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Abstract

Background

Randomised evidence on the efficacy of blood pressure (BP)-lowering treatment to reduce

cardiovascular risk in patients with atrial fibrillation (AF) is limited. Therefore, this study

aimed to compare the effects of BP-lowering drugs in patients with and without AF at

baseline.

Methods and findings

The study was based on the resource provided by the Blood Pressure Lowering Treatment

Trialists’ Collaboration (BPLTTC), in which individual participant data (IPD) were extracted

from trials with over 1,000 patient-years of follow-up in each arm, and that had randomly

assigned patients to different classes of BP-lowering drugs, BP-lowering drugs versus pla-

cebo, or more versus less intensive BP-lowering regimens. For this study, only trials that

had collected information on AF status at baseline were included. The effects of BP-lowering

treatment on a composite endpoint of major cardiovascular events (stroke, ischaemic heart
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disease or heart failure) according to AF status at baseline were estimated using fixed-effect

one-stage IPD meta-analyses based on Cox proportional hazards models stratified by trial.

Furthermore, to assess whether the associations between the intensity of BP reduction and

cardiovascular outcomes are similar in those with and without AF at baseline, we used a

meta-regression. From the full BPLTTC database, 28 trials (145,653 participants) were

excluded because AF status at baseline was uncertain or unavailable. A total of 22 trials

were included with 188,570 patients, of whom 13,266 (7%) had AF at baseline. Risk of bias

assessment showed that 20 trials were at low risk of bias and 2 trials at moderate risk. Meta-

regression showed that relative risk reductions were proportional to trial-level intensity of BP

lowering in patients with and without AF at baseline. Over 4.5 years of median follow-up, a

5-mm Hg systolic BP (SBP) reduction lowered the risk of major cardiovascular events both

in patients with AF (hazard ratio [HR] 0.91, 95% confidence interval [CI] 0.83 to 1.00) and in

patients without AF at baseline (HR 0.91, 95% CI 0.88 to 0.93), with no difference between

subgroups. There was no evidence for heterogeneity of treatment effects by baseline SBP

or drug class in patients with AF at baseline. The findings of this study need to be interpreted

in light of its potential limitations, such as the limited number of trials, limitation in ascertain-

ing AF cases due to the nature of the arrhythmia and measuring BP in patients with AF.

Conclusions

In this meta-analysis, we found that BP-lowering treatment reduces the risk of major cardio-

vascular events similarly in individuals with and without AF. Pharmacological BP lowering

for prevention of cardiovascular events should be recommended in patients with AF.

Author summary

Why was this study done?

• Atrial fibrillation (AF) is the most common cardiac arrhythmia across the world and is

strongly associated with future vascular disease, particularly stroke.

• Blood pressure (BP) lowering is an established strategy for prevention of vascular dis-

ease, but whether patients with AF benefit similarly from pharmacological BP reduction

is not well understood.

What did the researchers do and find?

• We compared the preventive effect of BP-lowering treatment on cardiovascular out-

comes in patients with and without AF at baseline.

• We conducted an individual participant data meta-analysis using published and unpub-

lished data from large randomised clinical trials (22 trials involving 188,570 patients).

• We showed that BP-lowering treatment reduced the risk of a major cardiovascular

events with no evidence that effects differed according to the presence or absence of AF

at baseline.

PLOS MEDICINE Blood pressure in patients with atrial fibrillation

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003599 June 1, 2021 2 / 19

BMJ Open 2019;9:e028698). Our data sharing

agreements with our collaborators limit us from

sharing the original data to third parties. However,

a governance framework exists for collaborative

projects with external research investigators. For

further queries, please check www.bplttc.org for

our contact details.

Funding: The following authors are supported by

grants from the British Heart Foundation “ACPG,

KR & DC (grant number: FS/19/64/34673), KR &

DC (grant number: PG/18/65/33872), MN, KR &

DC (grant number FS/19/36/34346); KR is also in

receipt of funding from the UKRI’s Global

Challenges Research Fund (Grant Ref ES/P011055/

1), the Oxford NIHR Biomedical Research Centre,

and the Oxford Martin School at University of

Oxford. The funders had no role in study design,

data collection and analysis, decision to publish, or

preparation of the manuscript. The views

expressed are those of the authors and not

necessarily those of the National Health Service,

the NIHR or the Department of Health and Social

Care. This manuscript was prepared using

ACCORD, ALLHAT and SHEP Research Materials

obtained from the NHLBI Biologic Specimen and

Data Repository Information Coordinating Centre

and does not necessarily reflect the opinions or

views of the ACCORD, ALLHAT and SHEP, or the

NHLBI.

