamterene, with 
HCTZ. The efficacy of triamterene with regard to BP is negligible, but 
it diminishes the potassium depletion caused by the thiazide diuretic. In 
contrast, the addition of spironolactone, or eplerenone, to HCTZ confers 
distinct additional antihypertensive efficacy and also a potassium-
retaining effect. 
 Drug A is effective for one risk factor and Drug B is effective for another 
risk factor of the same disease state; both of these risk factors are common 
in a high percentage of the population. An example of this scenario is 
the combination of an antihypertensive drug (amlodipine) with an ACE 
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inhibitor or a statin. In addition, both of these drugs may have an effect 
on endothelial function that, potentially, could be additive or synergistic. 
By putting two drugs into one pill, adherence to therapy can be improved 
and, hopefully, morbidity and mortality will be reduced in an additive 
way. Fixed combinations of aspirin with beta-blockers, ACE inhibitors, or 
statins certainly would improve compliance in post-MI patients. However, 
if improvement of compliance is the only reason for use, the drawbacks and 
disadvantages of combination therapy may well outweigh its benefits. 
What then are the potential pitfalls of combination therapy? 
 By initiating two drugs at the same time, nonspecific adverse events cannot 
be pinpointed to a specific agent. In general, class-specific side effects, 
such as cough with ACE inhibitors and pedal edema with dihydropyridine 
calcium antagonists, can be clearly attributed to the specific drug. However, 
this is much more difficult with adverse effects such as dizziness, nausea, 
headaches, and flushing. 
 The busy practicing physician may, occasionally, not remember the 
ingredients of the fixed combination and add a fixed combination to 
monotherapy in a patient who is already on one of the two components. 

The above considerations make it clear that the most important rationale 
for combining two drugs into one pill is to increase efficacy and, to a lesser 
extent, diminish adverse effects. 

Figure 10  Suggested matrix of combination therapy. ACE, angiotensin-converting enzyme; 
ARB, angiotensin receptor blocker; CCB, calcium channel blocker; DHP, dihydropyridine; 
DRI, direct renin inhibitor; F, fair; G, good; P, poor.
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Drug interactions 
Drug–drug interactions have become increasingly important over the past 
few decades because, in most cases, two or more drugs are needed to get 
BP to goal, and also because hypertension is rarely an isolated disorder and 
concomitant risk factors or diseases may require multiple drugs that can, 
potentially, interact with a given antihypertensive agent. It is almost impos-
sible for the practicing physician to remember all potential interactions, 
some of which can lead to severe and even fatal adverse events. Fortunately, 
computer programs, such as Epocrates®, have become very useful in iden-
tifying the most important interactions. Of particular interest is the long 
list of drugs or agents that interfere with the cytochrome P450 system. 
An example of such an agent is grapefruit juice, which has been shown to 
increase plasma concentration of certain calcium antagonists and statins. 
All other factors being equal (which they rarely are), the practicing physi-
cian is advised to preferentially use a drug with less potential for interaction; 
that is, one not metabolized by the cytochrome system. From this point of 
view, amlodipine is a better choice than verapamil, and eprosartan a better 
choice than losartan. 

Diuretics and diuretic combinations 
Fixed combinations of a thiazide diuretic and a potassium-sparing drug are 
commonly used as initial therapy for the treatment of hypertension. In the 
USA, there are three such fixed combinations available (Figure 11). Of note, 
triamterene and amiloride have relatively little diuretic or antihypertensive 
effect, whereas spironolactone and eplerenone act synergistically on BP.

These compounds serve mainly to retain the potassium that is excessively 
excreted with thiazide diuretics. In contrast, spironolactone, an aldosterone 
antagonist, has been shown to lower BP and also to exert some diuretic effects. 
The prevention of hypokalemia with thiazide diuretics is important because, 
as shown in the SHEP study [12], hypokalemia may remove the benefits con-

Figure 11  Fixed-dose diuretic combinations. HCTZ, hydrochlorothiazide.

Fixed-dose diuretic combinations

Amiloride 5 or 2.5 mg/HCTZ 50 mg

Spironolactone 25 or 50 mg/HCTZ 50 or 25 mg

Triamterene 37.5, 50, or 75 mg/HCTZ 25 or 50 mg

Triameterene 50 mg/benzthiazide 25 mg



ferred by the decrease in BP. In addition, the risk of sudden death has been 
shown to rise with increasing doses of thiazide diuretics and to be reduced 
with the addition of a potassium-sparing compound. In general, fixed diuretic 
combinations are well tolerated and have remarkably few adverse effects. In 
combinations containing high doses of ACE inhibitors or ARBs hyperkale-
mia is of concern in susceptible patients, such as patients with diabetes or 
chronic renal failure. In rare instances, triamterene has been associated with 
kidney stones. Spironolactone is known to cause gynecomastia, impotence, 
menstrual irregularities, and, rarely, agranulocytosis. However, these endo-
crine adverse effects usually occur at higher doses (above 25 mg/day) only. In 
the Randomized Aldactone Evaluation Study (RALES) [38], spironolactone 
was shown to decrease morbidity and mortality when added to standard 
triple therapy in patients with heart failure. A novel aldosterone antagonist 
(eplerenone) is available that, while sharing the antihypertensive efficacy of 
spironolactone, seems to cause less hyperkalemia and few, if any, endocrine 
abnormalities, such as gynecomastia and menstrual irregularities. Eplerenone 
seems to be particularly effective in reducing target organ damage, such as 
left ventricular hypertrophy (LVH) and microproteinuria. 

Loop diuretics, such as furosemide and torsemide, can also be combined 
with potassium-sparing compounds, although no fixed combinations are avail-
able. Adverse effects and precautions are similar to those used in  combination 
with the thiazide diuretics. 

Occasionally, in therapy-resistant edematous states, the combination of a 
loop diuretic with a thiazide, such as metolazone, is useful. However, volume 
depletion and hypokalemia are common adverse effects of this combination 
and patients need to be monitored closely. 

Beta-blocker and diuretic combinations 
Several beta-blocker and diuretic combinations were marketed a number of 
decades ago when beta-blockers became available in the USA (Figure 12). In 
most of these fixed combinations, the beta-blocker is combined with 25 mg, 
or even 50 mg, of HCTZ (or the corresponding dose of a thiazide derivative), 
a dose that, by today's standard, would have to be considered high. It has 
been learned that HCTZ doses of 12.5 mg, and even 6.25 mg, lower BP and 
cause fewer endocrine metabolic adverse effects than the higher doses that 
were used previously. The dose–response curve with regard to BP plateaus at 
around 50 mg. However, the dose–response curve with regard to hypokalemia, 
hyponatremia, hyperuricemia, glucose intolerance, and so on, seems to plateau 
only at levels of 100–200 mg. Thus, it is in the best interest of the patient to use 



low-dose diuretics. Indeed, the FDA has approved a very low-dose fixed beta-
blocker and diuretic combination (bisoprolol and HCTZ). In this combination, 
three different dose levels of bisoprolol (2.5 mg, 5 mg, and 10 mg) are combined 
with only 6.25 mg of HCTZ. The FDA approved this fixed combination for 
first-line therapy because of solid documentation that it lowered BP more 
than monotherapy of the same dose of either bisoprolol or HCTZ, and yet all 
known adverse effects of these two drugs are dose dependent. 

Both beta-blockers and diuretics have been documented to lower BP. 
The Fifth Report of the JNC, released in 1992, labeled diuretics and beta-
blockers as the preferred agents for initial therapy of hypertension. This 
stand was somewhat softened in 1997 by the JNC VI [39]. Nevertheless, the 
JNC VI still recommended diuretics and beta-blockers as first-line therapy 
for uncomplicated hypertension because these were, supposedly, the only two 
drug classes for which a reduction in morbidity or mortality was shown in 
hypertension. While this is true for diuretics, it is incorrect for beta-blockers. 
There is no study in which beta-blockers have been shown to reduce morbidity 
and mortality in hypertension when compared with placebo. In the large UK 
Medical Research Council (MRC) study, in patients younger than 65 years of 
age, diuretics reduced the risk of stroke between two and four times better 
than beta-blockers, despite an equal fall in BP [40]. One can also estimate 

Fixed-dose beta-blocker and diuretic combinations

Atenolol 50 or 100 mg/chlorthalidone 25 mg

Bisoprolol 2.5, 5 or 10 mg/HCTZ 6.25 mg

Metoprolol 50 or 100 mg/HCTZ 25 or 50 mg

Nadolol 40 or 80 mg/bendroflumethiazide 5 mg

Propranolol (extended release) 80, 120 or 160 mg/HCTZ 50 mg

Metoprolol 100 mg/HCTZ 12.5 mg

Propanolol 160 mg/bendrofluazide 5 mg

Timolol 10 mg/bendrofluazide 2.5 mg

Acebutolol 200 mg/HCTZ 12.5 mg

Atenolol 25 mg/bendrofluazide 1.25 mg

Atenolol 50 mg/chlorthalidone 1.25 mg

Oxprenolol 160 mg/cyclopenthiazide 0.25 mg

Pindolol 10 mg/clopamide 5 mg

Figure 12  Fixed-dose beta-blocker and diuretic combinations.



from this study that, in order to prevent one heart attack or one stroke by 
beta-blockade, six patients were made impotent and another seven experienced 
fatigue to the extent that they decided to withdraw from this therapy. This 
is hardly a risk/benefit ratio that can be considered acceptable for patients 
with asymptomatic mild essential hypertension. In JNC 7, thiazide diuretics 
became the preferred drug class for initial therapy [2]. 

Does the addition of a beta-blocker to a diuretic enhance the morbidity 
and mortality benefit of a diuretic? Clearly, the addition of a beta-blocker 
to a diuretic will lower BP further. However, in the MRC study in elderly 
patients, whenever a beta-blocker was added to a diuretic, the benefits were 
diminished, and they vanished completely with beta-blocker monotherapy 
[40]. Thus, almost in a dose-dependent fashion, the diuretic-induced benefit 
melted away with an increasing dose of beta-blocker; the more beta-blocker 
present, the less cardioprotection achieved. Even in the SHEP study, in which 
many patients received atenolol in addition to baseline diuretic therapy 
(chlorthalidone), no benefits of this addition were documented [18]. Kostis 
et al. [41] scrutinized the effects of beta-blocker addition in this study and 
clearly stated, “Additional (independent) benefits attributable to atenolol or 
to reserpine were not identified.” It seems that most, if not all, benefits, with 
regard to cardiovascular morbidity and mortality, observed with diuretic and 
beta-blocker combinations are due to diuretic therapy. As beta-blockers do not 
have a benign adverse-effect profile, it seems reasonable to avoid a diuretic/
beta-blocker combination for uncomplicated hypertension. This is particu-
larly true for elderly patients, who often present with systolic hypertension. 
Beta-blockers will reduce heart rate in these patients, which, in turn, leads to 
a higher stroke volume (ie, an increased amount of blood is ejected into the 
aorta per heartbeat). This will invariably cause an increase (or a lesser fall) 
in systolic pressure and a decrease in diastolic pressure. The simple rule to 
remember is that bradycardia causes systolic hypertension. 

It must be emphasized that there are well-documented indications for 
beta-blockers; these include certain disease states, such as the post-MI patient 
with hypertension or the patient with heart failure. In the Carvedilol or 
Metoprolol European Trial (COMET) – the largest trial to date to be carried 
out in patients with heart failure – carvedilol was shown to reduce cardio-
vascular morbidity and mortality better than metoprolol [42]. Numerous 
studies, carried out 25 years ago, have shown that beta-blockers reduce 
morbidity and mortality, mostly by reducing reinfarction and sudden death 
in the post-MI patient. However, in a contemporary patient population, this 
was only demonstrated with carvedilol. Should such a patient have hyperten-



sion, or become hypertensive in the post-MI time period, the addition of a 
low-dose thiazide diuretic to the beta-blocker must be considered a logical 
therapeutic step. Similarly, in heart failure, beta-blockers and diuretics are 
a cornerstone of the therapeutic strategy and should be combined in a fixed 
combination whenever possible. Commonly, physicians fear that they will lose 
some therapeutic f lexibility when using fixed combinations. This is certainly 
true with regard to downtitration, but not necessarily for uptitration. Thus, 
there is nothing wrong in telling a patient who is on a fixed diuretic and beta-
blocker combination to occasionally take an additional dose of a diuretic if 
he or she is exposed to an inappropriate dietary salt load. In unstable clinical 
situations, as a rule, fixed combinations should be avoided. 

