
Hypertension Artérielle: 
résultats des méta-analyses et 

revues systématiques

Theodora Bejan-Angoulvant

Service de Pharmacologie Médicale, CHRU de Tours



Revue Systématique: 
Collecte des résultats de toutes les 

études réalisées – méthode explicite

Méta-analyse: 
Synthèse quantitative de 

l’effet commun du traitement
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Études non publiées

Revue systématique et Méta-analyse: définition
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Hypothèse - Modèle

• Les résultats des essais varient 
d'un essai à l'autre du fait du 
hasard : « estimations » de 
l’effet tt

• Ces résultats fluctuent de 
manière aléatoire autours d'une 
valeur commune : « vraie » effet 
du tt

• But de la MA : estimer cette 
valeur commune Valeur 

commune

Cucherat M. « Manuel pratique de méta-analyse des essais thérapeutiques » http://www.txrating.org/spc/bookma_web/frame.htm
T. Bejan-Angoulvant

http://www.txrating.org/spc/bookma_web/frame.htm


Principe statistique

• Le but de la MA est de prendre en compte ces fluctuations dues au 
hasard (suppression du bruit de fond)

• et de fournir une estimation moins sujette à ces variations que 
l'estimation donnée par un seul essai

Cucherat M. « Manuel pratique de méta-analyse des essais thérapeutiques » http://www.txrating.org/spc/bookma_web/frame.htm
T. Bejan-Angoulvant

http://www.txrating.org/spc/bookma_web/frame.htm


Combinaison des effets traitements incorrecte

T. étudié T. contrôle Effet du traitement

Essai 1 x1/n1 x0/n0

Essai 2 x1/n1 x0/n0

Essai 3 x1/n1 x0/n0

Essai 4 x1/n1 x0/n0

regroupement regroupement
Effet 

global

Cucherat M. « Manuel pratique de méta-analyse des essais thérapeutiques » http://www.txrating.org/spc/bookma_web/frame.htm
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Paradoxe de Simpson

Essai C T OR

1 18/60 36/120 1.00

30% 30%

2 84/120 42/60 1.00

70% 70%

Total 102/180 78/180 0.77

56% 43%

Cucherat M. « Manuel pratique de méta-analyse des essais thérapeutiques » http://www.txrating.org/spc/bookma_web/frame.htm
T. Bejan-Angoulvant
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Combinaison des effets traitements correcte

T. étudié T. contrôle Effet du traitement

Essai 1 x1 x0 e

Essai 2 x1 x0 e

Essai 3 x1 x0 e

Essai 4 x1 x0 e

Effet 

global

Cucherat M. « Manuel pratique de méta-analyse des essais thérapeutiques » http://www.txrating.org/spc/bookma_web/frame.htm
T. Bejan-Angoulvant
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Revue systématique et Méta-analyse: hypothèses statistiques

• Homogénéité  : Modèle à effet fixe (ET1 = ET2 =… ETi)

Effet observé = Effet réel +  erreur (ETi = ET + ei)

• Hétérogénéité : Modèle à effet aléatoire

Effet observé = Effet réel +  Var_inter-étude + erreur

Effet commun (IC 95%) : moyenne pondérée
Test d’association

Test d’homogénéité (hétérogénéité)
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Effet commun (IC 95%)
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p-het

Intervention meilleure Control meilleur
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Hypothèse d'homogénéité

• Hypothèse omnibus
• H0 :

• Hétérogénéité
• rejet de l'hypothèse nulle

• Acceptation de l'hypothèse alternative:

i  21

jijj   ,

Hétérogénéité

• Sous l'hypothèse d'homogénéité 

vaut en moyenne zéro

• Test d'hétérogénéité

• distance pondérée

• nulle en cas d'homogénéité parfaite

• Chi² à k-1 ddl
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I² (inconsistency)

• % de la variabilité totale non explicable par le hasard, du à une vraie 
variabilité de l'effet traitement dans les essais

