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Les statistiques descriptives



• Femmes : 530 (53%)
• Age : 50 ans (DS:5)

N=1000

Statistiques descriptives



Age : 50 (DS=5)
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• 68% des individus ont un âge 
compris entre moyenne ± 1 DS

• 96% des individus ont un âge 
compris entre moyenne ± 2 DS  

Statistiques descriptives
Interprétation de la DS si distribution normale



Age : 50 (DS=5)

Statistiques descriptives
Interprétation de la DS si distribution normale

La plupart des caractéristiques 
démographiques : âge, taille 
poids suivent une distribution 
normale



Age
50
55
45
52
48

Moyenne : (50 + 55 + 45 + 52 + 48)/5 = 50 

Variance = [(50-50)2 + (55-50)2 + (45-50)2 + (52-50)2 + (48-50)2]/5
= 14,5

Déviation standard = racine carrée de la variance = 3,81

Calcul de la variance et de la déviation standard
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1
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Quercia R, Clin Drug Investig, 2015

Interprétation
• Distribution 

manifestement 
non normale



Quercia R, Clin Drug Investig, 2015

La plupart des paramètres 
biologiques  ne suivent pas 
une distribution normale



Moyenne : 2,5
SD : 1,45
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Statistiques descriptives : distribution non normale
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Rapporte médiane, 25e – 75e

percentile et range

Paton NI, Lancet, 2015



L’inférence statistique



De l’échantillon….



….a la population d’intérêt



50% de
boules noires

Les fluctuations d’échantillonage

Tirage au sort d’échantillons de 10 boules noires
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Les fluctuations d’échantillonage
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Les fluctuations d’échantillonage

5,5% des échantillons ont 
entre 0 et 20% de boules noires

5,5% des échantillons ont entre
80 et 100% de boules noires

89% des échantillons ont 
entre 30 et 70% de boules noires
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5,5 10-10 % des échantillons ont 
entre 0 et 20% de boules noires

5,5 10-10 % des échantillons ont
entre 80 et 100% de boules noires

~ 99,999 % des échantillons ont 
entre 30 et 70% de boules noires
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Les fluctuations d’échantillonage : influence de la taille de l’échantillon



N=10,000

N=1,000

N = 100

IF95% : [46,9% - 53,1%]

IF95% : [40,0% - 60,0%]

IF95% : [49,0% - 51,0%]
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Les fluctuations d’échantillonage : influence de la taille de l’échantillon



N=10,000

N=1,000

N = 100

IC95% : 46,9% - 53,1%

IC95% : 40,0% - 60,0%

IC95% : 49,0% - 51,0%

50% de
boules noires

L’intervalle de confiance

N = 10 IC95% : 18,7% - 81,3%%



50%18,7% 81,3%

0 50 100%

Interprétation
• 50% des boules de l’échantillon (n=10) 

sont noires
• Il y a 95% de chances pour que la 

proportion de boules noires dans la 
population dont est issue l’échantillon soit 
comprise entre 18,7% et 81,3%

La notion d’intervalle de confiance



Proportion
• Calcul la variance de l’échantillon : p*q
• Calcul de l’intervalle de confiance = p ± 1,96*√(p*q/n)
• Exemple : p = 40%, n=10 : IC = 0,5 ± 1,96* √(0,6*0,4)/10 = 0,1 – 0,7

Moyenne
• Calcul la variance de l’échantillon
• Calcul de l’intervalle de confiance = m ± 1,96*√(σ2/n)
• Exemple : m = 3, σ2=4, n=10 : IC = 3 ± 1,96*√(4/10) = 1,8 – 4,2

Calculer l’intervalle de confiance



Les tests statistiques



Principes des tests statistiques

N=10 N=10

30% de 
boules 
noires

70% de 
boules 
noires



Principes des tests statistiques
Question posée au test : 
• Quelle est la probabilité 

d’obtenir 30% de boules noires 
et 70% de boules noires dans 2 
échantillons de 10 boules 
issues de la même urne

• Réponse : 18%

N=10 N=10

30% de 
boules 
noires

70% de 
boules 
noires

50% de boules noires

?



Hommes = ?

Hommes = 51%
n=100

Hommes = 59%
n=100

Principes des tests statistiques

p=0,26

Variable binaire



Hommes = 55%

Hommes = 51%
n=100

Hommes = 59%
n=100

Principes des tests

p=0,26

p=0,26 signifie : la probabilité d’observer 2 échantillons 
aléatoires de 100 patients issus de la même population avec 
une différence de pourcentage d’au moins 8 points est de 
26%



Hommes = 51%
n=100

Hommes = 59%
n=100

Principes des tests

p=0,26

Comparaison de pourcentages 
: test du χ2



Poids ?

