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Abstract
Hypertension is a major preventable risk factor for atherosclerosis 
and ischemic heart disease. Although modern and effective 
antihypertensive drugs are available, most patients remain with 
a suboptimal blood pressure control. Most hypertensive patients 
will need a combination of antihypertensive agents to achieve 
the therapeutic goals – recent guidelines recommend initiating 
treatment with two drugs in those patients with a systolic blood 
pressure >20 mmHg and/or a diastolic blood pressure >10 mmHg 
above the goals, and in those patients with high cardiovascular 
risk. In addition, approximately 25% of patients will require three 

antihypertensive agents to achieve the therapeutic targets. 
In this review, we analyse the latest information available 
regarding the treatment of hypertension with combination 
therapy.
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Introduction
Hypertension is a serious global health issue, affecting millions 
of patients. Despite having various antihypertensive agents that 
have shown their efficacy and safety, the percentage of patients 
achieving the recommended therapeutic goals is unacceptably 
low [1]. Hypertension is a risk factor for cardiovascular disease – 
uncontrolled hypertension increases the relative risk from two to 
four times for coronary disease, stroke, heart failure, peripheral 
arterial disease, renal insufficiency, atrial fibrillation and 
dementia/cognitive impairment. Undoubtedly, poorly controlled 
hypertensive patients have an increased risk for cardiovascular 
complications [1].

Hypertension has a prevalence of 30.5% in Mexico, which is 
almost the same reported by other Latin-American countries, 
except for Colombia and Peru [2]. Its prevalence continues to 
increase with age. Consequently, in subjects over 70 years, the 
prevalence of hypertension reaches 60–70% [3]. Despite the 
effectiveness of modern antihypertensive drugs, approximately 
70% of hypertensive patients fail to achieve the therapeutic 
goal of blood pressure <140/90 mmHg with monotherapy; and 
even less patients will reach the new therapeutic goals <130/80 
mmHg recommended in the 2017 ACC/AHA/AAPA/ABC/ACPM/
AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention, 
Detection, Evaluation, and Management of High Blood Pressure 

in Adults [4], using only one antihypertensive drug. In fact, 
long-term prospective studies have shown that hypertensive 
patients were not effectively treated with monotherapy and 
needed an average of three drugs for adequate control [1,5].

Rationale for combination therapy
When hypertensive patients do not achieve adequate control 
of their blood pressure, the options to try and achieve required 
treatment goals are to increase the dose of monotherapy 
(which increases the risk of side effects) or to use drug 
combinations with minimum side effects. In order to avoid 
complications, it is important to start treatment as soon as 
possible, achieve the goals in the shortest time possible and 
ensure treatment adherence [1,6].

The mechanisms that lead to a blood pressure increase in a 
patient are diverse – monotherapy acts on one or at best two 
of these mechanisms, while the use of combinations of drugs 
allows for action on several different hypertensive mechanisms 
[7]. By combining two drugs with different mechanisms of 
action, an antihypertensive effect of two to five times greater 
than that obtained by monotherapy is possible [7,8]. Increasing 
the dose of monotherapy reduces coronary events by 29% 
and cerebrovascular events by 40%, while combining two 
antihypertensive agents with a different mechanism of action 
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reduces coronary events by 40% and cerebrovascular events 
by 54% [9]. Thus, the use of combination therapy provides 
greater protection to a target organ than increasing the dose of 
monotherapy.

In summary, combination therapy looks like a better option 
than increasing the dose – the advantages of combination 
therapy are shown in Box 1 [1]. 

Fixed-dose combinations (both drugs in the same tablet) offer 
additional advantages, such as improved adherence by 24%, 
easier indications and potentially reduced cost. Their limitation is 
less possibility of titrating the dose of only one of the drugs [7,10].

Both the eighth report of the Joint National Committee 
for the Prevention, Detection, Evaluation and Treatment 
of Hypertension (JNC8) [11] and the 2013 guidelines of the 
European Society of Hypertension and the European Society 
of Cardiology (ESHESC) for the management of hypertension 
[12] recommend the use of combinations of antihypertensive 
agents from the beginning for subjects in which the 
probability of achieving the recommended treatment goals 
in hypertension with monotherapy is low, as are patients 
with systolic pressure 20 mmHg above the target or diastolic 
pressure 10 mmHg above the target or more.

