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Asocierea statistica (p) nu inseamna cauzalitate!

Validitatea studiulul

Marimea efectului (RR, OR>2; >5 sau <0,5; <0,2)

Gradient doza-rapuns

Consistenta (rezultatele reproduse)



* Studii descriptive: formularea de
ipoteze etiologice

e Studii analitice: testarea lor
—

* “asocierea” statistica dintre o expunere
si un efect

e “asocierea” statistica # cauzalitate



1. Asocierea dintre expunere
si boala este valida?

* intamplarea
* erorile sistematice (bias)

e confuzia



1. Asocierea dintre expunere
si boala este valida?

* Intamplarea (p, CI) <semnificatia
- esantion—populatie statistica

* Erorile sistematice (bias)

- selectia indivizilor cstudy design
— obtinerea sau raportarea

informatiei
e Confuzia

— asociatia este efectul altor
diferente bazale care nu au fost <study design,
cunoscute sau masurate statistica



Intamplare = hazard error

Blas = systematic error



Intamplarea

e Devierea de la rezultatul real al interventiel

» Devierea poate aparea in orice directie

« Daca se repeta un studiu de multe ort, intr-un

numar de cazuri efectul va fi supraevaluat, In
alt numar de cazuri va fi subevaluat, 1ar in altele

va fi cel real



Studiu terapeutic

500 pts 500 pts
23 23



Studiu terapeutic

500 pts 500 pts
23 23
25 21

pP=0,546



Studiu terapeutic

500 pts 500 pts
23 23
25 21
29 17

p=0,07



Studiu terapeutic

500 pts 500 pts
23 23
25 21
29 17
30 15

p=0.022



Factorul de confuzie

asociere statistica asoclere cauzala

asociere statistica
Expunere > Boala




Observed Association

A. Causal B. Due to Confounding

Characteristic Characteristic
Under Study Under Study

Disease Disease

Gordis: Epidemiology, 4th Edition.
Copyright © 2008 by Saunders, an imprint of Elsevier, Inc. All rights reserved

UoIJRIDOSSY PaAISSqQ

Downloaded from: StudentConsult (on 6 October 2010 06:59 PM)

© 2005 Elsevier



Observed Association

A. Causal B. Due to Confounding

Coffee Coffee
Drinking Drinking

Pancreatic Pancreatic
Cancer Cancer
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cafea " infarct Crosstabulation

infarct
0 1 Total
cafea 0O Count 68 2 100
% within cafea 68.0% 32.0% 100.0%
1 Count 32 64 96
% within cafea 33.3% 66.7% 100.0%
Total Count 100 96 196
% within cafea 51.0% 45.0% 100.0%
Chi-Square Tests
Asymp. Sig. Exact Sig. (2- Exact Sig. (1-
Value df (2-sided) sided) sided)
Pearson Chi-Square 23.555° .000
Continuity Correction® 22188 .000
Likelihood Ratio 24,047 .000
Fisher's Exact Test .000 .000
Linear-by-Linear 23.435 .0oo
Association
N of Valid Cases 196

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 47.02.
b. Computed only for a 2x2 table




fumat * infarct Crosstabulation

infarct
0 1 Total

fumat 0 Count 76 20 96
% within fumat 79.2% 20.8% 100.0%

1 Count 24 76 100

% within fumat 24.0% 76.0% 100.0%

Total Count 100 96 196
% within fumat 51.0% 49.0% 100.0%

Chi-Square Tests

Asymp. Sig. Exact Sig. (2- | Exact Sig. (1-
Value df (2-sided) sided) sided)

Pearson Chi-Square 59.650" 1 .000

Continuity Correction® 57.463 1 .000

Likelihood Ratio 63162 1 .000

Fisher's Exact Test .0oo .000

Linear-by-Linear 59.346 1 ooo

Association

M of Valid Cases 196

a. 0 cells (0.0%) have expected count less than 5. The minimum expected countis 47.02.
b. Computed only for a 2x2 tahle




