Downloaded from http://heart.bmj.com/ on September 12, 2016 - Published by group.bmj.com

Systematic review

Blood pressure targets in patients with coronary
artery disease: observations from traditional and
Bayesian random effects meta-analysis of

» Additional figures are
published online only. To view
these files please visit the
journal online (http:/dx.doi.
org/10.1136/heartjnl-2012-
301968).

'Division of Cardiology,

New York University School of
Medicine, New York,

New York, USA

“Division of Cardiology,
University of Nebraska Medical
Centre, Omaha, Nebraska, USA
3Division of Cardiology,

St. Luke's Roosevelt Hospital,
Columbia University College of
Physicians & Surgeons,

New York, New York, USA

Correspondence to

Dr Sripal Bangalore, Director of
Research, Assistant Professor of
Medicine, Cardiovascular
Clinical Research Center,

New York University School of
Medicine, The Leon H. Charney
Division of Cardiology,

New York, NY 10016, USA;
sripalbangalore@gmail.com

Received 6 March 2012
Revised 29 June 2012
Accepted 17 July 2012
Published Online First
21 August 2012

To cite: Bangalore S,
Kumar S, Volodarskiy A, et al.
Heart 2013;99:601-613.

randomised trials

Sripal Bangalore,1 Sunil Kumar,? Alexander Volodarskiy,1 Franz H Messerli®

ABSTRACT

Context Most guidelines for treatment of hypertension
including the Joint National Committee-7 recommend a
blood pressure (BP) goal of <140/90 mm Hg for
hypertensive patients and a more aggressive goal of
<130/80 mm Hg for patients with coronary artery
disease (CAD), based largely on expert consensus.
Objective To evaluate the BP targets in patients with
CAD

Data Sources PUBMED, EMBASE and CENTRAL Study
Selection: Randomised clinical trials (RCTs) of
antihypertensive therapy in patients with CAD, enrolling
at least 100 patients, with achieved systolic pressure of
<=135 mm Hg in the ‘intensive BP" group and <=140
mm Hg in the ‘standard BP" group with follow-up for at
least 1 year and evaluating cardiovascular outcomes.
Data Extraction The following efficacy outcomes were
extracted- all-cause mortality, cardiovascular mortality,
myocardial infarction, stroke, angina pectoris, heart
failure and revascularisation.

Results We identified 15 RCTs enrolling 66 504
participants with 276 328 patient-years of follow-up.
Intensive BP group (<135 mm Hg) was associated with
a 15% decrease in heart failure rate and 10% decrease
in stroke rate, driven largely by trials with a more
intensive BP group (<130 mm Hg), with similar
outcomes for death and cardiovascular death and was
associated with a 105% increase in the risk of
hypotension. More intensive BP group (<130 mm Hg)
was also associated with a reduction in myocardial
infarction and angina pectoris. The results were similar
in a Bayesian random effects model. In addition, lower
seemed to be better (based on regression analysis) for
the outcomes of myocardial infarction, stroke, heart
failure and perhaps angina.

Conclusions The present body of evidence suggests
that in patients with CAD, intensive systolic BP control to
<135 mm Hg and possibly to <130 mm Hg is
associated with a modest reduction in stroke and heart
failure but at the expense of hypotension. Lower was
better, although not consistently so for myocardial
infarction, stroke, heart failure and perhaps angina.
Further trials are needed to prove these findings.

INTRODUCTION

The seventh report of the Joint National
Committee on prevention, detection, evaluation
and treatment of high blood pressure (BP) recom-
mends a systolic pressure goal of <140 mm Hg in
patients with hypertension and a more aggressive
goal of <130 mm Hg in patients at high risk.!

Largely based on expert consensus with scant clin-
ical trial evidence, other major national and inter-
national guidelines have echoed this more
aggressive BP goal in patients with cardiovascular
disease/coronary artery disease (CAD).? 3

In the Action to Control Cardiovascular Risk in
Diabetes (ACCORD) blood pressure trial (ACCORD
BP) at the end of 4.7 years of follow-up, targeting a
systolic pressure <120 mm Hg, as compared with
<140 mm Hg, did not reduce the rate of fatal and
non-fatal major cardiovascular events except stroke.*
However, in ACCORD only a third of the cohort
had cardiovascular disease (including peripheral
artery disease, stroke/transient ischaemic attacks,
CAD) with an even smaller percentage of patients
with known CAD. It is therefore unknown whether
or not the results of ACCORD are applicable to
patients with CAD, the highest risk subgroup, where
aggressive strategies such as lower BP targets should
prove to be most beneficial (if any). Data from obser-
vational studies and subgroup analyses of rando-
mised trials seem to suggest that lower might not
always be better for BP in patients with CAD.””" In a
recent analysis, we have shown that in subjects with
diabetes mellitus a target systolic BP goal of 130~
135 mm Hg is ideal, with target organ heterogen-
eity below 130 mm Hg such that there is continued
benefit for stroke but not for other outcomes and at
the expense of increase in adverse events.®

Our objective was to evaluate target BP goals for
subjects with CAD.

METHODS

Eligibility criteria

We conducted PUBMED, EMBASE and CENTRAL
searches using the term ‘coronary artery disease’ in
humans from 1990 until February 2012 using the
limits ‘randomized controlled trials’. The search
criteria were fairly broad to avoid missing studies
with a restricted search. We checked the reference
lists of review articles, meta-analyses and original
studies identified by the electronic searches to find
other eligible trials. There was no language restric-
tion for the search. The authors of publications
were contacted when results were unclear or when
relevant data were not reported.