Antiadrenergic and diuretic combinations
Diuretic and antiadrenergic combinations were common a few years ago, 
but are sparingly used in this day and age. Most contain fairly high doses of 
diuretics and some have to be given twice a day (Figure 13). Antiadrenergic 
drugs, such as methyldopa, clonidine, guanabenz, and even reserpine, have 
a favorable effect on a variety of pathophysiologic findings of hypertensive 
cardiovascular disease. These drugs reduce LVH, vascular hypertrophy, vas-
cular resistance, and proteinuria, maintain cardiac output, and preserve renal 
hemodynamics. Even in patients with metabolic syndrome, antiadrenergic 
drugs exert a favorable effect on abnormal endocrine metabolic findings. 
In low doses, these drugs are reasonably well tolerated. Unfortunately, at 
the dose at which their antihypertensive efficacy equals that of other drug 
classes, their adverse-effect profile often prohibits their use in patients with 
mild hypertension. The most common adverse effects are fatigue, depres-
sion, sexual dysfunction (in men and women), cognitive dysfunction, weird 
dreams, and nightmares. Combination with a low-dose diuretic enhances the 
antihypertensive efficacy and has no effect on the side-effect profile.

It is, therefore, often possible to “get away” with the combination of a 
low-dose diuretic and a low-dose antiadrenergic drug. No morbidity and 
mortality studies in hypertension have shown that either monotherapy of 
an antiadrenergic drug or the addition of an antiadrenergic drug to diuretic 
therapy will reduce morbidity and mortality. 

Figure 13  Fixed-dose antiadrenergic drug and diuretic combinations. HCTZ, hydrochlorothiazide.

Fixed-dose antiadrenergic drug and diuretic combinations

Clonidine 0.1, 0.2, or 0.3 mg/chlorthalidone 15 mg

Methyldopa 250 or 500 mg/HCTZ 15, 25, 30, or 50 mg



Calcium antagonist and diuretic combinations 
The general clinical contention that a diuretic should not be combined with 
a calcium antagonist, unless there is edema caused by calcium antagonist 
monotherapy, is wrong for several reasons. In the early 1980s, an uncontrolled 
study in a small number of patients showed that the addition of a diuretic to 
verapamil had no additive effect on BP. Ever since this study, physicians have 
been reluctant to combine a diuretic with a calcium antagonist, dihydropyridine 
or not. However, several large, double-blind, factorial design studies have clearly 
documented that, as with other combinations, there is an additive effect on 
BP with the combination of diuretics and calcium antagonists, more so with 
the nondihydropyridines than the dihydropyridines. Thus, from a BP point of 
view, there is little reason not to add a calcium antagonist to a diuretic, or vice 
versa. Of some concern may be the fact that diuretics cause hypokalemia, and 
calcium antagonists, although not known to directly cause hypokalemia, also 
have some natriuretic effects. Thus, the combination of the two could theoreti-
cally result in excessive fluid volume depletion. As there are no well-controlled 
studies in this area, it is unknown whether this concern is indeed real. 

Calcium antagonists, particularly the dihydropyridines, commonly cause 
pedal edema. Most physicians' knee jerk response when presented with pedal 
edema is to add a diuretic. However, the pedal edema seen with the use of 
calcium antagonists is not caused by salt and water retention, but by intra-
capillary hypertension secondary to the diminished arteriolar vasoconstric-
tion with upright posture. Thus, this form of vasodilatory edema responds 
poorly to diuretic therapy, but very well to blockade of the RAS, either by an 
ACE inhibitor or an ARB. The fact that no fixed combination of a calcium 
antagonist and a diuretic is available indicates that pharmaceutical companies 
seem to be reluctant, for good reason or not, to tackle this issue. 

Calcium antagonist and beta-blocker combinations
In the USA, no fixed combination of a calcium antagonist with a beta-blocker 
is available. However, in Europe, at least one such combination is on the market 
and has been quite successful. Short-acting calcium antagonists are well known 
to produce cardio-acceleration, an increase in heart rate and cardiac output, 
and sympathetic stimulation. With the long-acting, once-a-day agents, cardio-
acceleration and sympathetic stimulation are minimal but can still be docu-
mented with some dihydropyridine calcium antagonists, even after weeks of 
monotherapy. In contrast, long-term therapy with the long-acting nondihydro-
pyridine agents verapamil and diltiazem leads to a fall in sympathetic activity. 
The increase in sympathetic activity, however small, with dihydropyridine 



calcium antagonists can be counteracted by the addition of a beta-blocker. 
Therefore, the combination of these two drug classes seems useful, not only 
in hypertension but also in patients with stable coronary disease. Both beta-
blockers and dihydropyridine calcium antagonists have benefits in patients 
with coronary disease; the negative effects of the calcium antagonist can be 
diminished by concomitant beta-blockade. In one morbidity and mortality 
study, such a combination was shown to be beneficial in patients with coronary 
heart disease. In contrast to dihydropyridine calcium antagonists, verapamil 
and diltiazem should not be combined with beta-blockers; this is because of 
additive effects on sinus node and atrioventricular conduction. 

Beta-blockers with either ACE inhibitors or ARBs 
No fixed combination is available of a beta-blocker with either an ACE inhibitor 
or an ARB, indicating that there is little interest in developing such a combina-
tion. Indeed, there are some reasons to suspect that such a combination may 
have a distinctly less-than-additive effect on BP; this viewpoint is supported 
by the ALLHAT study [43]. Although beta-blockers have been available for 
the treatment of hypertension for a number of decades, the mechanism of 
their antihypertensive effect is still ill understood. To some extent, it seems 
to be related to a decrease in renin secretion from juxtaglomerular cells. A 
decrease in renin secretion means that there is less angiotensin I available for 
conversion to angiotensin II. As a consequence, an ACE inhibitor will have 
less substrate to work on, which, obviously, would translate into a diminished 
efficacy. The same reasoning holds true for the ARB, as beta-blockade will 
diminish the levels of circulating angiotensin II, and so the ARB will exert 
less efficacy in blocking the angiotensin II receptor. 

However, with ACE inhibition or angiotensin receptor blockade, juxta-
glomerular cells become stimulated and more renin is secreted because of the 
lack of biofeedback. This “compensatory” renin secretion could be blunted by 
the addition of a beta-blocker. Conceivably, therefore, the beta-blocker could 
have additional antihypertensive efficacy by diminishing circulating renin levels 
in patients who are either on an ACE inhibitor or an ARB. In some studies, an 
additional antihypertensive effect has been demonstrated when a beta-blocker 
was added to an ACE inhibitor. However, the efficacy of such combination therapy 
was not tested in the upper dose range of either drug class. It is, therefore, difficult 
to judge whether or not there are additive effects of the two drug classes. 

The issue is completely different for heart failure. Ever since the Cooperative 
North Scandinavian Enalapril Survival Study (CONSENSUS) [44], ACE 
inhibitors have been a cornerstone in the management of patients with heart 



failure. Numerous studies have documented that beta-blockade or, alpha/
beta-blockade, as documented with carvedilol in COMET [45], also exerts a 
beneficial effect in these patients, whether they are taking an ACE inhibitor 
or not. Beta-blockers exert their beneficial effects, at least to some extent, 
by shielding the heart and the whole cardiovascular system from surges in 
catecholamines. Circulating catecholamines are known to be one of the most 
powerful prognosticators in patients with heart failure. Conversely, ACE 
inhibitors are probably beneficial, not only by unloading the heart, but also by 
diminishing the detrimental effects of circulating angiotensin. Thus, in heart 
failure, the effects of beta-blockers and ACE inhibitors, or ARBs, are distinctly 
different from each other. The Valsartan Heart Failure Trial (Val-HeFT) [46] 
has shown that ARBs (valsartan) can also be combined with beta-blockers 
and that this combination will result in an improved outcome. Whether or 
not a triple combination (eg, a beta-blocker, an ACE inhibitor, and an ARB), 
may be advisable is currently hotly debated. Although, as the morbidity of 
such patients was reduced in the Candesartan in Heart Failure Assessment 
of Reduction in Mortality and Morbidity (CHARM) study when compared 
with dual combinations of either drug class, there were no observed effects 
on mortality [46]. The safety issue of triple combination therefore remains 
unresolved. 

Similar to heart failure patients, the post-MI patient will greatly benefit 
from the combination of a beta-blocker and an ACE inhibitor. This combination 
has been shown to reduce remodeling and to prevent recurrent MI, sudden 
death, and heart failure in these patients. Ongoing studies should establish 
the role of ARBs in combination with beta-blockers for this indication. 

In summary, it seems reasonable to combine a beta-blocker with an ACE 
inhibitor (or an ARB) in patients with left ventricular dysfunction or heart 
failure, or those having suffered an MI. However, such a combination may be 
less useful in patients with uncomplicated hypertension. 

ACE inhibitor and diuretic combinations 
Numerous fixed combinations of ACE inhibitors and diuretics are presently 
on the market (Figure 14). Almost all ACE inhibitors available can also be 
found in fixed combinations with HCTZ. There are several reasons for the 
popularity of ACE inhibitor and diuretic combinations: 

 In many factorial design studies, the combination has been shown to clearly 
be additive with regard to BP. Thus, the combination provides further 
antihypertensive efficacy than either of the two drugs in monotherapy. 



 The addition of a diuretic to the ACE inhibitor prolongs the antihypertensive 
efficacy. Captopril, when given as monotherapy, should be dosed at 
least twice, but better three times, a day in order to achieve a smooth 
antihypertensive efficacy throughout a 24-hour period. However, when 
captopril is combined with HCTZ and given once daily, it has been shown 
to lower BP over a full 24-hour period. The FDA has recognized this 
efficacy-prolonging effect of combination therapy by allowing the fixed 
combination of captopril and HCTZ to be marketed as a once-a-day, fixed 
combination. The FDA has allowed this fixed combination to be used as 
initial therapy for the treatment of uncomplicated hypertension. 
 Diuretics produce fluid volume depletion and thereby stimulate the RAS 
and, to a lesser extent, the sympathetic nervous system. Stimulation of the 
RAS is prone to counteract the diuretic-induced fall in BP. Thus, a blockade 
of this system by an ACE inhibitor will antagonize this compensatory effect 
and lead to a further increase in antihypertensive efficacy. 
 Diuretics are known to cause potassium depletion and to cause some degree 
of insulin resistance and glucose intolerance. ACE inhibitors are known 
to antagonize these effects. Particularly important is the antagonism 
of the two drugs with regard to potassium. In the SHEP study, patients 
with hypokalemia had no reduction in cardiovascular morbid events, 
despite a similar fall in BP to that seen in normokalemic patients [12]. 
Thus, hypokalemia in patients taking diuretics will abolish the beneficial 
effects of a fall in BP. The addition of an ACE inhibitor in these patients is 
prone to diminish the kaluretic effects, to restore potassium homeostasis 
and, thereby, to enhance the benefits of diuretic therapy. Hyperuricemia, 
a common adverse effect of diuretic therapy, is also influenced favorably 
by the addition of an ACE inhibitor. ACE inhibitors increase renal blood 
flow to some extent and, as renal blood flow is a determinant of uric acid 
excretion, an ACE inhibitor will, in general, have a small hypouricemic effect. 
Some studies have identified uric acid as an independent cardiovascular 

Figure 14  Fixed-dose ACE inhibitor and diuretic combinations. ACE, angiotensin-converting 
enzyme inhibitor; HCTZ, hydrochlorothiazide.

