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Abstract
Angiotensin- receptor blockers are often considered insufficiently efficacious in re-
ducing blood pressure. However, newer angiotensin- receptor blockers may be more 
effective than the older ones. A network meta- analysis was performed to compare 
the efficacy of various angiotensin- receptor blockers in reducing office and ambula-
tory blood pressure in hypertensive patients. Relevant literature was searched from 
English and Chinese databases for randomized controlled trials involving angiotensin- 
receptor blockers in hypertension. Efficacy variables included systolic and diastolic 
blood pressure either in the office or on ambulatory blood pressure monitoring. 
Absolute blood pressure reductions at 6- 12 weeks of treatment and their credible 
intervals were reported. A total of 34 publications provided adequate data for analy-
sis (n = 14 859). In 28 studies on office systolic blood pressure (n = 12 731), against 
the common comparator valsartan 80 mg, the differences in systolic blood pressure 
were in favor of azilsartan medoxomil (20- 80 mg), irbesartan (300 mg), olmesartan 
(20- 40 mg), telmisartan (80 mg), and valsartan (160- 320 mg), but not candesartan 
(8- 16 mg), losartan (50- 100 mg), irbesartan (150 mg), olmesartan (10 mg), and tel-
misartan (40 mg). The ranking plot shows that azilsartan medoxomil 80 mg had a pos-
sibility of 99% being the best in the class. Similar results were observed for office 
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1  |  INTRODUC TION

Angiotensin- receptor blockers are recommended by the current 
hypertension guidelines as one of the firstline antihypertensive 
drug classes. Angiotensin- receptor blockers lower blood pressures 
through inhibiting the actions of angiotensin II and exhibit good tol-
erability.1 Until recently, a number of agents in this class are avail-
able for the treatment of hypertension.2 However, since the first 
angiotensin- receptor blocker, losartan, became available, this class 
of drugs has been unsatisfied for their less or low potency in blood 
pressure lowering. Some newer agents had been seen more effi-
cacious than the older ones, but eventually found that the dosage 
might not be equivalent. The more potent blood pressure lowering 
action was with a problem of more side effects.

Recent technological advances have led to the discovery of a 
structurally and chemically even newer agent, azilsartan medoxomil. 
In clinical studies, this new angiotensin- receptor blocker showed 
strong blood pressure lowering efficacy with similar tolerability and 
side effects. This new drug has been compared with several but not 
all available older agents. We therefore performed the present net-
work meta- analysis in attempt to have an overview on this class of 
antihypertensive drugs in patients with hypertension, with the focus 
on the efficacy of azilsartan medoxomil at various dosages.

2  |  METHODS

2.1  |  Search strategy and selection of studies

We followed the Preferred Reporting Items for Systematic Reviews 
and Meta- Analyses extension statement for network meta- 
analysis.3 Medline, Cochrane Library, China National Knowledge 
Infrastructure, and WANFANG databases were searched for ran-
domized controlled trials published over the period from January 
1995 to September 2018. We then screened literature according to 
the following criteria: 1) hypertension; 2) studies included various 
angiotensin- receptor blockers either as intervention or compara-
tor; and 3) office or ambulatory blood pressure changes as outcome 
measure. Angiotensin- receptor blockers, such as azilsartan medox-
omil, candesartan, eprosartan, irbesartan, losartan, olmesartan, tel-
misartan, and valsartan, were also included as a term of literature 
search. Medical Subject Headings were searched on Medline and 
Cochrane Library. The search strategy included Medical Subject 
Headings terms and keywords related to “hypertension”, “blood pres-
sure”, and “angiotensin II type 1 receptor blocker”. The details of the 

search strategy are listed and described in the online Supplementary 
Materials (Table S1). We assessed all relevant English and Chinese 
articles for eligibility.

2.2  |  Outcomes

The primary outcome was the absolute change in office systolic and 
diastolic blood pressures from baseline. If ambulatory blood pres-
sure data were reported, it was considered as a secondary outcome. 
The network meta- analysis included both primary and second-
ary outcomes at six and 12 weeks of follow- up. The 8- week blood 
pressure measurement was used, wherever available. In case that 
8- week measurement was not available, the blood pressure meas-
urement closest in time was reported, for example, at 10 weeks of 
follow- up. The follow- up time had to be at least four weeks of as-
signed treatment (medication and dosage).

