
ABSTRACT

Hypertension control is rare in clinical practice, particularly in high-risk  
patients. A large factor is therapeutic inertia deriving from poorly prescribed 
lifestyle changes, excess monotherapy use, and scarce on-treatment modifi-
cations. The use of drug combinations significantly improves blood pressure 
(BP) control; in particular, fixed combinations improve therapy without in-
creasing daily pill intake, thereby favouring patient compliance and therapy 
continuation.
The most widely used fixed combination is based on thiazide diuretics added 
to either angiotensin-converting enzyme (ACE) inhibitors or angiotensin 
II receptor blockers (ARBs). Several large-scale clinical trials have been 
conducted showing that these combinations are effective in lowering BP. 
However, thiazide diuretics can reduce the metabolic benefits derived from 
renin–angiotensin–aldosterone system (RAAS) inhibitors in high meta-
bolic risk patients. In contrast, ACE inhibitors or ARBs combined with 
dihydropyridine calcium channel antagonists (DHPCAs) exert a marked 
antihypertensive effect without decreasing metabolic protection by RAAS 
blockade. In the recent JIKEI heart study, ~60% of patients affected by 
hypertension, heart failure, coronary heart disease or their combination in 
the valsartan arm were simultaneously treated with DHPCAs. Of note, a 
39% reduction in the primary endpoint of combined morbidity and mor-
tality was reported in the valsartan compared with the non-valsartan arm.  
Furthermore, in a recent multinational study, 83% of 3161 hypertensive 
patients treated with valsartan and the DHCPA amlodipine reported a 
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BLOOD PRESSURE CONTROL  
IN TREATED HYPERTENSIVE 
PATIENTS 

In the most recent National Health 
and Nutrition Survey (NHANES 
2003–2004) overall age-adjusted preva-
lence of hypertension in US residents 
was 29.3%.1 The percentage of these pa-
tients who reached target blood pressure 
(BP) levels was 33.1% for all hypertensive  
patients and 63.9% for those receiving 
antihypertensive treatment.1 The num-
ber of patients treated with antihyper-
tensives who reached target BP levels 
has not changed from the 2001–2002  
survey, even though more patients received 
antihypertensive therapy.1,2 Compared 
with the US, the prevalence of hyperten-
sion is even higher in European countries 
(44%).3 Despite this, hypertension treat-
ment is less frequent in Europe (26.8%), 
ranging from 26% in Germany to 32% 
in Italy.3 Therefore, it is not surprising to 
note that only 8% of the whole hyperten-
sive population in Europe reported a BP of 
<140/90 mmHg.3 Thus, it is evident that 
BP control in hypertensive patients is still 

far from ideal in both the US and Europe, 
particularly in patients who are receiving 
antihypertensive medication.

Concordant with the above surveys, 
a recent pooled analysis conducted in 
52,715 Italian hypertensive patients re-
ported stable hypertension treatment 
in 69% of patients (n=36,556). Mean 
systolic (SBP) and diastolic blood pres-
sure (DBP) were 148±9 mmHg and  
90±5 mmHg, respectively,4 indicating 
that the mean SBP, rather than DBP, was 
abnormal. BP stratification was obtained 
in 40,829 individuals and demonstrated 
that about one third (32.6%) of uncon-
trolled hypertensives had mean BP of  
>160/100 mmHg. Thus – also based on 
the reported prevalence of other concom-
itant risk factors and target organ damage 
in the same analysis4 – it seems evident 
that most Italian hypertensive patients 
who received antihypertensive treatment 
for a high or very-high cardiovascular risk 
profile had an unchanged risk profile at 
the end of treatment. 

In keeping with the above, similar 
findings have been found in a recent sur-
vey conducted in our unit. Indeed, in con-

controlled BP after 8 weeks of treatment. As expected, amlodipine did not 
negatively influence the metabolic profile of patients, thereby supporting 
the role of ARB+DHPCA combinations as effective and promising tools in  
hypertension treatment. 
In summary, the combination of ARBs with DHPCAs is an effective strat-
egy in hypertension treatment through synergy between their antihyperten-
sive and vascular protective actions, persistent metabolic benefits deriving 
from RAAS inhibition, and reduced incidence of side effects. 

