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Chapter 1

State of hypertension control

Almost one billion individuals worldwide are currently estimated to be affected
by hypertension, or high blood pressure, with this figure predicted to rise to
over 1.5 billion by 2025 [1]. Significantly, approximately one-half of this affected
population is unaware of the condition [2], and, of those who are aware, more
than half have not been treated [3].

Hypertension is a major, and growing, global public health problem, con-
tributing an enormous disease burden (hypertension is estimated to cause 4.5%
of current global disease burden [4]), premature morbidity and mortality [5-7].
Elevated blood pressure is a massive health problem in almost every country
worldwide [8]: it is prevalent in many developing countries (though the lack of
blood pressure data in developing countries is substantial [9]), as well as in the
developed world, where more than one in five adults [10] has been estimated
to have hypertension. Nearly two-thirds of individuals with hypertension live
in low- and middle-income countries, which means that it comprises a massive
economic burden [11].

Classification of blood pressure for adults has recently changed. The
current recommendation by the US Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure [12] and the
World Health Organization for adequate control of hypertension (i.e. normal
blood pressure) is 130/85 mmHg for uncomplicated hypertension, which
is 10/5 mmHg lower than the previous limit of 140/90 mmHg (Figure 1.1).
In patients with underlying coronary artery disease, the reccommended target
blood pressure is 120/80 mmHg, and in patients with diabetic nephropathy,
125/75 mmHg is associated with greater renoprotection. Although new, lower
target blood pressure levels have been recommended, the blood pressure that is
universally accepted to represent adequate control of hypertension in medical
practice continues to be 140/90 mmHg for all patients, apart from those with
diabetes or renal disease, in whom 130/80 mmHg is the target level.

J. M. Neutel, Combination Therapy in Hypertension, 1
DOI: 10.1007/978-1-908517-28-9_1, © Springer Healthcare 2011
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Classification of blood pressure for adults

Blood pressure (nmHg)

Category Systolic Diastolic
Optimal <120 and <80
Normal <130 and <85
Prehypertension 120-139 or 80-89
Hypertension
Stage 1 140-159 or 90-99
Stage 2 2160 or 2100

Figure 1.1 Classification of blood pressure for adults. Reproduced with permission
from The Seventh Report of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure. Bethesda, MD: US Department of
Health and Human Services. August 2004.

Hypertension and cardiovascular risk

Hypertension is a well-documented risk factor for cardiovascular disease [13]
and is a major contributor to worldwide cardiovascular mortality [14]. Elevated
blood pressure is one of the primary risk factors for heart disease and stroke,
which are the leading causes of death worldwide. Factors such as increasing
longevity and obesity contribute to the prevalence of hypertension and the
associated cardiovascular risk [15]. The incidence of hypertension in obese
individuals is five times that in individuals of normal weight, and the risk of
cardiovascular disease is considerably greater in the obese population com-
pared with the normal weight population [16]. Treated hypertensive patients
who smoke have a worse cardiovascular risk profile than treated hypertensive
patients who do not smoke, which indicates that the negative effect of smoking
may outweigh the benefit of blood pressure control [17].

Blood pressure-induced cardiovascular risk rises continuously across the whole
blood pressure range [4]. Systolic blood pressure is a better predictor of pending
cardiovascular disease than diastolic blood pressure; furthermore, high systolic
blood pressure is more difficult to control than high diastolic blood pressure.
Cardiovascular mortality risk has been shown to be doubled for each 20 mmHg
increase in systolic blood pressure (or, approximately equivalently, 10 mmHg
diastolic blood pressure) in subjects aged from 40 to 69 years (Figure 1.2) [18].

Target blood pressure

Recent epidemiological analyses have changed the way that hypertension is
viewed: cardiovascular risk has been found to be elevated at levels of blood
pressure previously believed to be normal and not imparting additional risk
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Cardiovascular mortality risk doubles with each 20/10 mmHg
blood pressure increment
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Figure 1.2 Cardiovascular mortality risk doubles with each 20/10 mmHg blood
pressure increment. Individuals aged 40-69 years, startingat BP 115/75 mmHg.
SBP, systolic blood pressure; DBP, diastolic blood pressure.

[19]. For example, the impact of high-normal blood pressure (systolic/diasto-
lic blood pressure of 130-139/85-89 mmHg, which was previously regarded
as normal) on cardiovascular disease risk is shown in Figure 1.3 [20]. These
findings prompted the lowering of the blood pressure limit that is regarded as
representing adequate control of hypertension (see above).

Epidemiological data have established a continuous relationship between
blood pressure and cardiovascular risk that extends down to systolic/diastolic
blood pressure levels as low as 115/75 mmHg, which emphasizes the lack of a
critical threshold value that defines ‘high’ blood pressure [21]. Consideration of
the continuous relationship between blood pressure and cardiovascular risk has
led to the introduction of a new category of hypertension, called pre-hypertension,
which includes individuals with a systolic blood pressure between 120 and
139 mmHg and/or a diastolic blood pressure between 80 and 89 mmHg [12,21,22].
To put this category into perspective, a total of 70 million individuals in the
USA (approximately 30% of the population) has been estimated to have pre-
hypertension [21]. The risk of cardiovascular disease in this large population is
not uniform: it increases with rising concomitant burden of other cardiovascular
risk factors [21].

Levels of blood pressure control around the world
The capacity for and capability in management of hypertension vary greatly
between different countries. The worldwide picture, from the US National
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Impact of high-normal blood pressure on cardiovascular disease risk
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Figure 1.3 Impact of high-normal blood pressure (BP) on cardiovascular disease risk.
Optimal BP: <120/80 mmHg; normal BP: 120-129/80-84 mmHg; high—normal:
130-139/85-89 mmHg. Reproduced with permission from Vasan RS, Larson MG,
Leip EP, et al. Impact of high-normal blood pressure on the risk of cardiovascular
disease. N Engl) Med 2001; 345(18):1291-7.

Health and Nutritional Examination Survey (Figure 1.4) and the World Health
Organization, shows that less than 30% of individuals who are diagnosed with
the condition are adequately controlled according to currently accepted blood
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pressure goals [4,26]. Furthermore, although many different antihypertensive
agents are available, the majority of treated hypertensives fail to achieve blood
pressure control to less than 140/90 mmHg [27].

Published evidence of low rates of blood pressure control is available from
several different European countries. For example, a great improvement in the
efficacy of hypertension management has been reported to have taken place in
England between 1994 and 2003, with more awareness, treatment, and control;
however, in 2003, the majority of adults with hypertension in England had blood
pressure levels above the currently recommended targets [28]. Control rates
(<140 mmHg systolic and <90 mmHg diastolic) among hypertensive men and
women in 2003 were 21.5% and 22.8%, respectively [28].

Further evidence of inadequately controlled hypertension in treated patients
is provided by a cross-sectional study conducted to assess the prevalence, level
of awareness, treatment, and control of hypertension in Greece [29]. Data from
a total of 11 540 individuals (0.1% of the Greek population) were analyzed: 31%
of these individuals had hypertension, 40% of whom were unaware that they
had hypertension, and 12% of whom were aware but not treated. In total, 51%
of individuals with hypertension were treated: 67% of the treated individuals
were not controlled, and 33% were treated and controlled [29].

Poor rates of blood pressure control have also been reported in a multi-
center, cross-sectional study conducted in Spain [30]. A total of 73% of the
7343 participants in the study had hypertension. Among the individuals with
hypertension, 29% had blood pressure on therapeutic objective and, of the
total population, 36% had blood pressure under control [30]. Poor control
of hypertension was reported to be one of the main factors related to stroke
mortality rates after controlling for age, gender, obesity, diabetes, and urban
setting [30].

Hypertension awareness, treatment and control in people who have
hypertension

Category NHANES I NHANES Il
(phase1) (phase2)
1976- 1988- 1991- 1999- 2001- 2003- 2005-
1980 1991 1994 2000 2002 2004 2006
Aware (%) 51.0 73.0 68.4 68.7 70.7 75.7 78.0
Treated (%) 31.0 55.0 53.6 58.2 60.1 65.1 68.0
Controlled* (%) 10.0 29.0 27.6 29.2 32.5 36.8 43.5

Figure 1.4 Hypertension awareness, treatment and control in people who have hypertension.
*Controlled blood pressure = systolic blood pressure <140 mmHg and diastolic blood pressure
<90 mmHg. Data from Neutel [23], Ong et al. [24], and Ostchega et al. [25].
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Awareness of hypertension has improved greatly in the last 20 years in the
Czech Republic and the prevalence of this condition has markedly decreased
[31]. Control of hypertension has also improved significantly over this period;
however, control rates of only 18% were reported in 2000/2001 [31].

Over 50% of adults have uncontrolled hypertension in the Republic of
Georgia [32]. Similarly poor rates of control have been reported in the USA and
Canada: only around one-third [33] (37%) of individuals with hypertension in
the USA currently have their blood pressure adequately controlled, compared
with less than 15% of those in Canada [34,35].

Effect of blood pressure control on cardiovascular

and cerebrovascular risk

Many factors contribute to poor control of blood pressure; the most important
are shown in Figure 1.5 [26]. Poor control places the hypertensive patient at
significant risk for the development of cardiovascular disease. Indeed, the
recognition of hypertension as a disease process came from epidemiologi-
cal studies that showed that increased blood pressure was associated with an
increased incidence of cardiovascular events [36]. As a result, the primary goal
in the management of hypertension has always been to reduce the incidence of
cardiovascular events in hypertensive patients to the levels seen in normoten-
sive subjects [23,26,36]. Treatment of hypertension to produce effective blood
pressure control has been shown to dramatically reduce the incidence of stroke,
but reductions in the incidence of coronary artery disease have been very dis-
appointing [26,37-40]. For example, the incidence of coronary artery disease
is higher in treated hypertensive patients than in matched normal controls,
despite similar blood pressure levels [41].

Figure 1.6 shows the disparity between the effect of antihypertensive therapy
on cerebrovascular disease and that on coronary artery disease [42]. The reasons
for the poor results in coronary artery disease are probably numerous, but the
two primary reasons are:

Factors that contribute to poor blood pressure control
¢ Lackof patient compliance with antihypertensive treatment
Most important reason

¢ Reluctance of physicians to titrate antihypertensive medication
(usually for a good reason)

e Adequate blood pressure control with monotherapy is very difficult orimpossible to
achieve in the majority of patients

Figure 1.5 Factors that contribute to poor blood pressure control.
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Effect of antihypertensive therapy on cerebrovascular disease and coronary
artery disease

Cerebrovascular disease Coronary artery disease
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Figure 1.6 Effect of antihypertensive therapy on cerebrovascular disease and
coronary artery disease. Reproduced with permission from MacMahon SW, Cutler JA,
Furberg CD, Payne GH. The effects of drug treatment for hypertension on morbidity
and mortality from cardiovascular disease: a review of randomized controlled trials.
Progr Cardiovasc Dis 1986; 29(3 Suppl 1):99-118.

1. Hypertension is a complex inherited syndrome of cardiovascular risk
factors, all of which are genetically linked and all of which contribute to
the development of cardiovascular disease (Figure 1.7) [43,44]:

o factors other than blood pressure are associated with the development
of coronary artery disease in patients with hypertension [45]

e in many patients, hypertension is a late manifestation of the disease
process

o all components of the hypertension syndrome must be considered in the
treatment of this condition to impact on the incidence of cardiovascular
disease in hypertensive patients [46,47].

2. The majority of hypertensive patients are inadequately controlled:

« inadequately controlled hypertensive patients, even if they are on anti-
hypertensive medication, are at significant risk for coronary artery disease.

Summary

Rates of control of hypertension remain alarmingly low worldwide despite the
extensive evidence for decreased rates of cardiovascular, cerebrovascular, and
renal events in response to lowering of blood pressure to recommended targets
[48,49]. Furthermore, suboptimal rates of control continue even with advances
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Hypertension
syndrome

Figure 1.7 Factors that contribute to metabolic hypertension syndrome. LVH, left
ventricular hypertrophy.

in the treatment of hypertension [33]. Although administration of antihyperten-
sive therapy has been shown to extend and enhance life, hypertension remains
inadequately managed everywhere [15]. Evidently, hypertension is an important
public health challenge worldwide [1]. Measures that improve the awareness, pre-
vention, detection, treatment, and control of hypertension are urgently required.
Although patient-related factors clearly contribute to poor control of hyperten-
sion, physician-related factors, including ‘passive’ therapeutic inertia [48], and
suboptimal adherence to treatment guidelines [50] have been suggested to be at
least as responsible. Intensive blood pressure control is a desirable and obtainable
goal in patients with hypertension [51]. Hypertension control can be improved
in all patient groups, even in healthcare systems with limited resources [32]. This
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book assesses the use of combination therapy in the treatment of hypertension in

the quest to improve rates of control of hypertension.
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Chapter 2

Historical review of combination therapy

Multifactorial approach to the treatment of hypertension
Hypertension is a multi-etiological disease for which a multifactorial treat-
ment approach has been advocated [1]. The multifactorial approach comprises
lifestyle modification and/or administration of antihypertensive medications
(Figure 2.1).

The main modifiable causes of hypertension are shown in Figure 2.2.
Lifestyle modification to address some, or all, of these factors will definitely
reduce blood pressure in hypertensive patients; however, it is possible to rely
on this type of treatment too long. Non-pharmacological treatment is the first
step in the management of all hypertensive patients, but it may be applied for
anything from a few weeks to several years. During this time, cardiovascular
damage may occur, leading to an increased risk of cardiovascular disease. Such

Multifactorial approach to the treatment of hypertension

o Lifestyle modification is recommended for all hypertensive individuals [2]
— forindividuals with pre-hypertension it may prevent progression to hypertension

- changes to as many main modifiable causes (see Figure 2.2) as possible advocated for all
individuals with hypertension, whether or not taking antihypertensive medication

o Antihypertensive medication(s)

- blood pressure control rates are poor in hypertensive patients who have been prescribed
antihypertensive medication

- achieving target blood pressure depends on both efficacy of antihypertensive treatment
and patient compliance [3]

— many patients who have been prescribed antihypertensive drug therapy do not adhere to
their treatment regimen, or discontinue use within 1 year

— there are several potential causes of non-adherence to antihypertensive therapy
(see Figure 3.11)

Figure 2.1 Multifactorial approach to the treatment of hypertension.

J. M. Neutel, Combination Therapy in Hypertension, 13
DOI: 10.1007/978-1-908517-28-9_2, © Springer Healthcare 2011
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The main modifiable causes of hypertension
* Diet
— ideally, should be low in saturated fat, cholesterol, and total fat
- should berich in potassium, magnesium, calcium, protein, and fiber

— increased consumption of fruit, vegetables, low-fat dairy products, whole grains, fish,
poultry, and nuts is advocated

e High saltintake
— sodium reduction recommended for patients with high salt content in their diet
e Lackofexercise
— increasing aerobic exercise to 30—-45 minutes per day is recommended
e Overweight/obesity
— assessing overall target weight and setting incremental weight loss targets may help
patient focus on steady weight loss
® Excessive alcoholintake
— limitation of alcohol intake recommended; patients may require continuous support to
ensure success
* Smoking

— smoking cessation advised; continuous monitoring and support may be required to
ensure long-term success

Figure 2.2 The main modifiable causes of hypertension.

damage might have been prevented with earlier administration of pharmaco-
logical therapy.