• varie de 0% à 100%

• Problème d'extrapolabilité du résultat si I²>70%

• Il existe un autre indice important tau 2
• Lié au modèle aléatoire
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• the benefits of BPLT for prevention of CVD are well established

• the extent to which these effects differ by baseline BP, presence of comorbidities, or 
drug class is less clear

• MEDLINE only

• 1000 patient-years FUP

• No formal protocol for this SRMA

• 123 RCT : 71 active treatment vs placebo

>600,000 patients 31 different active drugs

9 more intensive vs less intensive BP

7 several active treatment vs placebo 

5 more intensive vs less intensive BP and 
compared different active drugs

Blood pressure lowering for prevention of cardiovascular disease and death.
Ettehad D et al. Lancet. 2016 Mar 5;387(10022):957-967. PMID: 26724178

The George Institute for Global Health, University of Oxford, Oxford, UK
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Blood pressure lowering for prevention of cardiovascular disease and death.
Ettehad D et al. Lancet. 2016 Mar 5;387(10022):957-967. PMID: 26724178

• Effect of 10 mmHg BP reduction: log(RR) x 10 / deltaBP(observed in the trial) (règle de 3)

• Validité ??? 

Effets 
standardisés

Effets non 
standardisés

Pertinence?

T. Bejan-Angoulvant



Blood pressure lowering for prevention of cardiovascular disease and death.
Ettehad D et al. Lancet. 2016 Mar 5;387(10022):957-967. PMID: 26724178

No influence :

• of base BP

• Of comorbidities

T. Bejan-Angoulvant



Blood pressure lowering for prevention of cardiovascular disease and death.
Ettehad D et al. Lancet. 2016 Mar 5;387(10022):957-967. PMID: 26724178

Meta-regression:

• Adjusted by baseline BP

• And comorbidities: pre-
existing CVD or not (HF 
excluded)

Major CV events

RRR not adequate for meta-regression (log OR)

T. Bejan-Angoulvant



BB less effective than control for

• MCVE

• Stroke

• Renal failure

• All-cause mortality

ACE-I less effective than control for

• stroke

CCB less effective than control for

• Heart failure

Blood pressure lowering for prevention of cardiovascular disease and death.
Ettehad D et al. Lancet. 2016 Mar 5;387(10022):957-967. PMID: 26724178

The problem: What is « control »
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Blood pressure lowering for prevention of cardiovascular disease and death.
Ettehad D et al. Lancet. 2016 Mar 5;387(10022):957-967. PMID: 26724178

ACEi vs DIU - ALLHAT / lisinopril (very rarely used in France) / chlorthalidone (not used in France) / 
55-80 years / double blind / High CV risk, 35% blacks (ACEi less effective) / RR= 1.15 
[1.15-1.30] 
- ANBP2 / open-label, physicians unblided, events adjudicated / 65-84 years / Low CV 
risk / only 58% of ACEi and 62% DIU were still on tt at the end of the study / free 
adjustment of ttt after first line / RR= 1.02 [0.78-1.33]

inverse variance weighted fixed effects MA because heterogeneity was low and random-effects MA might 
apply inappropriately large weights to smaller studies: correct

T. Bejan-Angoulvant



• All trials comparing BPLT vs placebo or diff BP targets (comparable criteria with Ettehad MA)

• >1000 FUP

• No formal protocol for this SRMA

• 74 trials, ~300,000 patients; 1ry/2ry prevention trials (<50 / >50% CVD)

• Meta-regression adjusted by age, sex, diabetes N/Y (<50, >50%), trt duration

• Sensitivity: exclusion of HF trials, « true » 1ry/2ry prevention trials

Association of Blood Pressure Lowering With Mortality and Cardiovascular 
Disease Across Blood Pressure Levels