Keywords: amlodipine; angiotensin-converting enzyme inhibitors;  
angiotensin receptor antagonists; dihydropyridine calcium channel  
antagonists; hypertension; treatment; valsartan
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secutive outpatients who referred for the 
first time, following treatment by special-
ists or general practitioners, we observed 
that only 12% of patients had BP levels of 
<140/90 mmHg, while 38% had grade 2/3 
hypertension despite being often prescribed 
antihypertensive medication (Figure 1). 
Even more perplexing, the vast majority 
of these patients were rarely affected by 
hypertension alone and usually presented 
with at least one additional cardiovascu-
lar risk factor (20% had ≥2 additional risk 
factors). Thus, it appears that a lack of BP 
control is not limited to low-risk patients, 
but also to those who have an increasing 
constellation of risk factors known as the 
metabolic syndrome.5 In line with this hy-
pothesis, the recent European Action on 
Secondary Prevention Through Interven-
tion to Reduce Events (EUROASPIRE) 

III survey was conducted in 22 European 
countries and demonstrated that the ma-
jority of patients with known athero-
sclerotic disease were still not achieving 
BP, lipid and glucose targets.6 Therefore, 
according to these data, it is likely that 
approaches to cardiovascular disease pre-
vention need to be revised and adjusted. 

LACK OF HYPERTENSION  
CONTROL IN TREATED  
HYPERTENSIVE PATIENTS:  
A CALL TO ACTION

Lack of hypertension control is main-
ly responsible for the persistently elevated 
hypertension-related cardiovascular mor-
bidity and mortality observed in treated 
patients.1–4 Such effects persist despite 
several antihypertensive agents being 
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Figure 1. First visits in a hypertension and cardiovascular prevention outpatient unit in patients previously 
followed in other settings by either specialists or general practitioners.
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available, and effective lifestyle-based  
antihypertensive strategies having clearly 
demonstrated effective BP reduction in 
the general hypertensive population7 as 
well as in hypertensives with additional 
cardiovascular risk factors.8 Additional 
interventions suggested to improve BP 
control have often been debated and in-
clude education programmes aiming to 
encourage and then maintain lifestyle 
changes in the long run, evaluation of 
physician approaches to cardiovascular 
risk factor control by quality and not eco-
nomic indicators, implementation of sim-
plified guidelines for patients and general 
practitioners, counselling with patients 
to improve awareness and collaboration 
in the management of hypertension, and 
increased use of home BP monitoring.7–12 
The main aim of all of these measures is to 
reduce therapeutic inertia,9,10 i.e. the main 
culprit responsible for the lack of BP con-
trol in the vast majority of treated hyper-
tensive individuals.

In this context, one of the most impor-
tant tools in the fight against therapeutic 
inertia is represented by combination 
treatments.11,12 Fixed combination ther - 
apies are particularly able to significantly 
increase patient compliance and long-
term stay on-treatment, reduce side ef-
fects and (when appropriately chosen)
allow the achievement of lower SBP and 
DBP levels.13

COMBINATION TREATMENT IN 
ESSENTIAL HYPERTENSION

While initial guidelines on BP con-
trol emphasised the role of monotherapy, 
in recent years, clinical trials and daily 
practice experience have suggested that 

such an approach is not effective in the 
majority of patients.14–16 In keeping with 
the above, the Seventh Report of the Joint 
National Committee on Prevention, De-
tection, Evaluation, and Treatment of 
Blood Pressure ( JNC 7) suggests that  
antihypertensive therapy should start  
with two drugs when a patient presents 
with a BP of >20 mmHg above SBP and/
or >10 mmHg above DBP target.17 Fur-
thermore, the more recently available 
European guidelines18 clearly state that 
the majority of hypertensive patients en-
rolled in trials start on a single agent but 
end up on combination therapy. Combi-
nation treatment is particularly encour-
aged in patients with higher risk profiles, 
more marked BP elevation and lower BP  
targets.18 Thus, statements from different 
expert panels concluded that combination 
treatment should be preferred in most  
hypertensive individuals. An explanatory 
flow chart – largely based on the European 
Guidelines18 – depicting the possible 
pathways leading to the more appropriate 
choice is shown in Figure 2.

In summary, in contrast to previous 
approaches, current guidelines support 
the evidence that combination treatment 
is often necessary in the vast majority of 
hypertensive patients. In particular, the 
same guidelines also indicate that combi-
nation of two drugs should be considered 
as the initial treatment in most cases.