Non-pharmacological treatment is considered by physicians to fail in the
majority of patients because they are not compliant. Therefore, a better approach
for the physician could be to prescribe antihypertensive medication from the
time of initial diagnosis while also actively advocating a range of lifestyle modi-
fications. Pharmacological treatment of hypertension represents a cost-effective
way for preventing cardiovascular and renal complications [4].

Popularization of the stepped-care approach

The stepped-care approach to the management of hypertension compris-
es titration of initial monotherapy with antihypertensive drug, followed by
addition of other antihypertensive medications with complementary modes
of action, as necessary, to achieve blood pressure control (Figure 2.3). The
concept of stepped care in the treatment of hypertension was devised in the
1960s when it became apparent that many hypertensive patients were not
treated systematically to normotensive blood pressure levels [5]. The first Joint
National Committee Report on Detection, Evaluation and Treatment of High
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Stepped-care approach to the management of hypertension
1. Monotherapy is initiated with a low dose of antihypertensive drug

2. Dose of antihypertensive drug is increased in an attempt to achieve blood pressure control

3. Antihypertensive drug is substituted or new antihypertensive(s) added until blood pressure
controlis achieved

Figure 2.3 Stepped-care approach to the management of hypertension.

Blood Pressure published the stepped-care approach in 1977 [6], and this com-
mittee has advocated it for the management of hypertension ever since. The
principle of the stepped-care approach is to treat people with a chronic illness
with as few drugs as possible at the lowest doses possible. It has been described
as a simple approach that enables individualization [5], and has been the pre-
ferred strategy for managing hypertension [7-9]. An algorithm for stepped-care
treatment of hypertension is shown in Figure 2.4 [10].

Monotherapy is inadequate for blood pressure control in the majority of
hypertensive patients [2,7]. Hypertension is a complex, multifactorial disease
(see Chapter 1); therefore, the interruption of a single physiological pathway
is often insufficient to normalize blood pressure in hypertensive patients. The
percentage of hypertensive patients who achieve meaningful blood pressure
control (responders) ranges from 30% to 60% with any class of drug given as
monotherapy (Figure 2.5). The remaining patients will require a combination
of at least two (and perhaps as many as four) antihypertensive drugs to achieve
blood pressure control.

One of the factors that contribute to poor blood pressure control
is the reluctance of physicians to titrate antihypertensive medication (see
Figure 2.5). Physicians may accept slightly elevated blood pressures
(i.e. inadequate blood pressure control) in treated hypertensive patients
rather than titrating medication, changing drugs or adding another drug.
This reluctance by physicians to change the treatment regimens may be
explained by concerns about increased incidence of adverse events and adverse
metabolic consequences with increased dose, higher cost, and patient resist-
ance to polypharmacy and/or higher doses of medication. Also, physicians may
be reluctant to add a second antihypertensive drug to the treatment regimen
because there are few data available on the efficacy of the second drug in terms
ofblood pressure lowering, the prevention of hard outcomes, and the incidence
of cardiovascular disease [11]. Choosing which second drug to add to initial
therapy is, therefore, largely empirical and is not based on the best standards
of evidence-based medicine [11]. As blood pressure control with monotherapy
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Estimated efficacy of monotherapy in the treatment of hypertension

Drug Responders (%)
Thiazides 50-55
B Blockers 45-50
Angiotension-converting enzyme inhibitors 50-60
Calcium channel blockers 40-60
a Blockers (prazosin) 35-40
Central agonists 30-35

Figure 2.5 Estimated efficacy of monotherapy in the treatment of hypertension.
Reproduced with permission from Neutel JM. The use of combination drug therapy
in the treatment of hypertension. Prog Cardiovasc Nurs 2002; 17(2):81-8. Data
derived from Chobanian AV. Effects of beta blockers and other antihypertensive
drugs on cardiovascular risk. Am ) Cardiol 1987; 59(13):48-52F.

is very difficult or impossible to achieve in the majority of patients, and as
physicians often will not titrate for inadequately controlled blood pressure,
the stepped-care approach may result in a significant number of hypertensive
patients being inadequately controlled. Indeed, current control rates for hyper-
tension indicate that this approach is insufficiently effective in the management
of hypertension [12].

The rationale for the stepped-care approach in the treatment of hypertension
has been based mainly on the assumptions that monotherapy is more convenient
than combination therapy, is associated with fewer side effects, enables easier
identification of the drug causing an adverse event if one occurs, and is less
expensive. These assumptions are incorrect [7] (see Chapter 3).

Fixed-dose combination therapy

Although monotherapy is often the preferred choice for initiating treatment
of hypertension, this approach is only modestly effective in many patients
and target blood pressure goals are often not reached [13]. There is increasing
awareness that the elusive goal of a ‘normal” blood pressure is achieved only
if multiple drug therapy is used [14]. Most hypertensive patients require the
co-administration of two or more drugs from different therapeutic classes to
achieve a blood pressure of less than 140/90 mmHg [15].

There are two options for multiple drug therapy in the treatment of hyperten-
sion: one option, the stepped-care approach, is to add drugs sequentially until
an effective multiple drug regimen is achieved (see above); the other option is
fixed-dose combination therapy. Fixed-dose combination drugs combine two
agents at each of the highest recommended doses into one tablet for convenience.
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Systolic blood pressure response to HCTZ-angiotensin Il receptor blocker
compared with uptitration of angiotensin Il receptor blocker alone
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Figure 2.6 Systolic blood pressure resp to HCTZ-angiotensin Il receptor blocker
compared with uptitration of angiotensin Il receptor blocker alone. ARB, angiotensin
Il receptor blocker; HCTZ, hydrochlorothiazide; SBP, systolic blood pressure.
Reproduced with permission from Neutel JM. The role of combination therapy in the
management of hypertension. Nephrol Dial Transplant 2006; 21(6):1469-74.

These are clearly distinguishable from low-dose combination drugs, which use
low doses of each component drug to provide additive hypotensive effects with
relatively few side effects. High-dose fixed combinations have become more
popular with the introduction of well-tolerated drugs that have complimentary
side effect profiles such as high dose angiotensin II receptor blocker (ARB) with
hydrochlorothiazide (HCTZ) - HCTZ is potassium losing, ARBs are potassium
sparing, and the net result is no change in potassium.

The concept of fixed-dose combination therapy was developed in the 1950s
[14] and this treatment approach has been used since the 1960s [16]. The
rationale behind fixed-dose combination therapy has remained constant since
this approach was developed [14,17-21]:

o Two drugs, each typically working at a separate site, block different effector
pathways; therefore, blood pressure-lowering effect may be enhanced when
two drug classes are co-administered.

e One of the drugs may counteract counter-regulatory mechanisms that are
triggered by the other drug, thereby potentially improving efficacy.

e Combination therapy is often associated with fewer adverse effects
than high-dose monotherapy, which may lead to improved patient
compliance.
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e One component of a fixed-dose combination therapy may effectively
neutralize some of the adverse effects of the other component.

o Simplicity of administration of fixed-dose combination therapy may improve
compliance; thereby, preventing treatment failures that might result from
missed doses.

Fixed-dose combination antihypertensive therapy has been available for almost a
half-century. During that time, considerable progress has been made in the devel-
opment of physiologically appropriate combinations [22]. Fixed-dose combination
therapy has a proven record of reducing blood pressure. Many physicians have
used fixed-dose combination therapy even when academic approval and enthu-
siasm for this therapeutic approach were lacking [14]. Fixed-dose combinations
are becoming increasingly popular as physicians realize that bringing patients to
blood pressure goal quickly is likely to improve clinical outcomes.

The inadequate control of systolic blood pressure is well known to be the
major factor contributing to poor rates of blood pressure control. Systolic
hypertension is volume dependent and, therefore, very responsive to diuretics.
However, high doses of diuretics are associated with adverse events and metabolic
adverse effects; therefore, the maximal dose of the diuretic, HCTZ, that should
be administered to a hypertensive patient is generally agreed to be 12.5mg.
Nevertheless, many new combination drugs contain HCTZ at a 25 mg dose.
The reasons for this are exemplified in Figure 2.6. This shows that uptitration
of an ARB from a low dose to a high dose causes only a slight further reduc-
tion in systolic blood pressure, i.e. this drug has a flat dose-response curve. In
contrast, the addition of HCTZ 12.5 mg to the high-dose ARB causes a very
impressive further reduction in systolic blood pressure [23]. The addition of a
further 12.5 mg HCTZ (total 25 mg HCTZ) may be expected to result in a flat
dose-response curve; however, the additional 12.5 mg HCTZ causes a further
decrease that is similar to that with the initial 12.5 mg [24]. This further decrease
in systolic blood pressure is not unexpected, given that systolic hypertension is
volume dependent and, therefore, very responsive to diuretics. The adverse event
profile with high-dose fixed ARB and HCTZ combination therapy is similar
to that with high-dose HCTZ monotherapy [25]. The complementary nature
of these agents enables greater reductions in systolic blood pressure without
substantially impacting the adverse event profile.

Simplification of the antihypertensive drug regimen is critical for the
effective management of hypertension. Addition of antihypertensive drugs
to a treatment regimen has been shown to significantly decrease compliance
with treatment, even if the drugs are given once daily [25]. However, use of a
fixed-dose combination therapy simplifies the dosing regimen and is associated
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with improved compliance rates compared with monotherapy. Blood pressure
control is achieved more rapidly with combination therapy compared with
monotherapy (even at high doses), and this improves patient compliance and
decreases the incidence of cardiovascular disease.

Low-dose combination therapy

The aim of low-dose combination therapy is to achieve blood pressure control
with small doses of each agent, thereby eliciting fewer dose-dependent adverse
effects than would be seen with higher doses of either agent as monotherapy.
The concept of low-dose combination therapy arose mainly from experience
with diuretics, which are useful in combination with other classes of antihy-
pertensive drugs because they reduce the fluid retention often associated with
vasodilators. Thiazide diuretics were initially prescribed, and were very effective,
in high doses (at least 100 mg), but they were associated with many metabolic
side effects and other adverse events. Lower doses of diuretics were shown still
to provide blood pressure control, but with an improved adverse metabolic
effect profile and adverse event profile. Most adverse effects with diuretics
were, therefore, shown to be dose dependent. Diuretics are increasingly being
prescribed in low-dose combination therapies to provide blood pressure control
with minimal side effects.

As physicians recognize that most patients with hypertension require
combination therapy to achieve blood pressure goals, fixed-dose preparations
are becoming increasingly popular in clinical practice [26,27]. The inclusion
of fixed-dose preparations, preferably fixed low-dose combinations, as a first-
line option for the treatment of hypertension in hypertension guidelines in
the USA and Europe has also widened their acceptance and increased their
popularity [20]. Greater use of combination therapy has been associated with
an increase in control rates.
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Chapter 3

Advantages of combination therapy
compared with monotherapy

Properties of the ideal antihypertensive agent are given in Figure 3.1. These
properties are difficult to achieve with monotherapy; therefore, low doses of
complementary drugs have been combined in an attempt to create a treatment
for hypertension that is closer to the ideal. Administration of two complemen-
tary antihypertensive drugs in combination is always associated with greater
efficacy than uptitration of an individual antihypertensive agent and provides
an improved adverse event profile compared with monotherapy.

This chapter details the advantages of combination therapy compared with
monotherapy.

Efficacy

Administration of a combination of two complementary antihyperten-
sive drugs in low doses is well known to cause an additive reduction in both
systolic and diastolic blood pressure. For example, the mean decrease in
diastolic blood pressure with low-dose amlodipine-benazepril combination

Properties of the ideal antihypertensive agent

e Effectivein reduction of blood pressure

e Effective over 24 hours with once-a-day dosing

e Highresponse rate; works wellin all subgroups of hypertensive patients
* No/reduced side effects

* No/reduced negative metabolic side effects

e End-organ protection beyond blood pressure control

e Affordable (reduces the cost of treating the patient)

Figure 3.1 Properties of the ideal antihypertensive agent.

J. M. Neutel, Combination Therapy in Hypertension, 23
DOI: 10.1007/978-1-908517-28-9_3, © Springer Healthcare 2011
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Mean decreases in diastolic blood pressure with low-dose amlodipine,
benazepril, and amlodipine—benazepril combination therapy

Treatment Mean decrease in diastolic blood Response
pressure (mmHg)* rate (% patients)
Placebo - 15.8
Amlodipine 5 mg 8.6 67.5
Benazepril 20 mg 7.0 53.3
Amlodipine 5 mg-benazepril 20 mg 13.9 87.0

*Placebo subtracted

Figure 3.2 Mean decreases in diastolic blood pressure with low-dose amlodipine, benazepril,
and amlodipine-benazepril combination therapy. Reproduced with permission from

Neutel JM. The use of combination drug therapy in the treatment of hypertension.

Prog Cardiovasc Nurs 2002; 17(2):81-8. Data from Clin Ther 1996; 1B:6-12.

therapy (13.9 mmHg) is greater than that with either amlodipine alone (8.6 mmHg)
or benazepril alone (7.0 mmHg) (Figure 3.2).

Aswell as being greater than that of each of the components alone, the reduc-
tion in blood pressure with two low-dose complementary antihypertensive drugs
is usually greater than with significantly higher doses of each of the components
alone. Figure 3.3 shows that alow dose of hydrochlorothiazide (HCTZ; 6.25 mg)

Decreases in diastolic blood pressure with hydrochlorothiazide, bisoprolol
and hydrochlorothiazide-bisoprolol combination therapy
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Figure 3.3 Decreases in diastolic blood pressure with hydrochlorothiazide,
bisoprolol and hydrochlorothiazide-bisoprolol combination therapy. Reproduced
with permission from NeutelJM. The role of combination therapy in the management
of hypertension. Nephrol Dial Transplant 2006; 21(6):1469-74.
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used in combination with a low dose of bisoprolol (10 mg) is more efficacious in
reducing diastolic blood pressure from baseline than high-dose HCTZ mono-
therapy (25 mg) or high-dose bisoprolol monotherapy (40 mg) [1,2]. Similarly,
Figure 3.4 shows that addition of alow dose of HCTZ (12.5 mg) to a low dose of
angiotensin I receptor blocker (ARB) causes a greater decrease in systolic blood
pressure than uptitrating the dose of ARB monotherapy [1,3,4].

These results indicate that the efficacy achieved with complementary anti-
hypertensive drugs in combination may be as much as threefold greater than
that achieved with uptitration of monotherapy. As hypertension is a multisys-
tem disease (see Chapter 1), it follows that the interruption of more than one
system with a combination of complementary drugs is more likely to reduce
blood pressure than aggressive blockade of only one system. Low-dose com-
bination therapy provides novel coverage of two or more metabolic pathways
that contribute to hypertension.

The response rate to any single class of drug given as monotherapy ranges
from 30% to 60% (see Figure 2.5); however, this rate increases to 75-95% using
a combination of two complementary antihypertensive drugs. In contrast to
monotherapy, low-dose combination therapy enables blood pressure control to

Decreases in systolic blood pressure with combination therapy compared
with uptitration of monotherapy
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Figure 3.4 Decreases in systolic blood pressure with combination therapy compared with uptitration
of monotherapy. HCTZ, hydrochlorothiazide; O, olmesartan; SBP, systolic blood pressure;

T, telmisartan; V, valsartan. Reproduced with permission from Neutel JM. The role of combination
therapy in the management of hypertension. Nephrol Dial Transplant 2006; 21(6):1469-74.
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be achieved in all subgroups of hypertensive patients (hence there is a higher
response rate with combination therapy) (see Chapter 4).