Eligible trials had to fulfil the following criteria
to be included in this analysis: (1) randomised clin-
ical trials (RCTs) of participants with CAD but
without heart failure or acute myocardial infarction
randomised to antihypertensive agent or placebo;
(2) reporting 1year or longer-term outcomes;
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(3) enrolling at least 100 patients (to avoid bias associated with
small trials); and (4) achieving systolic pressure at the end of
follow-up of <140 mm Hg in both arms. Additionally, since the
objective was to test outcomes based on two BP targets, the fol-
lowing additional criteria were required: (1) the final achieved
systolic pressure in the ‘intensive BP” group <135 mm Hg; (2)
the final achieved systolic pressure in the ‘standard BP’ group
<140 mm Hg; and (3) the systolic pressure difference between
the intensive and standard BP groups of at least 1 mm Hg. In a
sensitivity analysis, we also tested a difference of 3 mm Hg, as
was used in our prior analysis.® We chose this cut point as a dif-
ference less than this is likely clinically not relevant and will not
result in differential clinical outcomes based on BP alone.
Studies where there was no difference in BP between the
groups, defined here as those where final BP was <140 mm Hg
but where there was no difference in BP between the two
groups, were excluded. For example, if a study evaluated two
antihypertensive agents, but uptitrated or added medication to
ensure no difference in final systolic pressures, they were
excluded as such studies are not expected to provide informa-
tion on BP targets.

Selection and quality assessment
Three authors (SB, SK and AV) independently assessed trial eli-
gibility and trial bias risk and extracted data. Disagreements

were resolved by consensus. The bias risk of the trials was
assessed using the components recommended by the Cochrane
Collaboration:® (1) sequence generation of allocation; (2) alloca-
tion concealment; (3) blinding of participants, personnel and
outcome assessors; (4) incomplete outcome data; (5) selective
outcome reporting; and (6) other sources of bias. Of note, the
studies did not differ for quality components 4 through 6. Trials
with high or unclear risk for bias for any one of the first three
components were considered as trials with high-risk of bias.
Otherwise, they were considered as low-risk of bias trials.

Data extraction and synthesis
For the purpose of this analysis, the intensive BP group was
defined as the group where the final achieved systolic pressure
was <135 mm Hg and the standard BP group as where the final
achieved systolic pressure was <140 mm Hg. Of note, these
terms are based on the trial mean achieved systolic pressure, are
used for descriptive purposes for this manuscript and not neces-
sarily the strategy employed in the trial (ie, no trial tested a BP
strategy). The intensive BP group was further divided into a
more intensive group with an achieved BP of <130 mm Hg and
a less intensive group with an achieved BP of >130-<135 mm
Hg (figure 1).

Long-term efficacy and safety outcomes were evaluated. The
efficacy outcomes were: all-cause mortality, cardiovascular

Figure 1 Study selection. BP, t?lood Reconds identiied throvgh database search
pressure; CAD, coronary artery disease; using terms ‘caronary artery disease’ and
RCT, randomised clinical trial; SBP, limited to RCT, Human and publication
systolic blood pressure. year 19902012 (n = 5400)
Records exchided on the
basss of title and/or abstract
(n=5196)

Full-text artic les assessed
for eligibility
(n=204)

Tnak mcluded in
qualgative synthess
(n=67 Triak exchided (N=42)
e No data on fmal blood pressure (n=8)
e Duplicate studies (n=9)
e Posthoc analysis/substudy (n=13)
e Studes other than CAD (n=12)

25 articles retneved for
detailed evaluation

Triak mcluded in the groups (n=2)

Excluded due to cohort <100 or
follow-up <1 year (n=137)

Trials excluded (N=10)
¢ Final SBP >140 m standard arm (n=5)
e Fmal SBP >135 m the intensive arm (n=3)
¢ SBP difference <1 mm Hg between the

final meta-analysis

m=13)

S

Intensive BP Control
(SBP <135 mm Hg)

Standard BP Control
(SBP=<140 mm Hg)

~ N

Less Intensive (SBP More Intensive (SBP
131-135 mm Hg) <130 mm Hg)
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Table 1 Baseline characteristics of included trials
Total
number Follow-up Mean age Men HTN DM Baseline SBP Final SBP
Study Year (N) Comparison (months) (years) (%) (%) (%) (mm Hg) (mm Hg)
ACTION? 2004 7665 Nifedipine GITS versus 59 64 79 52 15 137.3 vs 137.6 130 vs 135
placebo
CAMELOT 2004 1318 Amlodipine versus 24 57 75 61 19 129.5 vs 128.9 124.7 vs 130
(Amlodipine)23 placebo
CAMELOT 2004 1328 Enalapril versus placebo 24 58 73 60 19 128.9 vs 128.9 124 vs 130
(Enalapril)?®
COURAGE?* 2007 2287 Medical therapy versus 55 62 85 67 34 130 vs 131 122 vs 124
PCl group
Dorval et a/*® 2005 134 Amlodipine/atorvastatin 12 57 86 NA 9 127 vs 128 118 vs 130
versus atorvastatin/
placebo
EUROPAZ® 2003 12218 Perindopril versus placebo 50 60 85 27 12 137 vs 137 128 vs 133
FAMIS? 1998 285 Fosinopril versus placebo 24 60 83 37 15 137 vs 136 124 vs 128
HIJ-CREATE?® 2009 2049 Candesartan based 75 65 81 100 38 135vs 135.5 130.7 vs 132
therapy versus non-ARB
therapy
IMAGINE®® 2008 2553 Quinapril versus placebo 36 61 87 47 95 122 vs 121 125 vs 129
Kondo et al*° 2003 406 Candesartan versus 24 65 76 44 25 129 vs 128 127 vs 126
placebo
ONTARGET 2008 17118 Telmisartan versus 56 66 73 69 37 141.7 vs 141.8 134.3 vs 135
(Telmisartan)*’ ramipril
ONTARGET 2008 17178 Telmisartan + ramipril 56 66 73 69 38 141.9 vs 141.8 132.1 vs 135
(Combination)?’ versus ramipril
PART-2% 2000 617 Ramipril versus placebo 56 61 82 NA 133 vs 133 127 vs 132
PEACE® 2004 8290 Trandolapril versus 36 64 82 46 17 133 vs 133 128.6 vs 132
placebo
PREVENT>* 2000 825 Amlodipine versus 36 57 80 NA NA 128.8 vs 130 122 vs 130
placebo
ROADMAP*® 2011 1112 Olmesartan versus 38 58 54 NA 100 137 vs 136 125.7 vs 129
placebo
SCAT?® 2000 460 Enalapril versus placebo 48 61 89 36 11 128 vs 132 122 vs 130

