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Practical application of the ATOM study
Treatment efficacy of antihypertensive drugs in monotherapy or
combination (ATOM metaanalysis according to PRISMA
statement); tables for the use of antihypertensive drugs in
monotherapy or combination
Marco A. Paz, MDa,b,∗, Monica Farrerons, MDc,d, Marc Saez, PhDc,e, Carme Saurina, MDc,e,
Marc Garcia Pinto, MDc, Sonia Castro, MDf, Javier Sobrino, MDg, Gabriel Coll de Tuero, PhDb,e,h

Abstract
Background: The response to antihypertensive drugs is predictable. The absence of precise prescription recommendations to
treat arterial hypertension (HT) lead to use drugs unable to reduce blood pressure (BP) to target values.
We published ATOM study, in which we found significant differences in the ability to reduce BP between the different drugs.
The objective of the study was to determine the expected decrease in blood pressure with the use of commercialized doses of the

drugs commonly used in the treatment of HT in clinical practice, to avoid the use of drugs or combinations that even with the best
response, are unable to obtain the necessary BP decrease to reach the goal.

Methods: The analysis was based on the results of the ATOM study. To convert the mean doses of the different drugs and
combinations in commercialized doses, the conclusions of the study by Law et al have been applied.

Results: Based on the results, two tables were drawn, one for systolic BP and the other for diastolic BP, where the doses of the
different drugs and combinations are classified according to the BP decrease that can be expected from them. In order to favor the
use of the tables in clinical practice, the different drugs have been grouped in intervals of 10millimeters of mercury (mmHg) for the
decrease of the systolic BP and of 5 mmHg for the diastolic BP.

Conclusions: Recommendations for the use of antihypertensive treatments should not be limited to pharmacological families.
They should also consider differences between drugs or specific combinations. From the data of the ATOM study we have
implemented tables that express the effect of the drugs commonly used in clinical practice and that should allow the clinicians to
choose with care the treatment to use.

Abbreviations: ARB= angiotensin receptor blocker, BMI= bodymass index, BP= blood pressure, HCTZ= hydrochlorothiazide,
HT = hypertension, mm Hg= millimeters of mercury.

Keywords: antihypertensive agent, ATOM study, hypertension, hypertension treatment, tables to select antihypertensive
treatment

1. Introduction

The main benefit of treating arterial hypertension (HT) is
obtained with an adequate control of blood pressure (BP),
regardless of the treatment used.[1] Although at present the target
values of BP are under discussion, especially following the
publication of the SPRINT[2] study, the management guidelines
for HT have brought different recommendations based on the
clinical characteristics of the patients.
Most international guidelines make recommendations for

specific antihypertensive families based on age and ethnicity.
These recommendations assume that all classes of antihyperten-
sive are equipotent and that there are no differences between the
different active principles of each family. The European guide-
lines[1] leave the treatment to be used at the discretion of the
practitioner without distinguishing between the different phar-
macological classes. None of the guidelines establish differences
between drugs, even though their antihypertensive potency
cannot be considered equivalent.[1,3]

The absence of precise prescription recommendations may lead
in many cases to use drugs that, even with the best response, are
unable to reduce BP to target values. This could result in an
increased cardiovascular risk.
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We recently published the results of the ATOM[4] study, a
meta-analysis of 208 clinical trials, with 94,305 patients
included.[4] In this study, we found significant differences in
the ability to reduce BP between the different drugs used in
monotherapy and, more significantly, between the different
pharmacological combinations. However, in this study, the drugs
and combinations are expressed in mean doses resulting from the
studies analyzed, making it difficult to apply them in practice.
Achieving the equivalence of the results of the ATOM study

with the commercialized doses of the different drugs would allow
the elaboration of tables in which the capacity of each drug in the
reduction of the BP was determined, thus helping the clinician to
make the right choice of the treatment to be used to achieve the
target BP values. To that end, the results of the study by Law
et al[5] can be used. The study determined the effect of doubling or
halving the dose of the various drugs on the decrease of the BP. It
also established the expected percentage of variation of that effect
on the systolic and diastolic BPwith the dose change, thusmaking
it easy to convert the mean doses of the ATOM study into the
usual doses.
The objectives of this study are to apply the Law et al[5]

equation to the results previously determined in the ATOM study
to adapt them to the doses of drugs commonly used in clinical
practice and to design tables that allow the clinician to choose the
drug according to the decrease in BP necessary to reach the target.