Safety

The adverse effect profile with monotherapy for the treatment of hyperten-
sion is generally assumed to be better than that with combination therapy;
however, this is not the case. Monotherapy is frequently associated with
more side effects than low-dose combination therapy. Only around half
of patients who receive monotherapy will achieve blood pressure control.
Of these responding patients, around 60-70% will require the highest recom-
mended dose of monotherapy to achieve blood pressure control.

Most of the adverse events associated with antihypertensive treatment are
dose dependent (except for angiotensin-converting enzyme [ACE] inhibitor-
induced cough), which means that patients who are receiving high doses of
monotherapy are more likely to experience drug-related side effects than
patients treated and controlled on low-dose combination therapy. The lower risk
of adverse effects with low-dose combination therapy supports the increased
interest in a more combined approach to the treatment of hypertension. For
example, although B blockers and diuretics have many dose-dependent side
effects that can be limiting at high doses, a low-dose combination of therapy
with bisoprolol (B blocker) and HCTZ (diuretic) has been shown to cause very
impressive reductions in blood pressure and to be associated with placebo-like
tolerability (Figure 3.5) [2].

The adverse event profile of some drug combinations may be more favorable
than the profiles of either of the component drugs used as monotherapy at the
same dose [5]. An example is given for the combination of an ACE inhibitor
and a calcium channel blocker. Dihydropyridine calcium channel blocking
drugs (e.g. amlodipine and nifedipine) are associated with peripheral edema
because of their very powerful vasodilatory effect. This vasodilatation occurs
predominantly in the arterial system, with very little effect in the venous system,
and results in increased capillary perfusion pressure (hydrostatic pressure), the
development of capillary leak syndrome and resultant peripheral edema. In
contrast, ACE inhibitors cause vasodilatation in both the arterial and venous
systems. Therefore, adding an ACE inhibitor to a calcium channel blocker
results in venous vasodilatation, which reduces the pressure in the capillary bed,
thereby reducing the potential for peripheral edema. A simple diagram to show
the pathogenesis of vasodilatory edema is given in Figure 3.6. The combination
therapy results in less edema than similar doses of the calcium channel blocker
given as monotherapy, despite greater reduction in blood pressure [5].
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Placebo-like adverse event profile with low-dose combination therapy

Placebo Bisoprolol 2.5 mg—
(n=144) “‘(:::21;’1';‘5
BP reduction (mmHg) 2.9/3.9 15.8/12.6
Adverse event (%)
Bradycardia 0.7 0.9
Peripheralischemia 0.9 0.4
Bronchospasm 0.0 0.0
Cough 0.7 3.0
Dizziness 1.8 3.2
Headache 2.7 0.4
Insomnia 2.0 1.2
Somnolence 0.7 0.9
Loss of libido 1.2 0.4
Impotence 0.7 1.1

Figure 3.5 Placebo-like adverse event profile with low-dose combination therapy.
BP, blood pressure; HCTZ, hydrochlorothiazide. Reproduced with permission from
NeutelJM. The role of combination therapy in the management of hypertension.
Nephrol Dial Transplant 2006; 21(6):1469-74.

According to surveys of physicians, the efficacy and safety of antihypertensive
drugs are the most important qualities to consider when selecting initial drugs
for treatment of hypertension [1]. Increasing the dose of an antihypertensive
drug given as monotherapy is associated with increased efficacy, but also with
increased dose-dependent side effects, i.e. efficacy and safety are opposed. In
contrast, increasing the dose of combination therapy is associated with greater
efficacy, but not necessarily at the expense of safety, i.e. efficacy and safety are
aligned towards the ideal antihypertensive (Figure 3.7).

It has been suggested that a disadvantage of combination therapy, compared
with monotherapy, is that it in the presence of an adverse event it is more difficult
to identify the drug that is causing the problem. However, it is usually obvious
which antihypertensive agent is responsible for an adverse event, even when the
drug is used as part of a combination. For example, if a patient who is taking ACE
inhibitor monotherapy develops a chronic dry cough, the cough will be determined
to be in response to ACE inhibition. If a patient who is taking a combination of an
ACE inhibitor and a calcium channel blocker develops a chronic dry cough, it is
clear that this adverse effect is because of the ACE inhibitor. If a side effect develops
in a patient who was started on low-dose combination therapy, the combination
agent could be as easily discontinued as a monotherapeutic agent.
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Pathogenesis of vasodilatory edema

Hypertension

Arteriole

Capillary

ccB

| Capillary pressure — No edema

Figure 3.6 Pathogenesis of vasodilatory edema. ACEl, angiotensin-converting
enzyme inhibitor; CCB, calcium channelblocker.

Cost

The overall cost of treating hypertension is often assumed to equate simply to the
cost of the antihypertensive drug. This assumption is incorrect: several factors
contribute to the overall cost of treating hypertension (Figure 3.8). The overall
cost of treating hypertension, therefore, should be calculated as the cost of treating
the patient, not the cost of individual drugs [5]. For example, it may not always
be cost-effective to prescribe the cheapest available antihypertensive therapies.
Administration of a slightly more expensive antihypertensive agent that is well
tolerated by patients, rather than a cheaper less well-tolerated drug, may decrease
the overall cost of treating hypertension by reducing office visits and decreasing
the incidence of drug-related adverse events. That said, in high-risk patients who
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Advantages of combination therapy: alignment of efficacy and safety towards
the ideal antihypertensive
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Figure 3.7 Advantages of combination therapy: alignment of efficacy and safety
towards the ideal antihypertensive. Reproduced with permission from Neutel JM.
The role of combination therapy in the management of hypertension. Nephrol Dial
Transplant 2006; 21(6):1469-74.

attain large benefits from treatment, expensive drugs may be cost-effective, but in
low-risk patients, treatment may not be cost-effective unless the drugs are cheap [6].
Successful treatment of hypertension, i.e. achieving adequate blood pressure control
with minimal side effects, is associated with significant costs; however, uncontrolled
hypertension is also costly in terms of increased office visits (Figure 3.9).

‘Two-drug monotherapy, a regimen comprising two monotherapeutic
agents prescribed at the same time, is often the most expensive regimen for
treating hypertension because many office visits are required for drug titration,
and using two agents is obviously associated with two dispensing fees, two co-
payments, and the cost of two drugs. Each of the high-dose monotherapies that
it consists of sometimes requires two tablets or capsules of a particular drug per
dose, which doubles the cost of medication. In contrast, low-dose combination
therapy comprises use of a combination agent that is slightly more expensive
than each of the component drugs alone, but cheaper than if each drug was
used separately in a combination treatment regimen. Also, using one combi-
nation agent is associated with only one dispensing fee and one co-payment.
Thus, low-dose combination therapy is cheaper than two-drug monotherapy
(Figure 3.10) [8], and is often cheaper than high-dose monotherapy with either
component drug.
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o Cost of antihypertensive medication

Cost of office visits required for titration

Cost of office visits for assessment and treatment of adverse events

Cost of laboratory tests to assess adverse metabolic effects of antihypertensive medication

o Costassociated with the increased mortality and morbidity that result from poor patient
compliance and inadequate blood pressure control

Figure 3.8 Factors that contribute to the overall cost of treating hypertension.
Adapted with permission from Neutel JM. The use of combination drug therapy in the
treatment of hypertension. Prog Cardiovasc Nurs 2002; 17(2):81-8.

12 7 Diastolic Systolic
n=53 n=126

Mean no. of visits per year

Maximum blood pressure (mmHg)

Figure 3.9 Uncontrolled hypertension results in increased office visits. Data from [7].

Compliance

Poor compliance is the most important reason for inadequate blood pressure
control in hypertensive patients (see Figure 1.4) and may be the result of several
factors (Figure 3.11). As shown in Figure 3.11, the two most important factors
that influence patient compliance with antihypertensive treatment are real
and perceived drug-related adverse events (see earlier) and convenience of
the antihypertensive drug dosing schedule (Figure 3.12). The many low-dose
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Average annual cost of care: fixed-dose combination therapy compared with
two-drug monotherapy
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Figure 3.10 Average annual cost of care: fixed-dose combination therapy compared
with two-drug monotherapy. Data from [8].

combination antihypertensive therapies that are available are in single tablet or
capsule form, and are taken once daily, which makes combination therapy as
convenient to the patient as monotherapy [5,9]. Furthermore, blood pressure
has a circadian pattern with a rapid morning surge that is associated with an
increased risk of myocardial infarction, unstable angina, stroke, and sudden
cardiac death. Therefore, greater cardiovascular benefits may be attainable
if antihypertensive drugs administered once daily maintain blood pressure
control throughout the 24-hour dosing period, including the high-risk early
morning hours.

Animportant advantage of low-dose combination therapy is that antihyper-
tensive agents can be incorporated into the combination agent at doses much
lower than could be obtained with commercially available monotherapeutic
agents. To achieve very low doses with monotherapeutic agents would require
accurate drug splitting: most patients, particularly the elderly, would not be
able to manage this, and compliance would be affected.

Patients with hypertension are generally resistant to polypharmacy [9]. The
prescription of multiple drugs makes them feel as if they have a more severe
illness than they realized, and the complicated multiple-drug-dosing regimen
may be confusing for them and affect their compliance with treatment. The
use of combination therapy decreases polypharmacy, which results in improved

compliance.
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Factors that may influence patient compliance with antihypertensive
treatment

Two most important factors

o Antihypertensive drug-related adverse events (real and perceived)

by far the most important cause of poor patient compliance

patients may report adverse event to physician, but may respond to adverse event by not

taking medication or by taking it irregularly

nearly all side effects are dose dependent: administering lower doses often alleviates

side effects

3

the importance of side effects in the management of hypertensive patients is often
underestimated
¢ Convenience of the antihypertensive drug dosing schedule
® patients are more compliant with once-daily than with twice-daily dosing
(see Figure 3.12)
o drug-splitting is likely to have a negative impact on compliance
e patients are generally resistant to polypharmacy
o the greater the number of changes made to treatment in an attempt to achieve blood
pressure control, the poorer the compliance
Other factors
e Patient’s inadequate knowledge/incomplete understanding of disease/treatment
o Little input/interest from the patient with regard to treatment program
e Denial of illness
e Lack of symptoms
¢ Impact on quality of life
e Failure of physicians to be aggressive enough in achieving adequate blood pressure control
e Cultural or socioeconomic factors
¢ Cost of drugs and other costs associated with management of hypertension

(see Figure 3.8)

Figure 3.11 Factors that may influence patient compliance with antihypertensive
treatment. BP, blood pressure; HCTZ, hydrochlorothiazide.

Effectiveness of antihypertensive treatment depends not only on the drugs
avoiding or minimizing symptomatic side effects but also on them having a
positive effect on quality of life [10]. Controlling blood pressure appears to be
an important element in improving subjective health perceptions of hypertensive
patients [10]. Any real or perceived negative effects of antihypertensive therapy
on sexual function and other aspects of quality of life may impact on compli-
ance with treatment. In this respect, it is worth noting that combination therapy
(bisoprolol-HCTZ) has been reported to be no more likely to be associated with
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Compliance in the treatment of hypertension
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Figure 3.12 Compliance in the treatment of hypertension.

sexual dysfunction than placebo or monotherapy (HCTZ, bisoprolol, enalapril,
or amlodipine) in hypertensive patients [11].

Improving patient compliance is a major goal in the management of hyper-
tension [12]. To achieve this goal, several issues need to be addressed, including
safety, convenience, patient preference [13], and the level of patient involve-
ment in their treatment. Convincing patients of the efficacy of antihypertensive
therapy as early as possible during treatment is also likely to improve patient
compliance.

Metabolic effects

Diuretics and  blockers, when administered at high doses, negatively impact
on lipid metabolism and insulin sensitivity, whereas ACE inhibitors and calcium
antagonists tend to have little effect on these metabolic risk factors [14]. Metabolic
side effects of antihypertensive drugs may increase the risk of coronary artery
disease despite an adequate reduction in blood pressure [15]. The metabolic
side effects associated with antihypertensive therapy tend to be dose depend-
ent; for example, the hypokalemia and hyperglycemia associated with thiazide
diuretics, and the reduction in high-density lipoprotein-cholesterol with some
B blockers, are dose dependent [5]. The use of combination therapies with
low doses of antihypertensive agents minimizes the risk of metabolic adverse
effects while significantly reducing blood pressure. For example, a study in
non-obese, normolipidemic, glucose-tolerant, hypertensive patients showed
that normalization of blood pressure by means of a daily combination therapy
(verapamil 180 mg-trandolapril 2 mg or atenolol 50 mg-nifedipine 20 mg) is
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feasible at no cost in terms of undesired effects on glucose and lipid metabolism
and insulin sensitivity [16]. Combination of the diuretic HCTZ with an ACE
inhibitor (captopril) has been reported to have a better metabolic profile for the

treatment of essential hypertension than does a combination of HCTZ with a

B blocker (sotalol); however, the ACE inhibitor component did not completely
counteract the metabolic effects of the diuretic [14]. Although diuretics and

B blockers at high doses are associated with adverse metabolic effects, smaller

doses of these agents may have a slightly beneficial effect on glucose and lipid

metabolism [17].
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Chapter 4

Use of combination therapy in special
populations

Many different physiological factors contribute to the development of hyper-
tension. The relative contribution of these factors varies between different
population subgroups. As a result, the responsiveness of the subgroups to
antihypertensive medications also varies. However, the results of clinical
studies indicate that administration of low-dose combination therapy enables
adequate blood pressure control to be achieved in all subgroups of hypertensive
patients, including the elderly, African-Americans, Caucasians, and patients
with diabetes or metabolic syndrome. Such an effect is not seen with mono-
therapy. Proven efficacy with low-dose combination therapy across a broad
range of patient groups simplifies the treatment of hypertension: selection of
combination therapy should enable physicians to achieve blood pressure control
in most of their patients. Furthermore, achieving blood pressure control early
in the course of treating hypertension is likely to motivate patients to remain
compliant with their antihypertensive medication.

The elderly

Hypertension is a major risk factor for stroke and coronary events in elderly

individuals. Treatment of hypertension in the elderly is associated with decreased

rates of total mortality, cardiovascular mortality, and stroke; however, control

of blood pressure in the elderly is poor [1]. Management of hypertension in

elderly patients is complicated by several age-related factors, including physi-

ological changes, co-morbid conditions, functional or cognitive impairments,

and polypharmacy issues [2]:

o elderly patients with hypertension are more likely than younger patients

with this condition to have developed organ damage related to hypertension
or to have heart failure;
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o high blood pressure raises the risks of vascular dementia and cognitive
dysfunction in older adults [3];
o the elderly are often receiving multiple medications, which increases the
risk for adverse drug interactions; and
o the elderly may be more likely to struggle to maintain compliance with
complicated and/or additional drug regimens.
Furthermore, it has been suggested that physicians are generally less aggressive
in controlling blood pressure in elderly than in younger patients [4].
Combination therapy is indicated for the majority of elderly patients with
hypertension. For example, combination therapy with a calcium channel
blocker and an angiotensin-converting enzyme (ACE) inhibitor (two classes
of metabolically neutral agents) may effectively preserve cognitive function, as
well as reducing blood pressure, with good tolerability [1]. The low-dose com-
bination of the ACE inhibitor perindopril (2 mg) and the diuretic indapamide
(0.625 mg) has been shown to result in sustained blood pressure control when
used as first-line treatment of elderly hypertensive patients (aged 65-85 years)
over 1 year, and to be well tolerated [5]. The good tolerability and simplified
regimen associated with low-dose combination therapy may greatly improve
compliance and control rates in elderly patients with hypertension.