Fixed-dose ACE inhibitor and diuretic combinations

Benazepril 5, 10, or 20 mg/HCTZ 6.25, 12.5, or 25 mg

Captopril 25 or 50 mg/HCTZ 15 or 25 mg

Enalapril 5, 10, or 20 mg/HCTZ 12.5 or 25 mg

Lisinopril 10 or 20 mg/HCTZ 12.5 mg or 25 mg

Perindopril 2 mg/indapamide 6.25 mg



risk factor; however, there is no study showing that a reduction of uric acid 
by pharmacologic therapy would improve outcome. 

The dose of HCTZ most often used in fixed combination with ACE inhibitors 
is 12.5 mg. Occasionally, 25 mg combinations are also available. Although both 
drug classes (diuretics and ACE inhibitors) have been shown to reduce morbid-
ity and mortality in hypertension, there is no study showing that the combi-
nation has an additive effect in this regard. Importantly, the ACCOMPLISH 
study teaches us that an ACE inhibitor/HCTZ combination reduces morbidity 
and mortality significantly less well than a combination of the same ACE 
inhibitor with amlodipine. 

ARB and diuretic combinations
Numerous fixed combinations of ARBs and diuretics are presently on the 
market (Figure 15). Almost all available ARBs can be found in fixed combina-
tion with HCTZ. As with ACE inhibitor and diuretic combinations, there are 
several reasons for the popularity of ARB and diuretic combinations: 

 In some studies, the combination has been shown to be additive with regard 
to BP. Thus, the combination provides further antihypertensive efficacy 
than either of the two drugs in monotherapy. 
 Diuretics produce fluid volume depletion and, thereby, stimulate the RAS 
and, to a lesser extent, the sympathetic nervous system. Stimulation of the 
RAS is prone to counteract the diuretic-induced fall in BP. Thus, a blockade 
of this system by an ARB will antagonize this compensatory effect and 
lead to a further increase in antihypertensive efficacy. 
 Diuretics are known to cause potassium depletion and some degree of insulin 
resistance and glucose intolerance. ARBs are known to antagonize these 
effects. Particularly important is the antagonism of the two drugs with regard 
to potassium. In the SHEP study [12], patients who had hypokalemia had no 
reduction in cardiovascular morbid events, despite a similar fall in BP as patients 
who were normokalemic. Thus, hypokalemia in patients taking diuretics 
will abolish the beneficial effects of a fall in BP. The addition of an ARB in 
these patients is prone to diminish the kaluretic effects, to restore potassium 
homeostasis and, thereby, to enhance the benefits of diuretic therapy. 
 Diuretics are known to increase uric acid levels and, occasionally, to precipitate 
a gout attack in susceptible patients. Drugs that increase renal blood flow are 
known to have a slight uricosuric effect. Thus, in general, the addition of an 
ARB to a diuretic will lower uric acid to some extent. However, in contrast 
to all other ARBs, losartan has been shown to have a distinct hypouricemic 
effect. The combination of losartan with a diuretic almost diminishes the 



hyperuricemic effect of the diuretic. This antagonism occurs with both fixed 
combinations of losartan and HCTZ (50 mg/12.5 mg and 100 mg/25 mg). 
Thus, in a patient whose baseline uric acid is at the upper limit of normal, 
losartan may be the preferred ARB to add to HCTZ. Nevertheless, patients 
should be warned that such fixed combination treatment could still precipitate 
a gout attack with certain dietary excesses. Lowering of uric acid may not only 
be important as a preventive measure for gout, but also carry independent 
benefits for cardiovascular risk factors. Hyperuricemia has been identified 
in many, but not all, studies as an independent risk factor for cardiovascular 
morbidity and mortality. No study has shown that the lowering of uric acid 
improves the cardiovascular risk. However, all other things being equal (which 
they rarely ever are), it stands to reason that most physicians prefer to see a 
lower, rather than a higher, uric acid level in their patients. 

The dose of HCTZ most often used in fixed combination with ARBs is 12.5 mg; 
25 mg combinations are also available. Although both drug classes (diuretics 
and ARBs) have been shown to reduce morbidity and mortality in hypertension, 
there is no study showing that the combination has an additive effect in this 
regard. Importantly, the ACCOMPLISH study reported that an ACE inhibi-
tor/HCTZ combination was significantly less effective in reducing morbidity 
and mortality than a combination of the same ACE inhibitor (benazepril) 
with amlodipine. Since BP was reduced by both fixed combinations to the 
same extent, either amlodipine confers benefit over and above BP reduction 
or HCTZ is detrimental over and above BP reduction.

Fixed-dose ARB and diuretic combinations

Candesartan 16 mg/HCTZ 12.5 mg

Eprosartan 600 mg/HCTZ 12.5 or 25 mg

Irbesartan 150 or 300 mg/HCTZ 12.5 mg

Losartan 50 or 100 mg/HCTZ 12.5 or 25 mg

Olmesartan 20 or 40 mg/HCTZ 12.5 or 25 mg

Telmisartan 40 or 80 mg/HCTZ 12.5 or 25 mg

Figure 15  Fixed-dose ARB and diuretic combinations. ARB, angiotensin receptor blocker; 
HCTZ, hydrochlorothiazide.



Direct renin inhibitor and diuretic combinations
What has been said for ACE inhibitors and ARBs in combination with 
thiazide diuretics holds true as well as direct renin inhibitors. The only one 
presently available is aliskiren and it comes in a fixed-dose combination with 
 hydrochlorothiazide. Similar to other RAS blockers, presence of hydrochloro-
thiazide increases the activity of the renin-angiotensin system and makes the 
blood pressure more amenable to the effects of direct renin inhibitor. Schmieder 
et al. showed that aliskiren treatment both as monotherapy and with the 
optional addition od amlodipine provided significantly greater blood pressure 
 reduction than the respective hydrochlorothiazide regimens [47,48].

Dual RAS blockers
ACE inhibitors and ARBs 
There are several reasons why the combination of an ACE inhibitor and an ARB 
should have some additional effects with regard to both BP and hypertensive 
target organ disease. Indeed, several small studies have demonstrated an additive 
effect of this combination, not so much on BP, but for microproteinuria and also 
for hemodynamic features in patients with heart failure. In the Candesartan and 
Lisinopril Microalbuminuria (CALM) study, for instance, 20 mg of lisinopril 
was combined with 16 mg of candesartan [49]. This combination led to a 
further decrease in BP and a further reduction in microproteinuria in patients 
with diabetes and hypertension. However, we cannot possibly conclude from 
this and other similar studies that the combination had an additive effect 
because only relatively small doses of the two drug classes were added to each 
other. A factorial design study, combining increasing doses of losartan with 
increasing doses of enalapril in a substantial number of patients, showed no 
additive effects of the two drugs with regard to BP. In order to show that there 
was additive efficacy, the upper dose range would have to be explored. The 
addition of amlodipine to patients taking 80 mg of lisinopril would clearly 
further lower arterial pressure. In contrast, it has not been demonstrated that 
the addition of an ARB to patients who take the same dose of an ACE inhibitor 
would have additional effects on either BP or any other surrogate end point. 
In the Val-HeFT study, the addition of valsartan to an ACE inhibitor seemed 
to have an additive effect in certain patients [45]. Again, in this study, the 
potential of the ACE inhibitor, or the ARB, was not exhausted before the other 
drug was added. More importantly, in the recent ONgoing Telmisartan Alone 
and in combination with Ramipril Global Endpoint Trial (ONTARGET), the 
combination of ramipril with telmisartan showed no benefit, despite a lower 
BP, when compared with the monotherapeutic arm [50]. In fact, despite the 



decrease in albuminuria, renal outcome was worse in the combination arm. In 
summary, there is little reason to combine an ACE inhibitor with an ARB for 
the treatment of BP per se. However, this combination may have some merit 
in patients with heart failure and seems to be distinctly beneficial in patients 
with proteinuria/diabetic renal disease. 

Direct renin inhibitor and an ARB
A modest but significant decrease in BP was observed when aliskiren (300 mg) 
was added to valsartan (320 mg) in a double-blind study of 1797 patients 
[51]. A fall in BP with the combination therapy was less than one would have 
expected by the addition of either a thiazide diuretic or a calcium antago-
nist. The combination was as well tolerated as aliskiren or valsartan alone. 
As blockade of the renin–angiotensin cascade by either an ACE inhibitor or 
an ARB increases plasma renin activity, the argument has been put forward 
that the addition of a direct renin inhibitor could have additional benefits. At 
present, no outcome data are available to support this hypothesis. Nevertheless, 
a randomized, double-blind trial (Aliskiren Trial in Type 2 Diabetes Using 
Cardio-Renal Endpoints [ALTITUDE]) has been designed to answer this 
question and is currently in progress [51]. 

Calcium antagonists and RAS blockers 
Both dihydropyridine and nondihydropyridine calcium antagonists lend 
themselves to combination with RAS blockers (Figure 16). The fact that this 
combination is attractive is emphasized by the numerous combinations that 
have become available in recent years (Figures 17–19). Among the available 

Figure 16  Differences between calcium antagonists. BP, blood pressure; �, increase; 
�

Differences between calcium antagonists

Dihydropyridine Nondihydropyridine

BP ++ ++

Heart rate �

Sympathetic activity � �

Secondary cardiac protection +

� Proteinuria � ��

Adverse effects

    Pedal edema ++ +

    Constipation + ++



Figure 17  Possible synergism resulting from a combination of a calcium antagonist and a RAS 
blocker. �, increase; �, decrease, ACE, angiotensin-converting enzyme; DHP, dihydropyridine; 

Possible synergism resulting from a combination of a calcium antagonist and 
a RAS blocker

DHP calcium Non-DHP calcium antagonist RAS blocker

Kidneys

    � Renal blood flow Yes Yes Yes

    � Efferent vasodilation Little Yes Yes

    � Afferent vasodilation    Yes Yes Yes

    � Microproteinuria Little Yes Yes

    � Renoprotection Unknown Possible Yes

    �  Endothelin-mediated 

vasoconstriction

Yes Yes No

    � Nitric oxide release No No Yes

    � Arterial compliance Yes Yes Yes

    � Yes Yes Yes

    � Atherogenesis Yes Yes Yes

Heart

   ���Left ventricular 

hypertrophy

Yes Yes Yes

   � Left ventricular filing Yes Yes Yes

   � Contractility, unloading Some No Yes

   � Coronary flow Yes Yes Some

    Secondary ‘cardioprotection’ No Some Yes

Fixed-dose calcium antagonist and ACE inhibitor combinations

Amlopidine 2.5, 5 or 10 mg/benazepril 10, 20, or 40 mg

Diltiazem 180 mg/enalapril 5 mg

Felodipine 5 mg/enalapril 5 mg

Felodipine 5 mg/ramipril 5 mg

Figure 18  Fixed-dose calcium antagonist and ACE inhibitor combinations. ACE, angiotensin-
converting inhibitor.



ACE inhibitor/calcium antagonist combinations, the most important ones 
are verapamil with trandolapril and amlodipine with benazepril. Both of 
these combinations have been tested in outcome studies. In INVEST, vera-
pamil with trandolapril was compared to atenolol with HCTZ in over 22,000 
patients with hypertension and coronary artery disease [53]. Although there 
was no difference in primary outcome, the risk of new-onset diabetes was 
substantially lower in the verapamil plus trandolapril arm than in the aten-
olol plus HCTZ arm. Similarly, in the 19,000-patient Anglo-Scandinavian 
Cardiac Outcomes Trial (ASCOT) study, the risk of new-onset diabetes was 
substantially lower in the amlodipine plus trandolapril arm when compared 
to the atenolol plus thiazide arm [54]. Moreover, in ACCOMPLISH, patients 
receiving the amlodipine plus benazepril combination had a 20% greater 
reduction in morbidity and mortality than those in the benazepril with HCTZ 
arm. This would indicate that either amlodipine had a benefit over and above 
BP reduction or that HCTZ was detrimental.