Reinforcing the above, a meta-analysis published in 2009 
showed that patients receiving more antihypertensive drugs 

achieved (as expected) lower blood pressure figures and had 
greater reductions in the appearance of cardiovascular and 
cerebrovascular events [13].

Several clinical studies have shown that hypertensive patients, 
with high cardiovascular risk, benefit more from receiving 
combinations of medications, as well as subjects with moderate 
hypertension and low cardiovascular risk [8].

Looking at the evidence
Clinicians have a wide range of antihypertensive drugs for the 
management of hypertensive patients, all safe and effective, and 
which have been shown to reduce mortality and complications 
in these patients [11,12]. However, there are few studies that 
show us the safety and efficacy of the different combinations in 
the management of arterial hypertension. The recommended 
and not recommended combinations are shown in Table 1.

Most combinations of antihypertensive agents, whether at 
fixed doses or free combinations, include a diuretic. These 
combinations have been shown to produce greater blood 
pressure reductions than those seen with monotherapies [8]. 
Combinations of a calcium antagonist with a renin–angiotensin 
system inhibitor (RASI), whether an angiotensin-converting 
enzyme inhibitor (ACEI) or angiotensin receptor blocker 
(ARB), have also been shown to be effective and safe in the 
management of the hypertensive patient [7,9]. The available 
evidence on these drug combinations is now presented.

The only study that directly compares two combinations 
of antihypertensive drugs is the Avoiding Cardiovascular 
Events Through Combination Therapy in Patients Living With 
Systolic Hypertension (ACCOMPLISH). In this study, 11,462 
high-risk cardiovascular patients over 55 years of age (60.4% 
with diabetes mellitus) were included. They were divided 
into two groups – one group received the combination 
benazepril plus amlodipine, and the other group received 
the combination benazepril plus hydrochlorothiazide. Trial 
duration was designed for 5 years; however, the study was 
suspended at month 39 because the calcium antagonist plus 
ACEI combination was found to be superior to the ACEI plus 
hydrochlorothiazide combination in reducing cardiovascular, 
cerebrovascular and renal events, despite a similar reduction in 
systolic and diastolic values in both groups (the mean difference 
in blood pressure between the two groups at the end of the 
study was 0.9 mmHg systolic and 1.1 mmHg diastolic) [14].

The renal outcomes of the Ongoing Telmisartan Alone or in 
combination with Ramipril Global Endpoint Trial (ONTARGET) 
study included 25,620 participants, who were randomly 
assigned to ramipril, telmisartan or to a combination of both 
drugs [15]. After 56 weeks follow-up, the combination of 
telmisartan plus ramipril significantly increased the risk of 
dialysis, doubling serum creatinine, and caused a greater fall in 
the glomerular filtration rate than the ramipril or telmisartan 
groups, which has called into question the benefits of this 
combination.

Box 1.  Advantages of the combination of 
antihypertensive drugs.

Greater reductions in blood pressure figures compared 
with monotherapy

Reduction in adverse effects:

•   RASIs prevent pretibial edema induced by calcium 
channel blockers

•   RASIs counteract the release of renin caused by 
natriuretics

•   RASIs block the release of aldosterone induced by 
natriuretics and the resulting hypokalemia

Several physiopathological mechanisms of increased 
blood pressure are blocked

Greater protection to target organs

Faster control of blood pressure

Combinations may have some effects that are 
independent of their antihypertensive action:

•  Anti-inflammatory
•  Metabolic

Anticounter regulation:

•   Diuretics counteract the retention of water produced 
by vasodilators

•  RASIs compensate for renin release by diuretics

RASI, renin–angiotensin system inhibitor.
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resistance and a higher risk of type 2 diabetes, whereas ACEIs 
and ARBs improve insulin resistance [18].

Beta blockers and thiazides increase triglyceride levels, whereas 
calcium channel blockers increase high density lipoprotein 
levels [18]. 