African—Americans
Prevalence data for different racial or ethnic groups in the USA indicate that a
disproportionate number of African-Americans have hypertension compared
with non-Hispanic whites and Mexican-Americans [6,7]. African—Americans
develop hypertension at an earlier age than Caucasians, their average blood
pressures are much higher and they experience more severe disease, possibly
as a result of the higher prevalence of concomitant cardiovascular risk factors
in this population [7,8]. The earlier onset and greater severity of hypertension
in African-Americans contribute to a greater burden of hypertensive target
organ damage in this population (for example, they are at increased risk for left
ventricular hypertrophy, heart failure, and end-stage renal disease compared with
white individuals with hypertension [7,9]) and may be factors in the shorter life
expectancy of this population compared with white Americans [6].
Cardiovascular mortality in African-Americans with hypertension is
three- to five-times higher than in Caucasians with hypertension, and African-
American hypertensives tend to progress more frequently to end-stage renal
disease and stroke [10]. The results of a study of the level of medical care
provided to African-American and Caucasian patients with hypertension do
not explain disparities in hypertension-related outcomes between these patient
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populations [11]. The increased prevalence of hypertension and excessive
target organ damage among African-Americans is because of a combination
of genetic and, most likely, environmental factors. There is a clear need for
improved management of hypertension in African-Americans via therapeutic
lifestyle interventions and pharmacotherapy [6].

Monotherapy with diuretics or calcium channel blockers is relatively more
effective at lowering blood pressure in African-Americans than are ACE inhibi-
tors, angiotensin II receptor blockers (ARBs), and p blockers. Indeed, African-
American patients are less responsive to monotherapy with ACE inhibitors, ARBs
and f blockers for hypertension than are Caucasian patients. Administration
of each of these drugs in a two-drug combination with the diuretic, hydrochlo-
rothiazide (HCTZ), however, produces similar efficacy in African-American
and Caucasian patients [12,13]. For example, telmisartan 80 mg combined with
HCTZ 12.5 mg is effective and well tolerated in African- American patients with
mild-to-moderate hypertension, providing greater antihypertensive activity
than do the corresponding monotherapies (Figure 4.1) [12].

As the cardioprotective effects of blockade of the renin-angiotensin system
are largely independent of blood pressure, combination therapy provides vas-
cular protection for hypertensive African-American patients without efficacy
being compromised. More aggressive use of combination therapy may improve
clinical outcomes among high-risk, hypertensive African-Americans. According
to guidelines from the International Society of Hypertension on Blacks, many
African-Americans with hypertension will require combination therapy as first-
line therapy to enable them to reach appropriate blood pressure goals [8,14].

Patients with diabetes

The incidence of hypertension in patients with diabetes is approximately two-
fold higher than in age-matched subjects without the disease and, conversely,
individuals with hypertension are at increased risk of developing diabetes com-
pared with normotensive individuals [15]. Up to 75% of cases of cardiovascular
disease in patients with diabetes can be attributed to hypertension; therefore,
aggressive management of elevated blood pressure is required to reduce cardio-
vascular morbidity and mortality in these patients. Thiazide diuretics, p blockers,
ACE inhibitors, ARBs, and calcium channel blockers are indicated for patients
with hypertension and type 2 diabetes to reduce cardiovascular and renal risk;
however, most of these patients will need at least two antihypertensive agents
to reach the recommended goal of less than 130/80 mmHg, and combination
therapy may be beneficial [16-18]. Antihypertensive drugs can significantly influ-
ence the probability that otherwise healthy individuals will develop metabolic
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Blood pressure response rates in African-Americans with hypertension
treated with telmisartan and HCTZ as monotherapy and in combination
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Figure 4.1 Blood pressure response rates in African-Americans with hypertension treated with
telmisartan and HCTZ as monotherapy and in combination. SBP response defined as >10 mmHg
reduction from baseline in supine SBP; DBP response defined as supine DBP <90 mmHg and/or
a>10mmHg reduction from baseline. DBP, diastolic blood pressure; HCTZ, hydrochlorothiazide;
SBP, systolic blood pressure; T, telmisartan. Reproduced with permission from McGill B, Reilly
PA. Combination treatment with telmisartan and hydrochlorothiazide in black patients with mild
to moderate hypertension. Clin Cardiol 2001; 24(1):66-72.

syndrome or type 2 diabetes [17]. Diuretics and p blockers have a prodiabetic
effect, whereas ACE inhibitors and ARBs may prevent diabetes more effectively
than the metabolically neutral calcium channel blockers [17].

Combination therapy with a calcium channel blocker (amlodipine) and an ACE
inhibitor (fosinopril) has been shown to provide blood pressure control in hyper-
tensive patients with diabetes who were not controlled with monotherapy [19].
Also, the combined use of a calcium channel blocker (diltiazem) and an ACE
inhibitor (captopril) in hypertensive patients with diabetic nephropathy has
been shown to cause greater blood pressure reduction and have a superior
renoprotective effect, with greater reductions in proteinuria, than either agent
alone [20]. The combination of low doses of ACE inhibitor and ARB has been
shown to have effects similar to those of high-dose ARB in retarding diabetic
nephropathy in hypertensive patients with type 2 diabetes [21].

The combination of an ARB with the diuretic HCTZ in the treatment of
hypertensive patients with type 2 diabetes has been assessed in several studies.
For example, olmesartan-HCTZ has been shown to be effective in reducing
blood pressure in elderly hypertensive diabetic patients [22]; and telmisartan—
HCTZ has been shown to provide significantly greater blood pressure lowering
than valsartan-HCTZ in high-risk, overweight/obese hypertensive patients with
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diabetes [23]. In a further study, initial combination therapy with losartan-HCTZ
has been shown to be more effective than ACE inhibitor (ramipril) monotherapy
in achieving blood pressure goals in hypertensive patients with diabetes, with
no significant differences in the incidence of adverse experiences [24].

The combined use of an ACE inhibitor (enalapril) with HCTZ in hyper-
tensive patients with type 1 or 2 diabetes has been shown to clearly reduce
diastolic blood pressure compared with ACE inhibitor monotherapy, and to
be well tolerated [25]. Combined therapy with enalapril-HCTZ has also been
shown to significantly reduce blood pressure and albuminuria in hypertensive
patients with type 2 diabetes and albuminuria [26]. Also, the addition of HCTZ
to fosinopril therapy has been shown to be associated with a metabolic profile
similar, or for certain parameters, superior, to that with fosinopril-indapamide
therapy in hypertensive patients with diabetes [21].

Patients with metabolic syndrome

Metabolic syndrome (also known as cardiometabolic syndrome or cardiovas-
cular dysmetabolic syndrome) is a cluster of cardiovascular risk factors that
identifies individuals at a relatively high, long-term risk for type 2 diabetes
and concomitant increased potential for cardiovascular morbidity and mortal-
ity [28,29]. The metabolic syndrome is characterized by obesity (particularly
central obesity), insulin resistance, impaired glucose tolerance, hypertension,
and dyslipidemia (hypertriglyceridemia and low levels of high-density lipopro-
tein [HDL]-cholesterol). The major risk factors leading to this syndrome are
physical inactivity and an atherogenic diet [30,31].

The worldwide prevalence of obesity, insulin resistance, diabetes, dys-
lipidemia, and hypertension is increasing, which leads to increasing rates of
cardiovascular morbidity and mortality. Almost 25% of the adult population
in Europe and the USA appear to have metabolic syndrome, with the condi-
tion more prevalent in men than in women in recent years [28]. Prevalence
of the syndrome is increasing, however, and the increase seems to be steeper
in women [28]. The goals of treatment of metabolic syndrome are to prevent
cardiovascular disease by altering the risk factors that are components of the
syndrome, and to apply lifestyle modifications, including caloric restriction
and exercise [28].

For patients with metabolic syndrome, pharmacological treatment is usually
necessary to improve blood pressure and lipid profiles, thereby decreasing the
risk of cardiovascular disease. Administration of antihypertensive agents as part
of a multi-drug approach may decrease the progression of pre-hypertension to
hypertension in these patients. Furthermore, blocking the renin-angiotensin
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system (with ACE inhibitors and ARBs) may prevent new-onset diabetes in
patients with metabolic syndrome [17,32,33]. Thus low-dose combination
therapy with an ACE inhibitor or ARB and a complementary antihypertensive
agent may provide significant benefits to patients with metabolic syndrome
in terms of blood pressure reduction and prevention of new-onset diabetes,
with minimal side effects. In this respect, significant improvement in blood
pressure and metabolic risk factors has been shown with the ARB, irbesartan,
in patients with metabolic syndrome; however, there was no evidence of a dif-
ference between irbesartan monotherapy and irbesartan-HCTZ combination
therapy with regard to the cardiovascular risk profile [34].

Patients with coronary artery disease

The prevention of coronary artery disease is one of the main goals of anti-
hypertensive therapy; however, patients who are diagnosed with hyper-
tension often present with associated coronary artery disease at the time
of diagnosis [35]. Coronary artery disease in hypertensive patients is
a complex and multifactorial process involving not only hemodynamic,
neurohormonal and metabolic factors, but also hypertension-induced myocar-
dial and vascular structural changes, which appear to contribute independently
to risk for coronary artery disease [35]. Despite clear guidelines and an array
of available antihypertensive medications, patients with hypertension and
coronary artery disease are often inadequately treated [36]. For these patients,
combination therapy with, for example, ACE inhibitors and calcium channel
blockers is a more effective strategy than monotherapy and most of them will
require it to achieve a target blood pressure of less than 120/80 mmHg [35,37].
They will usually also require a diuretic.
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Chapter 5

The evidence base for combination therapy

Many clinical studies have shown that treating elevated systolic blood pressure
results in a significant reduction in cardiovascular morbidity and mortal-
ity; however, multiple drug therapy is required in the majority of patients to
achieve the current goals for blood pressure control (see Chapter 1). The use of
combination therapy may result in greater decreases in systolic blood pressure,
a higher rate of control of blood pressure, and a better adverse event profile
than do component monotherapies at the same or higher doses. Studies such as
ALLHAT, ASCOT, LIFE and UK PDS demonstrated that combination therapy
is superior to monotherapy. The vast majority of outcome studies are of com-
bination therapy as it is unethical to leave patients inadequately treated. Only
two outcome studies, FACET and PROGRESS, were set up specifically to test
combination versus monotherapy, and in both of these combination therapy was
proved superior (see pp. 63-64 and 54-56, respectively). This section summarizes
a selection of studies that have been conducted to assess the efficacy and safety
of different combination therapies for the treatment of hypertension.

Studies assessing angiotensin Il receptor blockers alone
and in combination with diuretics

The clinical use of angiotensin II receptor blockers (ARBs) in drug combination
therapy is increasing because treatment guidelines now recommend that they
should be used not only as second-line therapy but also for treatment-naive
patients whose systolic/diastolic blood pressure is 20/10 mmHg above the target
[1,2]. Furthermore, continuation of initial treatment is reported to be higher
with ARBs than for any other class of antihypertensive drug [3]. The greater
therapeutic compliance with ARBs compared with other types of antihyper-
tensive drug is illustrated in Figure 5.1 [4]. This chapter describes a selection
of studies that have been conducted to assess the efficacy and safety of ARBs
alone and in combination with diuretics.

J. M. Neutel, Combination Therapy in Hypertension, 45
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Therapeutic compliance with different types of antihypertensive drug
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Figure 5.1 Therapeutic compliance with different types of antihypertensive drug.
ACEl, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blocker;
CCB, calcium channel blocker.

Open-label study assessing irbesartan-HCTZ fixed combinations in a
sequential treatment regimen (INCLUSIVE study)

The Irbesartan/Hydrochlorothiazide (HCTZ) Blood Pressure Reductions in
Diverse Patient Populations (INCLUSIVE) study assessed the efficacy and
safety of fixed combinations of irbesartan and HCTZ in a sequential treatment
regimen [5]. This was a multicenter, prospective, open-label, single-arm study
comprising 1005 patients aged at least 18 years, with uncontrolled systolic
blood pressure (140-159 mmHg; 130-159 mmHg for patients with type 2
diabetes mellitus) after at least 4 weeks of antihypertensive monotherapy.
Treatment was sequential, as follows: placebo (4-5 weeks); HCTZ 12.5 mg
(2 weeks); irbesartan 150 mg-HCTZ 12.5 mg (8 weeks); and irbesartan
300 mg-HCTZ 25 mg (8 weeks). The mean change in systolic blood pres-
sure from baseline (end of placebo phase) to the primary endpoint, week 18
(intent-to-treat population, n=736), was -21.5 mmHg (P <0.001), and the
mean change in diastolic blood pressure was -10.4 mmHg (P <0.001). The
mean week 18 systolic/diastolic blood pressure was 132.9/81.1 mmHg. Overall,
77% of patients achieved the systolic blood pressure goal (<140 mmHg; <130
mmHg for type 2 diabetes mellitus); 83% achieved the diastolic blood pressure
goal (<90 mmHg; <80 mmHg for type 2 diabetes mellitus); and 69% achieved
the dual systolic/diastolic blood pressure goal. Treatments were well tolerated.
In this study, more than three-quarters of patients whose hypertension was
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not controlled on monotherapy achieved systolic blood pressure goals with
irbesartan-HCTZ combination therapy [5].

Subgroup analysis of the data from the INCLUSIVE study was con-
ducted to assess the effects of irbesartan-HCTZ combination therapy in
patients with type 2 diabetes mellitus or metabolic syndrome [6]. In patients
with type 2 diabetes mellitus (n=227), the mean change in systolic blood
pressure from baseline to week 18 was -18.2 mmHg (P <0.001) and in
diastolic blood pressure was -8.7 mmHg (P <0.001). In patients with meta-
bolic syndrome (n=345), the corresponding results were -21.0 mmHg and
-10.4 mmHg, respectively (P <0.001). Overall, 56% of diabetic patients and 73%
of patients with metabolic syndrome achieved the systolic blood pressure goal
(see definition above) [6].

Data from the INCLUSIVE trial were further analyzed to assess the effects
of irbesartan-HCTZ combination therapy in different racial/ethnic subgroups
[7]. Overall, 515 Caucasians, 191 African-Americans and 119 Hispanics/Latinos
who completed the placebo phase were enrolled. The mean change in systolic
blood pressure from baseline to week 18 was -21.5 mmHg for Caucasians;
-20.7 mmHg for African-Americans and -22.9 mmHg for Hispanics/Latinos
(P <0.001 for each). Mean diastolic blood pressure changes were statistically
significant (P <0.001) and similar among racial/ethnic subgroups. By week 18,
70% of Caucasians, 66% of African-Americans, and 65% of Hispanics/Latinos
achieved the dual systolic/diastolic blood pressure goal (see definition above).

Double-blind study comparing irbesartan—HCTZ combination therapy
and irbesartan monotherapy in severe hypertension

A randomized, double-blind, actively controlled study was conducted to
compare the efficacy and safety of once-daily irbesartan-HCTZ combination
therapy with irbesartan monotherapy in patients with severe hypertension
[8]. Untreated patients and patients who were not controlled on mono-
therapy (seated diastolic blood pressure 2110 mmHg) received fixed-dose
irbesartan 150 mg-HCTZ 12.5 mg combination therapy for 7 weeks, force
titrated to irbesartan 300 mg-HCTZ 25 mg at week 1 (n=468), or irbe-
sartan 150 mg monotherapy, force titrated to 300 mg at week 1 (n=269).
The primary endpoint was seated diastolic blood pressure of less than
90 mmHg at week 5. The primary endpoint was achieved by significantly
more patients on combination therapy compared with on monotherapy
(47.2% compared with 33.2%; P=0.0005). Also, significantly more patients
achieved systolic/diastolic blood pressure of less than 140/90 mmHg at week 5
on combination therapy compared with on monotherapy (34.6% compared
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with 19.2%; P <0.0001). Greater and more rapid blood pressure reduction
was achieved with irbesartan-HCTZ combination therapy compared with
irbesartan monotherapy, without additional side effects [8].