ACTION, A Coronary disease Trial Investigating Outcome with Nifedipine GITS; CAMELOT, Comparison of Amlodipine vs Enalapril to Limit Occurrences of Thrombosis; COURAGE, Clinical
Outcomes Utilizing Revascularization and Aggressive Drug Evaluation; EUROPA, EUropean trial on Reduction Of cardiac events with Perindopril in patients with stable coronary Artery
disease; FAMIS, Fosinopril in Acute Myocardial Infarction Study; HIJ-CREATE, Heart Institute of Japan Candesartan Randomised Trial for Evaluation in CAD; IMAGINE, Accupril
post-bypass Graft via Inhibition of the converting Enzyme; ONTARGET, Ongoing Telmisartan Alone and in Combination with Ramipril Global Endpoint Trial; PART, Prevention of
Atherosclerosis with Ramipril; PEACE, Prevention of Events with Angiotensin Converting Enzyme Inhibition; PREVENT, Prospective Randomized Evaluation of the Vascular Effects of
Norvasc Trial; ROADMAP, Randomized Olmesartan and Diabetes Microalbuminuria Prevention; SCAT, Simvastatin/Enalapril Coronary Atherosclerosis Trial.

ARB, angiotensin receptor blocker; DM, diabetes mellitus; GITS, gastrointestinal therapeutic system; HTN, hypertension; PCl, percutaneous coronary intervention; SBP, systolic blood

pressure.

mortality, myocardial infarction, stroke, angina pectoris, heart
failure and revascularisation. The safety outcome evaluated was
hypotension as reported between the two groups.

Statistical analysis

Intention-to-treat meta-analysis was performed in line with
recommendations from the Cochrane Collaboration and the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) Statement,'® ! using standard soft-
ware (Stata V9.0, Stata corporation).'? Heterogeneity was
assessed using the I? statistic.'® I? is the proportion of total vari-
ation observed between the trials attributable to differences
between trials rather than sampling error (chance) with I?
<25% considered as low and I* >75% as high. The analysis
employed rates per 1000 patient-years of follow-up rather than
events. This is more appropriate because they incorporate and
control for the varying duration of the trials. Patient-years of
follow-up were calculated by multiplying the sample size for
each trial with the mean follow-up duration. The results are
expressed as rate ratios rather than relative risk. If trials were
homogeneous (p>0.035), a fixed effect model was used to calcu-
late pooled effect sizes. Otherwise, a random effects model of

DerSimonian and Laird"* was applied to calculate overall differ-
ences. However, given the clinical heterogeneity between the
trials, regardless of statistical heterogeneity, a random effects
model was used to make inferences (unless otherwise stated).
Publication bias was estimated visually by funnel plots and using
the Begg’s test and the weighted regression test of Egger et al.'
Analyses were performed after further stratifying the studies
based on the final achieved systolic pressure in the intensive
group: systolic pressure >130 but <135 mm Hg (less intensive
group) versus systolic pressure <130 mm Hg (more intensive
group). We estimated the difference between the estimates of
the subgroups according to tests of interaction.'® A p value
<0.05 indicates that the effects of treatment differ between the
tested subgroups.

A meta-regression analysis was performed to explore the rela-
tionship between systolic pressure (final achieved) and out-
comes. For this purpose, the mean achieved systolic pressure
was used as a continuous variable. We used residual maximum
likelihood to estimate the additive (between-study) component
of variance 1> for the meta-regression analysis. Bootstrap ana-
lyses were performed using a Monte Carlo permutation test for
meta-regression using 1000 random permutations.'”
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Table 2 Inclusion criteria and quality of study
Quality of

Study Inclusion criteria study* Source of funding

ACTION? Age >35 years, stable angina for >1 month, and need for oral or transdermal treatment either to treat or +++ Non-industry
prevent anginal attacks and one of three characteristics: (1) history of MI; (2) those with angiographic CAD but
no MI; and (3) those with a positive exercise test or perfusion defect who have never had coronary angiography
and had no history of MI. LVEF >40%.