As previously mentioned, ARBs are better tolerated than ACE inhibitors. 
It is therefore not surprising that several ARB/calcium antagonist fixed-dose 
combinations have also been approved recently. The first combination to be 
launched was amlodipine with valsartan, which is now also available in a 
triple combination with HCTZ. Amlodipine has also been combined with 
olmesartan and telmisartan. All of these fixed combinations are exceedingly 
well tolerated and have been shown, to some extent, to reduce the pedal edema 
associated with amlodipine monotherapy.

In my opinion, the ACCOMPLISH study has relegated thiazides to third-

line therapy. The most common combination for a majority of patients in 

uncomplicated hypertension should be a RAS blocker and a calcium antagonist.

Figure 19  Fixed-dose calcium antagonist and ARB combinations. ARB, angiotensin-receptor 
blocker.

Fixed-dose calcium antagonist and ARB combinations

Amlodipine 5 or 10 mg/valsartan 160 or 320 mg

Amlodipine 5 or 10 mg/olmesartan medoxomil 20 or 40 mg

Amlodipine 5 or 10 mg/telmisartan 40 or 80 mg



Any drug that causes venular dilatation may diminish capillary hypertension 
and decrease pedal edema. Both ACE inhibitors and ARBs are known to 
have this effect. Thus, unsurprisingly, pedal edema was shown to dissipate 
when benazepril was added to amlodipine in several well-documented 
studies (Figure 21). In the Lotrel: Gauging Improved Control (LOGIC) trial 
[55], patients were included on the basis of pedal edema. After 4 weeks, 
pedal edema diminished significantly in over 80% of patients when they 
were switched from amlodipine monotherapy to the fixed combination 
of amlodipine and benazepril (Figure 21) [56,57]. Even with higher doses 
of amlodipine, such as 20 mg, equally high doses of RAS blockade will 
diminish pedal edema. Of note, this form of edema is not caused by salt 
or water retention. Dihydropyridine calcium antagonists have a direct 
natriuretic effect; therefore, the pedal edema seen with dihydropyridine 
calcium antagonists does not respond well to diuretic therapy. 

Synergism of combination therapy
The most common adverse effect of the dihydropyridine calcium antagonist 
is pedal edema, which is clearly dose dependent. Pedal edema is seen in 
about 5% of patients on amlodipine 5 mg, in 25% of patients on amlodipine 
10 mg, and in over 80% of patients on amlodipine 20 mg (which is above the 
FDA-approved dose). Pedal edema is predominantly caused by arteriolar 
dilatation that increases intracapillary pressure (capillary hypertension) 
and thereby causes f luid exudation into the interstitium (Figure 20).  

Figure 20  Pathogenesis of vasodilatory edema. 
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A further advantage of the combination of a dihydropyridine calcium 
antagonist with an ACE inhibitor is the renoprotective properties (Figure 22). 

Figure 22  Renoprotective properties. 

Renoprotective properties

Intrarenal effects of RAS blockers Intrarenal effects of calcium antagonists

Reduce intraglomerular pressure
Improve glomerular permeability
inhibit glomerular hypertrophy
Prevent glomerulosclerosis
Reduce mesangial matrix expansion
Reduce interstitial fibrosis
Inhibit procollagen formation
Increase natriuresis
Reduce proteinuria

Improve glomerular permeability
Reduce glomerulosclerosis
Reduce formation of oxygen free radicals
Prevent glomerular hypertrophy
Increase natriuresis
Reduce platelet aggregation
Reduce intracellular calcium accumulation
reduce renal hypermetabolism
reduce proteinuria

Although dihydropyridine calcium antagonists are known to reduce micro-
proteinuria in patients with diabetes (as was demonstrated in the Syst–Eur 
study), they are much less efficacious in this regard than RAS blockers. 
Blockers of the RAS (ie, either ACE inhibitors or ARBs) are the drugs of 
choice in patients with hypertensive diabetic renal disease. They have been 
shown, to some extent, to reduce microproteinuria independently of their 
antihypertensive effect. 

Figure 21  Improvement in edema at week 4 with amlodipine/benazepril combination therapy. 
Blood pressure control but pedal edema with amlodipine (n=1493). Improvement in edema was 
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Other synergistic effects of the calcium antagonist and RAS blocker 
combinations have been demonstrated, at least experimentally, in the heart, 
kidney, and vascular tree. 

The efficacy spectrum is distinctly enhanced with this combination. 
The term “depolarization of efficacy” has been used in this context. Calcium 
antagonists have a greater efficacy in older patients, in black patients, and 
in patients who are volume expanded. In contrast, RAS blockers are more 
efficacious in young patients, in white patients, and in volume-constricted 
patients. By combining the two drugs, the efficacy spectrum is extended, from 
the young to the old, the black to the white, and from the volume-expanded 
to the volume-constricted patient with hypertension. 

Outcome trials
The ASCOT study further attests to the benefit of the combination of an ACE 
inhibitor with a dihydropyridine calcium antagonist [54]. ASCOT was designed 
to compare the effect of the standard antihypertensive regimen (a beta-blocker 
and a diuretic) with that of a more contemporary regimen (calcium antagonist 
and an ACE inhibitor) on coronary artery disease.

A total of almost 20,000 patients were randomized to either atenolol 
plus bendroflumethiazide (if needed) or amlodipine plus perindopril (if 
needed). The trial was interrupted prematurely because of distinct benefits 
in the amlodipine/perindopril arm. Specifically, compared with atenolol/
thiazide, amlodipine/perindopril resulted in a significant reduction in all-
cause  mortality and coronary events of about 15%, a reduction in fatal and 
nonfatal stroke of 25%, a reduction in cardiovascular mortality of 25%, and 
an impressive reduction in new-onset diabetes of 30% (Figure 23). 

Although BP with amlodipine/perindopril was lowered by a further 
2.9/1.8 mmHg than with atenolol/bendroflumethiazide, it seems unlikely that 
this small decrease in BP would account for the impressive benefits. 

In the randomized, double-blind Avoiding Cardiovascular events 
through Combination therapy in Patients Living with Systolic Hypertension 
(ACCOMPLISH) trial, 11,506 patients with hypertension who were at high 
risk for cardiovascular events were randomized to either benazepril plus 
amlodipine or benazepril plus HCTZ [57]. The study was terminated early 
because there was a significant 20% reduction in primary outcome events 
(cardiovascular death, nonfatal MI, nonfatal stroke, hospitalization for angina, 
resuscitation after sudden cardiac arrest, and coronary revascularization) in 
the benazepril/amlodipine arm when compared with the benazepril/HCTZ 
arm. The authors concluded that, in this population, the benazepril/amlodipine 



combination was superior to the benazepril/HCTZ combination in reducing 
cardiovascular events. BP was lowered to the same extent in both combina-
tion arms. Of note, many patients in the ACCOMPLISH trial had previous 
coronary artery disease and diabetes and perhaps, therefore, do not fully 
represent the broad population of patients with hypertension. Nevertheless, 
it seems that RAS blockade plus amlodipine confers more benefits than does 
RAS blockade plus HCTZ. 

Pill burden and compliance
Experienced clinicians have long recognized that the patient’s compliance with a 
given treatment regimen depends, to some extent, on its complexity. As a simple 
rule, the more pills a patient has to take the sicker he or she feels and the lesser the 
compliance. This is particularly true when the treatment regimen requires dosing 
several times a day. Fixed combinations, therefore, have a distinct advantage. 
Putting two or three drugs into the same pill may reduce side effects; thus, the 
patient feels less sick and compliance may be enhanced. Indeed, a meta-analysis 
of four hypertension studies documented a 24% decreased risk of medication 
noncompliance with a fixed-drug combination regimen when compared with 
the same medications taken in two separate pills (Figure 24) [58].

Figure 23  Incidence of new-onset diabetes. HR, hazard ratio. Reproduced with permission from 
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When not to use fixed combination therapy 
As attractive as fixed combinations are, and although many patients benefit 
from them, it should be remembered that not every patient with mild to 
moderately severe hypertension is a candidate for such therapy. Patients 
need to be thoroughly informed that they are taking a combination of 
drugs, such as an ARB and a diuretic, in the same pill. Commonly, the 
labeling of fixed combinations may be deceptive to patients and physicians. 
In numerous instances, patients have been given inappropriate medica-
tion because the physician was not familiar with the ingredients of a fixed 

Figure 24  Effect of fixed-dose combination vs free-drug combination on the risk of medication 
noncompliance in cohort with hypertension. 
overall effect on compliance; boxes and horizontal lines = relative risk (95% CI). Reproduced with 
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combination or the patient did not reveal to the physician that they were 
taking a fixed combination. 

Occasionally, some therapeutic f lexibility is lost when a patient is taking 
a fixed combination drug, and this could be a disadvantage in certain clinical 
situations. For instance, the need for diuresis may vary a great deal depend-
ing on the dietary salt intake. This is particularly true in disease states that 
are susceptible to sudden unexpected changes such as heart failure or severe 
coronary artery disease. However, even in patients who appear hemodynami-
cally stable, prolonged aerobic exercise may lead to f luid volume depletion 
and, thereby, eliminate the need for the diuretic therapy that is part of the 
fixed combination. In situations like this, it may be preferable to steer clear 
of a fixed combination and allow the patient some self-medication. However, 
patients who are able, and willing, to adjust their medications according to 
daily activity are exceedingly rare. In the great majority of patients with 
uncomplicated hypertension, fixed combination therapy will lower BP with 
comfort and convenience. 





Chapter 11

Comorbid conditions 

Metabolic syndrome and new-onset diabetes 
The prevalence of obesity, the metabolic syndrome, and frank diabetes has 
doubled in the USA over the past decade. With more than 60% of adults and 
30% of children classified as overweight or obese, the USA has become the 
fattest nation on earth. Approximately half of all overweight individuals have 
insulin resistance and 25% of the population of the USA has multiple risk 
factors for cardiovascular disease. Cardiovascular risk factors tend to cluster, 
and insulin resistance or diabetes, obesity, and hypertension are common in 
the same patient. Ever since the pioneering observation of Colin Dollery's 
team [59,60] more than 20 years ago, a variety of studies have documented 
that long-term diuretic therapy, particularly when combined with a beta-
blocker, diminishes glucose tolerance and increases the risk of new-onset 
diabetes. Conversely, as has been revealed in more recent trials, treatment with 
antihypertensive drugs, such as blockers of the RAS or calcium antagonists, 
appears to decrease this risk (Figure 25). 

The ALPINE study
The recent Antihypertensive Treatment and Lipid Profile in a North of Sweden 
Efficacy Evaluation (ALPINE) study was designed to compare the effects of 
antihypertensive therapy on glucose metabolism in almost 400 patients with 
uncomplicated hypertension who had never been treated [62]. Patients were 
randomized to either an ARB (with addition of calcium antagonist, if needed) 
or a thiazide diuretic (and a beta-blocker, if needed). After only 1 year of 
follow-up, 18 patients in the diuretic arm reached diagnostic criteria of the 
metabolic syndrome and nine had developed frank diabetes. The  corresponding 
numbers in the ARB arm were five and one, respectively. 
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The VALUE study 
In the VALUE study, more than 15,000 patients with hypertension and one or more 
additional risk factor were randomized to either amlodipine or valsartan [32].