Combination Therapy Based on  
Angiotensin Receptor Blockers

Antihypertensive therapies based on 
angiotensin receptor blockers (ARBs) 
have been demonstrated to reduce com-
posite outcomes comprising cardiovas-
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cular and cerebrovascular events;19 slow 
down the progression from incipient 
to overt nephropathy in type 2 diabetic 
hypertensive patients;20 reduce the pro-
gression of overt renal damage in type 
2 diabetic patients;21 be effective in re-
ducing outcomes in patients with heart 
failure22 and after an acute myocardial 
infarction;23 and reduce cardiovascular 
morbidity and mortality in patients af-
fected by either hypertension, coronary 

heart disease, heart failure or a combina-
tion of these diseases.24 The majority of pa-
tients enrolled in the above trials received 
the ARB valsartan. Studies conducted in 
hypertensive individuals clearly showed 
that the ability of valsartan to reduce SBP 
and DBP levels was dose-dependent, with 
progressive BP decrements from 40 mg 
to 320 mg daily.25 Accordingly, in the re-
cent JIKEI heart study24 SBP/DBP levels  
after a mean follow-up period of 3.1 years 
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Comorbidities
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Figure 2. Antihypertensive treatment in the general hypertensive population: a practical flow chart.18 
BP=blood pressure; CV=cardiovascular.
Reproduced with permission from Mancia G, et al. Management of Arterial Hypertension of the European 
Society of Hypertension. European Society of Cardiology. 2007 Guidelines for the management of arterial 
hypertension: the task force for the management of arterial hypertension of the European Society of Hypertension 
(ESH) and of the European Society of Cardiology (ESC). J Hypertens. 2007;25:1105–1187.
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(range, 1–3.9 years) were 131/77 mmHg 
in a cohort of 1541 Japanese patients at 
high cardiovascular risk randomised to 
receive valsartan treatment instead of 
placebo (n=1540 patients), in both cases 
in addition to conventional treatment. 
Therefore, achieved BP in the JIKEI heart 
study was markedly below the thresh-
old of 140/90 mmHg and very close to 
the levels of <130/80 mmHg that have 
been recommended by more recent Eu-
ropean guidelines in high-risk individu-
als.18 Achievement of these BP levels was  
accompanied by significant reductions 
of the primary composite and secondary 
endpoints in patients taking valsartan at 

a dose ranging from 40 to 160 mg once 
daily (mean dose, 76 mg daily) compared 
with those taking placebo (Figure 3).  
Of note, at the end of the JIKEI heart 
study about two thirds of patients were 
on simultaneous treatment with a dihy-
dropyridine calcium channel antagonist 
(DHPCA), one third with an angio-
tensin-converting enzyme (ACE) inhibi-
tor, one third with a beta blocker and 10% 
with a diuretic.24 Thus, based on the JIKEI 
heart study findings it is evident that most 
high-risk patients require the prescription 
of ARBs in appropriate combination with 
another antihypertensive treatment to ob-
tain optimal BP control. 
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Figure 3. Reduction in incidence of primary and secondary endpoints in valsartan- and non-valsartan-treated 
patients in the JIKEI heart study.24 CI=confidence interval; HF=heart failure; MI=myocardial infarction; 
TIA=transient ischaemic attack. 
Reprinted from The Lancet, Vol 369, Mochizuki S, et al. Valsartan in a Japanese population with hypertension 
and other cardiovascular disease (JIKEI heart study): a randomised, open-label, blinded endpoint morbidity-
mortality study. Pages 1431–1439. Copyright 2007, with permission from Elsevier.
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Thiazide diuretics have historically 
represented the most widely used com-
bination drug with ARB-based therapy.26 

ARBs provide enhanced activity when 
combined with 12.5 or 25 mg hydrochlo-
rothiazide (HCTZ), thereby providing 
an important option for tighter BP con-
trol.27 In turn, response to HCTZ is also 
enhanced by the use of ARBs and patients 
exhibiting a low response to HCTZ 
monotherapy often report significant BP 
reductions when the diuretic is combined 
with an ARB.27 