Competing interests: I have read the journal’s

policy and the authors of this manuscript have the

following competing interests: KR is an academic

editor on PLOS Medicine’s editorial board and has

in the past received personal fees as Speciality

Consulting Editor for PLOS Medicine. KR is also in

receipt of personal fees as Associate Editor for

BMJ Heart.MW reports personal fees from Amgen,

Kyowa Kirin, and Freeline outside the submitted

work; JS reports ownership in companies

providing services to Itrim, Amgen, Janssen, Novo

Nordisk, Eli Lilly, Boehringer, Bayer, Pfizer and

AstraZeneca, outside the submitted work. Group

authors listed in the acknowledgements have no

known competing interests.

Abbreviations: AF, atrial fibrillation; BP, blood

pressure; BPLTTC, Blood Pressure Lowering

Treatment Trialists’ Collaboration; CCB, calcium

channel blockers; CI, confidence interval; DBP,

diastolic BP; HF, heart failure; HR, hazard ratio;

IPD, individual participant data; PRISMA, Preferred

Reporting Items for Systematic Reviews and Meta-

Analyses; RAAS, renin-angiotensin-aldosterone

system; RCT, randomised controlled trial; SBP,

systolic BP.

https://doi.org/10.1371/journal.pmed.1003599
http://www.bplttc.org


• The relative risk reductions were proportional to the intensity of BP reduction in indi-

viduals with and without AF.

• In individuals with AF, the relative risk reduction was comparable irrespective of

whether baseline systolic BP was under or over the conventional treatment threshold of

140 mm Hg.

What do these findings mean?

• BP-lowering treatment reduces the risk of major cardiovascular events in patients with

AF to a similar extent to that of patients without AF.

• Pharmacological BP-lowering treatment for prevention of cardiovascular events should

be recommended as part of care for patients with AF.

Introduction

Atrial fibrillation (AF) is the most common clinically relevant cardiac arrhythmia and its inci-

dence and prevalence are on the rise across the globe [1,2], mainly due to population ageing

and an increase in other cardiometabolic risk factors [3]. In observational studies, AF has been

associated with an approximately 90% higher risk of a fatal vascular event, such as stroke,

ischaemic heart disease, heart failure (HF), and vascular dementia [4]. Although the risk of

stroke, in particular, can be mitigated by anticoagulation, the majority of deaths in contempo-

rary anticoagulated AF patients are due to cardiovascular causes other than stroke, such as

myocardial infarction and HF [5,6]. Yet, there is no proven pharmacological intervention

other than anticoagulation for effective reduction of such risks [7].

Although high blood pressure (BP) is the most common cardiovascular risk factor in

patients with AF [8,9], whether BP lowering reduces the risk of cardiovascular events in

patients with AF remains uncertain. As BP-lowering treatment significantly decreases cardio-

vascular risk in high-risk populations [10], a similar effect could be expected in patients with

preexisting AF. However, the complex structural, neurohumoral, and metabolic changes in the

cardiovascular system that underpin the development and progression of AF may interfere

with BP-lowering treatment [11]. This uncertainty is further compounded by the fact that the

only randomised controlled trial (RCT) specifically conducted in patients with AF failed to

detect a risk reduction in cardiovascular events using an angiotensin receptor blocker [12].

Several other major BP-lowering trials have included patients with known AF, but the low

prevalence of AF rendered them individually underpowered to perform subgroup analysis

according to AF status at baseline. We have sought to extract previously published and unpub-

lished data to compare the effect of BP-lowering treatment on fatal and nonfatal cardiovascular

outcomes in patients with and without AF overall and by major drug classes.

Methods

Study design

We conducted individual participant data (IPD) meta-analyses of BP-lowering RCTs that

investigated treatment effects on cardiovascular outcomes by presence or absence of AF at
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randomisation. The study was based on the resource provided by the Blood Pressure Lowering

Treatment Trialists’ Collaboration (BPLTTC). RCTs are eligible for inclusion in BPLTTC if

they have randomised participants to BP-lowering drugs versus placebo or alternative classes

of BP-lowering drugs, or between more versus less intensive regimens, and have at least 1,000

patient-years of follow-up in each randomised arm. To date, 50 RCTs have shared data. Details

of the methods underlying the latest cycle of the BPLTTC have been recently published and

are described in S1 Methods [13]. A separate ethical approval was not required for this study.