Investigators found that new-onset diabetes was 23% less common in 
the patients treated with valsartan than in those treated with amlodipine, 
despite the fact that BP control was significantly better with amlodipine 
throughout the study. These results have to be interpreted in the context of 
the ALLHAT study [43], in which the risk of new-onset diabetes was signifi-
cantly lower with amlodipine than with chlorthalidone, but not as low as with 
lisinopril. Of note, however, patients who were randomized to amlodipine 
had significantly greater hypokalemia than patients who were randomized 
to valsartan. Hypokalemia can impair glucose tolerance by interfering with 
insulin release from the pancreas. Such a sequence of events was originally 
proposed by Conn [63] to explain the high risk of diabetes in patients with 

Figure 25  Meta-analysis of effect of antihypertensive drugs on risk of new-onset diabetes. 
Results of network meta-analysis of 22 clinical trials. Trials included 143,153 patients. Initial 
diuretic used as referent agent. Size of squares (representing the point estimate for each 
class of antihypertensive drugs) is proportional to number of patients who developed incident 
diabetes. Horizontal lines indicate 95% confidence interval (CI). Odds ratios to the left of 
the vertical line at unity denote a protective effect (compared with initial diuretic). Individual 
pair-wise comparisons between diuretic vs beta-blocker (p=0.30), placebo vs calcium channel 
blocker (CCB) (p=0.72), angiotensin-converting enzyme (ACE) inhibitor vs angiotensin 
receptor blocker (ARB) (p=0.16) did not achieve significance (p<0.05). Reproduced with 
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primary aldosteronism. These findings were subsequently confirmed by the 
same group in patients with islet cell tumors. Helderman et al. [64] reported 
that glucose intolerance associated with thiazide diuretics could be entirely 
avoided if whole-body potassium balance was maintained. Thus, the higher 
risk of de novo diabetes in the amlodipine arm could possibly be explained 
by the greater prevalence of hypokalemia. 

The ALLHAT trial
In the ALLHAT study [43], about 10% of the total study population of patients 
developed new-onset diabetes during the 4- to 6-year duration of the study. 
Of note, the risk of becoming diabetic was between 40% and 65% higher in 
patients on chlorthalidone-based therapy than in patients on lisinopril-based 
therapy, and between 18% and 30% higher in patients on chlorthalidone than 
in those on amlodipine. 

The ALLHAT investigators [43] reassuringly state that, “Overall, these 
metabolic differences did not translate into more cardiovascular events or into 
higher all-cause mortality in the chlorthalidone group.” That this statement 
was used almost verbatim by the authors of the JNC 7 report [2] is perhaps 
not surprising given that more than half of them were ALLHAT investiga-
tors. However, these reassuring words may strike the practicing physician 
as slightly myopic given that the follow-up in ALLHAT after the diagnosis 
of diabetes was 2–4 years. Antihypertensive therapy is most often lifelong 
and a follow-up lasting a few years is unlikely to give us any information as 
to the cardiovascular morbidity and mortality related to thiazide diuretic-
associated diabetes. 

Long-term follow-up 
The recent thorough study of Verdecchia et al. [65] has thrown some light 
on this issue. The authors report up to 16 years of follow-up of almost 800 
initially untreated hypertensive patients, 6.5% of whom had diabetes at the 
onset, and 5.8% of whom developed new-onset diabetes throughout the study. 
The fasting blood sugar at entry, as well as diuretic treatment on follow-up, 
were independent, powerful predictors of new-onset diabetes (p<0.0001, 
and p<0.004, respectively). Most importantly, compared with individuals 
who never developed diabetes, the risk for cardiovascular disease during the 
follow-up was very similar in patients who developed diabetes (odds ratio 
[OR] 2.92, 95% confidence interval [CI]: 1.33–6.41; p=0.007) and in the group 
that had pre-existing diabetes (OR 3.57, 95% CI: 1.65–7.73; p=0.001). Patients 
with new-onset diabetes, and those with a prior diagnosis of diabetes, were 



almost three times as likely to develop subsequent cardiovascular disease 
than those who remained free of diabetes. These provocative findings not 
only show, again, that antihypertensive therapy with a thiazide diuretic alone 
or, if needed, in combination with a beta-blocker confers a substantial risk 
of new-onset diabetes, but also more importantly that patients who have 
become diabetic will suffer all the adverse sequelae of this disease. Alderman 
et al. [66], in a study of almost 7000 patients, showed that cardiovascular 
disease increased in hypertensive diuretic users who developed hyperglyc-
emia even when BP was well controlled. The authors stated, “Cardiovascular 
disease incidence has a direct dose–response relation with diuretic used with 
frequent users having the highest rate” [66]. Conceivably, the combination 
of a diuretic and an ACE inhibitor may confer a lesser risk of new-onset 
diabetes. At least in one small short-term study, ACE inhibitors seemed 
to prevent the metabolic deleterious effect of the diuretic thiazide [66]. By 
preventing hypokalemia RAS blockers may lower the risk of diuretic-induced 
metabolic adverse events.

Antihypertensive therapy in the diabetic patient 
The above considerations make it clear that the patient with diabetes and 
hypertension benefits from blockade of the RAS more than from any 
other pharmacologic intervention. Clearly, therefore, blockers of the RAS 
are a cornerstone in antihypertensive therapy for the diabetic patient. 
Unfortunately, many patients with diabetes and hypertension are black 
or have hyporeninemic hypoaldosteronism. In these patient groups, the 
antihypertensive efficacy of ACE inhibitors and ARBs is blunted. However, 
despite lowering BP less well, ACE inhibitors, and probably ARBs, still have 
distinct nephroprotective and possibly cardioprotective effects. Calcium 
antagonists have been shown to exert impressive morbidity and mortality 
benefits in the patient with diabetes and hypertension and, therefore, should 
be added as second-line agents. Dihydropyridine calcium antagonists may 
lower BP somewhat more than the nondihydropyridines, although the latter 
are preferred in the diabetic patient because of their synergistic effect on 
proteinuria when given with an ACE inhibitor. Low-dose thiazide diuretics 
are acceptable, preferentially as third-line agents. In combination with a 
RAS blocker, the diabetogenic effect of thiazide diuretics is relatively small. 
Traditional beta-blockers should be used sparingly in diabetic patients, as 
these drugs have been shown to increase the risk of diabetes and also to 
cause systematic weight gain. Of note, carvedilol seems to be void of these 
effects and, therefore, is the beta-blocker of choice in patients with diabetes. 



In patients with diabetes post-MI, the benefits of the beta-blocker clearly 
outweigh its potential negative effect. 

Cerebrovascular disease 
Calcium antagonists have been shown to diminish the risk of stroke somewhat 
better than other drug classes. In the MRC study, diuretics were shown to have 
a specific cerebroprotective effect; at any given BP level, the risk of stroke was 
less in patients treated with a diuretic than in those on placebo [40]. Thus, 
a patient with manifest cerebrovascular disease should primarily be treated 
with a diuretic or a calcium antagonist. The jury seems to be out, at present, 
on the effect of ACE inhibitors; one study showed a solid benefit, whereas 
others showed no distinct effect [68]. Of note, in the ONTARGET study, no 
significant difference was seen with regard to stroke prevention between the 
three treatment arms (ramipril, telmisartan and a combination of the two). 
There is little question though that ARBs are good drugs for preventing strokes, 
as was shown in a recent meta-analysis (Figure 26) [68].

Hypertensive heart disease, coronary artery disease, and 
heart failure 
ACE inhibitors, and possibly ARBs, are the best monotherapeutic way to 
reduce LVH, followed by calcium antagonists, diuretics, and, distinctly 
less effective, beta-blockers. ACE inhibitors are also a cornerstone in the 
management of the patient with heart failure and the post-MI patient. ACE 
inhibitors, and possibly ARBs, are probably the best choice for initial therapy 
in the patient with hypertensive heart disease. Beta-blockers have morbidity 
and mortality benefits in the post-MI patient but do not have any primary 
cardioprotective effects in hypertension. Low-dose beta-blockade is also very 
useful in patients with heart failure. As shown in the Val-HeFT study, the 
combination of an ACE inhibitor and an ARB may benefit certain patients 
with heart failure [45]. Morbidity and mortality benefits of diuretics have 
never been documented in heart failure. However, as in any other edema-
tous state, diuretics will bring symptomatic relief. Calcium antagonists are 
useful in the patient with hypertensive heart disease and stable coronary 
artery disease. However, calcium antagonists should be avoided in patients 
with unstable angina and those with heart failure. If a calcium antagonist 
is needed in a patient with heart failure, amlodipine seems to be the drug 
of choice. With regard to prevention of coronary artery disease, it seems 
that ACE inhibitors are more efficacious than are the ARBs, although the 
significance is borderline (Figure 27) [68].  
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Figure 26  Prevention of stroke with ARBs: a meta-analysis. There was a significant reduction 
in the risk of stroke with angiotensin receptor blockers (ARBs) compared with controls. The 
size of the markers represents the weight of each trial. Meta-analysis was performed using the 
search terms ‘angiotensin receptor blockers’ with the inclusion criteria of being a randomized 
comparison with follow-up for at least 1 year, enrolling non-heart failure patients and 
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OR (95% CI) Events, ARBs Events, control % Weight

9.03 (0.49, 167.93) 4/722 0/720 0.16

1.06 (0.61, 1.83) 28/579 26/569 3.51

0.94 (0.85, 1.04) 880/10,146 934/10,186 12.28

0.76 (0.57, 1.01) 89/2477 115/2460 7.64

0.82 (0.64, 1.06) 112/2954 136/2972 8.29

0.89 (078, 1.02) 1113/16,878 1211/16,907 31.90

1.28 (0.87, 1.88) 60/2354 47/2349 5.57

1.09 (0.34, 3.47) 6/120 6/130 0.98

0.56 (0.38, 0.81) 47/1053 77/995 5.79

0.85 (0.40, 1.80) 17/69 20/72 2.12

0.92 (0.61, 1.39) 45/1024 49/1025 5.12

1.87 (0.99, 3.54) 28/579 15/567 2.77

0.57 (0.35, 0.94) 25/1541 43/1540 4.02

0.44 (0.26, 0.77) 19/1517 42/1514 3.52

0.73 (0.62, 0.88) 232/4605 309/4588 10.37

0.84 (0.53, 1.32) 36/681 42/671 4.50

0.91 (0.79, 1.05) 369/8542 405/8576 11.17

1.00 (0.14, 7.18) 2/180 2/180 0.36

0.74 (0.25, 2.18) 6/183 8/183 1.12

1.14 (0.97, 1.35) 322/7649 281/7596 10.69

(Excluded) 0/197 0/196 0.00

0.86 (0.72, 1.02) 1214/30,294 1346/30,182 68.10

0.87 (0.77, 1.98) 2327/47,172 2557/47,089 100.00
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Figure 27  Prevention of myocardial infarction with ARBs: a meta-analysis. There was a 
trend toward increased risk of myocardial infarction with ARBs compared with the active 
treatment group. The size of the markers represents the weight of each trial. Reproduced with 
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OR (95% CI) Events, ARBs Events, control % Weight

0.94 (0.61, 1.44) 44/579 46/569 2.72

1.00 (0.80, 1.24) 168/10,146 169/10,186 10.88

0.73 (0.50, 1.06) 50/751 68/762 3.50

1.14 (0.77, 1.70) 54/2477 47/2460 3.23

0.79 (0.61, 1.01) 116/2954 147/2972 8.14

0.90 (0.79, 1.03) 432/16,907 477/16,949 28.48

0.99 (0.06, 16.02) 1/197 1/196 0.07

0.94 (0.48, 1.83) 17/2354 18/2349 1.14

1.68 (0.58, 4.86) 9/120 6/130 0.45

0.41 (0.19, 0.86) 10/1053 23/995 0.90

2.15 (0.38, 12.16) 4/69 2/72 0.17

1.12 (0.65, 1.92) 29/1024 26/1025 1.75

1.64 (1.00, 2.70) 44/579 27/567 2.07

0.89 (0.46, 1.72) 17/1541 19/1540 1.16

0.63 (0.24, 1.64) 7/1517 11/1514 0.56

2.01 (0.18, 22.34) 2/203 1/203 0.09

1.05 (0.86, 1.29) 198/4605 188/4588 12.14

0.79 (0.51, 1.22) 39/681 48/671 2.65

1.07 (0.94, 1.23) 440/8542 413/8576 26.59

1.00 (0.25, 4.06) 4/180 4/180 0.26

0.80 (0.21, 3.01) 4/183 5/183 0.28

1.18 (1.01, 1.38) 369/7649 313/7596 21.26

1.08 (1.00, 1.18) 1194/30,497 1105/30,385 71.52

1.03 (0.96, 1.10) 1626/47,404 1582/47,334 100.00



Atrial fibrillation
Atrial fibrillation is an under-recognized complication of long-standing 
hypertension and increases the likelihood of morbidity and mortality – at 
least doubling the risk for cardiovascular death or stroke. The main factors 
predicting development of atrial fibrillation are age, male sex, severity of 
hypertension, obesity, and presence of LVH on electrocardiogram. Some 
findings suggest that the choice of BP-lowering treatment could reduce the 
risk of developing atrial fibrillation. Notably, treatment that inhibits the 
RAS might be more likely to prevent new-onset atrial fibrillation than other 
antihypertensitive drug classes. The mechanism for this benefit is unclear 
but could be, at least in part, dependent on favorable structural regression of 
left ventricular mass and a reduction in left atrial size.