infarct
fumat 0 1 Total
0 cafea Count 68 20 88
% within cafea 77.3% 22.7% 100.0%
Count ] 0 8
% within cafea 100.0% 0.0% 100.0%
Total Count 76 20 96
% within cafea 79.2% 20.8% 100.0%
1 cafea Count 1 11 12
% within cafea 8.3% 91.7% 100.0%
Count 24 64 88
% within cafea 27.3% 72.7% 100.0%
Total Count 25 75 100
% within cafea 25.0% 75.0% 100.0%
Total cafea Count 69 N 100
% within cafea 69.0% 31.0% 100.0%
Count 32 G4 96
% within cafea 33.3% 66.7% 100.0%
Total Count 101 95 196
% within cafea 51.5% 48.5% 100.0%
Chi-Square Tests
Asymp. Sig. Exact Sig. (2- Exact Sig. (1-
fumat Value df (2-sided) sided) sided)
0 Pearson ChirSquare 2297° 130
Continuity Correction® 1125 .289
Likelihood Ratio 3925 048
Fisher's Exact Test 198 142
Linear-by-Linear 2273 132
Association
N ofValid Cases 96
1 Pearson Chi-Square 2.020¢ 155
Continuity Correction® 1136 286
Likelihood Ratio 2455 a7




2. Criteriile de cauzalitate

* designul studiului
* expunerea a precedat efectul

e asocierea - constanta de la un studiu la altul
(consistentd)

® marimea asocierii
* gradient dozd-rdspuns
* plauzibilitate biologica

(A. Bradford Hill, 1965)



designul studiului

buna

Nivelul dovezii (EBM)

. Studii clinice randomizate
|. Studii de cohorta
Il. Studii caz-martor

V. Studii transversale/studii ecologice
V. Studii de caz & serii de cazuri

VALIDITATE  slaba



RCT-urile

Scad calitatea:

Erori metodologice ce duc la bias
— Pierdere, lipsa orbire

Rezultate inconsistente

Dovezi indirecte
— Alt1 pacientl, alt medicament, efecte intermediare

IGRnuE

* Evenimente putine



2. Criteriile de cauzalitate

* designul studiului
* expunerea a precedat efectul

e asocierea - constanta de la un studiu la altul
(consistentd)

® marimea asocierii
* gradient dozd-rdspuns
* plauzibilitate biologica

(A. Bradford Hill, 1965)
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Annual Death Rate / 1,000 Men
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2. Criteriile de
cauzalitate

* designul studiului
* expunerea a precedat efectul

* asocierea - constanta de la un studju la altul
(congictenti)

Studii clinice randomizate
Studii de cohorta

\ﬂ. viauliviu 11111, _LyUJ)



2. Criteriile de cauzalitate

* designul studiului
* expunerea a precedat efectul

e asocierea - constanta de la un studiu la altul
(consistentd)

® marimea asocierii
* gradient dozd-rdspuns
* plauzibilitate biologica

(A. Bradford Hill, 1965)



consistenta

» Asociatia: demonstrata de catre cercetatori
diferit1, in locur1 diferite, circumstante s1
momente diferite.

* Asociatiile produse de factori de confuzie sunt de
asteptat sa varieze intre studn

* Forta asocieri1 efectulul cu un factor de risc

adevarat trebuie sa fie constanta in toate studiile
(RR, OR, HR)



RCT-urile

» Heterogenitatea:

— Rezultate diferite de la un studiu la altul

» Explicatii — efecte diferite in functie de gravitatea bolii?

— In lipsa unor explicatii adecvate, nivelul calititii
studiilor trebuie redus chiar daca RCT-urile par sa fi

fost bine facute



Example of Heterogeneity

Eff Anti ICS |
ect of Antispasmodics in IBS

Levy 1977 —_—— 0.33 (0.15, 0.65)

Moshal 1979 = 0.75 (0.23, 2.38)

Piai 1979 - 0.50 (0.17, 1.29)

Ritchie 1979 —— 0.68 (0.40, 1.02)
D'Arienzo 1980 0.25 (0.04, 1.43)
Fielding 1980 — 1.31(0.79, 2.23)
Delmont 1981 = 0.46 (0.20, 1.01)

Page 1981 —— 0.65 (0.44, 0.93)

Baldi 1983 = 0.43 (0.14, 1.23)

Nigam 1984 ——- 0.53 (0.33, 0.75)

Ghidini 1986a — - 1.10 (0.56, 2.19)
Ghidini 1986b = 0.80 (0.37, 1.71)

Kruis 1986 HIl- 1.25 (0.99, 1.63)