2. Methods

The analysis was based on the results of the ATOM[4] study.
Briefly, a Bayesian meta-regression of clinical trials whose main
objective was to assess the efficacy of the drugs in the reduction of
BP was conducted in this study.
To convert the mean doses of the different drugs and

combinations in commercialized doses, the conclusions of the
study by Law et al[5] have been applied. In that study it was
determined that doubling or halving a dose of any drug modifies
the response to it by approximately 20% for both systolic BP and
diastolic BP. In the case of combinations, the effect is estimated as
the sum of the efficacy of each drug separately, as reported by the
aforementioned authors.
Based on themean doses reported in the ATOMstudy, the Law

equation was applied in each of the drugs, to transform them into
the “real” doses that are commonly used in clinical practice.
When the “real” dose is greater than the mean dose calculated in
ATOM, an increase in the response of 19.78% for systolic BP and
18.18% for diastolic BP has been applied. Otherwise, when the
“real” dose is lower, a reduction of 21.98% and 20.00%,
respectively, has been applied. In the Law study, there were little
differences between the variations of BP observed in the category
of drugs analyzed (betablockers, thiazides, angiotensin-convert-
ing enzyme inhibitor, angiotensin receptor blocker [ARB] and
calcium channel blockers). These differences were very small and
we applied the average reported.
In the case of combinations, as previously stated, each drug

was calculated separately, expressing the effect of the combina-
tion as the sum of each of the components separately.

2.1. Ethical considerations

The variables recorded come from clinical trials that do not
contain any personal data. For this reason, the approval of an
ethics committee was not considered necessary.

3. Results

The profile of the patients included in the ATOM study is detailed
in Table 1. Its characteristics allow to apply of the conclusions to
a large group of hypertensive patients, regardless of their age and
their baseline BP, as detailed in the original study.
The results, in the reduction of systolic and diastolic BP, of the

different drugs used in monotherapy after applying the Law
equation are expressed in supplemental content 1, http://links.
lww.com/MD/C914, whereas the different combinations are
shown in supplemental content 2, http://links.lww.com/MD/
C914 (see supplemental content that illustrates the effect of
combinations on systolic and diastolic BP, after applying the Law
equation to the mean doses calculated in the ATOM study, http://
links.lww.com/MD/C914).
Based on the results obtained, 2 tables were drawn, one for

systolic BP (Table 2) and the other for diastolic BP (Table 3),
where the doses of the different drugs and combinations are
classified according to the decrease of BP that can be expected
from them.
To favor the use of the tables in clinical practice, the different

drugs have been grouped in intervals of 10 mm Hg for the
decrease of the systolic BP and of 5 mm Hg for the diastolic BP,
which is specified in supplemental content 3 and 4, http://links.
lww.com/MD/C914 (see supplemental content, http://links.lww.
com/MD/C914, that illustrates the interval grouping in the
reduction of the systolic BP of the different drugs and
combinations and Table 4, supplemental content, http://links.
lww.com/MD/C914, that illustrates the grouping intervals in the
reduction of the diastolic BP of the different drugs and
combinations). In this way, the tables express the initial BP of
the patient and the BP that will be obtained with the use of the
different drugs or combinations. Knowing the objective BP, the
clinician can choose the treatment he considers.
Thus, for example, a patient with a systolic BP of 165 mm Hg,

in which the target BP is<140 mmHg, allows the use of different
combinations to achieve the desired decrease, as shown in
Table 4. For practical use, the patient’s initial BP is determined
(reflected as A in the table), the target BP (B in the table) is chosen
and the drugs and/or combinations capable of obtaining the
decrease of PA (C in the table) are identified, which in the present
case would range from the double combination of olmesartan 20
and amlodipine 10 to the triple association of enalapril 20,
hydrochlorothiazide (HCTZ) 12.5 and amlodipine 5.
As noted in the ATOM study, and as shown after applying the

Law equation, no monotherapy drug achieves a reduction of
systolic BP >20 mm Hg, whereas only high doses of olmesartan,
nebivolol, and diltiazem are capable of producing a decrease in
diastolic BP >10 mm Hg. On the contrary, most combinations
guarantee a decrease of systolic BP >20 mm Hg and of diastolic

Table 1

Characteristics of the patients included in the ATOM study.