Brunström M et Carlberg B. JAMA Intern Med. 2017 Nov 13. PMID: 29131895
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Association of Blood Pressure Lowering With Mortality and Cardiovascular 
Disease Across Blood Pressure Levels

Brunström M et Carlberg B. JAMA Intern Med. 2017 Nov 13. PMID: 29131895
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Association of Blood Pressure Lowering With Mortality and Cardiovascular 
Disease Across Blood Pressure Levels

Brunström M et Carlberg B. JAMA Intern Med. 2017 Nov 13. PMID: 29131895
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• Rationale for increased CV risk and TOD  in PA: increased vascular inflammation, 
oxydative stress & fibrosis, insulin resistance…

• MEDLINE & CDSR

• PROSPERO: CRD42017073696

• Stroke/CAD main outcomes

• 31 studies comparing outcomes in PA vs essential HT, 10 prospective, 15 matched, 29 
provided outcomes at diagnosis (prevalence) and only 2 provided outcomes at FUP 
(incidence)

Cardiovascular events and target organ damage in primary aldosteronism
compared with essential hypertension

Monticone S et al. Lancet Diabetes Endocrinol 2017 Nov 9. PMID: 29129575 
Division of Internal Medicine and Hypertension Unit, University of Turin, Italy
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Cardiovascular events and target organ damage in primary aldosteronism
compared with essential hypertension

Monticone S et al. Lancet Diabetes Endocrinol 2017 Nov 9. PMID: 29129575 
Division of Internal Medicine and Hypertension Unit, University of Turin, Italy
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Cardiovascular events and target organ damage in primary aldosteronism
compared with essential hypertension

Monticone S et al. Lancet Diabetes Endocrinol 2017 Nov 9. PMID: 29129575 
Division of Internal Medicine and Hypertension Unit, University of Turin, Italy

STROKE

X 2.78
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Cardiovascular events and target organ damage in primary aldosteronism
compared with essential hypertension

Monticone S et al. Lancet Diabetes Endocrinol 2017 Nov 9. PMID: 29129575 
Division of Internal Medicine and Hypertension Unit, University of Turin, Italy

Coronary Artery Disease

X 1.65, NS
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Cardiovascular events and target organ damage in primary aldosteronism
compared with essential hypertension

Monticone S et al. Lancet Diabetes Endocrinol 2017 Nov 9. PMID: 29129575 
Division of Internal Medicine and Hypertension Unit, University of Turin, Italy

Atrial fibrillation

X 4
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Cardiovascular events and target organ damage in primary aldosteronism
compared with essential hypertension

Monticone S et al. Lancet Diabetes Endocrinol 2017 Nov 9. PMID: 29129575 
Division of Internal Medicine and Hypertension Unit, University of Turin, Italy

low risk medium risk high risk unknown

selection bias 3 20 0 8

attrition bias 28 3 0 0

adjudication bias 0 3 28 0

Main outcomes
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Cardiovascular events and target organ damage in primary aldosteronism
compared with essential hypertension

Monticone S et al. Lancet Diabetes Endocrinol 2017 Nov 9. PMID: 29129575 
Division of Internal Medicine and Hypertension Unit, University of Turin, Italy

“ In this meta-analysis of 31 studies that included 3838 patients with PA and 9284 
patients with EH, we found robust evidence (transparency?) for a significant increase in 

• cardiovascular and cerebrovascular events, 

• target organ damage (left ventricular hypertrophy), 

• metabolic syndrome, 

• and diabetes, 

in patients with primary aldosteronism compared with patients with essential 
hypertension »

• In the exclusive analysis of matched studies (only 3-4 studies, all retrospectives), this 
association was independent from blood pressure levels, age, and sex, suggesting 
that aldosterone can induce adverse cardiovascular effects through mechanisms that 
are at least partly independent of its effects on blood pressure

T. Bejan-Angoulvant



• Doctor Evidence: PubMed & Embase only

Systematic Review for the 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ 
ASH/ASPC/NMA/PCNA Guideline for the Prevention, Detection, Evaluation, and 

Management of High Blood Pressure in Adults
Reboussin DM et al. Hypertension. 2017 Nov 13. PMID: 29133355

1. Is there evidence that self-measured BP without other augmentation is superior to office-
measured BP for achieving better BP control? 
2. Is there evidence that self-measured BP without other augmentation is superior to office-
measured BP for preventing adverse clinical outcomes that are related to elevated BP? 