Poids : 78 (10)
n=100

Poids : 82 (10)
n=100

Principes des tests

p=0,005

Variable continue



Hommes = 55%

Hommes = 51%
n=100

Hommes = 59%
n=100

Principes des tests

p=0,005

p=0,005 signifie : la probabilité d’observer 2 échantillons 
aléatoires de 100 patients issus de la même population avec 
une différence de poids de 4 kilos est de 0,005%



Hommes = 55%

Hommes = 51%
n=100

Hommes = 59%
n=100

Principes des tests

p=0,005

Comparaison de moyennes: 
t-test (Student’s t-test)



Principes des tests

Proportions
Dans le cas de 2 échantillons de 100 patients avec une proportion 
d’hommes de 46% et 42% respectivement, le test répond à la question : 
quelle est la probabilité d’observer une différence d’au moins 4% entre 2 
échantillons issus d’une même population composée de 44% d’hommes

Variables continues
Dans le cas de 2 échantillons de 100 patients avec des poids moyen de 
78 et 82 kilos (SD =10), le test répond à la question : quelle est la 
probabilité d’observer une différence d’au moins 4 kgs entre 2 échantillons 
issus d’une même population dont le poids moyen est de 80 kgs (SD=10)



Principes des tests

• Les tests statistiques ont des conditions de validité (notamment la 
taille des échantillons)

• Quand les échantillons comparés sont de petite taille (n=30), des 
tests non paramétriques sont utilisés (test exact de Fisher, test de 
Mann-Whitney). 



Points clés

Les tests statistiques permettent de quantifier la 
probabilité d’observer les différences entre 2 

échantillons liées aux fluctuations d’échantillonage

Rappel : Le hasard peut tout expliquer



Type de variable Nombre de 
groupes

N > 30 N<30

Continue 2 groupes t-test (test de 
Student)

Mann-Withney U 
test (Wilcoxon)

> 2 groupes ANOVA Kruskal-Wallis

Binaire 2 groupes ou + Chi-2 McNemmar

Catégorielle 2 groupes ou + Chi-2 McNemmar

Les principaux tests



Principe de l’essai randomisé

• Définir une population d’intérêt (sélection)
• Tirer au sort 2 groupes qui ne diffèrent que par le traitement reçu 

(randomisation) et les fluctuations d’échantillonage
• Mesurer le critère de jugement au terme de l’étude
• Quantifier la probabilité que la différence observée sur le critère de  

jugement entre les 2 échantillons soit liée aux fluctuations 
d’échantillonage

• Prendre un risque pour prendre une décision



Principe de l’essai randomisé

Pour que la probabilité observée (p) soit interprétable, il faut conserver 
la comparabilité des groupes jusqu’au terme de l’étude
• Insu : Ne pas informer les différents participants (malade : simple 

aveugle) l’équipe soignante et l’ évaluateur (double aveugle) du 
traitement reçu
=> Assure la meilleure égalité possible du suivi

• Analyser les patients dans leur bras de randomisation (ITT)



ITT, modified ITT, per protocol

• ITT (Full analysis set) : tous les patients inclus dans leur groupe 
d’assignation

• Modified-ITT : retire les patients 
– Critère d’éligibilité violé
– Aucune prise du traitement (ou placebo) à l’essai
– Aucune donnée après randomisation

• Per-protocol

Guidelines ICH-E9
• L’analyse des essais de supériorité doit se faire en ITT ou modified-

ITT
• L’analyse des essais de non-infériorité doit se faire en per-protocol et 

en ITT



ITT et données manquantes

• Arrêt du traitement : suivre le patient jusqu’à la fin de l’étude et 
recueillir le critère de jugement principal

• Perdu de vue : essayer de retrouver le patient
• Si décès ou autre : méthodes d’imputation

Les fluctuations d’échantillonages ne sont quantifiables que 
si les groupes tirés au sort sont respectés



EP avec 
collapsus

Critères de 
sélection

n= 300
Fibrinolytique

n = 300
PlaceboRandomisation

Décès à J30
15%

Décès à J30
25%

Double-aveugle
Placebo

p=0,002

Exemple

RR = 0,6 
[95% IC: 0,4 – 0,8) 



• En tirant 2 échantillons de 300 patients d’une population dont la 
mortalité est de 20%, la probabilité d’observer une différence de 10% 
est de 0,002

• Cette différence peut-être due
– Au hasard (fluctuations d’échantillonnage)
– A l’effet du traitement

Il n’y a aucun moyen de différencier les deux

Notion de risque : je décide que si le p est inférieur à 5% la différence 
observée est due au traitement

• C’est le risque de première espèce ou risque α
• Quand je conclus à l’efficacité d’un traitement car p < 0,05 j’ai 

effectivement 5% de conclure à tort à l’effet du traitement

Interprétation – risque α



• Par convention le risque α est fixé à 5%
• Ce risque est non négligeable
• La FDA demande 2 essais positifs au risque de 5% pour enregistrer 

un médicament => risque de 2,5 pour 1000

Interprétation – risque α

Risque α et petit p sont 2 notions totalement différentes



Risque α et petit p 

Jeu de 52 cartes
12 têtes



Quelle est la probabilité de tirer le roi de cœur ? 