In the Anglo-Scandinavian Cardiac Outcomes Trial-Blood 
Pressure Lowering Arm (ASCOT BPLA study), 19,257 patients 
with hypertension who had at least three other cardiovascular 
risk factors and aged 40–79 years were assigned to receive 
either amlodipine (adding perindopril as required) or atenolol 
(adding bendroflumethiazide and potassium as required). In 
this study, the amlodipine-based regimen was more effective 
in reducing cardiovascular events than the atenolol-based 
regimen [19]. At the end of the study, several metabolic 
variables differed significantly from baseline to final visit 
between treatment regimens; triglycerides and glucose had 
a significant reduction (p<0.0001) in the amlodipine-based 
group, whereas high density lipoprotein levels significantly 
(p<0.0001) increased in the amlodipine-based group [19].

In the Study of Trandolapril-Verapamil SR and Insulin Resistance 
(STAR) trial, there were 240 hypertensive patients with glucose 
intolerance who were followed for 1 year [20]. The combination 
of trandolapril plus verapamil was more effective than the 
combination of losartan plus hydrochlorothiazide in reducing 
the risk of new-onset diabetes mellitus. Our group reported 
that the same combination of trandolapril plus verapamil 
increased adiponectin levels [21] and reduced resistin levels 
[22] more than ACEI monotherapy – both desirable effects in 
hypertensive patients at high cardiovascular risk.

In the OLAS study (OLmesartan plus Amlodipine versus 
olmesartan plus hydrochlorothiazide in metabolic syndrome), 
there were 120 patients with metabolic syndrome and 
Stage I and Stage II hypertension who were randomised to 
receive either olmesartan plus amlodipine or olmesartan plus 
hydrochlorothiazide with follow-up ended at 78 weeks [23]. 
At the end of the study, it was found that, with the same level 
of blood pressure lowering, the olmesartan plus amlodipine 
combination had a greater beneficial effect on some metabolic 

In the Aliskiren Trial in Type 2 Diabetes Using Cardio-Renal 
Endpoints (ALTITUDE), 8561 patients were randomly assigned 
to aliskiren or placebo as an adjunct to another RAS inhibitor; 
however, the trial was stopped prematurely after a median 
follow-up of 32.9 months [16]. In the Aliskiren Study in Post-MI 
patients to Reduce remodelling (ASPIRE) trial, the addition of 
aliskiren to the standard therapy, including an inhibitor of the 
RAAS in 820 high-risk post-MI patients, was associated with 
more adverse effects, and did not result in further attenuation 
of left ventricular remodeling after a follow-up of 26–36 
weeks [16]. These two studies provided sufficient evidence 
that the combination of a direct inhibitor of renin (aliskiren) 
with ACEI or ARB should be avoided [16]. In 2012, the Food 
and Drug Administration advised that combinations of two 
agents that act on the renin–angiotensin axis should not be 
used, particularly if one of the agents is aliskiren. In summary, 
combinations of two agents that act on the renin–angiotensin 
axis should not be used [9,16].

Although sacubitril plus valsartan (a neprilysin inhibitor plus an 
ARB combination) is approved for the treatment of heart failure, 
its antihypertensive efficacy has also been demonstrated, as per 
the Prospective Comparison of Angiotensin Receptor Neprilysin 
Inhibitor With Angiotensin Receptor Blocker Measuring Arterial 
Stiffness in the Elderly (PARAMETER) trial [17]. Sacubitril plus 
valsartan was superior to olmesartan in reducing both central 
aortic and brachial pressures in 454 elderly patients with systolic 
hypertension and arterial stiffness, after 52 weeks follow-up.

Effects independent of 
antihypertensive action
Combinations of antihypertensive drugs have actions unrelated 
to their effect on blood pressure that can have an impact on 
the prognosis of patients.

Metabolic effects
Antihypertensive drugs have distinct metabolic effects. 
Both beta blockers and diuretics are associated with insulin 

Table 1. Antihypertensive combinations.