This analysis followed a prespecified protocol that is available as Supporting information (S1

Protocol).

In this study, only trials that had collected information on AF status at baseline were

included. Three types of trials were identified: (1) trials that included both patients with and

without AF at baseline; (2) trials that included only patients with AF at baseline; and (3) trials

that excluded patients with AF at baseline. We excluded trials in which the presence of AF was

not explicitly assessed at baseline or in which AF status at baseline was not clear.

Definition of outcomes

The primary outcome was total cardiovascular events, defined as the first occurrence of (1)

fatal or nonfatal stroke; (2) fatal or nonfatal myocardial infarction or ischaemic heart disease;

or (3) HF causing death or requiring hospitalisation. Secondary outcomes were the individual

elements of the composite endpoint as well as cardiovascular death and all-cause death.

Treatment comparisons

For the main analysis, intervention and control groups were compared. For placebo-controlled

trials, the placebo arm was considered as the “comparator” and the active treatment was con-

sidered as the “intervention.” For trials with two or more active treatment arms, the arm in

which the BP reduction was higher was considered as “intervention” and the other treatment

arm(s) as “comparator.” Treatment arms were grouped together whenever required to avoid

double counting of participants. S1 Table summarises the treatment comparisons considered

in each trial and the difference in systolic BP (SBP) reduction between trial arms.

Risk of bias assessment

We used the Rob2 tool from the Cochrane Collaboration for assessing risk of bias of individual

trials. (S2 Table) [14].

Statistical analysis

Our main analyses aimed to address 4 questions: (q1) whether the effect of BP-lowering treat-

ment on CVD outcomes differs between those with and without AF; (q2) whether the associa-

tions between the intensity of BP reduction and outcomes are similar in those with and

without AF at baseline; (q3) whether in patients with AF, treatment effects vary by baseline

SBP; and (q4) whether in patients with AF, treatment effects vary by classes of antihyperten-

sives. Intention-to-treat analysis was adopted using the data provided by each trial, after inter-

nal quality checks had been carried out to ensure that data were accurate and transferred

without error. Our method for investigating these questions was a one-stage approach that

uses IPD from all trials simultaneously and applying a single statistical model. The one-stage

approach has more power and flexibility than a two-stage approach to test for treatment-

covariate interactions even when few studies are available [15,16]. We used fixed-effect one-

stage IPD meta-analysis models for time-to-event data by applying Cox proportional hazard
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models stratified by trial [17]. The average SBP reduction between arms among all included

trials was 3.7 mm Hg (due to inclusion of “head-to-head” comparisons trials) (S1 Table). Thus,

we adjusted the estimates for each subgroup (with and without AF) for a 5-mm Hg reduction

in SBP. Furthermore, to assess whether the associations between the intensity of BP reduction

and cardiovascular outcomes is similar in those with and without AF at baseline (q2), we used

analytical and graphical representations of the full meta-regression model with additional

terms for AF status and interactions between treatment, difference in SBP, and AF status. This

model describes the effects on outcomes for each level of intensity of SBP lowering and for

each of the subgroups with and without AF at baseline. Finally, to assess in patients with AF

whether treatment effects vary by baseline SBP and by classes of BP-lowering drugs (q3 and

q4), we used models only for AF patients with additional terms for these potential moderators

and interactions between treatment, difference in SBP, and moderators (S3 and S4 Tables).

Further details on our statistical modelling approach, subgroup analyses, and sensitivity analy-

ses are provided in S1 Methods. Statistical analyses were performed using R version 3.6.1. This

study is reported as per the Preferred Reporting Items for Systematic Reviews and Meta-Anal-

yses (PRISMA) guideline (S1 PRISMA Checklist).