2.3  |  Data extraction and quality assessment

Two investigators independently screened the title and abstract 
in the search engines to identify potentially relevant studies. The 
extracted data included study characteristics, patient characteris-
tics, interventions, outcomes, and other relevant findings. We also 
searched the references of the identified articles for possible inclu-
sion. The extracted data were cross- checked by a third investigator. 
Discrepancies were resolved on the basis of a consensus approach. 
The quality of the extracted studies was assessed using the GeMTC 
package of R (version 3.4.4). Quality was defined in four broad cat-
egories: high, moderate, low, and very low. The quality of evidence 
was assessed on the basis of five domains: risk of bias, inconsist-
ency, indirectness, imprecision, and publication bias. The Cochrane 
Collaboration's risk of bias assessment tool was used to assess the 
risk of bias at the study level.4

2.4  |  Data synthesis and statistical analysis

The effects of various angiotensin- receptor blockers on the changes 
in systolic and diastolic blood pressures were estimated for all in-
dividual studies. The network meta- analysis combined both direct 
and indirect treatment comparisons. Pairwise meta- analyses of all 
interventions were performed to evaluate the possible statistical 
heterogeneity of studies within each comparison. Valsartan 80 mg 

diastolic blood pressure and from 13 studies for 24- hour ambulatory systolic and dias-
tolic blood pressure. In conclusion, angiotensin- receptor blockers had different blood 
pressure lowering efficacy. The newest angiotensin- receptor blocker azilsartan me-
doxomil at the dose of 80 mg seemed to be most efficacious in reducing both systolic 
and diastolic blood pressure in the office and on ambulatory measurement.
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was chosen as the common comparator, because valsartan was the 
mostly used angiotensin- receptor blocker in China and many other 
countries, and 80 mg was the initial dose.

The network meta- analysis was conducted using a Bayesian 
random- effects model through a Markov Chain Monte Carlo pro-
cess using the GeMTC package of R (version 3.4.4).5,6 Various 
angiotensin- receptor blockers were ranked by their effects relative 
to baseline when the Markov Chain Monte Carlo process was imple-
mented. Hierarchy between various angiotensin- receptor blockers 
was estimated by the ranking probabilities of the frequency table 
of iteration results. This was estimated using the surface under the 
cumulative ranking curves.7 The rankings for outcomes were then 
combined and summarized in a cluster ranking plot. Heterogeneity 
was assessed using both the Cochrane Q test and the I2 statistic. The 
following criteria of the I2 statistic was used to derive heterogeneity 
of studies: 25%- 50%, 50%- 75%, and greater than 75% as low, mod-
erate, and high heterogeneity, respectively. The Cochrane collabo-
ration's risk of bias assessment tool was used to asses risk of bias.4 A 
meta- regression model was used to assess the effect of study- level 

duration of treatment and baseline blood pressure on the treatment 
effect. The analysis was performed using the R statistical software, 
version 3.4.4. A two- sided P- value ≤ 0.05 was considered statisti-
cally significant.

3  |  RESULTS

3.1  |  Study selection

We identified 1,626 records by searching the databases. The ma-
jority of the identified articles were from Cochrane (n = 681, 
41.9%) and Medline (n = 603, 37.1%, Figure 1). A total of 342 
(21.0%) Chinese articles were identified from the China National 
Knowledge Infrastructure and WANFANG database. After removal 
of 693 (42.6%) duplicates and screening abstracts, 212 (13.0%) ar-
ticles were assessed for eligibility. From these assessed articles, 
178 (82.1%) were removed, because of inappropriate intervention 
(n = 75, 35.4%), outcomes not of interest (n = 41, 19.3%), incomplete 

F I G U R E  1  Preferred Reporting Items for Systematic Reviews and Meta- Analyses (PRISMA) diagram of the systematic review search 
strategy
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data (n = 18, 8.5%), and so on (n = 40, 18.9%). Finally, a total of 34 
studies were included in the present analysis.8- 41

3.2  |  Characteristics of the selected studies

Table 1 summarizes the characteristics of the included studies. The 
majority of the studies had a double- blind design (n = 28, 82.4%), 
and included two (n = 22, 64.7%) to three or more treatment arms 
(n = 12, 35.3%). Losartan was the most commonly studied treatment 
(n = 24, 70.6%), followed by olmesartan (n = 14, 41.2%), telmisartan 
(n = 11, 32.4%), valsartan (n = 11, 32.4%), and candesartan (n = 6, 
17.6%). Azilsartan medoxomil and irbesartan represented the re-
maining study treatments (n = 5, 14.7%). The study duration ranged 
from six weeks to one year. Our analysis only included data between 
six and 12 weeks from baseline.

Heterogeneity was observed between studies in patient pop-
ulation, age, gender, and body mass index (P ≤ .05). The 14,859 
patients from 34 studies had a mean age of 45.7 to 60.1 years 
(Table 2), and included more men than women except for the study 
of Bahadir et al.30 Mean (±SD) values of systolic blood pressure at 
baseline ranged from 140.0 mm Hg (±12.7) to 170.5 mm Hg (±12.6) 
and diastolic blood pressure from 86.0 mm Hg (±10.1) to 104 mm 
Hg (±5.0).