CAMELOT?®  Aged 30-79 requiring coronary angiography for chest pain or PCl. +++ Industry

COURAGE**  Stable CAD with a CCS class IV angina and stenosis of >70% in > 1 proximal epicardial coronary artery and +++ Non-industry
objective evidence of myocardial ischaemia (EKG or stress test) or 80% coronary stenosis with classic angina.

Dorval Aged > 30 with documented CHD by coronary aniography >70%, nuclear or stress echo, or by history of Ml it Industry

et al® more than 3 months ago.

EUROPA?® Aged >18 years without clinical evidence of HF and with evidence of CHD, documented previous Ml (>3 months ~ +++ Industry
before screening), coronary revascularisation (>6 months before screening) or angiographic evidence of >70%
narrowing of >1 major coronary arteries; men with a history of chest pain and a positive EKG, echo or nuclear
stress test.

FAMIS?’ Aged 18-75 with ICU admission within 9 h of the onset of typical ischaemic chest pain associated with signs of ~ +++ NA
definite anterior wall MI on EKG and who were eligible for thrombolytic treatment.

HI-CREATE?®  Hospitalised patients aged 20-80 years with HTN and CAD diagnosed via coronary angiography (stenotic lesion +++ Non-industry
or a history of spastic angina).

IMAGINE?® Hospitalised patients >18-years-old 7-10 days after CABG, stable after the surgery and with an LVEF >40% +++ Industry
within 6 months prior to surgery.

Kondo Patient with no significant coronary stenosis on 6 month follow-up angiography after coronary intervention. - Not reported

et a’*

ONTARGET®'  Aged >55 years with CAD (>2 days post-uncomplicated MI, stable angina or unstable angina >30 days with +++ Both industry and
multi-vessel CAD, multi-vessel PTCA >30 days, multi-vessel CABG >4 years or with recurrent angina following non-industry
surgery), PAD (previous bypass, angioplasty, amputation or intermittent claudication with ABI <0.80 on at least
one side, >50% stenosis on angiography or non-invasive testing), CVA (stroke or TIA), DM with evidence of end
organ damage.

PART-2% Aged <75 years with a hospital diagnosis (within 5 years of enrolment) of any of the following: acute M, +++ Not reported
angina with CAD confirmed by angiography or exercise EKG, TIA or intermittent claudication.

PEACE®® Aged >50 with CAD documented by MI, CABG or PTCA at least 3 months prior or >50% obstruction of at least ~ +++ Non-industry
one native vessel and LVEF >40%.

PREVENT** Aged 30-80 years with angiographic evidence of 1 focal coronary lesion >30% and >1 lesion with 5%-20% +++ Industry
stenosis that was not in a vessel with >60% stenosis.

ROADMAP®  Aged 18-75 years with DM2, normoalbuminuria (UACR: <35 mg/g for female subjects, <25 mg/g for male +++ Industry
subjects) and one of the following: total cholesterol >5.2 mmol/l or treatment for hyperlipidaemia, HDL
<1.1 mmol/l, TG >1.7 mmol/l, SBP >130 and/or DBP >80 or HTN medications, BMI >28 kg/mz, high waist
circumference (>88 cm for female subjects, >102 cm for male subjects), smoking >5 cigarettes/day.

SCAT*® Age >21 years, total serum cholesterol 4.1-6.2 mmol/l, HDL <2.2 mmol/l, TG <4 mmol/l, angiographically +E+ Non-industry

detectable coronary atherosclerosis in >3 major coronary artery segments, and LVEF >35%, no CABG or PTCA
within prior 6 months.

See footnote of table 1 for explanation of trial names.

*Represents risk of bias based on: sequence generation of allocation, allocation concealment and blinding; ‘+' represents low bias risk, ‘=" high bias risk and ‘+" unclear bias risk.
ABI, Ankle Brachial Index; BMI, body mass index; CABG, coronary artery bypass grafting; CAD, coronary artery disease; CCS, Canadian Cardiovascular Society; CHD, coronary heart
disease; CVA, cerebrovascular accident; DBP, diastolic blood pressure; DM, diabetes mellitus; DM2, diabetes mellitus type 2; EKG, electrocardiography; HDL, high density lipoprotein;
HF, heart failure; HTN, hypertension; LVEF, left ventricular ejection fraction; MI, myocardial Infarction; PAD, peripheral artery disease; PCl; percutaneous coronary intervention; PTCA,

percutaneous transluminal coronary angioplasty; SBP, systolic blood pressure; TG, triglyceride; TIA, transient ischaemic attack; UACR, urinary albumin to creatine ratio.

Sensitivity analyses

In a meta-analysis of clinical trials with binary outcomes such as
the one described above, a normal approximation for the
summary treatment effect measure in each trial may not be
appropriate when some of the trials in the meta-analysis are
small or the observed risks are close to 0 or 1. In order to avoid
this problem, direct use of the binomial distribution within
trials can be used as described by Warn et al.'® The advantages
of Bayesian methods include a modelling framework which
overcomes issues such as the appropriate treatment of small
trials, and the ability to consider distributions other than
normal for the random effects. In order to confirm the results
from the traditional meta-analysis, Bayesian random effects
meta-analyses were performed. The BUGS code for implement-
ing the model is as described by Warn et al.'® Minimally
informative prior distributions were used, so the findings and
interpretation are close to those obtained with frequentist
methods. All Bayesian analyses were conducted using WinBUGS
1.4.3 London, United Kingdom.