Results

From the full BPLTTC database, 28 trials (145,653 participants) were excluded because AF sta-

tus at baseline was uncertain or unavailable. Twenty-two trials were eligible and provided data

for the IPD meta-analyses (S5 and S6 Tables and Fig 1). Seven of these trials had previously

published data about AF status at baseline. The 22 trials included 188,570 individuals, of

whom 13,266 (7%) had AF at baseline [12,18–33]. Seven trials explicitly excluded participants

with AF at baseline (N = 13,170, 7% of the participants without AF at baseline) [21,34–37], and

one trial included only those with prevalent AF (N = 9,016, 67% of the participants with AF at

baseline) [12]. The remaining 14 trials included a mixed population of participants with and

without AF at baseline (4,249 with AF and 153,198 without AF). All trials contributed data for

all the outcomes of interest, with the exception of 2 trials that did not report the HF outcome

[19,23] and one trial that did not report cardiovascular death [35]. Risk of bias assessment

showed that 20 trials had low risk of bias and 2 trials had moderate risk (S2 Table). There was

no evidence of acquisition bias based on funnel plot and Egger’s regression test (S1 Fig).

Patients with AF were older than those without AF (mean age 70 versus 65 years, respec-

tively) (Table 1). A lower baseline SBP and diastolic BP (DBP) was evident in patients with AF,

who were more commonly prescribed diuretics, angiotensin-converting enzyme inhibitors,

beta-blockers, and alpha-blockers: 143/84 mm Hg (SD 21/12 mm Hg) versus 155/88 mm Hg

(SD 21/13 mm Hg) in patients without AF, respectively. Cerebrovascular disease was more

common in patients with AF, while ischaemic heart disease, diabetes mellitus, and chronic kid-

ney disease were more common in patients without AF. The prevalence of smoking was higher

in patients with AF than in those without AF (9.3% versus 24.3%, respectively).

In placebo-controlled trials (8 trials), the difference in SBP reduction between arms was 7.2

(SD 3.9) mm Hg; in drug–drug comparisons (12 trials), it was 2.3 (SD 0.9) mm Hg; and in

more versus less intensive BP lowering (2 trials), it was 10.9 (SD 3.0) mm Hg. Overall, the

mean difference in SBP reduction between intervention and control arms was 3.7 (SD 3.2)

mm Hg, and that was similar in patients with and without AF (3.3 (SD 2.0) mm Hg versus 3.7

(SD 3.3) mm Hg for patients with and without AF, respectively).

Meta-regression showed that there was a linear association between the degree of SBP low-

ering and the reduction in the hazard ratio (HR) for major cardiovascular events both in

patients with and without AF at baseline (Fig 2).
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Over a median follow up of 4.5 years (interquartile range 3.8 to 5.3), 3,674 (27.8%) and

21,380 (12.2%) patients with and without AF, respectively, developed a major cardiovascular

event. This translates into a rate of major cardiovascular events of 73 and 28 per 1,000 patient-

years for patients with and without AF, respectively (Fig 3). Each 5 mm Hg SBP lowering

reduced the risk of major cardiovascular events by about 10% in patients with and without AF

at baseline (HR 0.91, 95% confidence interval (CI) [0.83 to 1.00] versus HR 0.91, 95% CI [0.88

to 0.93] for patients with and without AF at baseline, respectively) (Figs 3 and 4). Furthermore,

there was no evidence that the risk reduction for any of the primary and secondary outcomes

Fig 1. PRISMA diagram for included trials. AF, atrial fibrillation; BPLTTC, Blood Pressure Lowering Treatment Trialists’ Collaboration; IPD,

individual participant data; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

https://doi.org/10.1371/journal.pmed.1003599.g001
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achieved by BP-lowering treatment was different between patients with and without AF (Fig

4). Adjustment for the average reduction in SBP of 3.7 mm Hg was consistent with our main

adjustment to 5 mm Hg SBP reduction and showed no difference between patients with and

without AF (S2 Fig).

Subgroup analysis in patients with AF showed no evidence that the relative risk reduction

in major cardiovascular events varied according to baseline SBP (test for linear trend

P = 0.992). There was also no difference in treatment effects between patients with baseline

SBP below and above 140 mmHg (P = 0.792) (Fig 5).

Six trials were included in the comparison of renin-angiotensin-aldosterone system

(RAAS)-inhibitors versus placebo or standard treatment (i.e., beta-blocker and/or diuretic),

including 56,649 participants. Four trials were included in the comparison of calcium channel

blockers (CCB)-based regimens versus placebo or standard treatment (i.e., beta-blocker

and/or diuretic), including 44,288 participants. There was no evidence of a difference in the

effects of treatment regimens based on RAAS inhibitors or CCB between patients with and

without AF at baseline (P = 0.245 and P = 0.909 for RAAS-based and CCB-based regimens,

respectively) (Fig 6). However, the CIs were wide due to the relatively small number of AF

participants.