Risque α et petit p 



Quelle est la probabilité de tirer le roi de cœur ? 

Risque α et petit p 

p = 1/52 ≈ 2%



Quelle est la probabilité de gagner au jeu ? 

Risque α et petit p 

p = 1/52 ≈ 2%



Quelle est la probabilité de gagner au jeu ? 

Risque α et petit p 

Dépend de la règle
• Tirer le roi de cœur = 1/52 ≈ 2%
• Tirer un roi = 4/52 ≈ 7,7%
• Tirer une tête = 12/52 ≈ 23,1%

p = 1/52 ≈ 2%



=> Définition d’un critère de jugement a priori
(clinicaltrial.gov)

Risque α et petit p – En pratique 

La règle doit être fixée avant de commencer…

…. et ne doit pas changer en cours de route



EP avec 
collapsus

Critères de 
sélection

n= 300
Fibrinolytique

n = 300
PlaceboRandomisation

Décès à J30
AVC
QdV

Dyspnée

Décès à J30
AVC
QdV

Dyspnée

Double-aveugle
Placebo

p=0,14
p=0,25
p=0,03
p=0,25



• La probabilité d’observer une différence de QdV que j’ai observée 
entre les 2 groupes est de 3% 

• En revanche, la probabilité d’observer sur 4 tests au moins un p 
inférieur à 5% est >> 5% (pas loin de 20%)

=> Inflation du risque alpha



Tashkin D, N Engl J Med, 2008

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e
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year) (P = 0.25). However, among 3418 patients 
who had technically acceptable postbronchodila-
tor spirometry, there was a significant difference 
in favor of tiotropium in the median rate of de-
cline in postbronchodilator FEV1 (27 ml per year 
in the tiotropium group, as compared with 32 ml 
per year in the placebo group; P = 0.01).

Health-Related Quality of Life
Significant differences in favor of tiotropium were 
observed at all time points for the mean absolute 
change in the SGRQ total score (ranging from 2.3 
to 3.3 units, P<0.001), although the differences on 
average were below what is considered to have 
clinical significance (Fig. 2D). The overall mean 
between-group difference in the SGRQ total 
score at any time point was 2.7 (95% confidence 
interval [CI], 2.0 to 3.3) in favor of tiotropium 
(P<0.001). A higher proportion of patients in the 
tiotropium group than in the placebo group had 
an improvement of 4 units or more in the SGRQ 
total scores from baseline at 1 year (49% vs. 41%), 
2 years (48% vs. 39%), 3 years (46% vs. 37%), and 
4 years (45% vs. 36%) (P<0.001 for all compari-
sons). There were no significant between-group 
differences in the rate of decline in SGRQ scores 
from 6 months to the end of the study (Table 2).

Exacerbations
Tiotropium was associated with a significant de-
lay in the time to the first exacerbation, with a 

median of 16.7 months (95% CI, 14.9 to 17.9) in 
the tiotropium group and 12.5 months (95% CI, 
11.5 to 13.8) in the placebo group. Tiotropium 
was also associated with a significant delay in 
the time to the first hospitalization for an exac-
erbation. Since hospitalizations for exacerbations 
occurred in less than 50% of patients, a median 
time to the first event cannot be calculated. In the 
tiotropium group, the associated hazard ratios 
were 0.86 (95% CI, 0.81 to 0.91) and 0.86 (95% CI, 
0.78 to 0.95), respectively. Tiotropium was also 
associated with a reduction in the mean number 
of exacerbations of 14% (P<0.001) (Fig. 3A and 
Supplementary Appendix 7). The mean numbers 
of exacerbations leading to hospitalizations were 
infrequent and did not differ significantly be-
tween the two study groups (Table 3).