In keeping with this, in the recent 
COmparative Study of efficacy of Irbe-
sartan/HCTZ with valsartan/HCTZ 
using home blood pressure Monitoring 
in the treAtment of mild-to-moderate 
hypertension (COSIMA), the addition 
of ARBs was able to induce further BP 
reductions in 464 patients unrespon-
sive to previous diuretic monotherapy.28 
However, in the COSIMA study patients 
received 12.5 mg HCTZ daily as addi-
tional treatment to the ARBs irbesartan  
(150 mg daily) or valsartan (80 mg daily).27 
In clinical practice, most patients require 
the use of higher doses of HCTZ, i.e.  
25 mg daily, reporting greater BP reduction 
but also potential increments in thiazide-
related side effects. Thus, in the INCLU-
SIVE trial29 patients (n=844) who still 
had uncontrolled SBP levels following 
4 weeks of treatment with monotherapy 
were treated sequentially with placebo 
(4–5 weeks), HCTZ 12.5 mg once daily 
(2 weeks), irbesartan 150 mg/HCTZ 
12.5 mg once daily (8 weeks), and finally 
with irbesartan 300 mg/HCTZ 25 mg  
(8 weeks). The mean change in SBP from 
placebo phase to week 18 (intention-
to-treat, n=736 patients) was –21.5± 

14.3 mmHg (P<0.001), while the mean 
change in DBP was –10.4±8.7 mmHg 
(P<0.001). Overall, 77% (95% con-
fidence intervals [CI]: 74%, 80%) of  
patients achieved a SBP of <140 mmHg, 
83% (95% CI: 80%, 86%) achieved a  
DBP of <90 mmHg, and 69% (95% CI: 
66%, 72%) achieved dual SBP/DBP 
goals. Although combination treatment 
was well tolerated, only one patient 
manifested with hypotension with the 
addition of low-dose HCTZ (12.5 mg) 
versus eight patients among those receiv-
ing the full daily dose (i.e. 25 mg). Simi-
larly, three versus eight patients reported 
fatigue in the 12.5 mg compared with 
the 25 mg HCTZ groups, respectively.29 
Thus, the use of HCTZ 25 mg daily en-
hanced BP response to irbesartan and 
was effective, although possibly associat-
ed with very modestly worse tolerability.

However, the possibility that di-
uretics, in general, and HCTZ, in par-
ticular, might counteract, at least in 
part, some of the benefits deriving from 
renin–angiotensin–aldosterone system 
(RAAS) inhibitors is supported by two 
recent post-hoc analyses of the VALUE 
trial.30–32 In the first of these analyses, val-
sartan, compared with amlodipine, was 
able to significantly reduce the incidence 
of new-onset type 2 diabetes mellitus in 
hypertensive patients at high cardiovas-
cular risk.31 Significant protection was 
still evident in valsartan-treated hyper-
tensives when a more recent definition 
of fasting hyperglycaemia was used, as 
well as in patients taking diuretics and/
or beta blockers in addition to ARB 
treatment.31 However, new-onset type 2 
diabetes mellitus occurred in 15.8% of 
these latter patients compared with 9.8% 



Ferri et al.

307

of valsartan-treated patients as a whole. 
Thus, metabolic protection by valsartan 
persisted, but was mildly reduced by the 
addition of beta blockers and/or diuret-
ics. Concordantly, the second post-hoc 
analysis32 of the VALUE trial showed 
that new-onset type 2 diabetes mellitus 
had detrimental effects on cardiovascular 
prognosis, inducing an increment in the 
hazard ratio for total cardiac morbidity 
of 1.43 (95% CI: 1.16, 1.77; P=0.0008), 
supporting the notion that reduced meta-
bolic protection induced by beta blockers 
and/or diuretics added to previous ARB 
treatment might negatively influence, at 
least in part, individual cardiovascular 
prognosis. 

Rationale for the Combination of ARBs 
with DHPCAs

Apart from the evident cardiovascular 
benefits deriving from the combination of 
the ARB valsartan with calcium antago-
nists coming from the recent JIKEI heart 
study,24 the possibility that simultaneous 
angiotensin II type 1 (AT1) receptor and 
voltage-dependent calcium channel block-
ade may result in a marked synergy with re-
gard to individual BP-lowering action and 
vascular protective properties derives from 
different experimental studies.