Hyperlipidemia 
Diuretics and traditional beta-blockers, such as atenolol and metoprolol, 
are known to increase triglycerides and to lower high-density lipoprotein 
cholesterol levels (Figure 28). In contrast, vasodilating beta-blockers, such 
as carvedilol, and ACE inhibitors, calcium antagonists, and alpha-blockers 
are metabolically neutral, or may even have a slightly favorable effect on 
lipoproteins. 

The effects of antihypertensive agents on lipids

Antihypertensive agent TC TG HDL

Diuretics (dose dependent) � � NC

Central alpha agonists NC ? NC

Ganglionic blockers ? ? ?

Peripheral alpha antagonists ���� � 8% � 4%

Beta-blockers � � �

Carvedilol NC NC NC

Nebivolol NC NC NC

RAS blockers NC NC NC

Calcium antagonists NC NC NC

Hydralazine, minoxidil (rarely given alone; effects not known)

Figure 28  The effects of antihypertensive agents on lipids. �, increase; �, decrease; ?, uncertain; 
ACE, angiotensin-converting inhibitor; HDL, high-density lipoprotein component; NC, no change; 



Dementia 
Dementia is a major concern in the elderly hypertensive patient. Patients with 
hypertension have been shown to suffer cognitive dysfunction and dementia 
of all types more commonly than do normotensive subjects. The effects of 
antihypertensive therapy on dementia are not well documented. However, 
provocative findings from the Syst–Eur trial have shown that dihydropyridine 
calcium antagonists reduce dementia by as much as 55% (Figure 29) [69]. In 
some, but not all, studies, statins also showed a beneficial effect on demen-
tia. Although this remains to be confirmed, it nevertheless makes calcium 
antagonists, possibly in combination with a statin, an attractive choice for the 
elderly patient. More recently ARBs and lipophilic ACE inhibitors have also 
been reported to reduce the risk of dementia. 

The prothrombotic paradox
Hypertension by definition is a hemodynamic disorder and, as such, exposes 
the arterial tree to increased pulsatile stress. Paradoxically, however, most major 
complications of longstanding hypertension (ie, heart attack and strokes) are 
thrombotic rather than hemorrhagic, referred to as the so-called thrombotic 
paradox of hypertension. Virchow suggested three components facilitating 
thrombus formation (Virchow’s triad):

damage to the vessel wall; 
hypercoagulability; and 
abnormal blood flow. 

Figure 29  Syst–Eur: Effect of calcium antagonist treatment on dementia. 
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For thromboembolic events to take place, all the components of Virchow’s 
triad must be fulfilled [70]. In hypertensive individuals, abnormalities in blood 
flow have been well recognized. Hypertension has also been associated with 
endothelial damage or dysfunction [71] and a hypercoagulable state [70]. This 
prothrombotic state could be the result of chronic low-grade inflammation. 
Chronic shear stress can lead to remodeling of the vascular endothelium, turning 
it from an anticoagulant into a procoagulant surface. The mechanisms leading 
to endothelial dysfunction are multifactorial and include decreased activity of 
vasodilator agents [72–74] and increased activity (or sensitivity) to vasoconstric-
tor agents [73–75]. Overall, fibrinolytic activity is ascertained by the balance 
between tissue plasminogen activator and plasminogen activator inhibitor type 
1 (SERPINE1). With respect to endothelial function, enhanced activity of the 
renin–angiotensin and kallikrein–kinin systems has opposing effects, resulting 
in vasoconstriction and vasodilation, respectively [76]. By contrast, with respect 
to coagulation, increased activity of the renin–angiotensin and kallikrein–kinin 
systems has a negative effect, resulting in a hypercoagulable state [76]. Thus, 
hypertension not only confers a hypercoagulable state (vulnerable blood) but also 
gives rise to LVH, ventricular and atrial arrhythmias, and impaired coronary 
reserves (vulnerable myocardium), thereby fulfilling all criteria for a vulnerable 
patient [77]. In enhancing the coagulation–fibrinolysis balance, antihypertensive 
treatment can decrease the frequency of thrombotic events independently of BP. 
Whether differences in antihypertensive drug classes [76,78,79] will translate 
into altered outcomes remains to be established.



Chapter 12

Therapeutic challenges 

Nephroprotection 
In the patient with diabetic hypertensive renal disease, blockade of the RAS has 
been shown to be nephroprotective; that is, to diminish proteinuria and slow down 
the decline in renal function. In type 1 diabetes, most proteinuria studies have 
used ACE inhibitors, whereas, for type 2 diabetes, ARBs have mostly been used. 
However, the American Diabetes Association (ADA) have concluded that the 
evidence was sufficient to state that both drug classes, ACE inhibitors and ARBs, 
are indicated for nephroprotection in susceptible patients. Although neither ACE 
inhibitors nor ARBs are labeled for use to decrease proteinuria/albuminuria or to 
exert any nephroprotective effect, some studies show that nondihydropyridine 
calcium antagonists, such as diltiazem and verapamil, reduce urinary protein 
excretion more than the dihydropyridines, specifically nifedipine. A systematic 
review by Bakris et al. showed a significantly greater reduction of proteinuria with 
the nondihydropyridine derivatives than with the dihydropyridines in patients 
with hypertension, regardless of whether or not they had diabetes [80]. However, 
we should not forget that albuminuria/proteinuria is a surrogate end point that 
is not synonymous with renal disease. In the ONTARGET study [7], dual RAS 
blockade diminished albuminuria more than did monotherapy, but renal end 
points were significantly more common. This would indicate that albuminuria/
proteinuria is not an ironclad surrogate end point for renal outcome.

Early morning hypertension 
Ever since the pioneering studies of Sir George Pickering, we have known that 
BP follows a distinct diurnal pattern, decreasing throughout the evening to a 
nadir at midnight, followed by an early morning rise shortly before awakening. 
This pattern is qualitatively similar in both normotensive and hypertensive 
patients. Hypertensive complications, such as stroke, acute MI, and sudden 
death follow a very similar pattern: the time period between 6:00 a.m. and 
10:00 a.m. seems to confer the highest risk for these events. In a meta-analysis of 
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31 studies, Elliott showed a 49% higher stroke risk in the period from 6:00 a.m. 
to noon than in the remaining hours of the day [81]. Similarly, Kario et al. [82] 
showed a higher prevalence of silent cerebral ischemia and stroke in patients 
who have a morning surge of BP, as opposed to patients who did not exhibit 
such a surge. Although the exact relationship between BP and the occurrence 
of these events remains to be elucidated, good BP control during the critical 
hours is desirable. Unfortunately, as most antihypertensive drugs are taken in 
the morning, their antihypertensive efficacy is weakest (at trough) during this 
critical time period. Recently, some antihypertensive drugs have been rede-
signed to provide better morning BP control when taken in the evening. Such a 
chronotherapeutic approach has been documented with long-acting diltiazem 
and some verapamil formulations. However, it is not yet known whether such a 
chronotherapeutic approach will improve morbidity and mortality compared 
with a nonchronotherapeutic approach of the same medication.

White-coat hypertension and masked hypertension 
BP is a very labile hemodynamic parameter; it varies from heartbeat to heartbeat, 
from morning to evening, from winter to summer, from sleeping to awake, 
and from sitting to standing. The same holds true for any other cardiovascular 
hemodynamic parameter, such as heart rate, cardiac output, ejection fraction, or 
pulmonary wedge pressure. However, the information that is based on invasively 
obtained measurements is often considered more reliable than information 
based on simple BP recording. Numerous studies have documented that BP 
carefully measured by cuff, under standardized conditions in physicians' offices, 
is a powerful and reliable predictor of morbidity and mortality. More recent 
studies have documented that 24-hour ambulatory BP monitoring is an even 
closer surrogate end point for heart attack and stroke than is office-measured 
BP. As the correlation between 24-hour ambulatory BP measurement and office 
BP measurement is moderate at best, there will be, not unexpectedly, a signifi-
cant number of people who are truly hypertensive but in whom the diagnosis 
is missed by office BP measurements (masked hypertension). Conversely, BP 
may be elevated in the office but not on ambulatory BP monitoring – an entity 
known to most clinicians as white-coat hypertension. 

White-coat hypertension is a well-known clinical entity familiar to most 
physicians. A variety of studies, has shown that the risk of patients with white-
coat hypertension is somewhat elevated but distinctly lower than in patients who 
have sustained hypertension. Despite being common, little is known about how 
to best manage white-coat hypertension. Out of fear of overtreatment, some 
physicians are taking a “wait and see” approach in patients. Conversely, out 



of fear of litigation, some physicians may take an overaggressive therapeutic 
approach, which can result in hypotension and orthostatic symptoms. 

In contrast, masked hypertension is a much less well-known (but not nec-
essarily a less common) entity, which seems to carry a distinctly more serious 
prognosis. The same entity has been described occasionally as reversed white-coat 
hypertension. It was initially regarded as being rare but was more recently found 
to be present, to some extent, in about one-third of the hypertensive population. 
Risk factors for masked hypertension are alcohol, tobacco, and caffeine, as well 
as physical inactivity. In the PAMELA (Pressioni Arteriose Monitorate E Loro 
Associazioni) population, patients with masked hypertension had a prevalence of 
echocardiographic LVH that was much greater than that of normotensive subjects. 
Inappropriate target organ disease (ie, inappropriate for office BP levels) should 
therefore trigger a suspicion of masked hypertension and motivate physicians to 
expose a susceptible patient to 24-hour ambulatory BP monitoring [83].

In the same PAMELA study, it was reported that more than 50% of patients 
with white-coat or masked hypertension developed sustained hypertension 
over a 10-year period, and, when compared with normotensives, white coat 
hypertensives had a 2.5-fold increased risk and masked hypertensives a 1.8-fold 
increase risk of developing sustained hypertension (Figure 30) [83]. This clearly 
shows that neither of the two conditions should be shrugged off as innocent 
observations. Both white-coat hypertension and masked hypertension need 
to be identified and diagnosed and deserve to be monitored carefully [84]. 