T. Bejan-Angoulvant



Systematic Review for the 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ 
ASH/ASPC/NMA/PCNA Guideline for the Prevention, Detection, Evaluation, and 

Management of High Blood Pressure in Adults
Reboussin DM et al. Hypertension. 2017 Nov 13. PMID: 29133355

• 10 studies; effect sizes ranged from a 7.4 
mmHg worsening of systolic BP to a 6.5 
mmHg improvement in systolic BP with self-
measured BP compared with office-
measured BP 

• None reported a significant intervention 
effect regarding % achieving BP target

There may be some bias against publication of 
null and negative studies !

• Stroke, MI, and CV mortality:  no data (≥4 
studies) no MA

• Total mortality: 4 studies, but the number of 
events was small and details of how 
mortality data were ascertained were 
unclear. No significant difference; overall RR 
was not different from 1.0

T. Bejan-Angoulvant



Systematic Review for the 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ 
ASH/ASPC/NMA/PCNA Guideline for the Prevention, Detection, Evaluation, and 

Management of High Blood Pressure in Adults
Reboussin DM et al. Hypertension. 2017 Nov 13. PMID: 29133355
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Systematic Review for the 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ 
ASH/ASPC/NMA/PCNA Guideline for the Prevention, Detection, Evaluation, and 

Management of High Blood Pressure in Adults
Reboussin DM et al. Hypertension. 2017 Nov 13. PMID: 29133355

• Via Doctor Evidence. 

• ROB: low risk if all criteria were low risk; high risk if 1 or more criteria were high risk

• Random-effect MA if >= 3 studies: “lower vs higher”, “<130 mmHg vs higher”

• 130 mmHg: lower limit of high-normal BP and goal BP set by other guidelines for certain 
subpopulations 

• Of the 15 included trials, 12 showed high risk of bias for the blinding of study participants and 
personnel 

• Two studies showed high risk of bias due to inadequately addressing incomplete outcome data 

• Included studies showed low or unclear risk of bias for all other domains. 

Targets for Blood Pressure Lowering During Antihypertensive Therapy in Adults ?

T. Bejan-Angoulvant



Systematic Review for the 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ 
ASH/ASPC/NMA/PCNA Guideline for the Prevention, Detection, Evaluation, and 

Management of High Blood Pressure in Adults
Reboussin DM et al. Hypertension. 2017 Nov 13. PMID: 29133355
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Systematic Review for the 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ 
ASH/ASPC/NMA/PCNA Guideline for the Prevention, Detection, Evaluation, and 

Management of High Blood Pressure in Adults
Reboussin DM et al. Hypertension. 2017 Nov 13. PMID: 29133355

The results of our meta-analysis are consistent with other recent meta-analyses which 
demonstrate that BP lowering significantly reduced the risk of cardiovascular 
morbidity and mortality (“marginally significant reduction” 0.89, 0.77-1.02, 95%CI) 
regardless of meta-analytic method, comorbid condition, or mean age of study 
participant. 

Additionally, we have shown that BP lowering to a target of <130 mmHg may reduce 
the risk of several important outcomes including risk of MI, stroke, heart failure (NS), 
and major cardiovascular events. 