As is known, the AT1 receptor plays 
an important role in the structural and 
functional integrity of the arterial wall.33 

Most of the AT1-mediated vascular effects, 
including vascular contraction, are depen-
dent on activation of a number of intra-
cellular pathways and cytosolic free Ca++ 
concentration which, in turn, is increased 
by angiotensin II via the same receptor.34,35 
Although based on cytosolic free Ca++ con-

centration and then also on AT1-mediated 
Ca++ mobilisation from the intracellular 
storage pool,36 increments in cytosolic free 
Ca++ in angiotensin II-stimulated vascu-
lar smooth cells mainly depend on exter-
nal Ca++ influx.34 Angiotensin II-induced 
Ca++ influx in vascular smooth muscle 
cells involves dihydropyridine-sensitive 
calcium channels, receptor-gated calcium 
channels, dihydropyridine-insensitive  
cation channels, Ca++-operated Ca++ re-
lease and membrane-bound Na+/Ca++ ex-
changer.34,37,38 However, external calcium 
influx across the vascular smooth muscle 
cell membrane seems to be mainly relat-
ed to dihydropyridine-sensitive calcium 
channels since angiotensin II was unable 
to induce contraction of isolated aortic 
rings from male Sprague-Dawley rats in 
calcium-free Krebs.39 Of note, the vascular 
response to angiotensin II was less evident 
when aortic endothelium was removed and 
more pronounced in rats made diabetic by 
streptozotocin than in non-diabetic rats,39 
thereby suggesting hyperglycaemia enhances 
the vascular responsiveness to AT1 block-
ade. Even more interestingly, angiotensin  
II-induced vascular contraction in the pres-
ence of external calcium was abolished by 
the AT1 receptor inhibitor valsartan as 
well as by DHPCAs (Figure 4), thereby 
indicating AT1-mediated dihydropyridine-
sensitive calcium channel activation was 
the main mechanism responsible for AT1-
induced cytosolic free Ca++ increment and 
the consequent aortic ring contraction. 
Also, non-DHPCAs were unable to re-
duce the vascular response to angiotensin 
II in the presence of external calcium (Fig-
ure 4). Thus, it is evident that angiotensin  
II-induced vascular contraction is mediated 
by the AT1 receptor, but also by the activa-
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tion of dihydropyridine-sensitive calcium 
channels. Based on these in-vitro findings, 
it is also evident that simultaneous AT1 re-
ceptor and dihydropyridine-sensitive cal-
cium channel blockade may manifest with 
a significant synergy in clinical practice, 
by acting on the same pathways leading to 
cytosolic free Ca++ increase and then recip-
rocally potentiating their vascular dilative 
and protective properties (Figure 5). 

In addition to the above, valsartan 
could also potentiate the BP-lowering 
effects of amlodipine by reducing sym-
pathetic tone. Indeed, while amlodipine 
induces a modest adrenergic activation,40 
ARBs can reduce the adrenergic tone, 
particularly by inhibiting α1-adrenoceptor 
activity.40,41 Thus, the hypotensive actions 
of valsartan can also be related to sympa-
thetic tone inhibition. This latter effect 

of valsartan may be of particular clinical 
relevance since it could abolish the adren-
ergic tone increment that can be encoun-
tered in patients treated with DHPCAs. 

Antihypertensive Efficacy of the  
Valsartan and Amlodipine Combination

Data supporting the existence of a 
marked synergy between valsartan and 
DHPCAs derive from several sources 
of in-vivo evidence. The majority of  
valsartan-treated patients participating  
in the JIKEI heart study were simultane-
ously treated with DHPCAs, and this 
study reported a significant reduction in 
both primary and secondary cardiovascu-
lar endpoints (Figure 3).24 In addition, in a 
multinational, multicentre, double-blind, 
placebo-controlled, parallel-group trial 
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Figure 4. Effect of dihydropyridine and non-dihydropyridine calcium channel antagonists on angiotensin 
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functional coupling in supersensitivity to angiotensin II in diabetic rats. Cardiovasc Res. 2005;65:374–386.
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Figure 5A. Vasoconstriction is dependent on intracellular Ca++ availability. Angiotensin II induces 
vasoconstriction by augmenting intracellular Ca++ availability. In turn, this latter depends on angiotensin
 II type 1 (AT1)-mediated Ca++ release from intracellular storage pool and Ca++ entry through 
dihydropyridine-inhibitable channels (left size). Thus, AT1 receptor and dihydropyridine Ca++ channel 
blockers co-operate in inducing vasodilation and vascular protection (right size).

