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Abstract
Recent studies have demonstrated that atrial fibrillation significantly increases the risk of adverse clinical outcomes in high
cardiovascular disease risk subjects. Application of renin–angiotensin–aldosterone system blockers for prevention of recurrence of
atrial fibrillation and adverse clinical outcomes in subjects with atrial fibrillation is a theoretically appealing concept. However, results of
clinical trials evaluating the effect of renin–angiotensin–aldosterone blockers on adverse clinical outcomes in high cardiovascular
disease risk subjects with atrial fibrillation remain inconclusive.
A pooled study of 6 randomized controlled trials assessing the efficacy of renin–angiotensin–aldosterone blockers on subjects with

atrial fibrillation was performed.
A total of 6 randomized controlled trials enrolled a total of 53,510 patients followed for 1 to 5 years. RAAS blockade therapy was

associated with 14% reduction in the incidence of heart failure (OR: 0.86, [95%CI: 0.76– 0.97], P=0.018) and 17% reduction in the
incidence of CVE (OR: 0.83, [95%CI: 0.70–0.99], P=0.038). The corresponding decline in absolute risk against heart failure (ARR:
1.4%, [95%CI: 0.2–2.6%], P=0.018) and CVE (ARR: 3.5%, [95%CI: 0.0–6.9%], P=0.045) in the AF group wasmuch higher than the
non-AF group for heart failure (ARR: 0.4%, [95%CI: 0.0–0.7%], P=0.057) and CVE (ARR: 1.6%, [95%CI: –0.1% to 3.3%], P=0.071).
No significant effect was noted on all-cause or cardiovascular mortality, stroke, or myocardial infarction.
This study suggests that RAAS blockade offers protection against heart failure and cardiovascular events in high cardiovascular

disease risk subjects with atrial fibrillation.

Abbreviations: ACE I = angiotensin converting enzyme inhibitors, AF = atrial fibrillation, ARB = angiotensin receptor blockers,
ARR = absolute risk reduction, CVD = cardiovascular disease, CVE = cardiovascular event, DBP = diastolic blood pressure, LAD =
left atrial dilation, LAE = left atrial enlargement, LVH = left ventricle hypertrophy, MI = myocardial infarction, RAAS blockers =
renin–angiotensin–aldosterone blocker, SBP = systolic blood pressure.
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The application of renin–angiotensin–aldosterone system
(RAAS) blockers in subjects with traditional cardiovascular
disease (CVD) risk factors is an area of high interest, and recent
studies have suggested therapeutic benefit of RAAS blockers in
high CVD risk subjects.[1,2] Recent studies in high CVD risk
subjects without heart failure have suggested therapeutic benefit
of RAAS blockade.[3,4] Atrial fibrillation is the most common
form of arrhythmia that is expected to rise further in
prevalence.[5] Recent studies have suggested that atrial fibrillation
contributes substantially to the risk of adverse clinical outcomes
such as heart failure, acute myocardial infarction, and major
adverse cardiovascular outcomes.[6–10] Two recent trials reported
that RAAS blockers suppress atrial fibrillation more effectively
than beta blockers and calcium blockers in hypertensive
population.[5,8] A previous meta-analysis also suggested benefi-
cial effects of RAAS blockers in preventing the onset and
recurrence of atrial fibrillation.[4] Randomized controlled trials
(RCTs) evaluating the effect of renin–angiotensin–aldosterone
system blockers on clinical outcomes in subjects with atrial
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fibrillation were of limited power and yielded inconclusive 2.3. Endpoint definition

2.4. Data extraction and quality assessment
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results. Thus, whether the inhibition of atrial fibrillation
translates into actual clinical benefit remains unknown. Further,
whether blood pressure reduction results in comparable clinical
improvement in subjects with and without atrial fibrillation
remains unknown. Therefore, we aimed to evaluate the effect of
RAAS blockers in high CVD risk subjects with atrial fibrillation
(AF) and compared it with that of non-AF subjects from the
respective trials.
2. Methods