Mortality
Data regarding vital status were systematically 
requested for patients who prematurely discon-
tinued study participation on a recorded date de-
termined as 4 years from the first day of admin-
istration of a study drug. Data regarding deaths 
extending beyond 4 years (up to and beyond 1470 
days) were not systematically collected but were 
occasionally received. Every effort was made to en-
sure that vital-status data were full and complete 
up to 4 years, as described. Vital-status informa-
tion (at least 45 months of follow-up, including 
patients who discontinued treatment) was known 

Table 2. Annual Rates of Decline in FEV1 and FVC before and after Bronchodilation and Scores on Health-Related Quality of Life.*

Variable Tiotropium Placebo
Difference between Tiotro pium  

and Placebo (95% CI)
P 

Value†

Patients Mean Decline Patients Mean Decline

no. ml/yr no. ml/yr
FEV1

Before bronchodilation 2557 30±1 2413 30±1 0±2 (−4 to 4) 0.95

After bronchodilation 2554 40±1 2410 42±1 −2±2 (−6 to 2) 0.21

FVC

Before bronchodilation 2557 43±3 2413 39±3 4±4 (−4 to 12) 0.30

After bronchodilation 2554 61±3 2410 61±3 1±4 (−7 to 9) 0.84

Total SGRQ score‡ 2505 1.25±0.09 2362 1.21±0.09 0.04±0.13 ( 0.2 to 0.3) 0.78

* Plus–minus values are means ±SE. Values for the rate of decline in forced expiratory volume in 1 second (FEV1) and forced vital capacity 
(FVC) are expressed as milliliters per year. Values were measured from day 30 until the end of the study (including 30 days after the discon-
tinuation of treatment). Patients with three or more measurements after day 30 were included in the analysis of lung function.

† P values are unadjusted.
‡ Values for the health-related quality-of-life score on St. George’s Respiratory Questionnaire (SGRQ) are expressed in units per year. Scores on 

the SGRQ range from 0 to 100, with an increase in the score indicating a decline in quality of life; a change of 4 units or more is considered to 
be clinically meaningful. Patients with two or more measurements after month 6 were included in the analysis of the SGRQ.

The New England Journal of Medicine 
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Discussion

In our study, we showed that in the presence of 
freely prescribed respiratory medications (i.e., in-
haled long-acting beta-agonists, inhaled cortico-
steroids, and theophyllines) other than another in-
haled anticholinergic agent, tiotropium (at a dose 
of 18 µg once daily) did not alter the rate of de-
cline in the mean FEV1 in patients with COPD. 
However, lung function was significantly better 
than in the placebo group throughout the trial, 
and there were improvements in health-related 
quality of life and the rate of exacerbations.

As compared with results of previous long-
term, prospective studies, the yearly rate of de-
cline in FEV1 that we observed was numerically 
lower than the rates of decline reported previ-
ously.2-6 Prospective interventional studies that 
were designed to examine the decline in FEV1 
— such as the European Respiratory Society 
Study on Chronic Obstructive Pulmonary Disease 
(EUROSCOP), the Inhaled Steroids in Obstructive 
Lung Disease in Europe (ISOLDE) trial, the Lung 
Health Study II, and the Bronchitis Randomized 
on NAC [N-acetylcysteine] Cost–Utility Study 
(BRONCUS) — showed a decline in postbroncho-
dilator rates ranging from 44 to 57 ml per year 
in the active-treatment groups and 47 to 69 ml 
per year in the placebo groups.3-6 In our study, 
the decline in lung function averaged 30 ml per 
year before bronchodilation and 41 ml per year 
after bronchodilation in the two study groups, 
a change that is less than that in any of the pre-
vious studies. The values for the decline in FEV1 

are also smaller than those observed in the post 
hoc analysis of lung function in the Towards  
a Revolution in COPD Health (TORCH) trial 
(ClinicalTrials.gov number, NCT00268216).24

There are several potential explanations for the 
discrepancies in the rate of decline in our study, 
as compared with those in previous studies. First, 
our study design allowed for prescription of all 
respiratory therapies at the discretion of physi-
cians, with the exception of another inhaled anti-
cholinergic agent. It is therefore possible that the 
medical care that patients received during our 
study, including both short-acting and long-acting 
inhaled respiratory medications and aggressive 
treatment of exacerbations, differed from that in 
earlier trials and, as a whole, contributed to the 
generally lower rates of decline. However, such 
factors have not been definitively shown. Second, 
in our study, a higher proportion of patients with 
sustained abstinence from smoking tobacco may 
have resulted in a lower mean rate of decline. In 
our study, self-reports of smoking behavior indi-
cated that only 30% of patients were current 
smokers at baseline, as compared with 38 to 90% 
in other studies.3-6 Third, other factors, such as 
differences in study design, selection of patients, 
and regional factors, could also account for dis-
crepancies. In interpreting the results of our 
study, one should consider that the rates of de-
cline in our study are similar to those reported 
for healthy nonsmokers and sustained quitters 
with mild-to-moderate COPD.2

Similar, low rates of decline in lung function 
were seen in the two study groups. A possible 