Double-blind study comparing irbesartan—HCTZ combination therapy
and irbesartan monotherapy in moderate hypertension
A randomized, double-blind, parallel-group study was conducted to compare
the efficacy and safety of irbesartan-HCTZ combination therapy with irbesartan
and HCTZ monotherapy in patients with moderate hypertension (defined as
seated systolic blood pressure 160-179 mmHg when seated diastolic blood
pressure <110 mmHg; or seated diastolic blood pressure 100-109 mmHg when
seated systolic blood pressure <180 mmHg) [9].

Patients were randomized 3:1:1 to treatment with irbesartan 300 mg-HCTZ
25 mg combination therapy (n=328), irbesartan 300 mg monotherapy (n=106),
or HCTZ monotherapy 25 mg (n=104). Treatment was initiated at half dose,
force titrated to full dose after 2 weeks, and then full dose was administered for
a further 10 weeks. The primary efficacy variable was the mean reduction in
seated systolic blood pressure from baseline to week 8. The mean reduction in
seated systolic blood pressure from baseline to week 8 with irbesartan-HCTZ
combination therapy (27.1 mmHg) was significantly greater than with irbesartan
monotherapy (22.1 mmHg; P <0.05) or HCTZ monotherapy (15.7 mmHg;
P<0.0001), as was the mean reduction in seated diastolic blood pressure
(14.6 versus 11.6 and 7.3 mmHg, respectively, P <0.005 for both comparisons).
Irbesartan-HCTZ combination therapy was associated with the greatest rate of
decline and total degree of decline in seated systolic blood pressure, and HCTZ
with the least. Furthermore, a significantly greater percentage of patients reached
a treatment goal of seated systolic/diastolic blood pressure <140/90 mmHg by
week 8 on irbesartan-HCTZ combination therapy (53.4%) than on irbesartan
monotherapy (40.6%; P <0.05) or HCTZ monotherapy (20.2%; P <0.0001), and
this difference continued (55.8% compared with 34 and 25%, respectively, at
week 12; P <0.0001 for both comparisons).

In this study, rapid and sustained reductions in both systolic and diastolic
blood pressures were shown with irbesartan-HCTZ combination therapy in
patients with moderate hypertension, and the treatment was well tolerated.

Open-label extension study assessing telmisartan alone or with HCTZ
and/or other antihypertensives using a fixed-titration regimen

An open-label, multicenter, extension study was conducted to assess the efficacy
and tolerability of telmisartan 80 mg administered alone or with HCTZ and/or
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other antihypertensive agents over a maximal 1-year treatment period [10]. This
was an extension of a 6-week randomized study that compared telmisartan 80
mg with losartan 50 mg-HCTZ 12.5 mg combination therapy in patients with
mild-to-moderate hypertension.

Of the 690 patients who completed the 6-week study, 489 patients (70.9%)
continued in the extension study. A fixed-titration regimen was used: all patients
initially received telmisartan 80 mg, with the stepwise addition of HCTZ 12.5 mg,
HCTZ 25 mg, and/or other antihypertensives to attain diastolic blood pres-
sure control (<90 mmHg). At the final visit, diastolic blood pressure control
was achieved in 70.0% of patients who were maximally titrated to telmisartan
80 mg, 55.8% titrated to telmisartan 80 mg-HCTZ 12.5 mg, 54.7% titrated to
telmisartan 80 mg-HCTZ 25 mg, and 64.7% titrated to telmisartan 80 mg plus
another antihypertensive with or without HCTZ (12.5 or 25 mg). The reductions
in diastolic and systolic blood pressure observed in the preceding randomized
trial continued during extension treatment. Progressively greater blood pressure
reductions occurred with the sequential addition of HCTZ and other antihyper-
tensives. Adding HCTZ 12.5 mg to telmisartan 80 mg was particularly effective
in enhancing antihypertensive efficacy. All treatments were well tolerated.

This extension study showed that telmisartan 80 mg administered alone or
with HCTZ (12.5 or 25 mg) and/or other antihypertensives maintains a clini-
cally significant therapeutic effect over the long term in patients with mild-to-
moderate hypertension [10].

Community-based study assessing telmisartan—HCTZ combination
therapy and telmisartan monotherapy (MICCAT-2)

A large practice-based study was conducted to evaluate the effects of telmisar-
tan alone and in combination with HCTZ on 24-hour blood pressure profiles,
including the early morning period, which is associated with high cardiovascular
risk [11]. Patients with hypertension who were either untreated or currently
on treatment were started on, or switched to, telmisartan 40 mg/day. Patients
whose blood pressure was still at least 140/85 mmHg after 2 weeks had the
dose of telmisartan increased to 80 mg/day and, if necessary, HCTZ 12.5 mg
was added after a further 4 weeks and continued for a final 4-week period.
Baseline and end-of-treatment 24-hour ambulatory blood pressure monitoring
measurements were completed in 1619 patients.

There were highly significant reductions in both the daytime (-11.8/-7.2 mmHg)
and the night-time (-9.6/-5.7 mmHg) mean blood pressure following telmisartan
alone or in combination with HCTZ. The 24-hour profiles showed evidence for
sustained pharmacodynamic effects of telmisartan over the entire dosing period.
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Early morning (post-awakening) blood pressure decreased by -11.5/-7.0 mmHg
(P<0.001) in the entire study cohort (reductions were similar with monotherapy
and combination therapy) and by -17.2/-10.1 mmHg in patients with large morning
blood pressure surges (>30 mmHg change in systolic blood pressure).

In this community-based study, telmisartan-based therapy induced highly
significant reductions in systolic and diastolic blood pressure over 24 hours
and was particularly effective in reducing blood pressure during the early
morning period.

Study comparing low-dose losartan-HCTZ combination therapy and
stepped-care therapy

Patients with stage 2 or 3 hypertension and a mean daytime systolic ambu-
latory blood pressure of at least 135 mmHg were enrolled into a study to
investigate whether initiating therapy with a combination of losartan and
HCTZ enables faster blood pressure control and fewer medications than
the usual stepped-care approach [12]. Patients were randomly assigned to
receive losartan 50 mg-HCTZ 12.5 mg titrated to losartan 100 mg-HCTZ
25 mg, or HCTZ 12.5 mg-atenolol 50 mg. Amlodipine 5 mg was then added,
if needed, to achieve a daytime systolic blood pressure of less than 130 mmHg
(primary endpoint).

The primary endpoint was achieved by significantly more patients who
received low-dose losartan-HCTZ combination therapy than by those who
received stepped-care therapy (63.5% compared with 37.5%; P=0.008). Initial
therapy with losartan-HCTZ was associated with significantly greater decreases in
ambulatory blood pressure during each 24-hour period after 6 weeks of therapy.
Also, the primary endpoint was achieved with no more than two drugs in 30.0%
of patients who received combination therapy compared with 14.7% of patients
who received stepped-care therapy (P=0.03). Tolerability was significantly better
in the combination therapy group than in the stepped-care therapy group (inci-
dence of adverse events of 40.0% compared with 65.6%; P=0.006).

This study showed that initiating antihypertensive therapy with losartan—
HCTZ combination therapy enables target blood pressure to be achieved faster
in a higher proportion of patients, with fewer adverse events and less need for
a third drug, than the conventional stepped-care approach [12].

Antihypertensive treatment algorithm with olmesartan medoxomil as the
initial agent

The effectiveness of an antihypertensive treatment algorithm with the ARB,
olmesartan medoxomil, as the initial agent has been studied in a 24-week,
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open-label study in patients (n=201) with mean seated diastolic blood pres-
sure of 90-109 mmHg [13]. Following placebo run-in, all patients received
olmesartan medoxomil 20 mg/day for 4 weeks. At subsequent 4-week inter-
vals, the regimen was modified in patients whose blood pressure remained
above 130/85 mmHg: uptitration of olmesartan medoxomil to 40 mg/day;
addition of HCTZ 12.5 mg/day; uptitration of HCTZ to 25 mg/day; addition
of amlodipine besylate 5 mg/day; and uptitration of amlodipine besylate to
10 mg/day. Patients who achieved a blood pressure of 130/85 mmHg or lower
left the study.

Atweek 24, reductions in blood pressure from baseline were 33.7/18.2 mmHg.
Altogether, 87.7% of patients reached the goal blood pressure of 130/85 mmHg
or lower and 93.3% achieved a blood pressure of 140/90 mmHg or lower. In
this study, an antihypertensive algorithm with olmesartan medoxomil as the
initial agent controlled blood pressure in the majority of patients, but more than
60% of patients also required the use of a thiazide diuretic or a thiazide and a
calcium channel blocker [13].

Dose-titration study assessing olmesartan medoxomil with or
without HCTZ
An aggressive treatment program for stage 2 systolic hypertension (pre-
treatment systolic blood pressure 2160 mmHg) using olmesartan medox-
omil and HCTZ was investigated in an open-label, dose-titration study [14].
A total of 170 patients received olmesartan medoxomil 20 mg/day for 3 weeks.
Patients whose seated systolic/diastolic blood pressure remained at least
120/80 mmHg were advanced to successive 3-week courses of olmesartan
medoxomil 40 mg/day, olmesartan medoxomil 40 mg/day-HCTZ 12.5 mg/day,
and olmesartan medoxomil 40 mg/day-HCTZ 25 mg/day. The initial dose of
olmesartan medoxomil (20 mg/day) reduced mean systolic blood pressure by
16.9 mmHg (P <0.001), and there were further dose-dependent decreases in
mean systolic blood pressure to a maximum of 34.7 mmHg with olmesartan
medoxomil 40 mg/day-HCTZ 25 mg/day (Figure 5.2). At the end of the study,
75% of patients achieved the target systolic blood pressure (<140 mmHg) and 16%
achieved normalization of systolic blood pressure (<120 mmHg) (Figure 5.2).
Treatment was well tolerated at all doses. This study showed that an olmesartan
medoxomil-based regimen, with or without HCTZ in conventional doses, is
effective in controlling and normalizing blood pressure in patients with stage 2
systolic hypertension.

All patients whose blood pressure remained above 120/80 mmHg (n=105) on
olmesartan medoxomil 40 mg/day-HCTZ 25 mg/day at the end of the 12-week
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Changes in blood pressure after treatment with olmesartan medoxomil with or
without hydrochlorothiazide

Week 3 6 9 12 16 (extension)
Treatment step 020mg O40mg O040mg+ 040mg + 040mg+
H12.5mg H25mg H50 mg
(n=169) (n=160) (n=157) (n=144) (n=106)
Mean change in SBP -16.9 -18.4 -30.3 -34.7 -38.3
(mmHg)
SBP <140 mmHg (%) 17.8 30.8 58.0 75.1 81.1
SBP/DBP <140/90 15.4 29.0 55.6 70.4 77.5
mmHg (%)
SBP <120 mmHg (%) 1.2 1.2 6.5 16.0 27.8
SBP/DBP <120/80 1.2 1.2 5.9 15.4 27.2
mmHg (%)

Figure 5.2 Changes in blood pressure after treatment with olmesartan medoxomil with
or without hydrochlorothiazide. DBP, diastolic blood pressure; H, hydrochlorothiazide;
0, olmesartan; SBP, systolic blood pressure. Reproduced with permission from Izzo

J, Neutel ), Dubiel R, Walker F. P-158. Efficacy of olmesartan medoxomil (O) and O/
hydrochlorothiazide (H) in achieving blood pressure (BP) control and normalization in
stage 2 systolic hypertension (HTN). Am | Hypertens 2005; 18 (5 Pt 2): 64A.

study were included in an extension phase, in which they received olmesartan
medoxomil 40 mg/day-HCTZ 50 mg/day for 4 weeks [14]. Increasing HCTZ
from 25 mg/day to 50 mg/day decreased systolic blood pressure by 3.6 mmHg,
increased rates of blood pressure control (<140/90 mmHg) from 70.4 to 77.5%,
and increased rates of blood pressure normalization (<120/80 mmHg) from
15.4 to 27.2% (Figure 5.2). The combination was well tolerated. Olmesartan
medoxomil 40 mg/day-HCTZ 50 mg/day is, therefore, a potentially effective
strategy for managing stage 2 systolic hypertension [15]. Olmesartan medox-
omil may also have end-organ protective effects that provide additional clinical
benefit [3].

The metabolic consequences of combination therapy with olmesartan
medoxomil and HCTZ were also assessed in the study [16]. Serum potas-
sium, glucose, and uric acid levels remained within normal limits for all
olmesartan medoxomil-HCTZ combinations used in the study. There were
similar small changes in glucose and uric acid across all HCTZ doses, while
serum potassium did not change (Figure 5.3). The addition of HCTZ to
olmesartan medoxomil does not, therefore, cause significant metabolic
disturbance across the HCTZ dosing range from 12.5mg daily to 50 mg
daily.
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Metabolic effects of combination therapy with olmesartan medoxomil and
hydrochlorothiazide

Olmesartan medoxomil-hydrochlorothiazide (mg/day)

Metabolic variable, mean (n) Baseline 40-12.5 40-25 40-50

K*(mmol/L) 4.29 (164) 4.30(151) 4.28(137) 4.23(88)
Glucose (mg/dL) 104 (165) 108 (150) 109 (140) 110(88)
Uric acid (mg/dL) 6.03 (166) 6.95(151) 7.41(141) 7.57 (89)

Figure 5.3 Metabolic effects of combination therapy with olmesartan medoxomiland
hydrochlorothiazide. Reproduced with permission from Izzo J, Neutel J, Dubiel R, Walker F. P-159.
Metabolic effects and safety of hydrochlorothiazide (HCTZ) in combination with olmesartan
medoxomil (OLM) in stage 2 systolic hypertension (HTN). Am ) Hypertens 2005; 18 (5 Pt 2): 64A.

Studies assessing an angiotensin-converting enzyme
inhibitor in combination with a diuretic

Combination therapy with angiotensin-converting enzyme (ACE) inhibitors
and thiazide diuretics has been advocated for many years [17]. These drugs in
combination have been shown to improve blood pressure reduction over either
drug used alone, to be effective in a wide range of patient populations, and to be
accompanied by fewer adverse metabolic effects than the thiazides alone [17].
Two studies are described below. One study compared low-dose ACE inhibitor-
thiazide diuretic combination therapy with other strategies in the treatment of
hypertension, and the other study assessed ACE inhibitor-based therapy with
discretionary addition of diuretic in hypertensive and non-hypertensive patients
with a history of cerebrovascular disease.