Further sensitivity analysis was performed by restricting the
analysis to low bias risk trials. In addition, further analyses were
performed after including trials which narrowly missed the
inclusion criteria (where intensive BP group >135 mm Hg),
such as the Heart Outcomes Prevention Evaluation (HOPE) trial
(achieved systolic BP of 139 and 136 mm Hg)," Telmisartan
Randomized AssessmeNt Study in aCE iNtolerant subjects with
cardiovascular Disease (TRANSCEND) trial (achieved systolic
BP of 136.4 and 140.2 mm Hg)*® and the Japan Multicenter
Investigation for Cardiovascular Diseases-B (JMIC-B) rando-
mised trial (CAD subgroup) (achieved systolic BP of 136 and
138 mm Hg).?! Moreover, further analyses were conducted
restricting trials where the BP difference between arms was at
least 3 mm Hg, such as that used in our prior analysis.®

Role of the funding source

This work was not funded and hence there was no role of any
funding source in the conception, data synthesis, analysis, data
interpretation or in the drafting of the manuscript.
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RESULTS

Study selection

We identified 15 RCTs that fulfilled the inclusion criteria and
were chosen for this analysis (figure 1). The Randomized
Olmesartan and Diabetes Microalbuminuria Prevention
(ROADMAP) trial included was the CAD subgroup only. In add-
ition, three other trials (HOPE, TRANSCEND, JMIC-B) that

narrowly missed the inclusion criteria were included in a sensi-
tivity analysis as described above.

Characteristics of the trials

The baseline characteristics, inclusion criteria and bias-risk assess-
ment are summarised in tables 1 and 2. The 15 RCTs enrolled 66
504 participants with 276 328 patient-years of follow-up: 37 842
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Figure 2 (Continued) C
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CAMELOT (E) 100(0.74 10133)  86(1346  84H310 628
Darval ef al 0.61(0.21 to1.72) 5064 70 065
EUROPA 0983(080 10108) 342025662 367/25654 1374
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0.96 (0.88 to1.04)  2939/139122 2980/139614 100.00
0.99 (0.94 to 1.04)

Test for Interaction; p = 0.17
|

1
Intensive Better (S135mm Hg)  Standard Better (2140 mm Hg)

(50.5%) participants to the group with achieved systolic BP Quality assessments
<135 mm Hg (intensive BP group) and 28 662 (49.5%) partici- Among the 15 RCTs considered for this analysis, 11 were consid-

pants to the group with achieved systolic BP <140 mm Hg (stand- ered trials with a low risk of bias as described above and the
ard BP group) were followed-up for 3.4=1.2 years (weighted mean). others were considered trials with unclear or high risk of bias
Of note, none of the trials were designed to test a BP strategy. (table 2).
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Outcome: Revascularization

Figure 2

Trials

SBP £120 mm Hg
ACTION
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Kondo et al
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M-H Overall

Test for Interaction; p=0.80
|

1
Intensive Better (=135 mm Hg)

Efficacy outcomes

Intensive BP group (<135 mm Hg) was not associated with any
significant benefit for the outcomes of death (figure 2A), CV
death (figure 2B) or revascularisation (figure 2E) when com-
pared with standard BP (<140 mm Hg). The results were
similar for ‘more’ and ‘less’ intensive BP subgroups for the
above outcomes (Pinteraction >0.03). For the outcome of myocar-
dial infarction (figure 2C), the test for interaction was significant
(Pinteraction=0.03) such that the more intensive BP subgroup was
associated with greater reduction in myocardial infarction
(figure 2C) compared with the less intensive BP subgroup. In
addition, the more intensive BP subgroup was associated with
an 8% reduction in myocardial infarction and angina pectoris
(figure 2D) when compared with standard BP group in the fixed
effect model but not the random effects model (figure 2C,D).
There was low heterogeneity for the outcome of death and
modest heterogeneity for the outcomes of angina pectoris, CV
death and myocardial infarction (figure 2A-D) but high hetero-
geneity for the outcome of revascularisation (I>=77.2%).

Intensive BP (<135 mm Hg) was associated with a 15%
decrease in heart failure (figure 3A) and 10% decrease in stroke
(figure 3B). More intensive BP control (<130 mm Hg) was asso-
ciated with a greater (27% and 17%) reduction in heart failure
and stroke when compared with standard BP (figure 3A,B). There
was no heterogeneity for the outcome of stroke but modest het-
erogeneity for the outcome of heart failure (figure 3A,B).

Bias was insignificant for any of the above analyses (online
supplementary web appendix figure A1-7). The results were
similar when the analysis was restricted to low bias risk trials
(data not shown).

Safety outcome

Intensive BP group (<135 mm Hg) was associated with a 105%
increase in hypotension rate (figure 3C) when compared with
the standard BP group. The results were similar for more versus

RR (35% Cl}

. 1.20 (1.08 1o 1.33) 811118743
0.75 (0.56 to 0.98) TBN326
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1.02 (0.95 10 1.10) 1290/30863 1269/40021 1172
1.04 (096 to 1.12) 1303739676 1269/40021 1173
102(097101.07) 2549183840  2009/84347 3256

1,02 (0.97 to 1.07)

1.02(0.93t0 1.12)
1,04 (1.00 to 1.08)

5695/155319 5485155773 100.00

I
10
Standard Better (<140 mm Hg)

less intensive subgroups (Pinteraction=0.97). There was high het-
erogeneity for this analysis but bias was insignificant (online
supplementary web appendix figure AS8). Analysis was per-
formed to explore heterogeneity for this outcome. A Galbraith’s
plot revealed that the ONTARGET trial may be a possible
outlier. Excluding this trial reduced the heterogeneity somewhat
(I>=67.7%) but the results were similar with a 103% increase in
hypotension rate. No other tested variable reduced the hetero-
geneity further and the residual heterogeneity could likely be
the result of clinical heterogeneity between trials.