Table 3. Exacerbations of COPD and Related Hospitalizations.*

Variable Tiotropium Placebo
Relative Risk for Tiotropium  

vs. Placebo (95% CI) P Value

Exacerbation†

Per patient-year — no. 0.73±0.02 0.85±0.02 0.86 (0.81–0.91) <0.001

Leading to hospitalization — no. per 
 patient-year

0.15±0.01 0.16±0.01 0.94 (0.82–1.07) 0.34

Days per patient-year 12.11±0.32 13.64±0.35 0.89 (0.83–0.95) 0.001

Hospitalization days per patient-year 3.17±0.17 3.13±0.17 1.01 (0.87–1.18) 0.86

Patients with exacerbation — no. (%)‡

Total 2001 (67.0) 2049 (68.2) NA 0.35

Leading to hospitalization 759 (25.4) 811 (27.0) NA 0.18

* Plus–minus values are means ±SE. NA denotes not applicable.
† The relative risks in this category were calculated with the use of Poisson regression corrected for treatment exposure 

and overdispersion.
‡ The comparisons in this category were calculated with the use of Fisher’s exact test.
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Interprétation du p



Risque α  et significativité

Indique quelle est la probabilité que la différence observée soit liée au     
hasard ……..

……….. Mais elle est bien due au hasard puisque c’est 
le résultat du tirage au sort

En faisant 20 tests au seuil de 5%, on s’attend à au moins 1 test 
significatif par hasard



Comment maitriser le risque α

• Définir le critère de jugement a priori et ne pas en changer 
le rôle des registres d’essais (clinicaltrial.gov) est de s’en assurer

• Si n critères de jugement, alors diviser le seuil par n (méthode de 
Bonferroni)
– 2 critères au seuil de significativité de 2,5% = risque alpha à 5%

• Si analyse intermédiaires, diviser le seuil par le nombre de tests 
(alpha spending function)

• Plusieurs hypothèses à tester (par exemple : non infériorité puis 
supériorité)



Test H1
p < 𝛂

Test H2
p < 𝛂

Test H3
p < 𝛂

STOP

STOP

STOP

ECHEC

ECHEC

ECHEC

Fixed-sequence procedure

Hierarchical test procedure

Closed test procedure



• Si l’auteur rapporte 5 sous-groupes c’est qu’il en a testé 20 !!
• Intérêt des sous-groupes pré-spécifiés
• Les analyses en sous-groupes ne peuvent-être qu’exploratoires

Les analyses de sous-groupes



• Seule le p mesuré sur un critère de jugement pré-spécifié est 
‘confirmatoire’

• Les autres analyses (sous-groupes etc…) sont exploratoires
• Hypothèses pré-spécifiées >> analyses post-hoc
• Proscrire les ‘tendances’ 
• Proscrire : ‘s’il y avait eu d’avantage de patients le résultat aurait été 

significatif’

Quelques règles d’interprétation



Outcomes after Active, Inactive, or No Treatment in Asthma

n engl j med 365;2 nejm.org july 14, 2011 123

ference between placebo and the no-intervention 
control). For the subjective outcome, the placebo 
effects were equivalent to the drug effect, and all 
were greater than the no-intervention effect. The 
two placebo interventions had a strong effect on 
the patient-reported outcome but had no effect on 
the objective outcome; the active drug had a strong 
effect on the objective outcome but had no in-
cremental benefit with respect to the subjective 
outcome.

Most randomized, controlled trials and labora-
tory experiments have not included a no-interven-
tion control. Our inclusion of a no-intervention 
control — the control for the placebos — allowed 
us to detect subjective placebo effects. We found 
that the results of placebo interventions did not 
differ from those of the no-intervention control 
when an objective measure of airflow was used 
(FEV1). However, for the subjective outcome, both 
placebos had a greater effect than no intervention. 
This may have been due to the effect of the pa-
tient’s expectation on the patient-reported outcome 
or to reporting bias (e.g., the wish to please the 
investigator). We consider the latter influence un-
likely because the patients receiving no interven-
tion also reported subjective improvement, even 
though they presumably had no expectation of 
improvement and their wish to please the inves-
tigator would have made a report of no improve-
ment more likely. Our findings might have been 
influenced by possible weaknesses in the scale 
used to assess subjective responses (which lacked 
prior formal validation). However, it is unlikely that 
the findings were due to the instrument used, 
since patients receiving no intervention did not 
show such an effect.