T. Bejan-Angoulvant



Systematic Review for the 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ 
ASH/ASPC/NMA/PCNA Guideline for the Prevention, Detection, Evaluation, and 

Management of High Blood Pressure in Adults
Reboussin DM et al. Hypertension. 2017 Nov 13. PMID: 29133355

• network meta-analysis (via Doc Evidence)

• trials that compared any 2 classes of antihypertensive therapies used as first-line : 
thiazide and thiazide-like diuretics (THZs), ACEIs, angiotensin-receptor blockers (ARBs), 
calcium channel blockers (CCBs), and beta blockers. 

• Our objective was to examine the comparative benefits and harms of different 
antihypertensive classes in adults with hypertension 

First-Line Antihypertensive Drug Class Comparisons in Adults
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Systematic Review for the 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ 
ASH/ASPC/NMA/PCNA Guideline for the Prevention, Detection, Evaluation, and 

Management of High Blood Pressure in Adults

Pooled Network Relative risks associated with first line antihypertensive medication classes compared to THZ 
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Systematic Review for the 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ 
ASH/ASPC/NMA/PCNA Guideline for the Prevention, Detection, Evaluation, and 

Management of High Blood Pressure in Adults

Pooled Network Relative risks associated with first line antihypertensive medication 
classes compared to thiazides (THZ)

“In summary, we found that THZs were associated with a lower risk of many 
cardivoascular outcomes compared with other antihypertensive drug classes. This 
large and contemporary network meta-analysis supports prior findings that 
recommend THZs as the choice for first-line antihypertensive treatment among 
individuals with uncomplicated hypertension. Future studies should continue to 
examine whether these results are consistent across subgroups that vary by 
demographic or clinical characteristics. “

T. Bejan-Angoulvant



global medical evidence software and services company 
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The results were similar after exclusion of SPRINT (OR, 0.88; 95%CI, 0.78-0.99; P = .05).
Greater mortality benefit in trials with higher differences in achieved BP across treatment arms: difference in 
SBP of at least 12mm Hg / OR = 0.76, trials with differences 6 to 12 / OR = 0.97, and trials those with differences 
<6 mmHg / OR 1.06; p-heterogeneity .06

Random
No heterogeneity

• MEDLINE, Cochrane 
Library, EMBASE, 
PubMed, Science 
Citation 
Index,Google
Scholar, and 
clinicaltrials.gov

• trials comparing
BPLT vs placebo 
or diff BP targets

• DFG <60 
ml/min/1,73 m2

Association Between More Intensive vs Less Intensive Blood Pressure 
Lowering and Risk of Mortality in Chronic Kidney Disease Stages 3 to 5
Malhotra R et al. JAMA Intern Med. 2017;177(10):1498-1505. PMID: 28873137

T. Bejan-Angoulvant



• Significant -14% decrease in overall mortality

• But only 18/30 studies reported results regarding
mortality in subgroups of patients with low DFG 

Association Between More Intensive vs Less Intensive Blood Pressure 
Lowering and Risk of Mortality in Chronic Kidney Disease Stages 3 to 5

Malhotra R et al. JAMA Intern Med. 2017;177(10):1498-1505. PMID: 28873137 

no evidence of publication bias based on visual inspection or by performing Begg
and Mazumdar rank correlation (P = .23) and Egger regression (P = .08) tests

T. Bejan-Angoulvant



• 25-year increase in new, study-level, 
hypertension-related MA from PubMed

• Parentheses contain, in the field of 
hypertension, the ratio of individual studies 
to meta-analyses. 

• The increase in metaanalyses and individual 
studies is 12-fold and 4-fold, respectively. 

• The correlation, r, between time period and 
the log (number of meta-analyses) is 0.997 
(i.e., a nearly perfect exponential increase). 

• On average, the number of MA has been 
doubling every 5.6 years. 

• In the last 2 years, the number of these meta-
analyses has average 2.1 per week.