Recommended combinations Not recommended combinations

Diuretics with angiotensin–renin axis inhibitors or  
calcium antagonists

Inhibitors of the renin–angiotensin axis with diuretics  
or with calcium antagonists

Beta-adrenergic blockers with dihydropyridine  
calcium antagonists

Two agents that inhibit the renin–angiotensin axis (derived from 
a warning published by the Food and Drug Administration, 
dated 20 April 2012, and [12])

Diuretics with beta blockers (greater risk of development of type 
2 diabetes, as found in the ASCOT trial [19])

Beta-adrenergic blockers with non-dihydropyridine calcium 
antagonists (greater risk for bradycardia and/or atrio-ventricular 
block [12])
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parameters (measured as the insulin resistance index) than 
the olmesartan plus hydrochlorothiazide combination. 
In addition, insulin levels decreased, insulin resistance 
decreased, adiponectin levels increased, and there was a 
lower occurrence of new cases of diabetes mellitus, in patients 
given the calcium antagonist combination compared with the 
hydrochlorothiazide combination.

Nephroprotective effect
Two studies with combined therapy showed that the 
progression of normoalbuminuria to microalbuminuria in 
hypertensive type 2 diabetic subjects can be stopped. In 
the Bergamo Nephrologic Diabetes Complications Trial 
(BENEDICT), 1204 subjects were randomly assigned to receive 
treatment with trandolapril plus verapamil, trandolapril alone, 
verapamil alone, or placebo over 3 years [24]. At the end of 
the study, the use of trandolapril plus verapamil decreased 
the progression from normoalbuminuria to microalbuminuria. 
In the Action in Diabetes and Vascular Disease (ADVANCE) 
trial, there were 11,140 patients with type 2 diabetes who 
were randomised to treatment with a fixed combination of 
perindopril plus indapamide or matching placebo, in addition 
to current therapy [25]. After a mean follow-up of 4.3 years, 
the combination therapy reduced the progression from 
normoalbuminuria to microalbuminuria. In both studies, the 
nephroprotective effect was independent of its effect on blood 
pressure. Interestingly, this progression was not prevented with 
monotherapy. No studies have shown that the progression 
of microalbuminuria to normoalbuminuria in subjects with 
diabetes mellitus type 1 can be stopped. 

When renal outcomes were evaluated in the ACCOMPLISH 
trial, it was found that the combination benazepril plus 
amlodipine was more effective than the combination of 
ACEI plus hydrochlorothiazide in delaying progression to 
nephropathy [26]. 

Our group found that the combination of an ACEI with 
a calcium antagonist was more effective than ACEI 
monotherapy in decreasing proteinuria and slowing 
down renal deterioration in normotensive type 2 diabetic 
patients [27], and in hypertensive patients who do not 
respond to monotherapy [28].

Hemodynamic aspects
Two studies evaluated the effect of combining an ARB 
plus calcium antagonist compared with an ARB plus 
hydrochlorothiazide on the central pressure in hypertensive 
patients [29,30]. In both studies, the combination of the ARB plus 
the calcium antagonist achieved greater reductions of central 
aortic pressure than the combinations with the natriuretic agent.

The Conduit Artery Functional Endpoint (CAFE) study recruited 
2199 patients from five centres where the ASCOT trial was 
conducted, in whom central aortic pressures were measured 
at repeat visits for up to 4 years [31]. At the end of the study, 

and despite similar brachial systolic blood pressures between 
treatment groups, there were substantial reductions in central 
aortic pressures with the amlodipine regimen (95% CI: 3.3–5.4; 
p<0.0001). The authors concluded that the differences in central 
aortic pressures may explain the different clinical outcomes 
between the two treatment arms in ASCOT.

Elderly patients
The only study that has evaluated the effect of two 
combinations of antihypertensive drugs in the elderly is the 
Combinations of OLMesartan (COLM) study, which included 
5141 patients followed for an average of 3.3 years [32]. The 
study initially found no difference between the combinations 
of olmesartan with diuretic or amlodipine on outcomes in 
elderly patients. However, there were fewer adverse reactions 
in the group with calcium antagonist. 

In a subanalysis of the COLM study in 2223 subjects older 
than 75 years, it was found that the combination with the 
calcium antagonist achieved a greater reduction of cases 
of cerebrovascular disease and generated fewer side effects 
than the combination with natriuretic in this age group [33].