Sensitivity analysis using only trials that contributed to both subgroups, that is the 14 trials

that included both participants with and without AF at baseline and thus allowed estimation of

the within-trial interaction between treatment and AF at baseline, showed broadly similar

Table 1. Baseline characteristics of participants by atrial fibrillation status at baseline.

Atrial fibrillation (N = 13,266) No atrial fibrillation (N = 175,304) Total (N = 188,570)

Age (years) 70.19 (9.12) 65.36 (9.05) 65.70 (9.14)

Sex (Female) 5,052 (38.1) 73,182 (41.7) 78,235 (41.5)

Ischaemic heart disease 3,923 (29.6) 56,759 (32.4) 60,682 (32.2)

Cerebrovascular disease 2,395 (18.5) 21,788 (15.5) 24,183 (15.7)

Diabetes mellitus 3,569 (26.9) 54,209 (32.2) 57,778 (31.8)

Chronic kidney disease 163 (20.3) 15,600 (25.4) 15,763 (25.3)

Heart failure 2,882 (31.9) 0 (0) 2,882 (31.9)

Smoking (current) 1,224 (9.3) 38,283 (24.3) 39,507 (23.1)

Body mass index (kg/m2) 28.78 (5.60) 28.12 (9.67) 28.16 (9.44)

Total cholesterol (mmol/L) 5.3 (1.2) 5.6 (1.2) 5.6 (1.2)

Systolic blood pressure (mm Hg) 142.8 (20.9) 154.6 (21.6) 153.82 (21.72)

Diastolic blood pressure (mm Hg) 83.6 (11.7) 87.8 (12.6) 87.49 (12.58)

Pharmacological treatment

Diuretic 6,082 (50.8) 19,196 (23.8) 25,278 (27.3)

Alpha-blocker 1,134 (10.7) 2,813 (4.4) 3,947 (5.2)

Beta-blocker 6,133 (51.3) 29,013 (36.0) 35,146 (38.0)

Angiotensin-converting enzyme inhibitor 6,846 (59.6) 32,290 (44.0) 39,136 (46.1)

Angiotensin receptor blocker 568 (5.4) 6,420 (15.0) 6,988 (13.1)

Calcium channel blocker 3,557 (29.7) 29,566 (36.7) 33,123 (35.8)

Anticoagulant 4,418 (37.8) 1,823 (3.1) 6,241 (8.9)

Antiplatelet 6,443 (56.1) 35,539 (49.3) 41,982 (50.2)

Lipid-lowering drug 3,742 (32.8) 31,100 (42.6) 34,842 (41.3)

All categorical variables are summarised as N (% yes); all continuous variables as mean (standard deviation).

https://doi.org/10.1371/journal.pmed.1003599.t001
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results to those from the main analyses. However, the smaller sample size meant that the CIs

were wider, particularly in patients with AF at baseline (S7 Table). Sensitivity analysis using a

two-stage approach yielded similar estimates to the one-stage approach overall and for sub-

group analysis according to AF status at baseline (S8 Table). Several additional sensitivity anal-

yses were requested by the reviewers which were conducted and broadly supported our main

findings: We reran the models using an unadjusted approach for SBP and found no material

change in our results (S9 Table). The results of fixed and random effects two-stage models

were consistent and further supported the robustness of the main model (S8 Table). To rule

out the effects of treatment in ACTIVE-I trial were driven by inclusion of patients with HF, we

conducted a sensitivity analysis in which we excluded the patients with a diagnosis of HF at

baseline in ACTIVE-I trial. As shown in S10 Table, results were consistent with our main anal-

ysis. Additional adjustment for baseline SBP, cardiovascular disease status, and diabetes at

baseline had no impact on our main findings (S11 Table). Finally, no material change was also

seen after excluding the trials with moderate risk of bias (S12 Table).