Virat 1987 — 0.54 (0.33, 0.85)
Centonze 1988 R EE— 0.21 (0.08, 0.47)
Gilvarry 1989 = 1.17 (0.55, 2.55)
Passaretti 1989 L 0.58 (0.28, 1.13)
Dobrilla 1990 = 0.36 (0.13, 0.97)
Schafer 1990 —— 0.67 (0.49, 0.93)
Castiglione 1991 —— 0.40 (0.20, 0.73)
Pulpeiro 2000 = 1.23(0.33, 4.67)
Glende 2002 B 0.81 (0.70, 0.94)
Mitchell 2002 ——H— 0.85 (0.59, 1.22)

Pooled RR (95% CI) @ 0.68 (0.57, 0.81)
vo|1 oA|1 o.'z o.'s 1 2I 5I

12 value = 62.4%, Chi2 P < 0.001

Heterogeneity in meta-analyses | Presentation by Alex Ford



2. Criteriile de cauzalitate

* designul studiului
* expunerea a precedat efectul

e asocierea - constanta de la un studiu la altul
(consistentd)

° marimea asocierii
* gradient dozd-rdspuns
* plauzibilitate biologica

(A. Bradford Hill, 1965)



Studiile observationale

e Marimea efectului

— Cel mai important factor in studiile
observationale

— Rezultatele studiilor observationale sunt
susceptibile de bias cand efectele sunt mici



Studiile observationale

Efecte f mari
— Putem f1 increzatori in rezultate

— ACO la pacientii cu valve mecanice nu au fost
comparate cu placebo in RCT

— Studuile observationale: fara atcg, riscul de
evenimente tromboembolice este 12,3%/an la
valvele aortice bicuspide si ma1 mare la celelalte
valve

— Tratamentul scade riscul cu 80% (RRR)

— Ghid ACCP: dovada de calitate Tnalt3 - e



Studiile observationale

e Marimea efectului

— Efecte mari: calitate moderata (grad B)
 RR=2-3 sau 0,33-0,5

— Efecte foarte mari: calitate inalta (grad A)
 RR=5-10 sau 0,1-0,2

(GRADE]



2. Criteriile de cauzalitate

* designul studiului
* expunerea a precedat efectul

e asocierea - constanta de la un studiu la altul
(consistentd)
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Mortality Rate per 100,000 Person-Years
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Studiile observationale

* Gradient doza-raspuns
— Scazuta ( C) —» moderata (B)



Studiile observationale

e cresc calitatea:

« Efecte mari (B, A)

* Gradient doza-raspuns (B)



Adunand toate datele pentru a face o
recomandare

Daca-1 RCT, presupuneti calitatea inalta s1
retrogradafi pentru:

* Limitari metodologice importante

* Dovezi indirecte (populatie, interventie,
efect)

e Rezultate inconsistente [ Ga. -..—1..’1: l

* Imprecizia estimari (evenimente putine)
» Probabilitate mare de “publication bias”



Adunand toate datele pentru a face o
recomandare

Daca nu sunt RCT, porniti presupunand o
calitate scazuta, si1 crestet1 rating-ul daca:

« Efectele tratamentului sunt mari (RR<0,5) sau
foarte mari (RR<0,2)

» Gradient doza-raspuns



2. Criteriile de cauzalitate

* designul studiului
* expunerea a precedat efectul

e asocierea - constanta de la un studiu la altul
(consistentd)

® marimea asocierii
* gradient dozd-rdspuns
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Asociere < Cauzalitate

Asociere semnificativa
statistic

NU

| NU cauzalitate

DA

Erori sistematice,
factori de confuzie

DA

NU

Aplicarea criteriilor
de cauzalitate

nesatisfacute

Asociere aparentd,

1 NU cauzalitate

J NU cauzalitate

satisfacute

Asocierea este
cauzala
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Observed Association

A. Causal
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Observed Association

Confounding

Deces.