Vasoconstrictive role of angiotensin II: co-operative antagonism by AT1 receptor and dihydropyridine 
Ca++ blockers
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Philipp et al.25 recently evaluated 1911 
essential hypertensive patients who were 
randomised to receive either amlodipine 
2.5 or 5.0 mg once daily, valsartan 40 to 
320 mg once daily, the combination of 
amlodipine 2.5 or 5.0 mg with valsartan 
40 to 320 mg once daily, or placebo over 
a period of 8 weeks. Cumulative analysis 
of data showed that 1022 patients were 
randomised to amlodipine plus valsartan, 
507 to valsartan, 254 to amlodipine, and 
128 to placebo treatments. According to 
in-vitro fi ndings, clinical results showed 
an evident dose response for all combi-
nations, the highest response rate being 
associated with the highest dose of com-

bination therapy (amlodipine 5 mg plus 
valsartan 320 mg; 91.3%) (Figure 6A). 

Additionally, Philipp et al.25 also eval-
uated 1250 hypertensive patients, who 
were randomised to a similar valsartan 
dose but a higher amlodipine dose over 
a period of 8 weeks. Interestingly, BP 
decrements were again found to be dose-
dependent but the two doses of combina-
tion therapy were associated with similar 
response rates (amlodipine 10 mg plus 
valsartan 160 mg, 88.5%; amlodipine 
10 mg plus valsartan 320 mg, 87.5%) 
(Figure 6B). Th is suggests that the com-
monly available/used doses of both val-
sartan and amlodipine are characterised 

Figure 6. Effect of combined valsartan and amlodipine therapy on systolic (SBP) and diastolic blood 
pressure (DBP) of patients with mild-to-moderate essential hypertension.25 
Reprinted from Clinical Therapeutics, Vol 29. Philipp T, et al. Two multicenter, 8-week, randomized, 
double-blind, placebo-controlled, parallel-group studies evaluating the efficacy and tolerability of amlodipine 
and valsartan in combination and as monotherapy in adult patients with mild to moderate essential 
hypertension. Pages 563–580. Copyright 2007, with permission from Excerpta Medica, Inc.

(A) Least-squares mean reduction in (i) sitting DBP and (ii) sitting SBP at the end of Study 1. 
The standard errors of the means for all reductions in part (i) ranged from 0.65 to 0.67 mmHg; in part (ii), 
they ranged from 1.03 to 1.06 mmHg. 
*P<0.05 vs placebo; †P<0.05 vs the same dose of valsartan monotherapy; ‡P<0.05 vs the same dose of 
amlodipine monotherapy.
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by optimal BP responses. Also, com-
parisons of two diff erent combination 
regimens based on either the ACE in-
hibitor lisinopril 10–20 mg plus HCTZ 
12.5 mg, or valsartan 160 mg plus am-
lodipine 5–10 mg showed a marked 
BP response in hypertensive patients 
treated with the second combination 
(SBP –35.8 mmHg aft er 6 weeks, DBP 
–28.6 mmHg aft er 6 weeks; P<0.001 vs 
baseline in both cases).42 Th erefore, con-
trolled clinical trials indicate that the 
combination of amlodipine plus valsar-
tan is associated with signifi cantly greater 
BP reductions from baseline compared 
with amlodipine or valsartan monother-
apy. In keeping with this, 77.9% of pa-

tients in the Reduction of Endpoints in 
NIDDM with the Angiotensin II 
Antagonist Losartan (RENAAL) trial, 
who were randomised to losartan, re-
ceived calcium channel blockers and 
reported a signifi cant decrease in the pre-
defi ned renal endpoint of worsening of 
kidney failure,43 thereby indicating that 
combination of ARBs with DHPCAs 
can also be used in high-risk conditions, 
including type 2 diabetes mellitus with 
overt renal damage. A review of available 
data supports the notion that the com-
bination of RAAS and calcium channel 
antagonists can be very eff ective in the 
treatment of hypertension and further 
improve BP control.44
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Safety Profile of the Valsartan and  
Amlodipine Combination 

Some post-hoc evidence from the 
VALUE trial suggests that the combina-
tion of valsartan with diuretics and/or beta 
blockers modestly attenuates the metabolic 
benefits derived from RAAS blockade.31,32 
Obviously, this does not mean that a low-
dose thiazide cannot be added in principle 
to RAAS inhibitors, and this also applies to 
other diabetogenic drugs, i.e. beta blockers. 
Indeed, it is obvious that the use of diuretics 
and/or beta blockers is often necessary in  
hypertensive patients. However, thiazides 
and beta blockers may limit the metabolic 
benefits that are known to derive from 
RAAS blocking agents. Their use, at the 
higher doses, should be prescribed only 
when necessary in patients with metabolic 
disturbances or at high risk for develop-
ing type 2 diabetes mellitus. Therefore, 

combinations of ARBs and DHPCAs 
appear the more rational choice in these 
patients when monotherapy is not able to  
normalise BP. 

