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Abstract
Purpose of Review To summarise the advances that have been made from 2017 in dual, triple, and quadruple low-dose combi-
nation therapy for treating high blood pressure.
Recent Findings Many people require multiple blood pressure lowering medicines to achieve target blood pressures, and
initiating treatment with combination blood pressure lowering therapy is being increasingly investigated and recommended.
Low-dose combinations of blood pressure lowering provide more effective blood pressure lowering, with fewer adverse events.
Recent advances include listing of four dual combinations on theWHO Essential Medicines List, completion of a triple half-dose
combination trial, and a pilot of quadruple quarter-dose combination, and recent cardiovascular polypill trials have included two
blood pressure lowering medicines at low dose. These trials all demonstrated improvements in achieving blood pressure targets
with low-dose combination therapy.
Summary Low-dose combination therapy is a promising option for initial treatment of hypertension that appears to be safe and
effective. Larger trials of triple and quadruple low-dose combination therapy in multiple locations are underway and should
provide stronger evidence of efficacy as well as information on the side effect profile.
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Introduction

High blood pressure, hypertension, remains the leading mod-
ifiable risk factor for the global burden of disease and disabil-
ity [1], with significant gaps in awareness, treatment, and con-
trol in all regions and World Bank income levels [2, 3].
Despite many blood pressure lowering medicines available,
with the majority being off-patent and manufactured as ge-
nerics, there are significant barriers in terms of availability,
affordability, and use of these medicines globally [4].

Previously, hypertension treatment guidelines have recom-
mended initiating treatment with a single blood pressure low-
ering agent at standard dose, with up-titration to maximal dose
before adding a second agent. However, single agents at a
standard dose achieve an average reduction of 9.1 mmHg
[5•], which for many is insufficient to achieve control.
Globally, the PURE study found that most participants being
treated are on monotherapy (69.2%), and less than a third of
those treated achieve blood pressure control < 140/90 mmHg
[2]. This treatment-control gap highlights the importance of
initiating effective treatment that will achieve the blood pres-
sure reduction necessary to control hypertension.

Combination therapy is an efficient method for achieving
blood pressure reductions. Though historically used for those
who did not meet blood pressure targets on monotherapy,
there is increasing investigation of, and recommendation for,
initial treatment of high blood pressure with low-dose combi-
nation therapy. This strategy involves using multiple blood
pressure lowering classes at doses below the usual standard
dose. Dose-response studies show that singly half-standard
doses achieve approximately 80% of the efficacy of a standard
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dose with fewer adverse events for thiazides, beta-blockers,
and calcium channel blockers and no difference for ACE in-
hibitors (ACE-I) and no adverse events in angiotensin II re-
ceptor blockers (ARB) [5•]. An additive effect is seen when
combining agents from different classes [5•], which allows
better blood pressure lowering than doubling the dose.

Our goal with this review is to summarise the advances that
have been made from 2017 in dual, triple, and quadruple low-
dose combinations for treating high blood pressure. We have
followed the method described by Bennett et al. to classify
standard and low doses [6]. Briefly, a standard dose was de-
fined as the most frequently reported maintenance dose in the
British National Formulary, Martindale: The Complete Drug
Reference, and theMonthly Index ofMedical Specialties. The
World Health Organization Defined Daily Dose was used as a
tiebreaker when needed. Low doses are those which are less
than a standard dose. We have summarised the placebo-
controlled estimates of SBP reduction (Fig. 1) from a single
quarter up to dual combinations over a standard dose [5•, 6,
7••, 8, 9].

* Estimates derived from 1 RCT

Recent Developments

Dual Combination

Salam et al. published a systematic review of 33 studies of
initial treatment with dual combination therapy [8]. Dual low-
dose combination (both components less than a standard dose)
provided slightly better SBP reductions to standard dose
monotherapy (− 2.8; 95% CI − 4.0 to − 1.6 mmHg), with sim-
ilar effect to monotherapy on DBP (− 0.7; 95% CI − 1.5 to

0.1 mmHg). There was evidence of a dose-response in BP
reduction up to dual standard dose, but higher doses did not
provide additional benefit. The dual low-dose combinations
also showed no greater risk of withdrawals due to adverse
events (RR 0.98, 95% CI 0.45 to 2.16) nor dizziness (RR
1.02; 95% CI 0.51 to 2.04) compared with standard dose
monotherapy.