Meta-regression analysis

The relationship between final achieved systolic pressure and the
risk of efficacy and safety outcomes is shown in figure 4A-F. For
the outcomes of death and CV death, lower was not better for
systolic BP (figure 4A,B) and was uniformly no different than
the standard BP group (log rate ratio ~0). For the outcomes of
myocardial infarction, stroke, angina and heart failure, lower
systolic BP was associated with a greater rate ratio reduction
(figure 4C-F). The relationship between lower systolic BP and
heart failure outcomes was significant even after bootstrap ana-
lyses performed using a Monte Carlo permutation test for
meta-regression with 1000 random permutations (p=0.025),
such that for each 10 mm Hg lower systolic pressure, there was a
50% decrease in the log risk ratio for heart failure. Similarly for
the outcome of myocardial infarction, there was a trend towards
(p=0.049) lower being better with each 10 mm Hg lower sys-
tolic pressure associated with a 249% lower log risk ratio. For the
safety outcome of hypotension, the rate ratio was uniformly high
with intensive BP across systolic pressures (figure 5).

Sensitivity analysis

Sensitivity analysis performed using a Bayesian random effects
model showed similar results with an 18% reduction in the rate
of heart failure and a 14% reduction in the rate of stroke with
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Outcome: Heart Failure

Figure 3 (A) Intensive (<135 mm
Hg) versus standard (<140 mm Hg)
blood pressure control and heart
failure. (B) Intensive (<135 mm Hg)
versus standard (<140 mm Hg) blood

pressure control and stroke. (C) Trials

RR (35% CI} RR (85% CI)

! niPY WPy
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Intensive Better (135 mm Hg)

intensive BP control (<135 mm Hg) when compared with
standard BP control but with a 99% increase in the rate of
hypotension with intensive BP control (table 3). In addition, a
Bayesian random effects model evaluating the relationship
between systolic BP and outcomes showed that lower was better
for the outcomes of myocardial infarction and stroke (table 3).

0.92 (0.84 to 1.01)

0.90 (0.83 to 0.98)
0.90 {0.82 to 0.98)

10241143603 11471144137 100.00

I
1 10

Standard Better (<140 mm Hg)

The results were similar when the analysis was restricted to low
bias risk trials or using trials where the systolic pressure differ-
ence was at least 3 mm Hg (data not shown).

Further sensitivity analyses performed after inclusion of the
HOPE, TRANSCEND and JMIC-B trials showed similar results
with a significant benefit of intensive BP control (<135 mm Hg)

608

Bangalore S, et al. Heart 2013;99:601-613. doi:10.1136/heartjnl-2012-301968


http://heart.bmj.com/
http://group.bmj.com

Downloaded from http://heart.bmj.com/ on September 12, 2016 - Published by group.bmj.com

Systematic review

(Continued) C

Outcome: Hypotension

Figure 3

Trials
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ONTARGET(T+R)

D+L Subtotal (I'= 94.0%, p=0.000)
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D+L Overall (I'=78.2%, p=0.000)
M-H Overall

Test for Interaction; p=0.87

Intensive Better (<135 mm Hg)

for the outcomes of heart failure and stroke at the expense of
an increase in hypotension (table 4).

DISCUSSION

The principal finding of the present study is that compared with
a BP target of <140 mm Hg, a more intensive BP target of
<135 mm Hg is associated with significant reduction in stroke
and heart failure but at the expense of increased rate of hypo-
tension, consistently seen in both the traditional meta-analysis
and using a Bayesian random effects model. In addition, lower
seemed to be better (based on regression analysis) for the out-
comes of myocardial infarction, stroke, heart failure and
perhaps angina.

BP targets in patients without CAD

Data from observational studies involving more than 1 million
individuals without pre-existing vascular disease indicate that
death from both ischaemic heart disease and stroke increases
progressively and linearly with BR*>” Consequently, the notion
that ‘lower is better’ has been popular for management of
hypertension. The seventh report of the Joint National
Committee on prevention, detection, evaluation and treatment
of high BP states “The relationship between BP and risk of car-
diovascular events is continuous, consistent, and independent of
other risk factors’.! As a consequence, a BP of <120/80 mm Hg
has been considered as ‘optimal’ or ‘normal’.! However, this
linear theory has been challenged for nearly 3 decades®™ 3% 3°
and the recently published ACCORD BP trial showed no benefit
of lowering systolic pressure to <120 mm Hg, except for
stroke.* In addition, a recently published analysis from our
group further confirms the findings from the ACCORD BP trial
in subjects with diabetes.®

RR (95% CI) RR [95% CI) Intensive Standard Weight
T
:
E 1.03(0.57 to 1.87) 221326 211310 11.02
':'.— 207(1.82104,83) 6413458 211310 1289
: - 3 438(0.50 to 38.12) 4/64 170 1.70
E_._ 353(206to 6.04) 6025662 17/25654 1195
——.—‘I 1.01 (049 to 207)  14/284 14/285 .06
$ 219(166 to 28%) 154/3840 7043819 16.87
203 (1.34 to 3.06) 318/32522 144/32449 6348
<> 2.19 (1.80 to 2.66)
;
;
:
.: 1.54 (126 fp 1.90) 229/38863 14940021 1812
:. 275(228tp 3.31) 406/29675 149040021 1840
<> 206 (1.17 to 3.63) 63579539 298/30042 36.52
0 2.15(1.87 to 2.48)
:
@ 205(1.53t0 2.75) 9537112061 442/1124591 100.00
.0 216 (1.93 to 2.42)
'
:
' T