Apart from the metabolic aspect, it 
is of particular interest to note that the 
two studies evaluating the antihyperten-
sive efficacy of valsartan plus amlodipine 
combinations25,42 also showed that side  
effects were modest and occurred to a  
lesser extent in patients taking valsartan 
plus amlodipine compared with those on 
amlodipine alone.25 In particular, the in-
cidence of ankle oedema was lower (5.4% 
vs 8.7%, respectively; P=0.014). The in-
cidence of headache was also lower in 
patients treated with valsartan plus am-
lodipine compared with those on amlo-
dipine alone (4.3% vs 7.6%, respectively; 
P<0.01). 

The reasons leading to the reduced 
occurrence of the more common side ef-
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Figure 7. Effects of amlodipine (10 mg once daily) monotherapy or valsartan (160 mg once daily) plus 
amlodipine (10 mg once daily) on ankle foot volume (left) and pretibial subcutaneous tissue pressure (right) 
in 80 hypertensive patients.49 
Copyright retained by: Fogari R, Zoppi A, Derosa G, et al. J Hum Hypertens. 2007;21:220–224. 
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fects observed in patients treated with  
DHPCAs are unclear. However, a cer-
tain reduction in ankle oedema has been 
already reported in two previous stud-
ies conducted in hypertensive patients 
treated with amlodipine in combination 
with ACE inhibitors45,46 and in a previ-
ous observation based on the evaluation 
of ankle oedema by the use of the water 
displacement technique, i.e. the ancient 
Archimedes principle.47 Furthermore, 
evaluation of skin blood flow by laser 
Doppler flowmetry and of leg weight in 
hypertensive patients treated with amlo-
dipine showed that enalapril restrained 
fluid extravasation and increment in leg 
weight induced by amlodipine, prob-
ably because of enalapril-related venodi-
lation.48 Similar findings might be taken 
into account to explain the protection 
against amlodipine-related ankle oedema 
that was exerted by valsartan.40 In accor-
dance with this, a recent study measured 
two objective measures of ankle oedema, 
i.e. ankle foot volume and pretibial sub-
cutaneous tissue pressure in 80 hyperten-
sive patients who after a 4-week period on  
placebo were randomised to amlodipine 
10 mg, or valsartan 160 mg, or amlodipine 
10 mg plus valsartan 160 mg for 6 weeks 
according to an open-label, blinded- 
endpoint, crossover design.49 At the 
end of the placebo period and of each 
treatment period, ankle foot volume 
and pretibial subcutaneous tissue pres-
sure were measured. As expected, am-
lodipine and valsartan monotherapy 
significantly reduced SBP (–16.9 and 
–14.5 mmHg, respectively; P<0.01 
vs baseline) and DBP (–12.9 and  
–10.2 mmHg, respectively; P<0.01 
vs baseline) but the reduction 

was greater with the combination  
(–22.9 mmHg for SBP, P<0.01 vs mono-
therapy; –16.8 mmHg for DBP, P<0.01 
vs monotherapy). Amlodipine but not 
valsartan monotherapy significantly in-
creased both ankle foot volume (am-
lodipine, +23%; P<0.01 vs baseline) 
and pretibial subcutaneous tissue pres-
sure (amlodipine, +75.5%; P<0.001 
vs baseline). Compared with amlo-
dipine monotherapy, the valsartan/ 
amlodipine combination produced a less 
marked increase in ankle foot volume  
(+6.8%; P<0.01 vs amlodipine mono-
therapy) and pretibial subcutaneous 
tissue pressure (+23.2%; P<0.001 vs  
amlodipine monotherapy) (Figure 7).  
Ankle oedema was clinically evident in 
24 patients with amlodipine and in six 
patients with the combination, thereby 
supporting a role for valsartan in coun-
teracting the microcirculatory changes 
responsible for calcium channel block-
er-induced oedema formation. Indeed, 
while angiotensin II is able to induce the 
constriction not only of arteries but also 
of veins due to the high amount of AT1 
receptors that are present at the venous 
level,50 DHPCAs mainly dilate large 
and small arteries and reduce precapil-
lary arteriolar resistance (Figure 5).51 In 
keeping with this, complementary ac-
tions of ARBs and calcium antagonists 
might also explain the reasons leading 
to improved renal outcome in the recent  
RENAAL study,43 whose patients were 
treated with losartan in frequent com-
bination with calcium antagonists. In 
fact, while ARBs reduce systemic BP 
and preferentially reduce vascular effer-
ent resistance, thereby reducing capillary 
intraglomerular pressure, blockade of 
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dihydropyridine-sensitive calcium chan-
nels reduces systemic BP and dilates both 
afferent and efferent arterioles.  