Quality of meta-analyses for randomized trials in the field of hypertension: a
systematic review

Roush GC et al. J Hypertens. 2016 Dec;34(12):2305-2317. PMID: 27755384
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• MA since 2012

• Excluded: network, IPD, meta-regression, <5 trials

• % characteristics for 143 MA retrieved (table)

• Domain 1: assessing the quality of the individual trials

• 5 features

• Domain 2: assessing heterogeneity across trials

• 10 features

• Domain 3: assessing publication bias

• 5 features

• Domain 4: providing transparency for Domains 1–3 
(‘abstract’ and ‘discussion’)

• 3 features

4 domains, 23 features

Quality of meta-analyses for randomized trials in the field of hypertension: a
systematic review

T. Bejan-Angoulvant



• 55% of meta-analyses had all 4 domains 
deficient= at least one item in the domain

• 0% MA had all 4 domains deficient= half 
of features deficient

Quality of meta-analyses for randomized trials in the field of hypertension: a
systematic review

• A total of 44% MA had 8+ 
deficient features (median)

This was not associated
with the IF of the 

journal

T. Bejan-Angoulvant



• Quality did not improve over time. 

• Thirty articles (21%) reported statistically significant results (P<0.05) from inappropriate 
DerSimonian–Laird models, whereas unreported, appropriate, Knapp–Hartung models
gave statistical nonsignificance; 88% of these 30 articles reported the incorrect results in 
their abstracts. 

• A total of 60% of all MA failed to conduct analyses in subgroups of quality when 
indicated, 63% failed to report Tau and Tau2, 57% omitted testing for publication bias, 
none conducted a cumulative analysis for publication bias, and 71–77% omitted 
mentioning in their abstracts problems of trial quality, heterogeneity, and publication 
bias.

• Deficiencies in hypertension-related meta-analyses are readily corrected and do not 
represent flaws inherent in the meta-analytic method

Quality of meta-analyses for randomized trials in the field of hypertension: a
systematic review

Conclusions

T. Bejan-Angoulvant



The quality of the MA depends on the quality of the 
studies included

GIGO phénomenon

GIGO = Garbage In  Garbage Out

‘essais biaisés’  ‘synthèse MA biaisée’ 
conclusions érronnées pour la pratique

MA pas une « méthode magique » permettant de gommer 
les biais des études

MA permet seulement d’en « atténuer » la portée par 
« dilution » par ajout d’essais de bonne qualité à des essais de 
mauvaise qualité

T. Bejan-Angoulvant
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Bonne qualité

Tests d’interaction

Qualité douteuse

ET1 commun

ET2 commun

Death

Bouri S et al. Heart 2014; 100:456-464

Qualitatif Bias
DANGER

Recommend a 
treatment that may be

harmfull

T. Bejan-Angoulvant



Influence of biais: allocation concealment randomisation

T. Bejan-Angoulvant

Dechartres A. JCE 2016

Trials with high / unclear risk show
larger treatment effect

Trials with high / unclear risk show
lower treatment effect

1



Funnel plot - sans biais de publication
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• Graphique entre 

• les effets traitements
• DR, effect size

• Log(OR), log(RR)

• et la taille (n)/précision
(ET) des études

• Biais de publication si
asymétrique
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Biais de publication

ECR publiés ‘positifs’
MA ‘positive’ faussement  recommander un 
trt qui n’est pas réellement efficace 

ECR non publiés ‘négatifs’
MA ne retrouvant pas d’effet

Cucherat M. « Manuel pratique de méta-analyse des essais thérapeutiques » http://www.txrating.org/spc/bookma_web/frame.htm
T. Bejan-Angoulvant
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A meta-analysis of the angiotensin-converting enzyme gene
polymorphism and restenosis after percutaneous transluminal 

coronary revascularization: Evidence for publication bias.
Willem R. P. Agema, et al, The Netherlands . Am Heart J 2002; 144:760-8.
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Qualité de l’évidence scientifique

GRADE

ACC/AHA
ESC

Bias within studies, inconsistency, 
imprecision, indirectness, 
publication bias

-
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Pyramide du niveau de preuve
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