Gordis: Epidemiology, 4th Edition.
Copyright © 2008 by Saunders, an imprint of Elsevier, Inc. All rights reserved

A. Causal B. Due to Confounding

Gravitate COVID-19
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Selection bias
Confounding by indication




ANTIBIOTIC_INTERNARE * deces_da_nu Crosstabulation

RR = 3.37,
Cl 95%: 1.7-6.8

deces_da_nu
0 1 Total
ANTIBIOTIC_INTERMNARE 0O Count 233 g 242
9% within deces_da_nu 46.1% 18.8% 43.8%
1 Count 272 39 311
% within deces_da_nu 53.9% 81.2% 56.2%
Total Count 505 48 553
% within deces_da_nu 100.0% 100.0% 100.0%
Chi-Square Tests
Asymp. Sig. Exact Sig. (2- Exact Sig. (1-
Value df (2-sided) sided) sided)
Pearson Chi-Square 13.360° 1 000
Continuity Correction® 12.271 1 000
Likelihood Ratio 14 548 1 000
Fisher's Exact Test 000 000
Linear-by-Linear 13.336 1 000
Association
N of Valid Cases LK




Chi-Square Tests

Asymp. Sig. Exact Sig. (2- | Exact Sig. (1-
I riptie DA Value df (2-sided) sided) sided)
“Square 12.648° 1 .000
Continuity Correction® 10.456 1 001
Likelihood Ratio 10.899 1 .001
Fisher's Exact Test 001 001
Linear-by-Linear 12.589 9 000
Association
M ofValid Cases 216
1 Pearson Chi-Square 23639 1 124
Continuity Correction® 1771 1 183
Likelihood Ratio 2629 1 105
Fisher's Exact Test 150 087
Linear-by-Linear 2.356 1 125
Association
N of Valid Cases 337
Total Pearson Chi-Square 13.360° 1 .000
Continuity Correction® 12271 1 000
Likelihood Ratio 14.598 1 .0oo
Fisher's Exact Test .0oo .0oo
Linear-by-Linear 13.336 1 .0oo
Association
N ofValid Cases 553

a. D cells (0.0%) have expected count less than 5. The minimum expected countis 21.01

h. Computed only for a 2x2 tabls

c. 1 cells (25.0%) have expected count less than 5. The minimum expected countis 3.49.
d. 0 cells (0.0%) have expected count less than 5. The minimum expected countis 8.72.

RR =6.1, Cl 95%: 1.9-19.1

RR = 2.33, ClI 95%: 0.76-7.1

RR =3.37, Cl 95%: 1.7-6.8



Table 4. The association of antibiotic treatments with death after adjustment for the prognostic factors (logistic regression).

Variable Coefficient p-Value Odds Ratio (95% CI)
Age (years) 0.044 0.049 1.05 (1.0-1.09)
Form of disease * 0.034
Moderate COVID-19 -0.864 0.482 0.4 (0.08-2.1)
Severe COVID-19 0.663 0.585 1.9 (0.18-20.9)
D-dimers (highest value) 0.250 <0.001 1.3 (1.15-1.43)
Antibiotics (yes/no) 0.846 0.140 2.33 (0.76-7.17)

Cl—confidence interval. Statistically significant values are marked in bold. * Compared with mild COVID-19.



Adunand toate datele pentru
a face o recomandare

Daca nu sunt RCT, porniti presupunand o
calitate scazuta, si cresteti rating-ul daca:

» Efectele tratamentului sunt mari (RR<0,5/
>2) sau foarte mari (RR<0,2 / >5)

« Gradient doza-raspuns
» Toate bias-urile posibile ar diminua efectul

tratamentulul —ys —
G " -‘“tll’ I:



Un ortoped publica rezultatele tratamentului a 204 pts. cu fractura de
col femural (tabelul). Care este interpretarea cea mai rezonabila a
acestor date?

Nr Trat.chir Trat.conservator Total
Total 139 65 204
Supravietuitori 103 34 137
Decedati 36 31 67
Mortalitate (%) 26,5 47,7 32,9
p<0,01




Cite this article as: BMJ, doi:10.1136/bmj.38790.468519.55 (published 22 March 2006)

Research

Mortality associated with delay in operation after hip fracture:
observational study
Alex Bottle, Paul Aylin



e Pacientii care sufera fractura de sold nu sunt
operati intotdeauna in primele 24 de ore.

e Evaluarea consecintelor amanarii

— datele din toate spitalele cu cel putin 100 de internari pt
fractura de sold din UK

— din aprilie 2001 pana in martie 2004.