2.5. Data synthesis and statistical analysis
2.1. Data sources and search strategy

A meta-analysis was performed according to PRISMA guidelines
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses).[11,12] PubMed and EMBASE databases were searched
using the keywords “angiotensin,” “angiotensin converting
enzyme inhibitors ,” “angiotensin receptor blockers,” “individ-
ual names in these drug classes,” “hypertension,” “CVD risk,”
“diabetes,” “atrial arrhythmia,” “atrial fibrillation,” and
“randomized controlled trials.” Additionally, references of
retrieved articles were manually searched to identify studies
not captured by our primary search strategy. No restrictions were
imposed on language and dates of publication. The final search
was run on September 28, 2015. Ethical approval was not
required as the study was based on published data and did not
have direct access to patient information.

2.2. Study selection

The flow diagram of study selection is shown in Fig. 1.
Randomized controlled trials (RCTs) in subjects with hyperten-
sion and/or traditional CVD risk factors were screened for
potential inclusion. Exclusion criteria are as follows: RCTs
not reporting the outcomes of interest in AF cohort, lacking a
comparator arm of non-RAAS blocker class or placebo, heart
failure trials, trials with<100 participants and/or 10 events, case
reports, reviews, and follow-up duration <1 year.
Figure 1. Flow diagram
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Endpoints of this study included “All cause mortality,”
“Cardiovascular mortality,” “Heart failure,” “Stroke,” “Acute
myocardial infarction (AMI),” and Cardiovascular events (CVE),
a composite of stroke, heart failure, AMI, or cardiovascular
death. Although the endpoint definitions varied slightly across
the individual trials, they were the same for the 2 treatment arms
and AF and non-AF groups.
Data were extracted by 2 independent reviewers (SC and LYS)
and disagreements were resolved by consensus. Risk of bias
among the included trials was assessed using standard criteria
recommended by the Cochrane Collaboration.
The data were pooled across studies and analyzed using random
effects meta-analysis models with inverse variance weighting.
These are presented as ORs with 95% confidence intervals (CIs).
The magnitude of statistical heterogeneity within AF and non-AF
subgroups was estimated using the I2 statistic. I2= <50%, 50%
to 74%, and ≥75% was considered low, moderate, and marked
heterogeneity, respectively. Tests of the homogeneity of treatment
effects between AF and non-AF subgroups were performed by
adding an interaction term to the statistical model. D-Stat,
Software for the Meta-analytic Review of Research Literatures,
was used to generate aggregate mean and standard deviation for
age of the case and controls for each study. All other statistical
analyses were performed using the STATA software 12.0. All
P-values are 2-tailed with the statistical significance set at 0.05.
GISSI-AF did not report the data on heart failure, acute

myocardial infarction, and cardiac mortality, whereas only the
data for cardiovascular event was available in the AF group for
the VALUE trial. Overall trial data for the cardiovascular event
were substituted for the non-AF group for LIFE and VALUE
trials.
of study selection.
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3.1. Study selection and characteristics

Of the initial 4765 studies identified by our primary search
strategy, 42 articles were retrieved for detailed evaluation for
potential inclusion of which 6 trials meeting the inclusion and
exclusion criteria were included in the analysis (Fig. 1). Table 1
summarizes the basic characteristics of the included studies. In
total, 6 randomized controlled trials[5,8,9,11,13–18] enrolled a total
of 53,510 patients, followed up for an average of 1 to 5 years.
Preliminary small randomized controlled trials were followed by
well-designed larger studies, and included patients with CVD risk
factors such as hypertension, diabetes mellitus, diabetic nephrop-
athy, left ventricular hypertrophy, left atrial enlargement, and
coronary heart disease. PROGRESS and ADVANCE used ACE I
and diuretic combination. Risk of bias among the included trials
was generally low across the trials included.