Fig 2. Hazard ratio of major cardiovascular events related to the 1-year difference blood pressure reduction aggregated at trial level. Risk of major

cardiovascular events, for patients with (dashed line) and without (solid line) atrial fibrillation at baseline, regressed against the systolic blood pressure

difference between trial arms, plotted on the log scale. Shapes represent the hazard ratio for each trial with the size inversely proportional to the

respective standard error. Trials are coded by shape according to the type of patients: atrial fibrillation only (triangle), no atrial fibrillation only (square),

and mix of both (circles). Trials are also coded by colour according to type of intervention: placebo-controlled trials (red), drug class comparison trials

(blue), and more versus less intense treatment trials (green). Systolic blood pressure difference between trial arms in mm Hg.

https://doi.org/10.1371/journal.pmed.1003599.g002
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Discussion

This study showed that BP-lowering treatment affords a similar relative risk reduction in

major cardiovascular events in patients with and without AF, with no evidence that treatment

effects differed between those subgroups for any of the primary and secondary outcomes.

Overall, each 5-mm Hg reduction in SBP resulted in an approximately 10% lower risk of

major cardiovascular events both in patients with and without AF at baseline. Furthermore,

there was no evidence that in patients with AF the relative risk reduction varied according to

baseline SBP [38].

Although absolute risks are better estimated from population-based observational studies,

the almost 3-fold higher event rate that we observed in patients with AF at baseline compared

with those without AF reflects their higher cardiovascular risk. This is in keeping with previous

observational studies which reported that AF was associated with a 2- to 5-fold higher risk of

major cardiovascular events in comparison with patients without AF [4,39,40]. Therefore, the

same relative risk reduction afforded by BP-lowering treatment would most likely achieve a

greater absolute risk reduction in patients with AF than in patients without AF at baseline.

It is thus a paradox that much of the focus of AF-related research has been on anticoagula-

tion for stroke prevention, and strategies for rate-control or restoration of sinus rhythm, when

the relative and absolute risk for cardiovascular events like HF and ischaemic heart disease is

greater than that of stroke in patients with AF [40]. In addition, even with optimal anticoagula-

tion and rate or rhythm control, the risk of stroke in patients with AF remains high (about

1.5% per year) [41] and it seems to result from associated risk factors rather than treatment

Fig 3. Cumulative event rates for the primary outcome (major cardiovascular events) by treatment arm, stratified

by presence of atrial fibrillation at baseline. Shown are estimates of the proportions of patients with major

cardiovascular events (primary composite endpoint) according to treatment arm (intervention versus comparator as

defined in treatment comparisons in the methods) for patients with atrial fibrillation (top lines) and without atrial

fibrillation at baseline (bottom lines). These curves were created for the overall population included in this study

without accounting for stratification by trial.

https://doi.org/10.1371/journal.pmed.1003599.g003
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Fig 4. Effect of blood pressure lowering treatment on primary and secondary outcomes, stratified by presence of

atrial fibrillation at baseline. Forest plot displays the HRs and 95% CIs for each outcome adjusted for a 5-mm Hg

systolic blood pressure reduction. Further details on adjustment provided in the Methods. P values for test of

difference between subgroups. CI, confidence interval; HR, hazard ratio.

https://doi.org/10.1371/journal.pmed.1003599.g004
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failure [42,43]. Therefore, management of associated cardiovascular risk factors, among which

high BP with an estimated prevalence of 70% is the most common, seems a priority to improve

cardiovascular outcomes and survival in the high-risk group of patients with AF [44]. In this

context, our study provides compelling evidence that pharmacological BP-lowering treatment

is an effective strategy to prevent cardiovascular events overall as well as to address the residual

risk of stroke.

Fig 5. Effect of blood pressure-lowering treatment on major cardiovascular events stratified by baseline systolic blood pressure in patients with

atrial fibrillation. Forest plot displays the HRs and 95% CIs for major cardiovascular events for a 5-mm Hg systolic blood pressure reduction in

patients with atrial fibrillation with baseline systolic blood pressure below or above 140 mm Hg. P value for test of difference between subgroups. CI,

confidence interval; HR, hazard ratio.

https://doi.org/10.1371/journal.pmed.1003599.g005

Fig 6. Effect of blood pressure-lowering treatment on major cardiovascular events stratified by drug class. Forest plot displays the HRs and 95% CIs

for major cardiovascular events for a 5-mm Hg systolic blood pressure reduction for RAAS inhibitors-based and CCB-based regimens in comparison with

placebo or BB with or without Diu. P values for test of difference between subgroups. BB, beta-blocker; CCB, calcium channel blocker; CI, confidence

interval; Diu, diuretic; HR, hazard ratio; RAAS, renin-angiotensin-aldosterone system.