The systematic review of quarter-dose therapy from
Bennett et al. demonstrated that a combination of two quarter
standard doses was not significantly different to a single stan-
dard dose for BP reduction (SBP 1.3 mmHg, 95% CI − 0.4 to
3.0 mmHg; DBP − 0.3 mmHg, 95% CI − 1.2 to 0.7 mmHg)
but had lower risk of adverse events (RR 0.66, 95% CI 0.63 to
0.82) [6].

The World Health Organization Essential Medicines List
(EML) also now includes a square box listing for four types of
single-pill dual combinations, lisinopril plus amlodipine,
lisinopril plus hydrochlorothiazide, telmisartan plus
amlodipine, and telmisartan plus hydrochlorothiazide [10,
11••]. This square box listing indicates that class substitutions
for both components are recognised as having similar efficacy
and safety, highlighting the importance of dual therapy for
achieving greater blood pressure reductions. Many govern-
ments rely on the EML to guide their purchases to care for
their populations, and so this is an important step to improving
access to effective treatment.

Triple Combination

A recent addition to the evidence of low-dose combinations
for initial treatment is the TRIUMPH study, a trial of a fixed-
dose triple versus usual care [12]. The key characteristics of
the TRIUMPH study population were that it included 700

Fig. 1 Placebo-controlled SBP lowering of combinations and doses of BP drugs. * Estimates derived from 1 RCT

65    Page 2 of 5 Curr Hypertens Rep (2020) 22: 65



people from Sri Lanka with a mean age of 56 years, mean
baseline SBP/DBP 154/90, 29% with diabetes and 59% not
on BP lowering therapy prior to randomisation. Follow-up
was completed in 2017, and the triple pill increased the pro-
portion achieving target blood pressure at 6 months (70% vs
55%). In line with the overall result, those with initial treat-
ment with the triple pill were more likely to experience BP
control at 6 months compared with those with usual care (RR
1.25; 95% CI 1.08 to 1.44). More trials of low-dose triple pills
are underway, so there may be more information about their
use in initial treatment of high blood pressure in the coming
3 years.

Quadruple Combination

The publication of the quadpill double-blind placebo-con-
trolled crossover trial provided new evidence of the benefit
of quadruple quarter-dose combination for initial treatment
of high blood pressure. Twenty-one people with newly di-
agnosed hypertension were randomly allocated to quadpill
then placebo or placebo followed by quadpill with a fort-
night washout between treatments. The quadpill effectively
reduced BP with a difference of 22.4 mmHg office SBP
(95% CI 16.5 to 28.3 mmHg) and 13.1 mmHg DBP (95%
CI 8.9 to 17.3) between the active and placebo periods [7••].
All participants achieved blood pressure control with active
treatment. Additional studies of ultra-low dose quadruple
combination in comparison with best-practice usual care
are underway in Australia and the USA and may provide
further insights into the efficacy and safety (Australian New
Zealand Clinical Trials Registry ACTRN12616001144404;
clinicaltrials.gov NCT03640312).

Cardiovascular Polypill

The recently published cardiovascular polypill studies
have included low-dose combinations of blood pressure
lowering medicines. Most recently, the polypill versus
usual care trial in people without cardiovascular disease
from Muñoz et al. included three blood pressure lowering
agents all at half-standard dose [13]. This study was con-
ducted in a federally qualified community health centre in
AL, USA. Ninety-six percent of participants were black,
and three quarters reported annual income below $15,000
(USD; below poverty threshold for a 2-person household).
Mean baseline blood pressure was 140/83 mmHg. The
polypill group’s mean SBP was 7 mmHg lower than the
control group [13]. PolyIran was a cluster randomised
controlled trial conducted in 236 villages in the Golestan
Province of Iran. Half the participants were female, and
95% never smoked. The investigators compared a polypill
versus minimal care in people with and without cardio-
vascular disease [14••]. The initial polypill contained a

half-dose thiazide plus quarter-dose ACE-I, with partici-
pants experiencing cough swapped to a second polypill
with half-dose thiazide plus half-dose ARB. Mean blood
pressure at baseline was 131/79 mmHg. At 24 months, the
polypill group’s mean SBP was 3.05 mmHg lower than
the minimal care group, and at 60 months, no significant
difference remained [14••].

Individual participant data meta-analysis from the
SPACE collaboration, including 3140 people from the
UK, Ireland, the Netherlands, India, Australia, and New
Zealand participating in three trials, showed that the
polypill recipients were more likely to achieve target blood
pressure (using 2016 ESC guidelines) at 12 months than
those receiving usual care (RR 1.08; 95% CI 1.02–1.05)
[15]. Prescribing physicians had a choice of two polypills,
one had dual half-dose combination of ACE-I and thiazide
and the other a half-dose ACE-I and standard dose beta-
blocker. Mean baseline blood pressure was139/79 mmHg.
Mean SBP was 2.5 mmHg lower in the polypill group
versus usual care at 12 months [16].