The clinician should remember that it's much easier to suspect a diagnosis 
of white-coat hypertension, as patients will usually say that their BP is normal 
at home. In contrast, masked hypertension needs to be looked out for, and 
there are only a few clinical hints as to its presence. A normal BP in the clinical 
setting does not mean that a patient is not at risk from an elevated BP, which 
can occur at other times of the day. This is particularly true in patients who 
are treated with antihypertensive drugs that do not cover a full 24-hour 
period. As the patient takes the medication in the morning, BP values in the 
physician's office are, most often, normal but may be substantially elevated at 
the end of the dosing interval (ie, during the night and early morning hours). 
Thus, in many hypertensive patients, clinic BP is seemingly well controlled, 
but early morning BP, before taking the medication, may be elevated, thereby 
accelerating the risk of cardiovascular events. For many clinicians, masked 
hypertension has unfortunately become a blind spot in antihypertensive 
therapy. Although a sweeping recommendation that all patients with high BP 
(or normal BP) should undergo 24-hour ambulatory BP monitoring cannot 
be made, the presence of inappropriate target organ disease, such as LVH 
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or microalbuminuria, should arise suspicion of masked hypertension and 
motivate physicians to initiate a further work-up. With regard to the therapeutic 

approach, we should remember that white-coat hypertension has a benign 

prognosis and can only be over-treated; therefore, a conservative approach is 

probably justified. In contrast, masked hypertension has a much more serious 

Figure 30  Percentage of patients progressing and regressing to true hypertension over 10 
years. A, Progression toward true hypertension. Numbers in the figure show the percentage 
of the patients who progressed toward true hypertension from masked hypertension, true 
normotension, and white-coat hypertension. NTN indicates normotension; HTN, hypertension. 
B, Regression from true hypertension. Numbers in the figure show the percentage of the 
patients who regressed from true hypertension to masked hypertension, true normotension, 
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prognosis and can only be under-treated; it deserves, therefore, a thorough 

evaluation and a more aggressive therapeutic approach. 

Black patients 
Hypertension is more common in black than in white patients, and its course 
is distinctly more severe. Black patients have a three-times higher mortality 
rate from cardiovascular disease than do white patients, and their risk of 
end-stage renal disease is several times greater. These simple facts indicate 
that cardiovascular diseases, such as hypertension, hyperlipidemia, and dia-
betes, should be treated most aggressively in the black population. However, 
the impediments to aggressive therapy in this population are numerous and 
range from relative inefficacy of certain antihypertensive drug classes and 
ill-perceived adverse effects, to socioeconomic factors. No racial difference in 
antihypertensive efficacy has been documented for calcium antagonists and 
diuretics. In a meta-analysis, calcium antagonists were the only drug class 
showing efficacy in all BP strata [85]. In contrast, ACE inhibitors and ARBs, 
at a given dose, have distinctly less effect on BP in black patients than in white 
patients. The same seems to hold true for heart failure, but not for renal disease. 
For the same fall in BP, black patients experienced more nephroprotection 
with an ACE inhibitor than with a calcium antagonist, as demonstrated in the 
African-American Study of Kidney Disease and Hypertension (AASK) [86]. 

Importantly, the most dreaded, albeit rare, adverse effect of ACE inhibitor, 
namely angioedema, is several times more common in black than in white 
patients. Angioedema can occur after weeks or months of ACE inhibitor therapy 
and may account for several hundred fatalities per year worldwide. A report 
from one coroner's office highlights the concerns; it documents that six black 
patients died of asphyxiation secondary to angioedema of the tongue associated 
with ACE inhibitor therapy over a period of 3 years [87]. Once solid studies are 
published attesting to the similar (or, hopefully, even better) outcomes with 
ARBs in black patients, ACE inhibitors should be avoided all together. The only 
good news, with regard to the treatment of hypertension in black patients, is that 
high doses of most antihypertensive drug classes are well tolerated. However, 
in general, the plateau of the dose–response curve in the black patient is often 
only reached at a higher dose level than in a white patient. 

Alcohol abuse 
The pathogenesis of BP elevation in patients who abuse alcohol is multi-
factorial. Acutely, alcohol is a vasodilator but, chronically, it has a direct 
vasculotoxic effect and produces constriction of vascular smooth muscle. 



It stimulates the sympathetic nervous system, as well as the RAS, and may 
cause thirst and dehydration, which often are counteracted by excessive salt 
and water retention. Chronic alcohol abuse is not an uncommon cause of 
seemingly refractory hypertension. Calcium antagonists are the most effi-
cient first-line therapy in the alcoholic hypertensive patient. If combination 
therapy is needed, a beta-blocker could be useful because it diminishes the 
activity of the sympathetic nervous system. ACE inhibitors are somewhat 
less efficacious because of alcohol-associated f luctuations in f luid volume 
state. Diuretics are often relatively contraindicated because they may trigger 
an attack of gout in susceptible patients. Not uncommonly, allopuritol or 
febroxustat may have given to control hyperuricemix before diuretic therapy 
can be initiated.

Although one or two drinks per day (particularly red wine) may have a 
beneficial effect on overall cardiovascular risk, as alcohol elevates high-density 
lipoprotein cholesterol, any higher daily alcohol intake has a detrimental 
effect on the cardiovascular system. Excessive alcohol intake is a particularly 
powerful risk factor for hemorrhagic stroke. 

Erectile and orgasmic dysfunction 
Long-standing, untreated hypertension is well known to have a negative 
impact on sexual function and can lead to complete impotence. Unfortunately, 
antihypertensive drugs still have a bad reputation with regard to erectile 
function. Some of the older antihypertensive drugs, such as resurpine and 
guanethidine, have a well-known negative effect on erectile and orgasmic 
function. Diuretics, beta-blockers, and antiadrenergic drugs, as well as 
alpha-blockers, diminish erectile function. Failure to ejaculate, or even 
retrograde ejaculation into the bladder, may occur with some antiadrenergic 
drugs. In women, diuretics and certain antiadrenergic drugs may interfere 
with lubrication. Beta-blockers are known to cause orgasmic dysfunction 
in women and men alike. 

BP lowering (by any drug) may by itself, at least initially, have a slight 
negative impact on erectile function. However, the body fairly rapidly adjusts 
to the lower BP level and, with modern antihypertensive therapy (calcium 
antagonists, ACE inhibitors and ARBs), no lasting sexual dysfunction has been 
reported. On the contrary, in a recent study, the frequency of sexual intercourse 
actually increased in patients in whom BP was lowered with an ARB when 
compared with those whose hypertension was left untreated on placebo [88]. 
This illustrates that low-grade sexual dysfunction, associated with untreated 
hypertension, can be unmasked by modern antihypertensive therapy. 



Sildenafil and its derivatives seem to be safe in patients with hypertension, 
even if they are being treated with two or more antihypertensive drugs. It 
should be remembered that sildenafil is a vasodilator and, in general, causes 
a mild transient decrease in BP. The patient should be warned that the use of 
sildenafil, in combination with certain antihypertensive drugs, particularly 
alpha-blockers, could lead to orthostatic symptoms. 

Resistant hypertension 
Resistant hypertension is said to be present if, despite triple therapy includ-
ing a thiazide diuretic, BP remains distinctly above target range. Figure 31 
lists some of the more common underlying causes of resistant hypertension. 
Of particular concern are NSAIDs, as well as the cyclooxygenase 2 (COX2) 
inhibitors. These drugs elevate BP by a variety of mechanisms, ranging 
from direct binding with mineralocorticoid receptors to interference with 
 prostaglandin synthetase.

Very often, the antihypertensive efficacy of ACE inhibitors and ARBs is 
completely abolished when NSAIDs, or COX2 inhibitors, are added to the regimen. 
In contrast, these drugs have little, if any, effect on the antihypertensive efficacy 
of calcium antagonists. Perhaps the most common error is to diagnose resistant 
hypertension when triple antihypertensive therapy is given without a diuretic. 
In volume-expanded patients, in those who abuse salt, and in black patients, the 
antihypertensive efficacy of ACE inhibitors and beta-blockers is blunted. The 

Some mechanisms of resistance to drug therapy

Nonadherence to therapy Associated conditions
increasing obesity
Alcohol abuse
Tobacco abuse
Abuse of other recreational drugs
Hyperlipidemia
Renal insufficiency
Renovascular hypertension
Malignant or accelerated hypertension
Other causes of hypertension

Drug related
Inappropriate combinations
Short duration of action

Effects of concomitant therpay
Sympathomimetics
Appetite suppressants
SSRIs, tricyclic antidepressants
Adrenal steroids (also topical)
COX2 inhibitors, NSAIDs
Nasal decongestants
Oral contraceptives
Licorice abuse

Inadequate diuretic therapy
Excess sodium intake
Fluid retention caused by antihypertensives 
(pseudoresistance)

Figure 31  Some mechanisms of resistance to drug therapy. COX, cyclooxygenase; 
NSAIDs, nonsteroidal anti-inflammatory drugs; SSRI, selective serotonin reuptake inhibitors.



addition of a diuretic not only diminishes fluid volume retention, but also stimulates 
the RAS, and makes BP more amenable to the effects of the ACE inhibitor or 
the ARB. A whole host of other chemical substances, including licorice, topical 
steroids, and alcohol, can cause resistant hypertension. Therapy with modern oral 
contraceptives is an unusual reason for resistant hypertension, as estrogen doses 
have become distinctly lower than in the past. In general, a thorough history and 
a careful review of all drugs will allow the physician to identify the reason for 
so-called resistant hypertension. Of note, the most common cause of this entity 
remains noncompliance with the antihypertensive regimen. Some hints on how 
to deal with noncompliant patients are outlined in Figure 32. 

An implantable device that lowers BP by baroreflex stimulation in patients 
with resistant hypertension is currently in development [89]. 

Isolated systolic hypertension 
There are three main reasons why isolated systolic hypertension has become 
increasingly important over the past few years: 

 We are seeing more and more elderly patients, and isolated systolic 
hypertension is the most common form of high BP in the geriatric 
population.  
 Systolic BP has finally been recognized as the most powerful predictor 
of cardiovascular morbidity and mortality and, therefore, treatment of 
systolic BP has become more important than that of diastolic BP. 
 The treatment goals of systolic BP have become increasingly lower over 
the past few years, thereby creating numerous hypertensive patients who, 
according to previous criteria, would not have fulfilled this definition. 

Even in very elderly patients, a systolic BP goal of less than 140 mmHg can be 
a realistic goal with modern antihypertensive therapy, although sometimes 

Methods of improving compliance

Educate the patient about the reason for the medications and their proper use

including home blood pressure monitoring
Remove barriers to compliance will pill taking (eg, by avoiding large or bad-tasting pills)

Simplify the therapeutic regimen (minimize the number of pills, frequency of pill taking 
and the inconvenience of pill taking)
Integrate pill taking into activities of daily living (eg, shaving, brushing teeth)
Provide a positive attitude and reinforcement about achieving therapeutic goals

Figure 32  Methods of improving compliance. 



there will have to be a compromise between the BP goal and the patient's 
well-being, health plan, and wallet. 

The most common pitfall encountered in the treatment of isolated systolic 
hypertension is the failure to recognize that bradycardia can be its major per-
petrator. Any decrease in heart rate is prone to an increase in stroke volume; 
a higher stroke volume ejected into a stiff aorta will elevate systolic and lower 
diastolic pressure. Thus, bradycardia often causes systolic hypertension, or 
makes it very resistant to therapy. Heart rate progressively slows through-
out life and bradycardia is common in elderly patients. Bradycardia can be 
aggravated by underlying sick sinus syndrome and other conduction abnor-
malities or, more commonly, beta-blocker therapy. Beta-blockers, therefore, 
are not useful in the treatment of isolated systolic hypertension. Conversely, 
a dihydropyridine calcium antagonist, possibly in combination with an ACE 
inhibitor or an ARB, is prone to lower systolic pressure into, or at least close 
to, the target range. Of note, BP in elderly patients can be exquisitely sensi-
tive to antihypertensive therapy; therefore, initiation of any drug should start 
at low doses and be uptitrated very gradually at an interval of 2–4 months. 
Low-dose diuretic therapy is often a helpful adjunct, although the propensity 
of diuretics to cause hyponatremia in the geriatric population, particularly in 
women, should be remembered. 