N= 94.305

Age, y 54.5 ± 1.9
Sex: women, % 45.2
Type 2 diabetes, % 10.6
Caucasians, % 82.9
Afro-Americans or Afro-Caribbeans, % 17.1
Systolic BP, mm Hg 155.2±5.7
Diastolic BP, mm Hg 99.3±1.8
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BP>15mmHg. The combination with the highest potency in the
decrease of BP is the combination of high doses of olmesartan,
amlodipine, and HCTZ, which is the only one able to achieve a
reduction of systolic BP of 40 mm Hg.

4. Discussion

Our study allows a practical clinical application of the results of
the ATOM study, converting the mean doses of antihypertensive
drugs determined in the ATOM study, into commercialized and
commonly used doses. As already mentioned, the characteristics
of the analyzed population allow the results to be applied to a
large population of hypertensive patients, unlike other previously
published[6,7] and questioned[8] meta-analysis because they were
not adjusted according to variables that modify the response,
such as age, sex, body mass index (BMI), or ethnicity. This
prevents its practical application to a broad population of
patients with HT.
Although, as already mentioned in the ATOM study, no

significant differences in efficacy were found between the
different pharmacological classes considered as a whole, there
are differences between specific drugs and, especially, between
combinations. This fact is not included in the different
management guidelines for HT[1,3,9,10] whose recommendations

are summarized in pharmacological classes without addressing
the differences between specific drugs.
However, the careful use of antihypertensive drugs as well as

the achievement of therapeutic goals as quickly as possible is
relevant for several reasons. First, a decrease in morbidity and
mortality due to HT has been reported in patients whose control
goal is achieved early.[11] In addition, obtaining the therapeutic
target before 6 months after starting treatment improves
adherence to it,[12] whereas treatment changes have the opposite
effect. Finally, successive medication changes, sometimes with the
use of drugs which even with the best response cannot achieve the
objectives, can have a greater economic cost and therefore be
harmful from a pharmacoeconomic point of view.
The tables developed in our study should allow the clinician to

make informed choices about the treatment to be used to achieve
the proposed objective. Knowing the BP of the patient and the
objective BP, the tables express the appropriate therapeutic
alternatives the physician can choose taking into account other
aspects such as clinical benefits beyond BP control demonstrated
by different drugs, comorbidities, side effects, pharmacoeco-
nomic considerations, or phenotypic aspects that can predict a
better or worse response. This was demonstrated by the ATOM
study and its importance had already been invoked by other
publications.[13–17]

Table 2

Effect of different doses of drugs and combinations on systolic BP.

Knowing the systolic blood pressure of the patient (left side) and the blood pressure objective (150 mm Hg = blue color, 140 mm Hg = red color, 130 mm Hg = yellow color, or 125 mm Hg = green color), the
table provides the appropriate therapeutic alternatives at the top.
Women show a better response to thiazide diuretics (4%), ARB (4%), and combinations (6%).
Obese patients show a better response to ARB (5%) and combinations (6%) for each unit over 25 kg/m2

Afro-American/Afro-Caribbean patients show a worse response to beta-blockers (�8%).
Abbreviations (the number corresponds to the daily dose of drug in mg).
Lis= lisinopril; Ver= verapamil; Am= amlodipine; Ind= indapamide; En= enalapril; Ram= ramipril; Vals= Valsartan; Bis= bisoprolol; Los= losartan; Olm= olmesartan; At= Atenolol; Nev= Nevibolol; HCTZ
= hydrochlorothazide; Dil = diltiazem.
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Table 3

Effect of different doses of drugs and combinations on diastolic BP.