The subjective responses to placebo were equiv-
alent to the subjective responses to the active drug, 
even though the active drug produced a marked 
increase in FEV1. Thus, the administration of a 
placebo did not affect the objective measure (pla-
cebo as compared with the natural history of 
asthma), and the effect of the active medication did 
not exceed that of the ritual of the treatment itself 
(albuterol as compared with either placebo). The 
fact that the patient-reported outcome was inde-
pendent of the physiological outcome suggests 
either that patients with asthma poorly perceive 
changes in FEV1 or that use of subjective assess-
ment may have some limitations in the interpre-
tation of physiological outcomes in asthma and 
may have upper limits, possibly explaining why 

asthma symptoms in many patients remain un-
controlled. Furthermore, it can justly be asserted 
that for self-appraised symptoms, placebos can 
have a powerful effect.

It is notable that the two placebos had similar 
effects on both the objective measure and the sub-
jective measure. Since all the patients had prior 
experience with active inhalers, one might have 
expected better outcomes with the placebo inhaler 
than with sham acupuncture, owing to classical 
conditioning. One possible reason for the appar-
ent equivalence of the two placebo interventions is 
that the patients may have become conditioned to 
the setting and personnel at a well-known hospi-
tal as much as to the inhaler itself. Another pos-
sible explanation is that the remarkably high cred-
ibility of sham acupuncture in our study (85%, vs. 
66% for the placebo inhaler), which is consistent 
with the findings in previous studies, might have 
resulted in a greater expectation of improvement 
with sham acupuncture.

Our findings complement the results of a re-
cent randomized, controlled trial that examined 
the effects of optimistic drug presentation (en-
hanced positive expectations) on outcomes with 
placebo or active medication (montelukast) in 
610 patients with asthma.14 Placebo given with 
enhanced expectations significantly increased sub-
jective outcomes but had no effect on objective 
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Figure 3. Percent Change in Maximum Forced Expiratory Volume in 1 Second 
(FEV1) with Each of the Four Interventions.

The relative improvement in FEV1 achieved with albuterol was significantly 
greater than that achieved with each of the other three interventions 
(P<0.001). No other differences among the four experimental conditions 
were significant. T bars indicate standard errors.
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measures, whereas enhanced expectations for 
medication influenced neither subjective nor ob-
jective outcomes. Although another study of asth-
ma reported objective improvement with place-
bo,8 it lacked a no-intervention comparison, so it 
is not known whether the reported improvement 
reflected an actual effect of placebo or simply the 
natural history of asthma. Our findings strongly 
contrast with a series of studies in which placebo 
interventions plus strong suggestion resulted in 
marked changes in FEV1 in patients with asth-
ma.15,16 In these studies, the patients were de-
ceptively told that they were receiving “powerful” 
medication, whereas our study was conducted with 
neutral double-blind instructions. Most of these 
other studies lacked no-intervention controls, and 
the two studies that included them showed no 
placebo effect.17,18

Although placebo effects may differ according 
to the specific disease,19,20 our study has implica-
tions for understanding placebo effects in general. 
Our findings are consistent with those of a meta-
analysis involving multiple conditions, in which 
the placebos, as compared with no-intervention 
controls, had no significant effect on objective 
measures but did have significant effects on sub-
jective outcomes (e.g., pain).4 Also, our data sup-

port recent systematic reviews of studies that 
involved specific conditions, suggesting that pla-
cebo effects are primarily detectable in subjective 
outcomes; when objective changes occur, they 
tend to be well within the range of the natural 
history of the condition.21 Furthermore, our find-
ings do not contradict recent laboratory studies 
showing that placebo treatment elicits quantifiable 
changes in neurotransmitters and regionally spe-
cific brain activity that influence symptoms.1 The 
bifurcation of placebo effects between objective 
and subjective outcomes that we observed in this 
pilot study may represent the distinction that so-
cial scientists make between treating disease (ob-
jective physiology) and treating illness (subjective 
perceptions).22,23 Although effective medications 
target and modulate objective biologic features, 
the mere ritual of treatment may affect patients’ 
self-monitoring and subjective experience of their 
disease.24

Our subjective measure deserves comment. 
Since there were no preexisting subjective mea-
sures for the acute asthma response, we construct-
ed our own metric for global subjective assessment 
of improvement in dyspnea; as a result, its reliabil-
ity and validity can be questioned. However, our 
measure had good face validity. Even though simi-
lar measures are common in medicine and have 
been shown to have good reliability and validity 
(e.g., the Borg scale, which is used to assess dys-
pnea), none have been validated for use in assess-
ing either asthma or the acute bronchodilator 
response.25 In addition, patients used the entire 
range of the measure, and there were no ceiling or 
floor effects. The broad range of responses and 
roughly normal distribution argue against the ex-
istence of strong acquiescence (tendency to agree 
regardless of the content of a question) or central-
tendency biases. Our subjective scale did not en-
compass worsening of symptoms (i.e., the scale 
measured improvement, from none to complete); 
thus, it could indicate a perceived lack of improve-
ment but not a perceived worsening. This limita-
tion could potentially create a floor effect and un-
derestimate the degree of subjective deterioration 
for some patients. However, there was no floor 
effect observed in the distribution of assessment 
scores for the active or placebo interventions. In 
contrast, there was, as expected, a floor effect with 
the no-intervention control, since patients assigned 
to this control overwhelmingly reported no im-
provement. This floor effect serves to strengthen 
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Figure 4. Percent Change in Subjective Improvement with Each of the Four 
Interventions.