3.3  |  Network geometry

Figure 2 shows the network of treatment comparisons between 
various angiotensin- receptor blockers for systolic and diastolic 
blood pressure. For systolic blood pressure, 19 angiotensin- receptor 
blockers and dosages were studied with 34 out of 171 potential 
pairwise direct comparisons. For diastolic blood pressure, 18 were 
studied with 31 out of 153 pairwise comparisons. These studied 
angiotensin- receptor blockers and dosages were azilsartan medox-
omil (20 mg, 40 mg and 80 mg), candesartan (8 mg, 16 mg and 32 mg), 
irbesartan (150 mg and 300 mg), losartan (50 mg and 100 mg), olm-
esartan (10 mg, 20 mg and 40 mg), telmisartan (40 mg and 80 mg), 
and valsartan (40 mg, 80 mg, 160 mg, and 320 mg).

3.4  |  Risk of bias assessment

Table S2 shows the risk of bias assessment for the included stud-
ies. All 34 studies were either of uncertain or low risk of selection 
bias. The risk of bias was unclear for random sequence generation 
in 20 (58.8%) studies and unclear for allocation concealment in 24 
(70.6%) studies (Figure S1). The risk of bias was low with blinding 
of outcome assessment in 31 (91.2%) studies; it was low with in-
complete outcome data, selective reporting and other sources in all 
34 studies. The risk of bias was high with blinding of participants in 
five (14.7%) studies, and with blinding of outcome assessment in two 
(5.9%) studies.A
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3.5  |  Efficacy evaluations

Figure 3A shows the differences in office systolic blood pressure 
reductions on various angiotensin- receptor blockers from valsartan 
80 mg, being in favor of azilsartan medoxomil (20 mg, 40 mg, and 
80 mg), irbesartan 300 mg, olmesartan 20 mg and 40 mg, telmisartan 
80 mg, and valsartan 160 mg and 320 mg. The ranking plots shows 
that azilsartan medoxomil 80 mg had a 99% probability of being the 
best in class for systolic blood pressure reduction (Figure S2A), fol-
lowed by azilsartan medoxomil 40 mg (90%) and irbesartan 300 mg 
(85%). There was no difference between direct and indirect pair-
wise comparisons of mean office systolic blood pressure (Figure S3). 

There was no heterogeneity (Figure S5) except for the comparisons 
of telmisartan 80 mg with valsartan 80 mg (I2 = 53.2%) and 160 mg 
(I2 = 80.2%). Similar results were observed for diastolic blood pres-
sure (Figure 3B, Tables S3 and Figures S2B and S6).

Similar results were also observed for 24- hour ambulatory blood 
pressure (Figure 4 and Table S4). The ranking plots show that azil-
sartan medoxomil 80 mg had a 93% and 86% possibility of being the 
best in class for 24- hour systolic and diastolic blood pressure re-
ductions, respectively. Further adjustment for the duration of treat-
ment and baseline blood pressure values did not materially change 
the results for either clinic or ambulatory blood pressure (data not 
shown).

F I G U R E  2  Network of direct comparisons between various angiotensin- receptor blockers for office (upper panels) and ambulatory 
(lower panels) systolic (left panels) and diastolic (right panels) blood pressure. Abbreviations: AZL- M 20, AZL- M 40, and AZL- M 80 indicate 
azilsartan medoxomil 20, 40, and 80 mg daily, respectively; CAN 8, CAN 16, and CAN 32, candesartan 8, 16, and 32 mg daily, respectively; 
IRB 150 and IRB 300, irbesartan150 and 300 mg daily, respectively; LOS 50 and LOS 100, losartan 50 and 100 mg daily, respectively; OLM 
10, OLM 20, and OLM 40, olmesartan 10, 20, and 40 mg daily, respectively; TEL 40 and TEL 80, telmisartan 40 and 80 mg daily, respectively; 
VAL 40, VAL 160, and VAL 320, valsartan 40, 160, and 320 mg daily, respectively [Color figure can be viewed at wileyonlinelibrary.com]

(A) (B)

(C) (D)

www.wileyonlinelibrary.com
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4  |  DISCUSSION

The findings of our meta- analysis was that azilsartan medoxomil was 
superior to the other angiotensin- receptor blockers in lowering both 
office and ambulatory blood pressures. The mean difference in of-
fice systolic/diastolic blood pressure in comparison with valsartan 

80 mg was −9.9/- 7.2 mmHg and −8.2/- 6.0 mmHg for azilsartan me-
doxomil 80 mg and 40 mg, respectively. The corresponding mean 
values for ambulatory systolic/diastolic blood pressure were −9.2/- 
5.4 mmHg and −8.8/- 5.3 mmHg, respectively. Such differences are 
appreciable in the control of hypertension and in the prevention of 
cardiovascular events.