Knowing the diastolic blood pressure of the patient (left side) and the blood pressure objective (90 mm Hg = red color, 80 mm Hg = yellow color or 75 mm Hg = green color), the table provides the appropriate
therapeutic alternatives at the top. Women show a better response to thiazide diuretics, ARB, and combinations.
Obese patients show a better response to ARB and combinations.
Afro-American/Afro-Caribbean patients show a worse response to beta-blockers.
For abbreviations, see Table 2.

Table 4

Practical example of the use of the tables.

A: Initial blood pressure. B: Target of BP. C: Drugs and/or combinations capable of obtaining the decrease of PA.
In this example, the interval (C) would range from the double combination of olmesartan 20 and amlodipine 10 to the triple association of enalapril 20, hydrochlorothiazide (HCTZ) 12.5 and amlodipine 5.
For abbreviations, see Table 2.
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The tables show other interesting aspects. As noted in the
ATOM study, no monotherapy drug achieves a reduction of
systolic BP >20 mm Hg, whereas only high doses of olmesartan,
nebivolol, and diltiazem are able to produce a decrease of
diastolic BP >10 mm Hg. In view of the need for BP declines of
this magnitude, we recommend the use of combinations, which,
in general, guarantee responses of that intensity.
The study has limitations: as noted in ATOM study, only in

subgroups with 7 or more studies was possible the meta-
regression. Drugs or combinations with not enough studies are
not included in the tables. Therefore, some interesting drugs, such
as chlorthalidone or nifedipine, were not included in the tables.
However, all pharmacological families of antihypertensive drugs
are represented by more than one drug.
The adjusted results presented in this work can be helpful in

choosing the treatment and the dose of the appropriate
antihypertensive agent(s) to achieve BP control, but the final
choice of antihypertensive treatment should take into account the
patient’s clinical situation (renal or liver disease, type 2 diabetes,
risk of orthostatism, etc.), the specific indications for each
situation (stable coronary disease, heart failure, ischemic or
haemorrhagic stroke, chronic kidney disease, cognitive decline,
etc.), the concomitant morbidity, the respective treatments and
their possible interactions (i.e., potassium-sparing diuretics and
ACEI in heart failure), and the cost and accessibility of the
treatment.[1,3] However, in the tables, with the exception of those
patients who require high BP drops, all antihypertensive families
are represented in each interval of BP reduction, and that should
allow the clinicians to choose carefully the treatment to use.
In addition, although our results are adjusted for age, sex,

ethnicity, body mass index, baseline BP, type 2 diabetes and
cardiovascular disease, the clinicians should take into account for
their decision the patient’s phenotype, as well as the risk factors
associated with HT.
In summary, the effect of antihypertensive drugs is predictable.

We have made tables that are intended to be a useful tool for
practitioners to choose the treatment to be used wisely and to
avoid the use of drugs or combinations that, even with the best
response, are unable to obtain the necessary BP decrease to reach
the goal.

5. Conclusion

Recommendations for the use of antihypertensive treatments
should not be limited to pharmacological families. They should
also consider differences between drugs or specific combinations.
Such differences are important enough to determine whether or
not to achieve therapeutic goals.
From the data of the ATOM study, we have implemented

tables that express the effect of the drugs commonly used in
clinical practice and that should allow the clinicians to choose
with care the treatment to use.

Author contributions

Conceptualization: Marco Paz, Gabriel Coll de Tuero.
Data curation:Marco Paz, Monica Farrerons, Marc Saez, Carme

Saurina, Marc García Pinto.
Formal analysis: Marco Paz, Monica Farrerons, Marc Saez,

Carme Saurina, Marc García Pinto, Gabriel Coll de Tuero.
Investigation: Marco Paz, Marc García Pinto, Sonia Castro,

Javier Sobrino, Gabriel Coll de Tuero.

Methodology: Marco Paz, Marc Saez, Gabriel Coll de Tuero.
Project administration: Marco Paz, Gabriel Coll de Tuero.
Resources: Marco Paz.
Software: Marc Saez, Carme Saurina.
Supervision: Marco Paz, Gabriel Coll de Tuero.
Validation: Marco Paz, Gabriel Coll de Tuero.
Visualization: Marco Paz, Monica Farrerons.
Writing – Original Draft: Marco Paz, Sonia Castro, Javier

Sobrino.
Writing – Review and Editing: Marco Paz, Sonia Castro, Javier

Sobrino.
Marco Paz orcid: 0000-0002-0122-0991.