Observations and Controversies

What Should Be in the Combination?

A common question is why a particular drug was used, or
not used, in the combination being tested. There are differ-
ent schools of thought, but many would now support the
notion that in the common drug classes, ACE/ARB, CCBs,
thiazides, and BBs, the drugs within class have similar
blood pressure lowering efficacy and side effect profiles,
though drugs within a class may differ on some pharmaco-
dynamic properties, e.g. half-life. Most recent hyperten-
sion drug combination studies start with a base of an
ARB. It seems common that local preferences drive the
choice of components in the studies originating from var-
ious countries. That is, there are different preferences for
particular blood pressure lowering medicines within each
class in different countries, and so the components of a
combination, which may appear ideal in one location and
population, may not be the best option elsewhere. The dy-
namics of a particular drug also come into play such as a
longer half-life which is desirable to enable once a day
dosing, and there are also stability considerations of
mixing components.

How Can I Deliver This for My Patients?

While research studies have examined combinations of com-
mon drugs which are available in some form on many mar-
kets, currently in most parts of the world it is difficult to find
existing products that meet the single-pill low-dose
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combination therapy concepts tested in trials [17–19]. In some
parts of the world, low-dose dual combinations are on the
market and have been available for some time [20]. Single-
pill dual therapies of standard doses are more available in
some markets, and its expected costs will reduce as a flow-
on from listing on the EML. Some pharmacies provide over-
encapsulation services for individuals to deliver personalised
medicine, but this can be costly. Providing low-dose combi-
nation therapy as multiple low-dose or split tablets is a simpler
option to prescribe and may be provided by some pharmacies
in dose administration aids but can face higher costs and in-
creased pill burden for patients.

How Do I Up-Titrate Medications If They Are on
Multiple Drug Low-Dose Combination?

Concern is often raised about up-titration when patients are on
low-dose combination. If using multiple low-dose or split tablets
to achieve combination therapy, prescribing a higher dose of one
component is straight forward. If using a single-pill combination,
up-titration could be achieved either through increasing the dose
prescribed (i.e. going from dual quarter-dose therapy to dual half-
dose therapy) or adding a second tablet.

How Will I Know Which Medication Is Causing Side
Effects If They Are on Multi-Drug Combinations?

Side effect symptoms can be drug-specific, such as a cough
commonly associated with ACE-I. It can be difficult to attri-
bute to a specific drug, and it may require switching to the
components of medications and withdrawing one component
at a time to determine this.

What If I Need to Stop Some Components of the
Combination and Not Others?

If using a single-pill combination, this could be achieved
swapping to another option without that specific component,
for example, swapping from an ACE-I plus calcium channel
blocker to an ARB plus calcium channel blocker combination.
If using multiple tablets, you would follow your usual process
for stopping components.

What Time of the Day Should Low-Dose Combination
Therapy Be Taken?

The best time of day to take low-dose combination therapy is
the time that will facilitate adherence; this will be different for
different people. Integrating new medicines into existing rou-
tine can ensure that they are taken regularly. Components of
low-dose combination therapy are often selected for longer
half-life to ensure efficacy across the day. Although there
has been recent discussion of bedtime versus morning dosing

and reduction of cardiovascular event risk, further research is
needed to determine if there is true benefit.

Is There a First Dose Effect?

A first dose effect has not been reported in existing low-dose
combination studies.

What About Using Divided Doses?

The benefit of a single-pill combination is the simplicity for
dosing and adherence, and dividing doses provides more op-
portunity for doses to be missed.

Conclusion

Low dose combination therapy is a promising option for
initial treatment of hypertension. It is an approach that in
recent studies appears to be both effective and safe in the
short and longer term management of hypertension. The
increased efficacy of low-dose combination is appealing,
but the ability to demonstrate a better side effect profile
compared with existing approaches could be the clincher.
Meta-analysis of dual low-dose combination shows that it is
slightly more effective than single standard dose on SBP
reduction, with no difference on adverse events [8]. Low-
dose triple combination was more effective than usual care
for blood pressure control for initial treatment in one study
in Sri Lanka [12]. Another Australian study of quadruple
quarter-dose combination therapy showed it to be effective
[7••]. However larger trials of triple and quadruple low-dose
combination therapy in multiple locations are underway and
should provide stronger evidence of efficacy as well as in-
formation on side effect profile.
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