In addition to the above explanation, 
valsartan could have reduced amlodipine-
related peripheral oedema because of 
changes in the sympathetic tone. While 
amlodipine induces a modest degree of 
sympathetic activation,40 ARBs can reduce 
the adrenergic tone, particularly by inhib-
iting α1-adrenoceptor activity.40,41 In con-
trast to this, the selective α1-adrenoceptor 
antagonist doxazosin had very modest 
effects on cutaneous microcirculation52 
and seems to be ineffective in reducing  
amlodipine-induced peripheral oedema. 
Thus, while the hypotensive action of 
valsartan may be mediated in part by the 
inhibition of the sympathetic tone in 
patients with hypertension (Figure 5),40 
such activity is unlikely to be responsible 
for the observed reduction in ankle oede-
ma in patients treated with valsartan plus 
amlodipine compared to those treated 
with amlodipine alone. 

CONCLUSION

Effective reduction in BP is rare in 
clinical practice, particularly in high-risk 
hypertensive patients. Clinical trials and 
epidemiological evidence support the no-
tion that BP decrements within the range 
of normality significantly improves sur-
vival and morbidity. RAAS blockade has 
been proven to be effective in reducing BP 
as well as mortality/morbidity outcomes 
in hypertensive patients. However, ARB 
monotherapy is not always sufficient to 
induce an effective BP reduction. In this 
case, combination therapy is necessary. 

In contrast to thiazides, DHPCAs do 

not have unfavourable metabolic actions53 
and are able to protect the cardiovascular 
system not only by reducing BP but also 
through blood pressure-independent 
mechanisms. Furthermore, since angio-
tensin II-induced vasoconstriction de-
pends on external calcium, the addition 
of DHPCAs to ARB treatment provides 
additional BP decrements. Accordingly, 
combination of RAAS blocking agents 
with DHPCAs has been proven to be 
particularly useful in the management of 
hypertension and to reduce cardiovascu-
lar, cerebrovascular and renal outcomes 
even in patients with type 2 diabetes mel-
litus, overt renal failure, coronary heart 
disease and heart failure. In addition, due 
to the inhibition of adrenergic tone and 
venular dilation, ARBs are also able to 
significantly reduce ankle oedema, i.e. a 
minor side effect that can be observed in 
patients taking DHPCAs and can limit 
long-term adherence to therapy. Accord-
ingly, the valsartan/amlodipine combi-
nation has been demonstrated to induce 
satisfying BP decrements in more than 
80% of a large cohort of hypertensive pa-
tients.25 In this regard, the modest RAAS 
activation that can be encountered after 
DHPCA administration54 can be also 
suppressed by ARBs.55 

Based on a recent meta-analysis56 
that stressed the role of fixed combina-
tions in improving long-term adherence 
to therapy, as well as another study that 
highlighted the tendency of many hy-
pertension physicians to use approaches 
that diverge from guideline recommen-
dations,57 the use of fixed combinations, 
in general, and of RAAS plus calcium 
channel blocking agents, in particular, 
seems to represent an extremely attrac-
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tive tool in cardiovascular prevention in 
essential hypertensive patients. Finally, 
the combination of ARBs and DHPCAs 
is also likely to represent a more fruitful 
opportunity to obtain the more possible 
advantages from the suggested ancil-
lary properties that might be responsible 
for the BP-independent benefits deriv-
ing from amlodipine and ARB mono- 
therapies.58  
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