References

[1] Williams B, Mancia G, Spiering W, et al. ESC Scientific Document
Group2018 ESC/ESH Guidelines for the management of arterial
hypertension. Eur Heart J 2018;39:3021–104.

[2] Wright JTJr, Williamson JD, Whelton PK, et al. SPRINT Research
Group. A randomized trial of intensive versus standard blood pressure
control. N Engl J Med 2015;373:2103–16.

[3] Whelton PK, Carey RM, Aronow WS, et al. 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: a report of the American College of Cardiology/
American Heart Association Task Force on Clinical Practice Guidelines.
Hypertension 2018;71:e13–15.

[4] Paz MA, De la Sierra A, Sáez M, et al. Treatment efficacy of anti-
hypertensive drugs in monotherapy or combination: ATOM metaanaly-
sis. Medicine (Baltimore) 2016;95:1–8.

[5] Law MR, Wald NJ, Morris JK, et al. Value of low dose combination
treatment with blood pressure lowering drugs: analysis of 354
randomised trials. BMJ 2003;326:1427–31.

[6] Baguet JP, Robitail S, Boyer L, et al. A meta-analytical approach to the
efficacy of antihypertensive drugs in reducing blood pressure. Am J
Cardiovasc Drugs 2005;5:131–40.

[7] Baguet JP, Legallicier B, Auquier P, et al. Updated meta-analytical
approach to the efficacy of antihypertensive drugs in reducing blood
pressure. Clin Drug Investig 2007;27:735–53.

[8] Peverill RE. Hypertension guidelines, meta-analyses and clinical trials: do
we assume too much? Med J Aust 2005;182:82–4.

[9] Weber MA, Schiffrin EL, White WB, et al. Clinical Practice Guidelines
for the management of hypertension in the community. A statement by
the American Society of Hypertension and the International Society of
Hypertension. J Clin Hypertens 2014;16:14–26.

[10] James PA, Oparil S, Carter BL, et al. 2014 Evidence-Based Guideline for
the management of high blood pressure in adults. Report for the Panel
Members appointed to the eighth Joint National Committee. JAMA
2014;311:507–20.

[11] Weber MA, Julius S, Kjeldsen SE, et al. Blood pressure dependent and
independent effects of antihypertensive treatment on clinical events in the
VALUE trial. Lancet 2004;363:2049–51.

[12] Van Wijk BLG, Klungel O, Heerdink ER, et al. The association between
compliance with antihypertensive drugs and modification of antihyper-
tensive drug regimen. J Hypertens 2004;22:1831–7.

[13] Agarwal R, Weir MR. Blood pressure response with fixed-dose
combination therapy: comparing hydrochlorothiazide with amlodipine
through individual-level meta analysis. J Hypertens 2013;31:1692–701.

[14] Weber MA, Jamerson K, Bakris GL, et al. Effects of body size and
hypertension treatments on cardiovascular event rates: sub analysis of
the ACCOMPLISH randomised controlled trial. Lancet 2013;381:
537–45.

[15] Ying A, Arima H, Czernichow S, et al. Blood Pressure Lowering
Treatment Trialists’ Collaboration Effects of blood pressure lowering on
cardiovascular risk according to baseline body-mass index: a meta-
analysis of randomized trials. Lancet 2015;385:867–74.

[16] Morgan TO, Anderson AI, MacInnis RJ. ACE inhibitors, beta-blockers,
calcium blockers, and diuretics for the control of systolic hypertension.
Am J Hypertens 2001;14:241–7.

[17] Dickerson JE, Hingorani AD, Ashby MJ, et al. Optimisation of
antihypertensive treatment by crossover rotation of four major classes.
Lancet 1999;353:2008–13.

Paz et al. Medicine (2019) 98:15 www.md-journal.com

5

http://www.md-journal.com