1. All-cause mortality: no significant effect of RAAS blocker
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therapywas seen on all-cause mortality in AF (OR: 0.95, [95%
CI: 0.83–1.09], P=0.468) or non-AF groups (OR: 0.94, [95%
CI: 0.85–1.03], P=0.174) (Fig. 2).
Cardiovascular mortality: no significant effect was seen in the
AF group (OR: 0.73, [95%CI: 0.51–1.05], P=0.090) or the
7.
non-AF group (OR: 0.92, [95%CI: 0.84–1.01], P=0.095).
The confidence interval was incredibly wide and trials were
moderately heterogeneous in the AF group (I2: 68.4% and P=
0.023) (Fig. 3).
Heart failure:RAAS blocker therapy was associated with 14%
reduction in the incidence of heart failure in AF (OR: 0.86,

[95%CI: 0.76–0.97], P=0.018) and a modest protective effect
in the non-AF group (OR: 0.90, [95%CI: 0.81–1.00], P=
0.044) without any evidence of heterogeneity (Fig. 4). The
test for interaction was borderline statistically significant
(Phomogeneity=0.090). RAAS blocker therapy was associated
with a much greater decline in absolute risk against heart
failure in the AF group (ARR: 1.4%, [95%CI: 0.2–2.6%],
able 1

sic characteristics of included studies.

Randomized

sic characteristics PROGRESS LIFE

, y 65±10 66.9±7
le, % 68 46
eline SBP/DBP, mm Hg 144/84 174.4/97.8
BP/DBP, mm Hg (inter-arm difference) 9/4 1.1/ (-) 0.2
ertension 48 13
betes 12.5 16

16 0
rt failure 0 8
ke 100 66.9
e/control size-AF group 243/233 307/406
e/control size-non-AF group 3051/3054 4298/4182
usion criteria Post-stroke Htn + LVH

points prespecified in the AF group? No Yes
atment drug Perindopril+Indapamide Losartan
trol drug Placebo Atenolol
ow-up (months) 46.8 57.2

IVE I=Atrial Fibrillation Clopidogrel Trial with Irbesartan for Prevention of Vascular Events, ADVANCE=Actio
llation, CHD=coronary heart disease, CVD= cardiovascular disease, DBP=diastolic blood pressure, DM
cardico–Atrial Fibrillation, Htn=hypertension, LIFE= Losartan Intervention for End Point Reduction in Hype
ke study, SBP= systolic blood pressure, VALUE=Valsartan Antihypertensive Long-term Use Evaluation.
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0.0–0.7%], P=0.057).
Stroke: no significant treatment effect was observed in the AF
group (OR: 0.85, [95%CI: 0.60–1.19], P=0.340) or the non-

AF group (OR: 0.93, [95%CI: 0.71–1.22], P=0.597) (Fig. 5).
The confidence interval for the AF group was very wide and
trials were moderately heterogeneous (I2: 58% and P=0.049),
whereas non-AF trials were markedly heterogeneous (I2:
84.8% and P=0.001).
Acute myocardial infarction: no significant effect of RAAS
blocker therapy was seen in the AF group (OR: 0.96, [95%CI:

0.72–1.29], P=0.800) or the non-AF group (OR: 0.98, [95%
CI: 0.82–1.17], P=0.794) (Fig. 6).
Cardiovascular event (CVE): RAAS blocker therapy was
associated with 17% reduction in the incidence of CVE (OR:

0.83, [95%CI: 0.70–0.99], P=0.038) in the AF group and a
modest trend toward protection in the non-AF group (OR:
0.87, [95%CI: 0.75–1.01], P=0.071) with marked heteroge-
neity in the AF group (I2: 81.3% and P=0.001) (Fig. 7). The
test for interaction was borderline statistically significant
(Phomogeneity=0.059). RAAS blocker therapy was associated
with a greater decline in absolute risk against cardiovascular
events in the AF group (ARR: 3.5%, [95%CI: 0.0–6.9%], P=
0.045) than the non-AF group (ARR: 1.6%, [95%CI: –0.1%
to 3.3%], P=0.071).
Publication bias:No evidence of publication bias was detected
by Begg’s or Egger’s test for all-cause mortality (P=0.153),

heart failure (P=0.725), stroke (P=0.320), myocardial
infarction (P=0.591), and cardiovascular event (P=0.233),
but there was evidence of publication bias for cardiovascular
mortality (P=0.002).