A post hoc analysis of the Systolic Hypertension in Europe 
(Syst-Eur) study, which included 1074 subjects older than 
60 years with a 6 years follow-up, found that the combination 
of nitrendipine plus enalapril was more effective than 
nitrendipine monotherapy in decreasing the incidence 
of heart failure, cardiovascular and cerebrovascular events, 
and total mortality [34].

Vascular function
Two studies have shown that the combination of perindopril 
plus indapamide [35] or trandolapril plus verapamil [36], 
further improved endothelium-dependent vasodilation 
and endothelial function compared with monotherapy. The 
combination of trandolapril plus verapamil also showed 
protection against structural alterations and reduced 
neointima formation.

The combination of benazepril plus amlodipine was more 
effective than high doses of both monotherapies in improving 
arterial compliance, reducing arterial stiffness and decreasing 
left ventricular mass [37].

Combined therapy of irbesartan plus diltiazem ameliorated 
endothelial dysfunction to a greater extent than both 
monotherapies in 150 hypertensive patients [38].

Inflammation
There are studies that show that the combination of an ACEI 
with a calcium antagonist is more effective than monotherapy in 
reducing various mediators of inflammation (such as interleukins, 
tumour necrosis factor and adhesion molecules) [39,40]. This 
anti-inflammatory effect has not been seen with diuretics [41].
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In the OLAS study, the combination of olmesartan plus 
amlodipine significantly reduced the tumour necrosis factor-α, 
intercellular adhesion molecule-1, vascular cell adhesion 
molecule-1, and interleukins-1b, 6 and 8 when compared 
with olmesartan plus hydrochlorothiazide, whereas c-reactive 
protein showed a similar reduction in both groups [23].

Patients with heart disease
The available evidence suggests that better results 
are obtained in patients with ischemic heart disease 
with combinations that include an RASI plus a calcium 
antagonist [37]. On the other hand, patients with heart 
failure benefit more from the combination of a diuretic 
plus an inhibitor of the renin–angiotensin axis [37]. 

Other effects
The combination of losartan plus a calcium antagonist produces 
greater reductions in uric acid levels than the combination 
of losartan plus hydrochlorothiazide [42]. This could provide 
additional benefits in hypertensive patients with obesity and/or 
hyperuricemia, whether asymptomatic or with gout. 

What do the guidelines say? 
We have previously commented that both JNC8 and ESHESC 
guidelines [11,12] recommend the use of combinations of 
antihypertensive agents from the beginning for subjects 
with systolic pressure 20 mmHg above the target, or diastolic 
pressure 10 mmHg above the target or more, or in those 
subjects with high cardiovascular risk and/or multiple 
cardiovascular risk factors, to reach the therapeutic goals in the 
shortest time possible. The same recommendation is found in 
the 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/
NMA/PCNA Guideline for the Prevention, Detection, Evaluation, 
and Management of High Blood Pressure in Adults [4].

With regard to the type of drugs that may be used in 
combination therapy, the ESHESC recommends that in 
hypertensive patients with an increased risk of diabetes, the 
first-choice monotherapy should be a RASI, and if a second 
drug is required, a calcium antagonist is preferred [12]. 

On the other hand, the British NICE guidelines recommend, 
in subjects under 55 years of age, to start with a renin–
angiotensin axis inhibitor and, if necessary, add a calcium 
antagonist [43]. NICE itself establishes that, in those over 55 
years of age, the initial drug should be a calcium antagonist, 
and if the management goals are not achieved, a RASI should 
be added [43]. 

In both cases, NICE reserves diuretic agents as a third 
option, and if it must be used, it suggests chlorthalidone or 
indapamide instead of hydrochlorothiazide [43].

The 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/
ASPC/NMA/PCNA Guideline for the Prevention, Detection, 

Evaluation, and Management of High Blood Pressure in Adults 
recommends the combination of two first-line agents of 
different classes [4].

Which combination is best?
Antihypertensive management should be individualised 
according to the characteristics of each patient, so it is difficult 
to generalise. However, two meta-analyses have recently found 
advantages for combinations that include a RASI with a calcium 
antagonist.