Standard Better (2140 mm Hg)

BP targets in patients with CAD

In the American Heart Association scientific statement on
“Treatment of Hypertension in the Prevention and Management
of Ischemic Heart Disease,” a target of <130/80 mm Hg has
been recommended in patients with CAD and acute coronary
syndromes, although it was acknowledged that there were
limited data to support this recommendation (Class Ila, level of
evidence B).*° Similarly, other national and international guide-
lines recommend a lower target of <130/80 mm Hg in patients
with established cardiovascular disease. However, the evidence
to support this lower goal is scant.

Antihypertensive therapy for secondary prevention in patients
with CAD is distinctly different from primary prevention of
CAD (such as tested in ACCORD BP). If aggressive strategies
such as intensive BP control were to be efficacious, they can be
expected to be so in the highest risk subsets, such as those with
known CAD. Increased BP is a significant risk factor for the
development of heart failure, stroke and less so for myocardial
infarction. On the contrary, lower BP has been shown to often
compromise coronary perfusion, leading to increased risk of car-
diovascular events.

We have shown in an analysis of 10 001 patients with CAD
enrolled in the Treating to New Targets trial that the event rate
(a composite of death from coronary disease, non-fatal myocar-
dial infarction, resuscitated cardiac arrest, and fatal or non-fatal
stroke) at the end of 4.9 years (median) of follow-up was the
lowest at a BP of 146.3/81.4 mm Hg and that a very low BP
(<110-120/<60-70 mm Hg) portends an increased risk of
events.” Similarly, a J-shaped relationship between BP and car-
diovascular outcomes has been shown in subgroup analyses
from other randomised trials (INVEST,” ONTARGET*! CAD
cohorts of Cruickshank et al,*® Framingham Heart Study®® and
Syst-Eur*?). In addition, we found similar results in 4162 acute
coronary syndrome patients enrolled in the PROVE-IT TIMI 22
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(A) Relationship between all-cause mortality (log relative risk (RR)) and final achieved systolic pressure. (B) Relationship between

cardiovascular mortality (log RR) and final achieved systolic pressure. (C) Relationship between myocardial infarction (log RR) and final achieved
systolic pressure. (D) Relationship between stroke (log RR) and final achieved systolic pressure. (E) Relationship between angina pectoris (log RR) and
final achieved systolic pressure. (F) Relationship between heart failure (log RR) and final achieved systolic pressure. The size of the data marker
represents the weight of each trial. The regression fit (solid line) is shown. CV, cardiovascular; SBP, systolic blood pressure. This figure is only

reproduced in colour in the online version.

trial (randomised to pravastatin 40 mg vs atorvastatin 80 mg).°
The nadir BP where the risk of primary outcome (death from
any cause, myocardial infarction (MI), unstable angina requiring
rehospitalisation, revascularisation after 30 days and stroke) was
the lowest for a BP of 136/85 mm Hg, while in INVEST the

nadir systolic BP was ~119 mm Hg. In addition, in all of these
analyses, the increased risk of cardiovascular outcomes with sys-
tolic pressures occurred at very low systolic pressures
(<110 mm Hg) with a relatively shallow curve between 110
and 140 mm Hg.
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Figure 5 Relationship between hypotension (log relative risk (RR))
and final achieved systolic pressure. The size of the data marker
represents the weight of each trial. The regression fit (solid line) is
shown. SBP, systolic blood pressure. This figure is only reproduced in
colour in the online version.

The result of the present analysis suggests that intensive BP to
<135 mm Hg was consistently seen to have a modest effect at
lowering stroke and heart failure, both in the traditional
meta-analysis and the Bayesian random effect meta-analysis, but
at the expense of hypotension. In addition, BP <130 mm Hg
was associated with a modest benefit for myocardial infarction
and angina when compared with standard BP group. Moreover,
meta-regression analysis suggests sustained benefit of aggressive
BP control for the outcomes of heart failure and myocardial
infarction, with the slope suggesting benefit for outcomes of
stroke and angina.

In the INVEST trial analysis described above, the event rate
continued to decrease with a nadir systolic pressure of around
120 mm Hg, similar to the finding from this study. Our results
are discordant with the main results from the ACCORD BP trial
in subjects with diabetes, where lower was better only for the
outcome of stroke. In the ACCORD BP trial, in a subgroup

Table 3 Sensitivity analysis: random effects Bayesian model

Relationship of SBP to
outcomes*
Outcome RR (95% Cr 1) i Slopet 95% Cr |
Efficacy
All-cause mortality 1.00 (0.92 to 1.08) 0.008 0.70 —2.59 to 3.65
Cardiovascular 0.99 (0.91 to 1.12) 0.013 1.00 —2.46 to 4.55
mortality
Myocardial infarction 0.95 (0.82 to 1.04) 0.021 4.30 1.07 to 10.17
Heart failure 0.82 (0.67 to 0.98) 0.053 3.83 —1.20 to 7.75
Stroke 0.86 (0.70 to 0.97) 0.022 4.14 0.11 to 10.09
Angina pectoris 0.95 (0.84 to 1.05) 0.023 2.31 —0.16 to 2.29
Revascularisation 1.00 (0.86 to 1.16) 0.056 0.69 —3.27 to 4.45
Safety
Hypotension 1.99 (1.25 to 2.95) 0.296 3.54 —5.53 to 13.59

*Final achieved SBP in the intensive group.

tNegative slope represents an inverse relationship (lower SBP associated with worse
outcomes) and positive represents a direct relationship (lower SBP associated with
better outcomes).