Study comparing low-dose combination therapy, sequential
monotherapy and stepped-care therapy (STRATHE study)

The efficacy and tolerability of three different strategies in the treatment of hyper-
tension - low-dose combination therapy, sequential monotherapy, and stepped-
care therapy — were compared in a randomized study comprising patients with
uncomplicated essential hypertension (Strategies of Treatment in Hypertension:
Evaluation; STRATHE study) [18]. Patients in the low-dose combination group
(n=180) initially received a preparation containing the ACE inhibitor, perindopril
(2 mg), and the diuretic, indapamide (0.625 mg), with the possibility of increasing
the doses in two steps to 4 mg and 1.25 mg, respectively. Patients in the sequential
monotherapy group (n=176) initially received atenolol 50 mg, which was replaced, if
necessary, by losartan 50 mg, and then by amlodipine 5 mg. Patients in the stepped-
care therapy group (n=177) initially received valsartan 40 mg, then valsartan 80 mg,
then, if needed, valsartan 80 mg co-administered with HCTZ 12.5 mg.
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In this study, the percentage of patients who achieved target blood pres-
sure (<140/90 mmHg) was significantly higher with low-dose combination
therapy (62%) compared with sequential monotherapy (49%, P=0.02) and
stepped-care therapy (47%, P=0.005). The percentage of patients who achieved
normalization of blood pressure without experiencing drug-related adverse
events was also significantly higher with low-dose combination therapy (56%)
compared with sequential monotherapy (42%, P=0.002) and stepped-care
therapy (42%, P=0.004).

Study assessing angiotensin-converting enzyme inhibitor-based therapy
with discretionary addition of diuretic (PROGRESS study)

The effects of an ACE inhibitor (perindopril) based blood pressure-lowering
regimen on major cardiac events among hypertensive and non-hypertensive
patients with a history of cerebrovascular disease were assessed in the rand-
omized, double-blind, Perindopril Protection Against Recurrent Stroke Study
(PROGRESS) [19]. A total of 6105 patients with a history of stroke or transient
ischemic attack were randomly assigned to receive active treatment (n=3051) or
placebo (n=3054). Active treatment comprised perindopril 4 mg/day, with the
addition of the diuretic indapamide (2.5 mg/day, or 2 mg/day in Japan) at the
discretion of the treating physicians (indapamide was added for patients with
neither an indication for, nor a contraindication to, a diuretic).

During a mean follow-up period of 3.9 years, active treatment reduced blood
pressure by 9/4 mmHg compared with placebo and decreased the occurrence
of stroke (the primary outcome) by 28%. Active treatment also reduced the
risk of major coronary events by 26% (95% CI: 6-42%; P=0.02) and the risk
of congestive heart failure by 26% (5-42%; P=0.02) — see Figure 5.4A and B,
respectively. For each of these outcomes, there was no clear evidence of dif-
ferences between the treatment effects in patients classified as hypertensive
or non-hypertensive, and those with or without a history of coronary heart
disease. These results indicate that among patients with cerebrovascular disease,
blood pressure lowering with a regimen involving perindopril and indapamide
not only reduced the risk of stroke, but also substantially reduced the risks of
cardiac outcomes.

The effects of a perindopril-based blood pressure-lowering regimen
on the risk of recurrent stroke according to stroke subtype and medical
history among hypertensive and non-hypertensive patients with a history of
cerebrovascular disease were also assessed in PROGRESS [20]. During the
mean follow-up period of 3.9 years, active treatment reduced the absolute
rates of ischemic stroke from 10% to 8% (relative risk reduction [RRR] 24%;
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Effect of perindopril alone and in combination with indapamide in the

PROGRESS study

A. Major coronary events®

Favors Riskreduction, %

No. of events/total participants Favors
Active Placebo active placebo (95% CI)
Effects in all participants
Total major coronary events 115/3051 154/3054 — 26 (6to 42)
Effects in subgroups
Combination therapy 67/1770 102/1774  —o— 35(12t052)
Single drug therapy 48/1281 52/1280 —— 7(-37t038)
Hypertensive 62/1464 81/1452 — 1 20(-12to 43)
Not hypertensive 53/1587 73/1602 —a—t 27 (-4t0 49)
CHD at baseline 40/493 53/490 —o— 24 (-15to 50)
No CHD at baseline 75/2558 101/2564 —o—] 26 (0to 45)
0.5 1.0 2.0

Hazard ratio

B. Cerebrovascular events®

Favors Riskreduction, %

No. of events/total participants Favors
Active Placebo active placebo (95% CI)
Effects in all participants
Total congestive heart failure113/3051 151/3054 —— 26 (5t0 42)
Effects in subgroups
Combination therapy 55/1770 82/1774 — 34 (710 53)
Single drug therapy 58/1281 69/1280 —_— 16 (-19to 41)
Hypertensive 56/1464 75/1452 —o 27 (-3t0 48)
Not hypertensive 57/1587 76/1602 —o— 27 (-4 to 49)
CHD at baseline 37/493  59/490 ———— 41(10to 61)
No CHD at baseline 76/2558 92/2564 —o—t 18 (-11 to 40)
0.5 1.0 2.0

Hazard ratio

2P for homogeneity for all subgroups »0.1.
5P for homogeneity for all subgroups »0.2.

Figure 5.4 Effect of perindopril alone and in combination with indapamide in the
PROGRESS study. Diamond represents overall effect, with tips at 95% Cl. CHD, coronary
heart disease. Reproduced with permission from PROGRESS Collaborative Group. Effects of
a perindopril-based blood pressure lowering regimen on cardiac outcomes among patients
with cerebrovascular disease. Eur Heart) 2003; 24(5):475-84.
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95% confidence interval [CI] 10-35) and the absolute rates of intracerebral
hemorrhage from 2% to 1% (RRR 50%; 95% CI 26-67). The relative risk of
any stroke during follow-up was reduced by 26% (95% CI 12-38) among
patients whose baseline cerebrovascular event was an ischemic stroke, and
by 49% (95% CI 18-68) among those whose baseline event was an intracer-
ebral hemorrhage [20]. Other drug therapies (antiplatelet therapy or other
antihypertensive agents), residual neurological signs, atrial fibrillation, or
the time since the last cerebrovascular event did not appear to modify treat-
ment effects [20]. The reduced stroke risk associated with perindopril-based
blood pressure-lowering in the patients in this study was consistent across
different stroke subtypes and among major clinical subgroups. The results
of this study indicate that instigation of an effective blood pressure-lowering
regimen may benefit patients with a history of cerebrovascular events and
should be routinely considered for such patients.

Studies assessing calcium channel blockers in combination
with ACE inhibitors

Fixed-dose compounds that combine a calcium antagonist and an ACE
inhibitor are associated with excellent efficacy, safety, and tolerability in
hypertensive patients. As calcium channel blockers and ACE inhibitors work
through different mechanisms, combining these drug classes may have more
beneficial effects on arteries than using these agents singly in high doses.
Furthermore, the combination of ACE inhibitors with calcium channel
blockers improves the dose-dependent pedal edema associated with calcium
antagonist monotherapy. Simultaneous administration of ACE inhibitors
and calcium channel blockers has been reported to be particularly effective
in the treatment of hypertensive patients with coronary artery disease [21].
Below are described studies that have been conducted to assess the efficacy
and safety of combination therapy with calcium channel blockers and ACE
inhibitors.

Community-based study comparing amlodipine-benazepril combination
therapy and amlodipine monotherapy

Community-based studies are conducted to determine the degree to which
therapeutic interventions will succeed in real world settings. A large practice-
based clinical study was conducted to compare the blood pressure-lowering
efficacy, tolerability, and effect on edema of fixed-dose amlodipine-benazepril
combination therapy with those of amlodipine monotherapy in patients with
mild-to-moderate hypertension who were currently taking amlodipine [22].
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Eligible patients either had inadequate blood pressure control on amlodipine
(diastolic blood pressure 290 mmHg; group 1; n=6410), or were not tolerating
amlodipine (diastolic blood pressure <90 mmHg, but with edema; group 2;
n=1502). These patients were switched from amlodipine 5 mg or 10 mg to com-
bination therapy with either amlodipine 5 mg-benazepril 10 mg or amlodipine
5 mg-benazepril 20 mg for 4 weeks. The primary efficacy outcome for group 1
was change in mean sitting diastolic blood pressure and that for group 2 was the
percentage of patients whose edema improved during amlodipine-benazepril
combination therapy compared with amlodipine monotherapy.

In group 1, mean sitting systolic blood pressure was reduced by 15.6
mmHg (P <0.001) and mean sitting diastolic blood pressure was reduced by
11.5 mmHg (P <0.001) from baseline to week 4 (Figure 5.5). A total of 85% of
patients in group 2 who received amlodipine-benazepril combination therapy
experienced improvement in edema compared with baseline levels: edema
completely resolved in 42% of patients; 43% of patients had improved edema;
13% of patients had no change in edema; and in 2% of patients, edema had
worsened (Figure 5.6).

These results show that amlodipine-benazepril fixed-dose combination
therapy is safe and effective in the treatment of hypertensive patients who

Changes in blood pressure after switching from amlodipine to amlodipine-
benazepril combination therapy
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Figure 5.5 Changes in blood pressure after switching from amlodipine to amlodipine-
benazepril combination therapy. Eligible patients had inadequate blood pressure
control on amlodipine (diastolic blood pressure 290 mmHg; n=6410). BP, blood
pressure; MSDBP, mean sitting diastolic blood pressure; MSSBP, mean sitting systolic
blood pressure. Reproduced with permission from Messerli FH, Weir MR, Neutel JM.
Combination therapy of amlodipine/benazepril versus monotherapy of amlodipine in a
practice-based setting. Am ) Hypertens 2002; 15(6):550-6.
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Improvement in edema after patients with edema switched from amlodipine
to amlodipine-benazepril combination therapy

90 — 85

80 42% completely resolved

70 —

Patients with 60
improvement 50 —
in edema 40 —

(%) 30 43% improved
20 — 15 2% worsened
—
10
13% no change
Improvement No improvement

Figure 5.6 Improvement in edema after patients with edema switched from
amlodipine to amlodipine-benazepril combination therapy. Patients who were
not tolerant of amlodipine (diastolic blood pressure <90 mmHg, with edema
(n=1502). Improvement in edema was similar for men and women. Reproduced
with permission from Messerli FH, Weir MR, Neutel JM. Combination therapy of
amlodipine/benazepril versus monotherapy of amlodipine in a practice-based
setting. Am | Hypertens 2002; 15(6):550-6.

were either uncontrolled on, or intolerant of, amlodipine monotherapy. The
amlodipine-benazepril combination was also associated with improved edema
within 4 weeks of treatment in patients who presented with edema while on
amlodipine monotherapy.

Open-label study comparing amlodipine-benazepril combination
therapy, amlodipine monotherapy, and benazepril monotherapy (ALERT
study)

The ALERT (A Lotrel Evaluation of Hypertensive Patients with Arterial
Stiffness and Left Ventricular Hypertrophy) study was a prospective, ran-
domized, open-label study conducted to assess whether combined therapy
with an ACE inhibitor and a calcium channel blocker has greater arterial and
cardiac effects than doubled doses of the individual drugs [23]. A total of
106 patients with mild-to-moderate hypertension were enrolled in the study.
Patients were randomized to amlodipine 5 mg or benazepril 20 mg for 2 weeks.
After this, depending on randomization assignment, they were force titrated
to amlodipine 10 mg or benazepril 40 mg, or to amlodipine 5 mg-benazepril
20 mg combination therapy for 22 weeks. Arterial distensibility was assessed
using the DynaPulse ambulatory system, and left ventricular mass was assessed
by echocardiography.
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There was a statistically significant reduction (P <0.0001) in mean
24-hour systolic blood pressure and mean 24-hour diastolic blood pressure at the
end of treatment compared with baseline in all three treatment groups (Figure
5.6). One between-group comparison was statistically significant: the reduction
in mean 24-hour systolic blood pressure was statistically significantly greater with
combination therapy compared with benazepril alone (P <0.05) (Figure 5.7).

Arterial distensibility was increased more with combination therapy (0.71%
+0.51% mL/mmHg) than it was with amlodipine monotherapy (0.28% + 0.69%
mL/mmHg; P=0.008) or benazepril monotherapy (0.39% + 0.62% mL/mmHg;
P=0.03) (Figure 5.8).

There was a statistically significantly greater decrease in left ventricular
mass with combination treatment (64 + 56 g) compared with amlodipine
(28 £ 47 g; P <0.02); the difference from benazepril (42 + 50 g) was not

Change in blood pressure in the ALERT study comparing amlodipine—
benazepril combination therapy with monotherapy
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Figure 5.7 Change in blood pressure in the ALERT study comparing amlodipine-benazepril
combination therapy with monotherapy. ALERT, A Lotrel Evaluation of Hypertensive Patients
with Arterial Stiffness and Left Ventricular Hypertrophy; DBP, diastolic blood pressure; SBP,
systolic blood pressure. Reproduced with permission from Neutel JM, Smith DH, Weber MA.
Effect of antihypertensive monotherapy and combination therapy on arterial distensibility
and leftventricular mass. Am | Hypertens 2004; 17(1):37-42.
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Change in arterial distensibility in the ALERT study comparing amlodipine-
benazepril combination therapy with monotherapy
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Figure 5.8 Change in arterial distensibility in the ALERT study comparing amlodipine-
benazepril combination therapy with monotherapy. Reproduced with permission from Neutel

JM, Smith DH, Weber MA. Effect of antihypertensive monotherapy and combination therapy on
arterial distensibility and left ventricular mass. Am | Hypertens 2004; 17(1):37-42.

significant. Corresponding reductions in left ventricular mass index
compared with baseline are shown in Figure 5.9.

All three treatment regimens were well tolerated.

The results of this study showed that combination therapy with an ACE
inhibitor and a calcium channel blocker was more efficacious than high doses
of the individual agents in increasing arterial compliance and reducing left ven-
tricular mass. These findings indicate that appropriately selected combinations
of antihypertensive drugs may have enhanced cardioprotective effects [23].

Double-blind study comparing amlodipine-benazepril combination
therapy, amlodipine monotherapy, and benazepril monotherapy in older
patients (SELECT study)

The Systolic Evaluation of Lotrel Efficacy and Comparative Therapies (SELECT)
study was a randomized, multicenter, prospective, double-blind, parallel-group
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Reduction in left ventricular mass index in the ALERT study comparing
amlodipine-benazepril combination therapy with monotherapy
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Figure 5.9 Reduction in left ventricular mass indexin the ALERT study comparing
amlodipine-benazepril combination therapy with monotherapy. LVMI, left ventricular
mass index. Reproduced with permission from Neutel JM, Smith DH, Weber MA. Effect of
antihypertensive monotherapy and combination therapy on arterial distensibility and left
ventricular mass. Am ) Hypertens 2004; 17(1):37-42.

study that compared daily treatment with amlodipine besylate 5 mg-benazepril
hydrochloride 20 mg combination therapy (n=149), amlodipine besylate 5 mg
monotherapy (n=146), and benazepril hydrochloride 20 mg monotherapy
(n=148) in patients aged at least 55 years with stage 2 hypertension (systolic blood
pressure in the range 160-200 mmHg and diastolic blood pressure in the range
60-100 mmHg) [24,25]. Eligible patients had newly diagnosed hypertension
or had discontinued previous antihypertensive medication. Patients received
treatment after a 2- to 4-week placebo phase. Twenty-four-hour ambulatory
blood pressure monitoring was used to identify patients with systolic hyperten-
sion and to determine the impact of 8 weeks of treatment on 24-hour systolic
blood pressure, pulse pressure, and diastolic blood pressure.