The relative improvement in subjective outcomes, assessed with the use 
of a visual-analogue scale (with 0 indicating no improvement and 10 indicat-
ing complete improvement), was significantly greater with the albuterol 
inhaler, placebo inhaler, and sham acupuncture interventions than with the 
no-intervention control (P<0.001). No other differences among the four ex-
perimental conditions were significant. T bars indicate standard errors.
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Mesure objective (VEMS) Mesure subjective (symptômes)

L’effet placebo mythe ou réalité ?



L’analyse multivariée

• Modèle (ou équation) permettant d’expliquer une variable 
(dépendante) par un ensemble de variables (indépendantes)

• Suivant le type de variable dépendante, 
– Continue : régression linéaire
– Binaire : régression logistique
– Temps avant survenue d’un événement : modèle de survie (Cox)



L’analyse multivariée

Variable Modèle Paramètre
Continue Régression linéaire β
Binaire Régression logistique OR
Temps avant évènement Modèle de survie (Cox) HR



• 410 patients 
• Poids en fonction du genre ?

Exemple d’analyse multivariée
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Exemple d’analyse multivariée



L’analyse multivariée

• La différence de poids entre les hommes et les femmes s’explique-t-
elle par une différence de taille ?

• Taille des hommes : 176,3 (7,4)
• Taille des femmes : 163,6 (6,4)
• P < 0,001



Exemple d’analyse multivariée
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Régression linéaire multiple



Exemple d’analyse multivariée

Analyse du poids des patients en fonction de leur taille et de leur sexe

Taille (cm)

P
oi

ds
 (k

g)

140 160 180 200

40

60

80

100

120

H
F



Exemple d’analyse multivariée

Analyse du poids des patients en fonction de leur taille et de leur sexe

Taille (cm)
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F Poids  = 0,71*Taille – 6,3*F – 51,6 



Paramètre β p
Taille 0,71 (0,08) <0,001
Sexe (F) -6,3 (1,52) <0,001
Intercept -51,6 (15,3) <0,001

Exemple d’analyse multivariée

Interprétation 

1 – permet d’analyser indépendamment chaque facteur inclus dans l’analyse multivariée 
répond à la question : quelles est l’influence du genre, toutes choses égales par ailleurs
• A taille égale, les femmes pèsent 6,3 kilos de moins que les hommes. Si on regardait simplement 

le poids des hommes vs celui des femmes : 74,3 vs 59,0
• Chaque augmentation de 1 cm de la taille est associée à une augmentation de 0,7 kilos quelque 

soit le sexe



Régression logistique
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sema on CT, increased fourth-generation wall-area 
percent, and gas trapping were also associated with 
severe exacerbations. Multiple logistic-regression 
analyses showed continued significant indepen-
dent associations between severe exacerbations 
and younger age, lower FEV1 values, higher score 
on the SGRQ, and a PA:A ratio of more than  
1 (odds ratio, 4.78; 95% CI, 3.43 to 6.65; P<0.001) 
(Table 2).

Usefulness of the PA:A Ratio in Predicting 
Future Severe Exacerbations

Univariate logistic-regression analyses revealed that 
a PA:A ratio of more than 1 was associated with 
severe exacerbations in the longitudinal follow-
up cohort of the COPDGene trial (odds ratio, 4.56; 
95% CI, 3.73 to 5.58; P<0.001), and similar re-
sults were observed when univariate zero-inflated 
negative binomial regression was used to model 
the frequency of these events (an increase in fre-
quency by a factor of 3.68; 95% CI, 3.45 to 3.91; 
P<0.001). Multivariate modeling revealed that a 
PA:A ratio of more than 1 was associated with 
future severe exacerbations after adjustment for 
factors that were shown to be important both in 
the baseline COPDGene analysis and in the 
ECLIPSE study (age, presence of GERD, FEV1 val-
ues, score on the SGRQ, and prior exacerbations). 
As shown in Table 2, a PA:A ratio of more than 
1 remained significantly associated with severe 
exacerbations in this model (odds ratio, 3.44; 
95% CI, 2.78 to 4.25; P<0.001), whereas the as-
sociations with age and with the presence of 
GERD were no longer significant. Multivariate 
zero-inflated negative binomial regression con-
firmed that a PA:A ratio of more than 1 was inde-
pendently associated with an increased frequency 
of severe exacerbations (an increase by a factor of 
2.99; 95% CI, 2.77 to 3.21; P<0.001). When we 
evaluated the relationship between values for the 
PA:A ratio and the risk of severe exacerbation, we 
observed a distinct increase in the occurrence of 
severe exacerbations at a PA:A threshold of 1, as 
shown in Figure 2.