4. Discussion

The current meta-analysis of 53,510 patients from 6 randomized
controlled trials suggests that RAAS blockers offer protection
controlled trials included in the meta-analysis

VALUE ADVANCE ACTIVE-I GISSI-AF

67.2±8.1 66±6.5 67.8±9.2 69.5 ±9.7
57.5 57 62.3 60.7
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67.2 9 4.1 13.4

252/299 432/415 4518/4498 722/720
7649/7596 5157/5136 0 0
Htn + CVD
risk factors

DM + CVD
risk factors

AF + CVD
risk factors

AF + CVD
risk factors

Yes No Yes Yes
Valsartan Perindopril+Indapamide Irbesartan Valsartan
Amlodipine Placebo Placebo Placebo

50.4 51.6 12 49.2

n in Diabetes and Vascular disease—preterax and diamicron MR controlled evaluation, AF=atrial
=diabetes mellitus, GISSI-AF=Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto

rtension, LVH= left ventricular hypertrophy, PROGRESS=Perindopril protection against recurrent
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against heart failure and cardiovascular event in high CVD risk whereas the therapeutic benefit in the non-AF cohort failed to

Figure 2. Effect of RAAS blockers on all-cause mortality.CI=confidence interval, OR=odds ratio, RAAS blockers= renin–angiotensin–aldosterone system
blockers.
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subjects with atrial fibrillation. A total of 14% reduction in the
incidence of heart failure (OR: 0.86, [95%CI: 0.76–0.97], P=
0.015) and 17% reduction in the incidence of CVE (OR: 0.83,
[95%CI: 0.70–0.99], P=0.038) was observed in the AF cohort,
Figure 3. Effect of RAAS blockers on cardiovascular mortality. CI=confidence inte
blockers.

4

reach conventional limits of statistical significance for CVEwith a
modest 10% reduction in the risk of heart failure that was of
borderline statistical significance. The results further suggested
that subjects with atrial fibrillation derive comparable relative
rval, OR=odds ratio, RAAS blockers= renin–angiotensin–aldosterone system



risk reduction but greater degree of absolute risk reduction pressure reduction with low event rates in the AF group resulted

Figure 4. Effect of RAAS blockers on heart failure. CI=confidence interval, OR=odds ratio, RAAS blockers= renin–angiotensin–aldosterone system blockers.
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against heart failure (ARR: 1.43%, [95%CI: 0.24–2.62%],
P=0.018) as well as CVE (ARR: 1.91%, [95%CI: 0.42–3.4%],
P=0.012) owing to their higher baseline risk. Modest blood
pressure reduction and within trial interarm difference in blood
Figure 5. Effect of RAAS blockers on stroke. CI=confidence interval, OR=od

5

in wider confidence intervals. Although some of the trials were
limited in size and some posthoc data were included in the current
analysis, the relative effect of RAAS blockade in the AF group
was comparable, in direction and magnitude, to non-AF cohort
ds ratio, RAAS blockers= renin–angiotensin–aldosterone system blockers.
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of the respective trials as well as the a priori designed ACTIVE I blockers and calcium blockers, respectively.[8,15] Pooled estimate

Figure 6. Effect of RAAS blockers on acute myocardial infarction. CI=confidence interval, OR=odds ratio, RAAS blockers= renin–angiotensin–aldosterone
system blockers.

Sandip et al. Medicine (2016) 95:26 Medicine
trial.
LIFE and VALUE trials provided evidence that RAAS blockers

suppress the onset of atrial fibrillation more effectively than beta
Figure 7. Effect of RAAS blockers on cardiovascular event. CI=confidence inte
blockers.