Amlodipine besylate-benazepril hydrochloride combination therapy
was significantly more effective in reducing systolic blood pressure, pulse
pressure and diastolic blood pressure than either drug as monotherapy
(P <0.0001) (Figure 5.10) [25]. Also, significantly greater percentages of
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Effect of amlodipine besylate—benazepril hydrochloride on blood pressure
parameters compared with the component drugs alone

A5mg-B20 mg A5mg B20 mg
Reduction in mean 21.1* 12.4 10.8
24-hour systolic blood
pressure
Reduction in pulse 10.5* 6.7 5.0
pressure
Reduction in diastolic 10.6* 5.7 5.7

blood pressure

*Amlodipine besylate—benazepril hydrochloride combination therapy was significantly more
effective (P<0.0001) than the component drugs as monotherapy for all three blood pressure
parameters.

Figure 5.10 Effect of amlodipine besylate-benazepril hydrochloride on blood pressure
parameters compared with the component drugs alone. A, Amlodipine besylate; B
benazepril hydrochloride. Data from Neutel JM, Smith DHG, Weber MA, Nwose OM,
Schofield L, Gatlin M. P-409. Initial combination therapy in older patients with systolic
hypertension: results of the systolic evaluation of lotrel efficacy and comparative
therapies (SELECT) study. Am ) Hypertens 2004; 17 (5 Pt 2): 183A.

patients achieved blood pressure control (systolic blood pressure <140
mmHg) with combination therapy (65%) compared with either drug as
monotherapy (28% for amlodipine besylate; 34% for benazepril hydrochloride;
P <0.0001) [25]. Adverse event rates were low in all three treatment groups.
The incidence of peripheral edema in patients who received combination
therapy was lower than in patients who received amlodipine besylate alone.
This study showed that amlodipine besylate-benazepril hydrochloride com-
bination therapy is superior to monotherapy with either component drug in
older patients with stage 2 hypertension, and is well tolerated [24].

Patients in the SELECT study were divided into those with isolated systolic
hypertension (ISH; mean daytime systolic/diastolic blood pressure 2150/<90
mmHg), and those with predominantly systolic hypertension (PSH; mean
daytime systolic/diastolic blood pressure 2150/90-100 mmHg) and the effects
of treatment were compared in these two populations [26]. The efficacy results
are shown in Figure 5.11 and demonstrate that amlodipine besylate-benazepril
hydrochloride combination therapy was very effective in patients with ISH or
PSH, and was more effective than either component drug as monotherapy.
The side-effect profile was similar in all three treatment groups. Edema was
less common in the combination therapy group (7.8%) than in the amlodipine
besylate group (13.6%). Notably, patients with ISH tended to be more difficult
to treat than those with PSH.
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Effects of amlodipine besylate-benazepril hydrochloride treatment on
patients with isolated systolic hypertension and predominantly systolic
hypertension

Predominantly systolic Isolated systolic
hypertension hypertension

A-B A B A-B A B
N 76 63 78 53t 63 54
Mean 24h SBP -21.1* -14.0 =112, -19.6t -11.7 =83
Mean 24h PP -10.0* =722 =57 -11.0t -7.0 -5.0
Mean 24h DBP -11.0* -6.7 -6.4 -8.6 4.7 -4.3
RR (%) 75.0* 47.6 37.2 71.71 33.3 35.2
CR 63.2* 34.9 33.2 64.21 23.8 29.6

*P<0.001 A/B compared with Aand B; tP<0.001 A/B compared with Aand B.

Figure 5.11 Effects of amlodipine besylate—benazepril hydrochloride treatment on
patients with isolated systolic hypertension and predominantly systolic hypertension. A,
amlodipine besylate; B, benazepril hydrochloride; CR, control rate; DBP, diastolic blood
pressure; PP, pulse pressure; RR, relative risk; SBP, systolic blood pressure. Reproduced
with permission from Neutel JM, Smith DHG, Weber MA, Nwose OM, Schofield L, Gatlin

M. P-411. Management of isolated vs. predominantly systolic hypertension: results of
the Systolic Evaluation of Lotrel Efficacy and Comparative Therapies (SELECT) study. Am |
Hypertens 2004; 17 (5 Pt 2): 184A.

Open-label study comparing fosinopril monotherapy and amlodipine
monotherapy, with fosinopril-amlodipine combination therapy used to
achieve blood pressure control (FACET trial)

The primary aim of the Fosinopril versus Amlodipine Cardiovascular Events
Randomized Trial (FACET) was to compare the effects of the ACE inhibitor fosi-
nopril and the calcium channel blocker amlodipine on serum lipids and diabetes
control in patients with hypertension and type 2 diabetes [27,28]. Prospectively
defined cardiovascular events were assessed as secondary outcomes. A total of
380 patients with hypertension and type 2 diabetes were included in the study:
189 patients were randomly assigned to open-label fosinopril (20 mg/day) and
191 patients to amlodipine (10 mg/day) and followed for up to 3.5 years. If
blood pressure was not controlled on the assigned study drug, the other study
drug was added.

The results of the study showed that both treatments were effective in
lowering blood pressure. Systolic blood pressure was significantly lower in
the amlodipine group compared with the fosinopril group at the last visit
(4mmHg; P <0.01). There was no significant difference between the two groups
in total serum cholesterol, HDL cholesterol, HbAlc, fasting serum glucose, or
plasma insulin at the end of follow-up. The risk of the combined outcome of
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acute myocardial infarction, stroke, or hospitalized angina, however, was sig-
nificantly lower in the patients who received fosinopril compared with those
who received amlodipine (14/189 vs. 27/191; hazard ratio = 0.49, 95% CI =
0.26-0.95). Therefore, although fosinopril and amlodipine had similar effects
on biochemical measures, and amlodipine caused a greater reduction than
fosinopril in systolic blood pressure, the patients randomized to fosinopril had
a significantly lower risk of major vascular events compared with the patients
randomized to amlodipine.

To achieve blood pressure control, amlodipine was added for 58 of the
189 patients (30.7%) in the fosinopril group, and fosinopril was added in 50
of the 191 patients in the amlodipine group (26.2%). In the intention-to-treat
analysis, the risk of cardiovascular events was not significantly different in
patients who received the combination of fosinopril and amlodipine from
those who received fosinopril alone, and both groups had a significantly lower
cardiovascular risk than those who took amlodipine alone [29]. However,
clinical outcome data on combination therapies with ACE inhibitors and
calcium channel blockers in hypertension are inconclusive, and although
extrapolations about efficacy of combination therapies based on FACET
have been made by some authors [30], these are considered by others to be
unwarranted [19].

Studies assessing angiotensin Il receptor blockers in
combination with calcium channel blockers
Fixed-dose combinations of an ARB (olmesartan or valsartan) with a calcium
channel blocker (amlodipine) have recently been approved by the FDA.
Olmesartan-amlodipine and valsartan-amlodipine fixed-dose combination
therapies are very effective in treating hypertension and are well tolerated
[31-38]. As well as effectively reducing blood pressure, these new fixed-dose
combinations have been associated with significant reductions in the incidence
of peripheral edema compared with amlodipine monotherapy [31,34,35], thus
making them more acceptable to patients. Furthermore, the metabolic neu-
trality of the component drugs in these fixed-dose combination therapies may
render them the preferred choice for the treatment of hypertensive patients
with diabetes or the metabolic syndrome.

This section describes key studies that have been conducted to assess
the efficacy and safety of olmesartan-amlodipine and valsartan-amlodipine
combination therapies.
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Double-blind, placebo-controlled study comparing olmesartan—
amlodipine combination therapy with olmesartan and amlodipine
monotherapies

A multicenter, randomized, double-blind, placebo-controlled factorial study was
conducted to compare the efficacy and tolerability of olmesartan-amlodipine
combination therapy with those of the component monotherapies in patients with
mild to severe hypertension [39]. Eligible patients were naive to antihypertensive
therapy or had undergone a washout of previous antihypertensive therapy for
up to 2 weeks, and had a seated diastolic blood pressure of 95-120 mmHg. A
total of 1940 eligible patients were randomized to receive one of the following
treatments for 8 weeks: olmesartan 10, 20 or 40 mg; amlodipine 5 or 10 mg; each
possible combination of olmesartan and amlodipine; or placebo. The primary
endpoint was the change from baseline in seated diastolic blood pressure at
week 8. The mean blood pressure at baseline was 164/102 mmHg, and 79.3%
of patients had stage 2 hypertension.

Olmesartan-amlodipine combination therapy was associated with dose-
dependent reductions in seated diastolic blood pressure (from —13.8 mmHg
with olmesartan 10 mg-amlodipine 5 mg to —19.0 mmHg with olmesartan 40
mg-amlodipine 10 mg) and seated systolic blood pressure (from —23.6 mmHg
with olmesartan 20 mg-amlodipine 5 mg to —30.1 mmHg with olmesartan 40
mg-amlodipine 10 mg). These reductions were significantly greater than the
reductions with the corresponding component monotherapies (P <0.001; see
Figure 5.12).

Reduction in seated diastolic blood pressure with olmesartan-amlodipine
combination therapy
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Figure 5.12 Reduction in seated diastolic blood pressure with olmesartan-amlodipine
combination therapy. Data from [39].
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At week 8, the percentage of patients who achieved the blood pressure goal
(<140/90 mmHg; <130/80 mmHg for patients with diabetes) was 35.0-53.2% in
the combination therapy groups, 20.0-36.3% in the olmesartan monotherapy
groups, and 21.1-32.5% in the amlodipine monotherapy groups (P <0.005
combination therapies versus component monotherapies), compared with
8.8% in the placebo group.

In this study, olmesartan-amlodipine combination therapy was effective at
reducing blood pressure and was well tolerated in patients with mild to severe
hypertension.

Double-blind study assessing the efficacy of valsartan—-amlodipine in
patients with hypertension uncontrolled with previous monotherapy
(EX-FAST study)

A randomized, double-blind, multicenter study was conducted to assess the
efficacy of valsartan-amlodipine combination therapy in patients whose blood
pressure remained uncontrolled with previous monotherapy (Exforge in Failure
after Single Therapy [EX-FAST] study) [40]. Eligible patients were switched
directly from monotherapy to valsartan 160 mg-amlodipine 5 mg (n=443) or
valsartan 160 mg-amlodipine 10 mg (n=451).

After 16 weeks, blood pressure control (defined as <140/90 mmHg, with
<130/80 mmHg for diabetics) was achieved in 72.7% of patients who received
valsartan 160 mg-amlodipine 5 mg and in 74.8% of those who received valsar-
tan 160 mg-amlodipine 10 mg. Incremental reductions from baseline in mean
sitting systolic and diastolic blood pressures were significantly greater with
valsartan 160 mg-amlodipine 10 mg than with valsartan 160 mg-amlodipine
5 mg (20.0 mmHg versus 17.5 mmHg; P =0.0003 for systolic, and 11.6 mmHg
versus 10.4 mmHg; P =0.0046 for diastolic blood pressure).

The results of this study clearly show the blood pressure-lowering benefits
of valsartan-amlodipine combination therapy in patients with hypertension
uncontrolled by previous monotherapy.

Parallel group study comparing valsartan—amlodipine and irbesartan—
hydrochlorothiazide

A prospective, randomized, parallel group study was conducted to compare the
efficacy and safety of valsartan—amlodipine and irbesartan-HCTZ combination
therapies in very elderly patients with hypertension [41]. A total of 94 eligible
patients, aged 75 to 89 years, completed a 4-week placebo period and were then
randomized to receive either valsartan 160 mg-amlodipine 5 mg or irbesartan
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300 mg-HCTZ 12.5 mg for 24 weeks. Amlodipine or HCTZ doses were doubled
after 4 weeks of active treatment in non-responders.

Ambulatory blood pressure was significantly reduced with both treat-
ment combinations. The mean reductions in 24-hour, daytime and night-time
ambulatory systolic/diastolic blood pressure for the valsartan-amlodipine group
(-=29.9/-15.6 mmHg; -28.6/-14.5 mmHg; —26.2/-17.4 mmHg, respectively)
were similar to those in the irbesartan-HCTZ group (-29.6/-15.4 mmHg;
-29.3/-14.9 mmHg; -25.4/-16.9 mmHg, respectively). Both combinations also
significantly reduced clinical sitting and lying blood pressures, with no difference
between treatments. Blood pressure changes from lying to standing position
were significantly greater in the irbesartan-HCTZ group (-17.2/-9.1 mmHg)
compared with the valsartan-amlodipine group (-10.1/-1.9 mmHg) (P <0.05 for
systolic blood pressure and P <0.01 for diastolic blood pressure). Potassium was
significantly decreased and uric acid significantly increased in the irbesartan—
HCTZ group only.

In this study, the effectiveness of valsartan-amlodipine combination therapy
was similar to that of irbesartan-HCTZ combination therapy in reducing
ambulatory and clinical blood pressure in very elderly hypertensives; however,
valsartan-amlodipine offered some advantages in terms of less pronounced
orthostatic blood pressure changes and absence of metabolic adverse effects.
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Chapter 6

Combination therapy as first-line treatment

Lowering of the blood pressure limit that represents adequate control of
hypertension from 140/90 mmHg to 130/85 mmHg (see Chapter 1) has inevi-
tably worsened the recorded rates of control among hypertensive patients:
patients who were considered controlled at 140/90 mmHg are no longer
considered controlled, so the percentage of controlled patients has decreased.
Also, significantly, the lower target for blood pressure has created a greater
challenge for physicians, who were already having difficulty achieving the
140/90 mmHg goal in their patients. Many physicians are becoming despond-
ent as they believe that the lower blood pressure goals are impossible to
achieve in the majority of their patients. Indeed, the universally accepted
blood pressure that is considered to represent adequate control of hyperten-
sion in medical practice continues to be 140/90 mmHg for all patients, apart
from those with diabetes or renal disease, in whom a lower target of 130/80
mmHg is considered appropriate [1]: 140/90 mmHg is the recommendation for
coronary artery disease in the seventh report of the Joint National Committee
on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure,
but AHA recommends 130/80 mmHg for diabetics. New approaches to the
treatment of hypertension are required to meet the challenges raised by the
lower recommended blood pressure target.

There are many obstacles for the patient and the physician along the
path between diagnosis of hypertension and achievement of blood pressure
control. Figure 6.1 shows the complexity of management of hypertension and
the challenges facing physicians as they attempt to improve blood pressure
control in their patients [2]. The longer the period for which blood pressure
control is attempted, the greater the number of obstacles, and the less likely
it is that control will be achieved. Achieving blood pressure control earlier
in the course of therapy may eliminate many potential obstacles and increase
the likelihood of long-term blood pressure control.
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Opportunities for accepting inadequate blood pressure control
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Figure 6.1 Opportunities for accepting inadequate blood pressure control. BP, blood
pressure; HMO, health management organization. Reproduced with permission from
Neutel JM, Smith DH, Weber MA. Low-dose combination therapy: an important first-line
treatment in the management of hypertension. Am J Hypertens 2001; 14(3):286-92.

Use of low-dose combinations as first-line treatment

The best chance of controlling hypertension is with the initial treatment.
A more aggressive approach to first-line treatment, achieving blood pres-
sure control with the first dose, or the first few doses, of medication may
significantly improve long-term control of blood pressure and decrease the
acceptance of inadequate blood pressure control. Furthermore, changes
in the approach to early management of hypertension are imperative to
ensure significant reductions in the incidence of coronary artery disease in
hypertensive patients. The earlier use of low-dose combination therapy in the
management of hypertension may help significantly more patients achieve blood
pressure control. The use of low-dose combination antihypertensive agents for
first-line therapy will enable patients to take advantage of the cardiovascular
benefits and blood pressure control that these agents provide early in the course
of therapy [3]. Patients whose blood pressure is controlled rapidly after the initia-
tion of antihypertensive therapy are convinced of the efficacy and necessity of
their treatment and, therefore, are more likely to be compliant with medication.
Initiating treatment of hypertensive patients with low-dose combination therapy
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may greatly improve rates of blood pressure control and reduce the incidence
of coronary artery disease in treated hypertensive patients.