F I G U R E  3  Absolute mean (95% credible interval, CRI) difference in office systolic (left panel) and diastolic (right panel) blood pressure 
for various angiotensin- receptor blockers in comparison with valsartan 80 mg daily. For explanations on the abbreviations of drugs, see the 
legend to Figure 2

F I G U R E  4  Absolute mean (95% credible interval, CRI) difference in ambulatory systolic (left panel) and diastolic (right panel) blood 
pressure for various angiotensin- receptor blockers in comparison with valsartan 80 mg daily. For explanations on the abbreviations of drugs, 
see the legend to Figure 2
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Our finding is in keeping with the results of three previously pub-
lished meta- analyses on the basis of randomized comparisons.42- 44 
In an analysis that included seven studies with four angiotensin- 
receptor blockers, azilsartan medoxomil (including azilsartan) re-
duced systolic and diastolic blood pressure more than the other 
three angiotensin- receptor blockers by an overall difference of 
−3.7 mmHg (95% confidence interval [CI]: −5.7, −1.7) and −2.9 mmHg 
(95% CI: −3.8, −1.9), respectively.42 In another analysis that also in-
cluded four angiotensin- receptor blockers (candesartan, irbesartan, 
losartan, and valsartan) but without azilsartan medoxomil,43 the four 
angiotensin- receptor blockers had similar blood pressure lowering 
efficacy, with a maximum between- drug difference of 1.4/0.7 mmHg 
in office systolic/diastolic blood pressure. In the third analysis that 
included 31 studies with six angiotensin- receptor blockers (cande-
sartan, irbesartan, losartan, olmesartan, telmisartan and valsartan), 
valsartan 160 or 320 mg per day was more effective in lowering 
blood pressure than losartan 100 mg per day and as effective as the 
other angiotensin- receptor blockers.44

The finding of our analysis is also consistent with the results of 
individual trials that involved azilsartan medoxomil (prodrug, 40- 
80 mg approved in most countries) or azilsartan (active drug, 20- 
40 mg approved in Japan). In all these trials, azilsartan medoxomil35,37 
or azilsartan45 showed significantly greater blood pressure lowering 
efficacy, regardless of the comparator angiotensin- receptor blocker 
or the blood pressure measurement technique, whether clinic or am-
bulatory blood pressure. Indeed, in the study with the largest sample 
size (n = 1291), azilsartan medoxomil 80 mg per day was superior 
to valsartan 320 mg per day and olmesartan 40 mg.37 The corre-
sponding placebo- adjusted mean changes in 24- hour systolic blood 
pressure were −14.3 mmHg, −10.0 mmHg (P < .001 vs. azilsartan me-
doxomil), and −11.7 mmHg (P = .009) from baseline, respectively. For 
office systolic blood pressure, azilsartan medoxomil at both lower 
(40 mg) and higher dosages (80 mg) were superior to the two com-
parator angiotensin- receptor blockers.

Although the mechanisms for the between- drug differences 
in blood pressure lowering effects within the same mode of ac-
tion are not entirely understood, there are several possible ex-
planations. A key mechanism that makes the difference between 
angiotensin- receptor blockers in blood pressure lowering is 
whether the angiotensin type II receptor is surmountable or in-
surmountable.46 Insurmountable antagonist forms tight sartan- 
receptor complexes, and makes the dissociation half- life longer. 
Such a mechanism increases the duration of action and is poten-
tially beneficial in cardiovascular protection and prevention. In a 
recent follow- up study in patients with myocardial infarction and 
treatment of various angiotensin- receptor blockers, the one- year 
risk of major cardiovascular events (14.3% vs. 11.2%, P =.025) and 
mortality (13.3% vs. 11.4%, P =.031) was significantly higher in pa-
tients on surmountable than insurmountable angiotensin- receptor 
blockers.47

Our study has to be interpreted within the context of its lim-
itations, First, network meta- analysis disregards randomization of 
each individual trial. The results of the analysis may be confounded 

by the heterogeneity of the study participants at baseline, espe-
cially blood pressure and comorbid diseases. Second, our analy-
sis included short- term studies only. Whether such a short- term 
difference would remain in long- term studies, especially when 
combination therapy is initiated, requires further investigation. 
Third, our study did not evaluate safety profile. The choice of 
angiotensin- receptor blockers could be influenced by tolerability 
and side effects more than the other classes of antihypertensive 
drugs.48 However, angiotensin- receptor blockers in general have 
the best treatment persistence, because of their better tolerability 
and less side effects.

In conclusion, our study showed that angiotensin- receptor block-
ers had different blood pressure lowering efficacy, with the newest 
one, azilsartan medoxomil, being most efficacious in reducing both 
office and ambulatory blood pressures, at the least during short- term 
treatment (<12 weeks). With the increasing availability, azilsartan me-
doxomil might improve blood pressure control. Nonetheless, more 
evidence on this new angiotensin- receptor blocker is still needed.
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