Validation of the Association of a PA:A Ratio 
of more than 1 with Severe Exacerbations

A univariate logistic-regression analysis of data 
from the ECLIPSE cohort showed that a PA:A ra-
tio of more than 1 was associated with severe ex-
acerbations at 1 year (odds ratio, 4.12; 95% CI, 
3.20 to 5.31; P<0.001) and at 3 years (odds ratio, 
4.82; 95% CI, 3.92 to 5.93; P<0.001). In multi-
variate logistic models, a PA:A ratio of more than 
1 was the factor that had the strongest associa-
tion with severe exacerbations at both time points 
(odds ratio, 2.8; 95% CI, 2.11 to 3.71; P<0.001 at 
1 year; and odds ratio, 3.81; 95% CI, 3.04 to 4.78; 
P<0.001 at 3 years) (Table 3). Separate multivari-
ate zero-inflated binomial regression models con-
firmed that a PA:A ratio of more than 1 was as-
sociated with an increased frequency of severe 

Table 2. Factors Independently Associated with Exacerbations at Enrollment 
and Follow-up.*

Time Period and Factor
Odds Ratio

(95% CI) P Value

History of severe exacerbations at enrollment

FEV1, per percentage-point decrease 1.02 (1.01–1.03) 0.001

SGRQ, per 1-point increase 1.03 (1.02–1.04) <0.001

Age, per 1-year increase 0.97 (0.95–0.99) 0.002

PA:A ratio >1 4.78 (3.43–6.65) <0.001

Severe exacerbations during longitudinal follow-up

Exacerbation in previous yr 2.01 (1.61–2.49) <0.001

FEV1, per percentage-point decrease 1.02 (1.01–1.03) <0.001

SGRQ, per 1-point increase 1.02 (1.01–1.02) <0.001

GERD 1.22 (0.98–1.52) 0.08

Age, per 1-yr increase 0.99 (0.99–1.01) 0.74

PA:A ratio >1 3.44 (2.78–4.25) <0.001

All exacerbations during longitudinal follow-up

Exacerbation in previous yr 2.49 (2.09–2.96) <0.001

FEV1, per percentage-point decrease 1.02 (1.01–1.03) <0.001

SGRQ, per 1-point increase 1.01 (1.01–1.02) <0.001

GERD 1.75 (1.47–2.08) <0.001

Age, per 1-yr increase 1.01 (0.99–1.01) 0.83

PA:A ratio >1 1.86 (1.54–2.24) <0.001

* For the analysis of the associations with a history of severe exacerbation at 
enrollment, all variables showing a univariate association with severe exacer-
bations (at P<0.10) were included in the original backward multivariate model. 
These included age, race, chronic bronchitis, asthma, heart failure, a hazard-
ous job, use of supplemental oxygen, distance covered on a 6-minute-walk test, 
score on the modified MRC questionnaire, score on the SGRQ, FEV1 value, a 
PA:A ratio of more than 1, percentage of lung volume with emphysema on CT, 
percentage of lung volume with gas trapping on CT, and fourth-generation 
wall-area percent as detected on CT. With respect to severe exacerbations and 
all exacerbations during the follow-up period in the longitudinal cohort of the 
COPDGene study, a multivariate model showing the relationship of the risk of 
severe exacerbations and all exacerbations with key factors associated with ex-
acerbation risk was derived from variables that contributed significantly to the 
original retrospective multivariate analysis (age, SGRQ score, FEV1 value, and 
PA:A ratio >1), as well as additional factors identified in the Evaluation of COPD 
Longitudinally to Identify Predictive Surrogate Endpoints (ECLIPSE) study 
(gastroesophageal reflux disease [GERD] and prior exacerbations). White-cell 
count was not included in the model because this variable was not assessed 
in the COPDGene data set.
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• Permet de faire des prédictions (scores pronostiques etc….)

Þ Si taille = 1,60 et Genre = F : Poids = 0,71x160 – 6,3 – 51,6 = 55,7 kgs
Þ Scores GAP, BODE etc.... 

• Fait des hypothèses
=> Relation Taille / Poids linéaire etc..

Prédiction



Pour aller plus loin

• Ecole d’été de santé publique et d’épidémiologie de 
Bicêtre => http://www.eespe.u-psud.fr



Merci de votre 

attention