The “I want to do it the natural way” patient
Not uncommonly, the physician is challenged by a patient who insists on doing 
it his or her own "natural" way. Even though most physicians recognize that 
this endeavor will be futile, an enthusiastic patient should be encouraged to 
exercise regularly, lose weight and follow a healthy sodium-restricted diet. 
The only harm that can come from this is that BP remains elevated and the 
cardiovascular system of the patient continues to be exposed to a high pres-
sure load. It is therefore important to monitor these patients carefully. In this 
context, the 24-hour ambulatory BP monitor is very useful and allows you to 
confront the patient with the before and after BP pattern. Very often, there 
is little difference between the two, and the evidence suffices to motivate the 
patient to start antihypertensive therapy. Home BP monitoring is less objec-
tive because patients have a tendency to cherry pick good BP readings, record 
these and then bring them to their physician. A good part of “white-coat” 
hypertension may be due to cherry picking of BP levels at home.  



The “nothing works/allergic to everything” patient 
These patients are also called “heart sink” patients because the physician's 
heart sinks whenever they show up in the waiting room. What, perhaps, is 
most important with patients like this is to try to sort the wheat from the 
chaff. Thus, a very thorough, detailed history regarding previous medica-
tions, duration of use and reasons for discontinuation can often provide an 
astonishing insight. If a patient who is “allergic to everything” lists among 
these allergies a dry cough with certain drugs, or pedal edema with others, 
the physician has to take the reported adverse events more seriously and try 
to find a drug that the patient can tolerate. Commonly, the patient is willing 
to be rechallenged when the options are carefully explained. Using low-dose 
aspirin, and even iron supplements, can mitigate the cough seen with ACE 
inhibitors. Consider that some patients may be perfectly willing to continue 
with the ACE inhibitor, despite the persistence of a low-grade cough. Similarly, 
a patient who is “allergic” to dihydropyridine calcium antagonists because of 
pedal edema may be willing to be rechallenged when it is explained that, in 
combination with an ACE inhibitor or an ARB, the pedal edema is much less 
likely to occur. Gingival hyperplasia, which occurs occasionally with calcium 
antagonists, can be mitigated by concomitant therapy with an ACE inhibitor 
or an ARB, although it takes much longer for hyperplasia to regress than for 
pedal edema to subside. With a few exceptions, the adverse effects associated 
with most cardiovascular drugs occur within the first few days or weeks of 
therapy, although some (for instance, angioedema with ACE inhibitors) can 
occur after many months. Unfortunately, the patient who is “allergic to eve-
rything” tends to blame any symptom, from shin splints to female itch, on 
the antihypertensive drug, even if it occurs weeks or months after therapy 
is begun. Very often, this presents a high degree of underlying anxiety that 
taking any medication for a prolonged period of time is likely to have a negative 
impact on health (“this drug can destroy my kidneys”). As a consequence of 
this anxiety, many patients switch to “more natural” medicines that they find 
in health food stores. Although the concerns surrounding long-term safety 
of approved cardiovascular drugs have not been laid to rest, these drugs are 
still a lot safer than most concoctions sold in health food stores, where neither 
safety, nor efficacy, has ever been scrutinized. 

Patients in whom “nothing works” should be told that all antihypertensive 
drugs lower BP but that this efficacy may vary from one patient to the other; 
one size does not fit all. The only drug class that has been shown, in some 
patients, to paradoxically elevate BP are the beta-blockers. The blockers of 
the RAS (ie, ARBs and ACE inhibitors) are less effective in patients who are 



on a high salt intake, in patients on NSAIDs or COX2 inhibitors, and also in 
black patients. However, despite lowering BP less well, these drugs still exert 
protection for the kidney, the heart, and the vascular tree. Very often, this 
pseudo-resistance can be abolished by the addition of a second drug, such as 
a diuretic or a calcium antagonist. 

The “nothing works/allergic to everything” patients are often so convinced 
of their body being special, and their BP not responding to anything, that even 
the most sophisticated therapeutic efforts of the treating physician are counter-
productive. In a situation like this (which needless to say is extremely frustrat-
ing for the physician), it may be helpful to go over the goals of antihypertensive 
therapy, not necessarily only to lower BP, but also to prevent heart attacks and 
strokes, the failure of which to treat would, very simply, increase the risk of 
these events (“We cannot prevent you from dying, but we can possibly prevent 
you from having a stroke”). In this context, it should be emphasized that many 
patients have high BP and live with it for years without ever having a heart attack 
or a stroke. Conversely, many patients with perfectly normal BP also suffer heart 
attacks and strokes. Therefore, antihypertensive treatment is not “mandatory” 
but, very simply, alters the risk/benefit ratio; it lowers the risk of some of the most 
devastating and dreaded diseases. By shifting the burden of decision making and 
evaluation of the risk/benefit ratio to the patient, often a different level of insight 
and compliance with antihypertensive drug therapy can be achieved. 

In this process of coaching and hand-holding, it is important to remain 
vigilant with regard to any possible new, or yet unknown, adverse effects. Such 
adverse effects are more likely to occur in recently introduced drug classes 
than in diuretics that have been around for more than 40 years. However, 
only recently, it has been determined that long-term diuretic therapy is a low-
grade risk for renal cell carcinoma. Also, it should be remembered that ACE 
inhibitors were used for quite some time before physicians realized that a dry 
cough, or angioedema, were adverse effects directly related to this drug class. 
Having exhausted the above suggestions, the best strategy may be to declare 
defeat and to admit, frankly, to the patient to be at the end of therapeutic 
wisdom. A referral to a specialist colleague may be helpful in this situation, 
as continuous frustration on either part, the patient's or the physician's, is not 
conducive to a good physician–patient relationship. 





Chapter 13

Fashions and fads

Sublingual nifedipine
Sublingual nifedipine is used worldwide to lower BP acutely in so-called hyper-
tensive emergencies. Unfortunately, many patients who received sublingual 
nifedipine needed it about as much as a patient with high cholesterol would need 
a sublingual statin. Of note, there is good evidence that the sublingual application 
is of no added benefit because what gets into the blood stream is actually what is 
swallowed. Also, sublingual nifedipine lowers BP in a completely uncontrolled 
way, and such an abrupt BP drop has been associated with acute MI, stroke and 
death. Clearly, this is BP cosmetics and should be considered malpractice.  

Dual RAS blockade
Blood pressure 
Most BP studies showed a small additional drop in systolic and diastolic pres-
sure when an ARB was added to an ACE inhibitor, and vice versa, regardless 
of the dose level of the first drug. A thorough systematic review and meta-
analysis assessed 14 BP studies in hypertensive patients in which patients were 
evaluated by 24-hour ambulatory BP monitoring [91]. The authors found that 
the combination of an ACE inhibitor and an ARB reduced BP by an average 
of 4/3 mmHg when compared with monotherapy. The incremental fall in 
BP with dual RAS blockade compared with that seen with monotherapy is 
certainly only a fraction of what is commonly observed with the addition of 
either a thiazide or calcium antagonist.  

Albuminuria 
So-called benefits of dual RAS blockade were reported in patients with albuminuria 
when compared with monotherapy with either an ARB or an ACE inhibitor [92]. In 
a meta-analysis of 49 studies involving over 6,000 patients, Kunz et al. [93] found 
“encouraging” evidence that dual RAS blockade reduced proteinuria by more 
than 20–25% when compared with either drug alone. The most recent landmark 
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study, the ONTARGET study, is no exception in this regard [94]. The increase in 
albuminuria was reduced by a combination of telmisartan and ramipril when 
compared with monotherapy. However, the finding of significantly greater doubling 
of creatinine and dialysis in the combination arm, despite the lesser albuminuria, 
strongly argues against a nephroprotective effect of dual RAS inhibition. 

These findings from the ONTARGET study clearly emphasize the fallacy of the 
surrogate end point (ie, the surrogate, albuminuria, moves in the “right” direction, 
whereas the real end point, doubling of creatinine and dialysis, moves in the opposite 
direction). This divergence between the real and surrogate end points should not be 
surprising in view of the experimental studies in sodium-depleted animals [95].

Heart failure 
The CHARM-Added (effects of candesartan in patients with chronic heart 
failure and reduced left-ventricular systolic function taking angiotensin-
converting-enzyme inhibitors) trial reported some benefits when candesartan 
was added to an ACE inhibitor in patients with New York Heart Association 
functional class III to IV heart failure and a left ventricular ejection fraction 
of 40% or lower [96]. The addition of candesartan reduced all components of 
the primary outcome and the total number of hospital admissions for heart 
failure, but not all-cause mortality. A meta-analysis looking at all of the studies 
in aggregate, including the CHARM-Added trial, found no reduction in all-
cause mortality but a 23% reduction in heart failure hospitalizations [97]. Of 
note, in the CHARM-Added trial, significantly more patients discontinued 
study medication in the combination arm because of an adverse event or 
abnormal laboratory values (increase in creatinine, hyperkalemia) in the 
combination therapy arm than in the placebo/ACE inhibitor arm. Indeed, a 
recent thorough meta-analysis looking at safety and tolerability of dual RAS 
blockade in over 18,000 patients with left ventricular dysfunction showed a 
significantly increased risk of adverse events, leading to discontinuation of dual 
RAS blockade compared with monotherapy [98]. Hypotension, a worsening 
of renal function, and hyperkalemia (ORs of 1.91, 2.12, and 4.17, respectively) 
were more common with combination therapy than with the ACE inhibitor 
alone. The authors concluded that this excess risk coupled with the lack of a 
consistent mortality benefit suggested that ARBs should not be added routinely 
to ACE inhibitors for left ventricular dysfunction [98]. 

Direct renin inhibitors or aldosterone antagonists? 
In a thorough prospective, randomized study of 599 patients, the mean 
urinary albumin to creatinine ratio was reduced by a further 20% following 



dual RAS blockade with aliskiren and losartan than with losartan alone, 
despite a very small difference in BP between the treatment groups [99]. The 
authors, apparently impressed by these results, enthusiastically concluded 
that “aliskiren appears to have a renoprotective effect that is independent of its 
blood pressure-lowering effect” [99]. However, given the surrogate end point 
failure in the ONTARGET study, the extrapolation from albuminuria to renal 
function is no longer acceptable. Clearly, to establish benefits, if any, of dual 
RAS blockade with direct renin inhibitors, ironclad outcome data on renal 
function will need to be provided. Indeed, such a study – the ALTITUDE 
study [51] – is currently in progress.

In contrast, in dual RAS blockade with aldosterone antagonists, such as 
spironolactone and eplerenone, both the surrogate end point and the real end 
point move in parallel. Thus, at least in heart failure, the benefits of adding 
spironolactone or eplerenone to either an ACE inhibitor or an ARB have been 
well documented. 

In conclusion, the recent ONTARGET study data [94] have shattered the 
halo of dual RAS blockade not only for hypertension but also for nephroprotec-
tion. The meta-analysis of Lakhdar et al. [98] has cast doubts on the safety of 
dual RAS blockade in patients with left ventricular dysfunction. In retrospect, 
many enticing features of dual RAS blockade were based on surrogate end 
point findings and, therefore, may have represented more wishful thinking 
rather than solid science. This would indicate that the FDA's reluctance to 
accept albuminuria/proteinuria as a valid surrogate is well founded [100]. 
Leapfrogging of surrogate data can no longer substitute for patient exposure 
in clinical outcome studies [101]. Unless data emerge to the contrary, dual 
RAS blockade should be considered dead until further notice.

Dual calcium channel blockade
Occasionally, the combination of a dihydropyridine and a nondihydropy-
ridine calcium antagonist may be considered. There is some evidence of an 
additive effect of this combination and it seems, in general, to be well toler-
ated [102]. Pedal edema is not aggravated by the addition of a nondihydro-
pyridine calcium antagonist to a dihydropyridine agent. The combination 
may be particularly useful in patients with renal failure and hyperkalemia 
in whom RAS blockade has become relatively contraindicated. However, it 
must be emphasized that there are only a very few studies in a small number 
of patients reporting antihypertensive efficacy. Thus, there is surrogate 
end point evidence only, and no data indicate that the combination reduces 
morbidity and mortality.
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