The first study included 25,451 patients from eight clinical 
studies [44] and found that associating a calcium antagonist 
(dihydropyridine or a nondihydropyridine) with a RASI, whether 
it is an inhibitor of angiotensin-converting enzyme or an 
angiotensin receptor blocker, was accompanied by a reduction 
in cardiovascular mortality, nonfatal myocardial infarction and 
nonfatal cerebral vascular disease (although not mortality from 
any cause) when compared with other combinations, despite 
achieving similar reductions in blood pressure.

The second meta-analysis included 49,418 patients from 27 
studies [45] and found that, in hypertensive patients with 
type 2 diabetes mellitus, the combination of a RASI plus a 
calcium antagonist achieved greater reduction in mortality 
than monotherapy or other combinations, though it is related 
to a greater reduction in blood pressure figures with this 
combination.

Questions to answer
In all the studies that we have mentioned, and that show 
advantages of combinations with calcium antagonist 
over those that use diuretic, the natriuretic used has been 
hydrochlorothiazide. However, the available evidence tells 
us that both chlorthalidone and indapamide have a greater 
antihypertensive effect than hydrochlorothiazide, and both 
drugs have been shown to reduce more complications and 
damage to target organs than the thiazide agent [46]. 

Therefore, it would be interesting to find out if the results of the 
thiazide studies (such as ACCOMPLISH [14], OLAS [23] and STAR 
[20]) will be repeated in combination therapy studies that use 
chlorthalidone or indapamide as diuretics.

Triple therapy
Despite the use of dual therapy, a significant percentage of 
hypertensive patients will not achieve therapeutic goals. It is 
important to keep in mind that if after 6–8 weeks of treatment 
with two drugs the patient has not been controlled, it is 
necessary to evaluate adherence, white coat hypertension 
and pseudo-hypertension. If those items are eliminated as 
possible causes for treatment failure, then a third drug may 
be added [7]. Several studies suggest that triple therapy may 
include receiving a RASI plus a calcium antagonist and a 
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natriuretic agent – preferably chlorthalidone or indapamide 
[47]. At present, we already have pharmaceutical formulations 
that include three agents in the same tablet, which should 
improve adherence to therapy [7].

Some recent studies already show that combinations of three 
agents are effective in lowering blood pressure in subjects 
who do not respond to dual therapy, in fact, the Perindopril-
Indapamide plus AmlodipiNe in high rISk hyperTensive patients 
(PIANIST) trial included 4731 patients at high or very high 
cardiovascular risk, with hypertension that was not properly 
controlled despite antihypertensive therapy, they received 
the fixed-dose combination of perindopril, indapamide and 
amlodipine. After 4 months of therapy, blood pressure targets 
were reached by 72.0% of patients [6,48].

Conclusions
About 70% of hypertensive patients require the combination of 
at least two antihypertensive agents to reduce blood pressure 
levels below the recommended goals. Combination therapy 
should be initiated in patients with systolic pressure 20 mmHg 
above the target or diastolic pressure 10 mmHg above the 
recommended goal. Dual therapy should also be started in 
patients with high cardiovascular risk.

Combination therapy provides greater antihypertensive power 
than the use of high doses of monotherapy, adding several 
mechanisms of action that block various pathways of increased 
blood pressure, in addition to providing greater protection to 
target organs than monotherapy, and reduced potential for 
side effects.

The combinations recommended by the most commonly 
used guidelines include a RASI associated with a calcium 
antagonist or a natriuretic. Amongst these combinations, 
those that include a calcium antagonist have been shown 
to be more effective in reducing mortality, cardiovascular 
events, cerebrovascular events and kidney damage than 
those using hydrochlorothiazide. Combinations that include a 
calcium antagonist have been shown to have beneficial effects 
unrelated to their antihypertensive effect. These actions are 
metabolic, anti-inflammatory, renal protective, and improve 
vascular structure and function. Combinations that include a 
diuretic have given better results in patients with heart failure.

A significant percentage of patients will require triple therapy, 
which must include a RASI, a calcium antagonist and a 
natriuretic. This should be given to those patients who do not 
respond to dual therapy in 6–8 weeks, as the benefit is now 
beyond any doubt.
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