https://doi.org/10.1371/journal.pmed.1003599.g006
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Although the most recent AF guidelines issued by the European Society of Cardiology state

that “good blood pressure control should form an integral part of the management of AF

patients,” randomised evidence has been lacking to support those recommendations [7]. This

uncertainty underpins the cautious AF guidelines of the American College of Cardiology,

which despite mentioning that “appropriate control of risk factors like hypertension substan-

tially reduces stroke risk,” make no specific recommendations about BP management in

patient with AF [9]. Thus far, evidence on potential importance of BP reduction in patients

with AF comes from observational studies, wherein the ideal SBP target for the prevention of

cardiovascular events was found to be in the range of 120 to 129 mmHg [4]. Our study fills this

gap in randomised evidence. We found that patients with AF included in trials had a relatively

low baseline SBP, with almost half of them having a SBP of less than 140 mmHg prior to ran-

domisation, commonly not recommended for treatment [38].

Hypertension guidelines recommend that drugs with shared rate- and BP-lowering proper-

ties (e.g., non-dihydropyridine CCBs and beta-blockers) should be preferred in patients with

AF and high BP [38,45]. However, those recommendations are based on the indication of

those drugs for rate control as thus far whether pharmacological BP lowering decreases cardio-

vascular risk in patients with AF has not been demonstrated. In addition, the lack of evidence

for class-specific effects together with the linear association between the HR for major cardio-

vascular events and the intensity of SBP reduction showed in this study suggest that the inten-

sity of BP lowering is more important than the specific drugs used to achieve it when it comes

to prevention cardiovascular events. Therefore, until further research clarifies whether any

drug class can achieve superior risk reduction for equivalent BP reduction, BP lowering irre-

spective of the drug class should be viewed as an effective strategy to decrease the high cardio-

vascular risk of patients with AF.

The main strength of this IPD meta-analysis is the analysis of the effects of BP-lowering

treatment in a large number of patients with baseline AF included into RCTs, their compari-

son with patients without AF, the long follow-up time, and the more than 20,000 major cardio-

vascular events. The robustness of the main conclusions to sensitivity analyses and the

consistency of the estimates provided by different methods further support the conclusions

drawn. However, some limitations deserve to be acknowledged. First, there is a possibility of

selection bias, as IPD was not obtainable for all the trials eligible for inclusion in the BPLTTC.

While it remains uncertain whether those trials had collected data on AF status at baseline, it

seems unlikely that lack of contribution to the BPLTTC has biased our estimates. This is sup-

ported by the consistency of the effects of BP reduction on cardiovascular outcomes in our set

of studies with the estimates in a more comprehensive, albeit tabular meta-analysis (roughly

10% relative risk reduction per 5 mm Hg SBP reduction) [10]. Second, the number of partici-

pants with AF was modest considering the total number of participants in the BPLTTC dataset

because only a fraction of the trials reported AF at baseline and the relatively low rate of AF in

the trial populations. On the other hand, this means that even if a degree of misclassification is

present due to omitted disclosure or the paroxysmal nature of the arrhythmia, a material

impact on treatment effect estimates would be unlikely. Third, although it would have been

interesting to compare the effects of other drug classes, particularly in head-to-head compari-

sons, only a small fraction of the trials included in the BPLTTC reported AF at baseline and

were thus eligible for this study. Fourth, although concerns have been raised about the variabil-

ity of BP measurement in patients with AF, which could have biased our estimates, there was

no evidence of this in our population [46]. Finally, much of the weight of the analysis in the

current report was driven by the ACTIVE-I trial, which included about 30% of patients with

HF. However, excluding the HF patients from the analysis did not have a material impact on
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our findings of no interaction between AF status at baseline and the effect of BP lowering

treatment.

In conclusion, this study demonstrated that BP-lowering treatment reduces the risk of

major cardiovascular events in patients with AF to a similar extent to that of patients without

AF, with no evidence that treatment effects varied according to baseline SBP or drug class.

Owing to their higher absolute cardiovascular risk, treatment in patients with AF is likely to

result in greater absolute risk reduction than in patients without AF. Clinical guidelines should

be updated to recommend pharmacological BP lowering for prevention of cardiovascular

events in patients with AF.
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