6

from the available reports on hypertensive and or high CVD risk
subjects with atrial fibrillation suggests reduction in the risk of
cardiovascular events, whereas the larger non-AF cohort of these
rval, OR=odds ratio, RAAS blockers= renin–angiotensin–aldosterone system



trials showed a modest trend toward protection, highlighting the using combination antihypertensive therapy.[10] Due to limited

5. Conclusion

References

Sandip et al. Medicine (2016) 95:26 www.md-journal.com
importance of RAAS blockade for blood pressure optimization in
the AF cohort. Amodest trend toward protection against CVE for
AF cohort was noted in VALUE, likely due to the low number of
events in the AF cohort and slightly higher blood pressure in
Valsartan arm. In hypertensive patients with left ventricular
hypertrophy (LVH), Losartan appeared superior to atenolol and
this was especially evident in AF cohort. All the 4 placebo-
controlled trials favored RAAS blockers with a larger effect size
seen in the AF than non-AF group in the respective trials.
ACTIVE I and GISSI-AF were placebo controlled secondary
prevention trials that failed to show a statistically significant risk
reduction in atrial fibrillation recurrence or cardiovascular
events. It is noteworthy that majority of participants enrolled
in these trials had advanced AF (persistent or permanent) and
baseline use of background therapy with antiarrythmic drugs and
multiple antihypertensive drugs including angiotensin-converting
enzyme inhibitor (ACE I) was high with a modest difference in
interarm BP during the trial. However, ACTIVE I still suggested a
statistically significant 14% reduction in heart failure admission,
and recurrent events analysis showed 11% reduction in the risk
of composite end point of stroke, MI, or death from vascular
causes. It also reported trends toward fewer stroke, transient
ischemic attacks, and systemic embolization with the composite
reaching a significance level, albeit in posthoc analysis. GISSI-AF
did not report a difference in the hospitalization rate for cardiac
or noncardiac events. However, it observed fewer events in a
relatively smaller sample followed for a shorter duration (1 year),
and the outcome on heart failure was not reported. Similar
benefits of RAAS blockade were also seen in heart failure subjects
with atrial fibrillation in the CHARM trial.[19] Onemechanism to
account for superior efficacy of RAAS blockers is greater
regression of cardiac remodeling including structural remodeling
suggested by greater reduction of left ventricular hypertrophy
and left atrial enlargement in LIFE, VALUE, NTP-AF[20] and
CASE-J,[21] and electrical remodeling.[22–26]
4.1. Limitations
Drawbacks specific to the current meta-analysis include small
sample size in the AF group, inclusion of some posthoc data and
intertrial variations in inclusion/exclusion criteria. As data on
cardiovascular events for non-AF group were not reported for
LIFE and VALUE, overall trial data were used which may have
affected the results slightly. However, considering the low event
rate and the size of AF group in these trials, it is unlikely to change
our conclusions. Significant intertrial variations in inclusion
criteria poses a challenge to precise estimation of effect size in
different subgroups such as hypertension, poststroke, and so on.
but the similarities in the effect size between them enforces their
generalization to AF subjects with CVD risk factors irrespective
of the presence of hypertension. Results of PROGRESS suggested
that the treatment effect is not affected by the presence of
hypertension or application of anticoagulant therapy. Although
ADVANCE and PROGRESS used Perindopril–Indapamide
combination, the inter arm difference in BP reduction was small
and comparable to monotherapy ARB trials. In an analysis using
Perindopril monotherapy and single placebo arm data from
PROGRESS, the results were slightly attenuated with 14% and
15% reduction in the risk of heart failure and CVE, respectively.
The difference in effect size between Perindopril monotherapy
and Perindopril–Indapamide combination therapy in PROG-
RESS only highlights the need of blood pressure optimization
7

data, a comparison between ACE I and ARB could not be
performed.[27]
Evidence from available studies suggests the application of RAAS
blockers in high CVD risk subjects is associated with reduction in
the risk of heart failure and cardiovascular events. The
therapeutic benefit appears greater for subjects with atrial
fibrillation compared to subjects without atrial fibrillation.
Combination therapy with Indapamide appears to further reduce
the risk by enhancing blood pressure control. With the failure of
ARBs to suppress AF recurrence in a priori designed trials such as
ACTIVE I and GISSI AF, future trials of RAAS blockers in AF
subjects is unlikely. Thus, our results provide useful information
to guide initial antihypertensive therapy in high CVD risk
subjects with atrial fibrillation.
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