The seventh report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure stresses the
importance of reducing systolic blood pressure and notes that most patients
will require at least two antihypertensive agents to achieve appropriate blood
pressure goals [4]. The initial use of combination therapy is recommended
in patients with stage 2 hypertension or with blood pressure more than
20/10 mmHg above the goal [4]. Highly effective combination therapies are
needed to achieve more rigorous blood pressure control as recommended by
the Joint National Committee and the World Health Organization.

Physicians have been reluctant to prescribe combination therapy as
first-line treatment because they have believed that monotherapy is more
convenient, less expensive and associated with fewer side effects than
combination therapy, and that identifying which agent has caused an adverse
event would be much more difficult with combination therapy than with mono-
therapy [5]. As discussed in Chapter 3, all of these arguments can be refuted
and, therefore, should not prevent the use of low-dose combination therapy
as first-line treatment. Although physicians have for many years regarded the
use of combination therapy as a last resort in the management of hypertension,
typically limiting the use of combination treatment to ‘problematic’ patients
later in therapy, there are numerous reasons why low-dose combination therapy
may be excellent as a first-line treatment, or for use much earlier in the course
of treating hypertension [6].

The advantages of low-dose combination therapy in the treatment of hyper-
tension are shown in Figure 6.2. They are similar to the properties suggested
for the ideal antihypertensive drug in Figure 3.1. Most importantly, first-line
treatment with low-dose combination therapy may enable hypertensive patients
to achieve better and earlier blood pressure control, with fewer adverse events,
which may lead to improved patient compliance.

Low-dose combination drugs that are currently available for the treat-
ment of hypertension are shown in Figure 6.3. To receive regulatory approval
for initial therapy, low-dose combination agents are required to have greater
efficacy and a more favorable adverse effect profile than each of their component
drugs as monotherapy at the highest recommended dose. The only low-dose
combination agents that have been given first-line approval by the United States’
Food and Drug Administration are bisoprolol-hydrochlorothiazide (HCTZ),
captopril-HCTZ, irbesartan-HCTZ (which has received a US license for first-line
use in patients who are likely to require multiple drug therapy to achieve blood
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Advantages of low-dose combination therapy in hypertension

Effectively reduces blood pressure: greater efficacy than monotherapy because of the
additive effect of complementary drugs on blood pressure and through neutralization of
compensatory counter-regulatory reactions

Provides 24-hour efficacy with once-a-day dosing as most of the low-dose combination
drugs include long-acting components

Higher response rate than monotherapy

Effective in most subgroups of hypertensive patients because of the complementary nature
of combination therapy

Fewer, and less severe, dose-dependent adverse effects than monotherapy as blood
pressure control is obtained at lower doses of each of the component drugs

Fewer adverse metabolic effects than higher-dose monotherapy because these effects tend
to be dose dependent

End-organ protection beyond blood pressure control

At least as convenient as monotherapy (once-a-day dosing and one dosage unit)

Simplified titration

Lower cost than monotherapy because low-dose combination therapy tends to be a little
more expensive than each of the components but cheaper than if each of the components
were used separately

Improved therapeutic compliance

Figure 6.2 Advantages of low-dose combination therapy in hypertension.

pressure goals), valsartan—amlodipine and valsartan-HCTZ. Losartan-HCTZ
has a limited first-line indication: this combination therapy is not indicated for
initial therapy of hypertension, except when the hypertension is severe enough
that the value of achieving prompt blood pressure control exceeds the risk of
initiating combination therapy in these patients [7]. Other available combina-
tion agents have been given a second-line indication because they have a side-
effect profile similar to one of their component agents. For example, low-dose
angiotensin-converting enzyme (ACE) inhibitor-calcium-channel blocker
combinations are more efficacious then either component drug alone, but they
do not have a better adverse effect profile than ACE inhibitors as monotherapy
because drug-related cough with ACE inhibitors is independent of dose; these
combinations, therefore, do not qualify for first-line approval [6].

Fixed-dose combinations

Fixed-dose drug combinations for the treatment of hypertension have become
increasingly popular in recent years. As discussed in Chapter 2, the rationale
behind fixed-dose combination therapy is based on dose-dependent treatment
benefits, where higher drug doses produce better hypertension control without
an increase in adverse effects, provided the two drugs have complementary
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Low-dose combination drugs for hypertension

Generic name Brand name Combination
ACE inhibitors
Benazepril-amlodipine Lotrel ACE inhibitor + CCB
Benazepril-HCTZ Lotensin HCT ACE inhibitor + HCTZ
Captopril-HCTZ? Capozide ACE inhibitor + HCTZ
Enalapril-HCTZ Vaseretic ACE inhibitor + HCTZ
Lisinopril-HCTZ Prinzide ACE inhibitor + HCTZ
Zestoretic ACE inhibitor + HCTZ
Moexipril-HCTZ Uniretic ACE inhibitor + HCTZ
Monopril-HCTZ Monopril HCT ACE inhibitor + HCTZ
Perindopril-indapamide® Preterax ACE inhibitor + diuretic
Quinapril-HCTZ Accuretic ACE inhibitor + HCTZ
Trandolapril-verapamil Tarka ACE inhibitor + CCB

Angiotensin receptor blockers

Candesartan-HCTZ Atacand HCT ARB + HCTZ
Irbesartan-HCTZ? Avalide ARB + HCTZ
CoAprovel ARB + HCTZ
Losartan—-HCTZ¢ Hyzaar ARB + HCTZ
Cozaar-Comp ARB + HCTZ
Olmesartan- HCTZ Benicar HCT ARB + HCTZ
Olmetic Plus ARB + HCTZ
Telmisartan—-HCTZ Micardis HCT ARB + HCTZ
Valsartan-HCTZ? Diovan HCT ARB + HCTZ
Olmesartan—amlodipine Azor ARB + CCB
Valsartan-amlodipine® Exforge ARB + CCB
B Blocker
Bisoprolol-HCTZ* Ziac B blocker + HCTZ
Metoprolol-HCTZ Lopressor HCT B blocker + HCTZ

Renin inhibitor

Aliskerin—-HCTZ Tekturna Renin inhibitor + HCTZ

@ Approved for first-line treatment in the USA.
bApproved for first-line treatment in the UK.
CLimited first-line indication in the USA.

Figure 6.3 Low-dose combination drugs for hypertension. Note: both brand
names and availability vary from country to country. ACE, Angiotensin-converting
enzyme; ARB, angiotensin Il receptor blocker; CCB, calcium channel blocker; HCTZ,
hydrochlorothiazide.



76 « COMBINATION THERAPY IN HYPERTENSION

side effects. For example, a potassium-sparing drug, such as an ARB, can be
combined with a potassium-losing drug, such as HCTZ.

Three recent studies highlight the benefits of fixed-dose combination
therapy compared with monotherapy in the treatment of hypertension. In a large
practice-based clinical study, fixed-dose combination therapy with amlodipine
5 mg-benazepril 10 mg or amlodipine 5 mg-benazepril 20 mg was shown to
be safe and effective in the treatment of patients with mild-to-moderate hyper-
tension who were either uncontrolled on, or intolerant of, amlodipine 5 mg or
10 mg monotherapy [8]. The amlodipine-benazepril combination was also
associated with improved edema within 4 weeks of treatment in patients who
presented with edema while on amlodipine monotherapy [8]. This study is
discussed in Chapter 5 (pp. 56-58). In the SELECT study, amlodipine besylate
5 mg-benazepril hydrochloride 20 mg combination therapy was shown to be
superior to monotherapy with either component drug in patients aged at least
55 years with stage 2 hypertension, and to be well tolerated [9-11]. This study
is discussed in Chapter 5 (pp. 60-63). In a randomized, double-blind, parallel-
group study, irbesartan 300 mg-HCTZ 25 mg combination therapy was shown
to be associated with statistically significantly greater reductions in both systolic
and diastolic blood pressures compared with either component as monotherapy
in patients with moderate hypertension, and to be well tolerated [12]. This study
is discussed in Chapter 5 (pp. 47-48).
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Chapter 7

Future combination agents

Possible combinations of first-line antihypertensive drugs are shown in
Figure 7.1 [1]. Some combination therapies may prove to be particularly helpful
in addressing coexisting morbidities as well as hypertension. For example,
patients with hypertension and depressed cardiac function (congestive heart
failure with decreased ejection fraction) may benefit from the combination of an
angiotensin-converting enzyme (ACE) inhibitor and a diuretic. The combination
of a calcium channel blocker and an ACE inhibitor may offer additional benefit
to hypertensive patients with diabetes, although other combinations, such as an
ACE inhibitor and a diuretic, may be used. Hypertensive patients with persist-

Figure 7.1 Possible combinations of first-line antihypertensive drugs

| Diuretic |-—Q—o| Calcium channel blocker |

{ i
TS ¢

B Blocker
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@ An appropriate additive combination.

@ Not an appropriate additive combination.

@ This combination has not been studied extensively.

@ This combination requires caution, as it may result in excessive hypotension,
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® Likely future combination.

* Recently approved

Figure 7.1 Possible combinations of first-line antihypertensive drugs. ACE, angiotensin-converting
enzyme; ARB, angiotensin Il receptor blocker. Adapted with permission from Moser M, Prisant LM.
Low-dose combination therapy in hypertension. Am Fam Physician 1997; 56:1275-6, 1279, 1282.
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ent angina may respond well to treatment with a long-acting, dihydropyridine,
calcium channel blocker combined with a  blocker; however, such a fixed-dose
combination is not yet available.

Combination therapies that comprise four antihypertensive agents are
being investigated [2].

A new class of drugs known as dual-acting receptor antagonists (DARA)
may take the concept of combination therapy a step further. A DARA compound
is a single molecule that combines two therapeutic modes of action. Clinical
investigations are now underway for a DARA compound that blocks both
angiotensin II and endothelin 1 receptors.
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Chapter 8

Clinical inertia in the management of
hypertension

Complete control of blood pressure is rare in clinical practice, particularly
in high-risk patients, and there are many opportunities for accepting inad-
equate hypertension control (see Figure 6.1). As mentioned in Chapter 1,
patient-related factors clearly contribute to poor control of hypertension;
however, physician-related factors, including ‘passive’ clinical inertia (also
known as therapeutic inertia), are also partly responsible [1]. Clinical inertia,
defined as the provider’s failure to increase antihypertensive medications
when blood pressure is 2140/90 mmHg, has been suggested to be an impor-
tant factor that contributes to suboptimal blood pressure control rates in
hypertensive patients [2,3]. Clinical inertia derives from poorly prescribed
lifestyle changes, excess reliance on monotherapy, and scarce on-treatment
modifications [4].

Studies demonstrating impact of clinical inertia

In hypertension management, the effects of clinical inertia on blood pres-
sure control have been assessed in a study that used data from over 12,000
uncontrolled hypertensive patients [2]. Blood pressure values and medication
doses at each visit to the physician were analyzed and clinical inertia scores
calculated. The second visit to the physician was designated the index visit
(individuals had to have elevated blood pressure at this visit to qualify for the
analysis), and the fourth visit was designated the outcome visit. Data from the
second and third visits were used to calculate a clinical inertia score for each
patient (score of 0 = no inertia; 1 = partial inertia; 2 = total inertia). A clinical
inertia rate for each provider was also calculated (total number of changes in
medications in visits with elevated blood pressure divided by total number of
visits with elevated blood pressure) to give a rate between 0 (no inertia) and
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1 (complete inertia). The data analysis showed that antihypertensive therapy
was increased during 20% of visits by patients for whom blood pressure
exceeded 140/90 mmHg. Furthermore, there was a statistically significantly
greater decrease in systolic blood pressure in patients with no clinical inertia
compared with those with total clinical inertia (P <0.0001). Factors associ-
ated with a higher patient clinical inertia score included a higher provider
clinical inertia rate (P <0.005), white patients (P <0.03), fewer medications
at the index visit (P <£0.0001) and older age (P <0.0001). Not surprisingly,
patients with higher clinical inertia scores had lower rates of blood pressure
control (P <0.0001). The results of the analysis also showed that the clinical
inertia rate of providers predicted the clinical inertia score for their patients,
and the clinical inertia score for patients predicted whether there was blood
pressure control to less than 140/90 mmHg. This study confirms that clinical
inertia in hypertension management is common and has a significant adverse
effect on blood pressure control.

The impact of clinical inertia on blood pressure control in hypertensive
patients has also been investigated in a retrospective cohort study of 7253
patients who had at least four hypertension-related physician visits and at
least one elevated blood pressure in a 1-year period (see Figure 8.1) [3].
A 1-year clinical inertia score was calculated for each patient as the difference
between expected and observed medication change rates, with higher scores
reflecting greater clinical inertia. Antihypertensive therapy was increased
during 13.1% of visits by patients with uncontrolled blood pressure. Systolic
blood pressure decreased in patients in the lowest quintile of the clinical
inertia score, but increased in those in the highest quintile (-6.8 mmHg
versus +1.8 mmHg; P <0.001). Individuals in the lowest clinical inertia
quintile were approximately 33 times more likely to have their blood pres-
sure controlled at the last visit than those in highest quintile (odds ratio 32.7;
95% CI 25.1-42.6; P <0.0001). Clinical inertia accounted for around 19% of
the variance in blood pressure control. If clinical inertia scores were decreased
by around 50%, i.e. medication dosages were increased during around 30%
of visits, blood pressure control would increase from the observed 45.1% to a
projected 65.9% in 1 year. This study confirms the high rate of clinical inertia
in uncontrolled hypertensive patients, and emphasizes the major impact that
clinical inertia has on blood pressure control in hypertensive patients who
are receiving regular care.

A further study of 800 hypertensive men (mean age 65.5 years) over a 2-year
period showed that approximately 40% of the patients had a blood pressure of
atleast 160/90 mmHg despite an average of more than six hypertension-related
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Figure 8.1 Relationship between therapeutic inertia and blood pressure
control over time
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Figure 8.1 Relationship between therapeutic inertia and blood pressure control over
time. Quintile 1 included patients who experienced the least Tl, quintile 5 the most.
For the trend P<0.001. BP, blood pressure; Tl, therapeutic inertia. Data from [3].

visits to the physician per year [5]. Increases in antihypertensive therapy occurred
during 6.7% of visits and were associated with increased levels of both systolic
and diastolic blood pressure at that visit (but not previous visits), a previous
change in therapy, the presence of coronary artery disease, or a scheduled visit.
Patients who had more intensive therapy had significantly better control of blood
pressure (P <0.01). During the 2-year period, systolic blood pressure decreased
by 6.3 mmHg among patients with the most intensive treatment and increased
by 4.8 mmHg among the patients with the least intensive treatment. The results
of this study show that patients who received more intensive medical therapy
had better blood pressure control.

Conclusions

Improving the treatment of hypertension requires an understanding of the ways
in which physicians manage this condition and a means of assessing the efficacy
of patient care [5]. The studies described above highlight physician inertia as an
issue that may prevent many patients from achieving guideline-recommended
blood pressure goals, and support the concept that many physicians are not
aggressive enough in their approach to hypertension. A well-established blood
pressure goal results in physicians being more aggressive in their management
of blood pressure. Furthermore, a treat-to-target approach and combination
therapy (which is always more effective than drug titration) can help the major-
ity of patients reach blood pressure goals.
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