Cr |, credibility interval; RR, rate ratio; SBP, systolic blood pressure; “ represents the
between study variance with higher number representing greater between study
variance.

Table 4 Sensitivity analysis (including HOPE, TRANSCEND and
JMIC-B trials)

Relationship of SBP to
outcomes*

p
Outcome RR (95% Cr 1) ? RR (95% Cl) Value

Efficacy
All-cause mortality 0.98 (0.92 to 1.05) 0.0049 1.00 (0.98 to 1.01) 0.67

Cardiovascular 0.96 (0.87 to 1.07) 0.0146 0.99 (0.96 to 1.02) 0.49

mortality
Myocardial 0.93 (0.85 to 1.01) 0.0108 1.00 (0.98 to 1.03) 0.70
infarction
Heart failure 0.86 (0.76 to 0.97) 0.0196 1.02 (0.99 to 1.06) 0.13

Stroke 0.86 (0.79 t0 0.93) 0.0029 1.00 (0.97 to 1.03) 0.97
Angina pectoris ~ 0.94 (0.88 to 1.02) 0.0083 1.01 (0.97 to 1.02) 0.54
Safety

Hypotension 1.95 (1.50 to 2.53) 0.1182 0.99 (0.93 to 1.06) 0.76

*Final achieved SBP in the intensive group.

HOPE, Heart Outcomes Prevention Evaluation; JMIC-B, Japan Multicenter Investigation
for Cardiovascular Diseases-B; RR, rate ratio; SBP, systolic blood pressure;
TRANSCEND, Telmisartan Randomized AssessmeNt Study in aCE iNtolerant subjects
with cardiovascular Disease; 72 represents the between study variance with higher
number representing greater between study variance.

analysis in patients with known prior cardiovascular disease, an
intensive BP strategy (<120 mm Hg) was associated with a
numerically lower primary endpoint rate (2.98%/year) when
compared with the standard BP strategy (<140 mm Hg)
(3.43%/year), although this was not statistically significant. The
analysis was underpowered with only 1593 patients with known
cardiovascular disease.

Similarly, our own observation from non-randomised compar-
isons seems to suggest that lower is better but this only goes so
far and systolic BP below 110 mm Hg is not advisable. We
however did not see a J-curve association in the present analyses
as there was no trial where the systolic BP was very low (below
110 mm Hg). More importantly, none of the trials included
were designed to test a BP strategy. Though the findings are
hypothesis generating and provide some evidence in the
interim, this observation should be further investigated in future
clinical trials. Of note, in the ACCORD BP trial only a third of
patients had cardiovascular disease (including those with stroke,
peripheral arterial disease and not necessarily all CAD) with
even lower percentage of patients with CAD and hence the
results of ACCORD BP cannot and should not be extrapolated
to the CAD cohort.

Randomised controlled trials testing BP strategies (targeting
<120 mm Hg vs <140 mm Hg) and powered for hard clinical
outcomes (death or myocardial infarction) using therapies that
have proven efficacy (ARBs, ACEi, CCB, B blockers and diure-
tics) are needed to test such an association. The design of such a
trial should be an open label design with a treatment escalation
strategy to achieve BP goals with a PROBE design with blinded
outcome assessors.

Study limitations

As in other meta-analyses, given the lack of data in each trial,
we did not adjust our analyses for medications used. Though
detailed analyses were undertaken, given the heterogeneity in
the study designs and cohort enrolled, clinically relevant differ-
ences could have been missed and are best assessed in a
meta-analysis of individual patient data. All of the trials did not
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report all of the outcomes and none were designed to test a BP
strategy. The results are therefore best described as hypothesis
generating to be further confirmed in future RCTs. In this ana-
lysis, we tested a BP goal of <140 mm Hg with that of
<135 mm Hg and not of a lower goal such as <130 mm Hg
for several reasons: (1) to ensure that we use data from as many
relevant trials as possible as the number of trials if the criteria is
tightened to <130 mm Hg was very small; (2) test if evidence
exists for even a 135 mm Hg goal and finally and more import-
antly; (3) the cut points are less relevant as in our regression
analysis, the mean achieved BP was treated as a continuous vari-
able and our conclusions and recommendations are based on
this. Moreover, the intensive group was substratified into a more
intensive group (<130 mm Hg) versus a less intensive group
(>130 but <135 mm Hg). The relationship tested is for systolic
BP targets only (one that is recommended by guidelines and
used in clinical practice). Moreover, we did not test for the
treatment effect of individual trials as the intention was to test
the effect of a given BP target rather than the medication used
to achieve such a target.

CONCLUSIONS

The present body of evidence suggests that intensive BP control
to <135 mm Hg and possibly even to <130 mm Hg reduces
heart failure and stroke in patients with CAD at the expense of
increase in hypotension, with meta-regression analysis suggest-
ing lower the better for myocardial infarction, stroke, heart
failure and perhaps angina. Randomised controlled trials testing
BP strategies are needed to conclusively prove the efficacy and
safety of aggressive BP control in subjects with CAD.
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