Bottle and Aylin, BMJ 2006



129,522 internari pt fractura de sold (varsta>65)
93% operati
40% dintre operatii amanate 1 zi, 21% amanate >2 zile

Factorii asociati cu amanarea: varsta, sexul feminin, statut

socioeconomic scazut, comorbiditati

Bottle and Aylin, BMJ 2006



e 18,508 decese intraspitalicesti
e Dupa ajustarea pt factorii de confuzie:

— Amanarea interventiei a fost asociata cu risc crescut de
deces in spital

— RR=1,27 pt >1 zi (de la 1.39), si 1.43 (de la 1.60) pt >2
zile).

— Daca nu s-ar amana, ar fi evitate 9% dintre decese
(1666)

Bottle and Aylin, BMJ 2006



e Comentariu: Aceste rezultate sprijina practica interventiei

chirurgicale in primele 24 de ore.

e In alt studiu recent, chirurgia precoce a fost asociata cu
durere mai putina si internare mai scurta, dar nu si cu

mortalitate mai mica

Journal Watch 2006



Relative risk or odds ratio for coronary artery disease incidence

Current HRET use, not SE5 adjusted
Grodstein et al., 2000 (48)
Hernandez Avila et al., 1990 (49) A Case-control study
aras-Lorenzo et al., 2000 (50) # RCT
Mann et al., 1994 (51) -

_‘-_‘ B Cohort study
+
+
Heckbart et al., 1997 (52) —‘i— & Pooled estimate
—-—
Fy
— &
+

Pfeffer ot al., 1978 (53) 003
Machtigall &t al., 1979 (55) -

A
|

Past HRT use, not SES adjusted
Crodstein et al., 2000 (48)
Hermandez Avila et al., 1290 (43)
Varas-Lorenzo et al., 2000 (50)
Heckbert et al., 1997 (51)

0.10

]

Ever HRT use, not SES adjusted
‘Wilson et al., 1985 (11) |
Beard et al., 1989 (54)

Current HRT use, SE5 ad|usted
Sourander et al., 1998 (13) —
Rosenberg et al., 1993 (15)
Sidney et al., 1997 (14}

Past HAT use, S5ES adjusted
Sourander et al., 1998 {13}
Rozenberg et al., 1993 (15)
Sidney et al., 1997 (14)

Ever HRT use, SES adjusted
Croft et al., 1989 (12)

ik
R 4
—‘_
ik
Rosenberg et al., 1993 (15)
Pooled estimate, not SES adjusted I
Current HRT use —i—
% use *
_-
S —

B E—
F
e

Ever HRT use
Any HRT use

Pooled estimate, SES adjusted
Current HRT use

Ewver HRT use
Any HRT use

0.2 1.0 5.0

Relative Risk or Odds Ratio

Humphrey, L. L. et. al. Ann Intern Med 2002:137:273-284 Annals of Internal Medicine




Factorul de confuzie
(statut socioeconomic)

asociere statistica asociere cauzala

asociere statistica

Expunere (HRT) >Efect (BIC)




Observed Association

A. Causal

HRT

Gordis: Epidemiology, 4th Edition
Copyright © 2008 by Saunders, a|




Observed Association

A. Causal B. Due to Confounding

| Statut soclo-ec.

Gordis: Epidemiology, 4th Edition.
Copyright © 2008 by Saunders, an imprint of Elsevier, Inc. All rights reserved
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OBSERVATIONAL/RANDOMIZED

TRIAL DISCONNECT - VITAMIN D

Randomized trial

Cancer Low levels = More cancer

Cardiovascular disease Low levels = More cardiovascular
disease

Diabetes Low levels = More diabetes
incidence

Falls Low levels = More falls

All-cause mortality Low levels = More deaths

son JAE. ot al N Engl ) Med, 2019; Pittas AG, ot al. N Engl ) Med. 2019; LaCroix AZ, et al. ) Gerontol. 2009

26,000 patients, supplement vs
placebo - no difference

26,000 patients, supplement vs
placebo - no difference

2400 prediabetics, supplement
vs placebo - no difference

409 at-risk, supplement vs
placebo - no difference

36,000 women, vitamin D vs
placebo - no difference

, @fperrywils:



Asocierea dintre expunere si
boala este valida? - 3 tipuri de

eroare

Intamplarea (p, CI)
- esantion—populatie

Erorile sistematice (bias) apar din
cauza deficientelor in designul,
punerea in practicd sau analiza
studiilor

- selectia indivizilor

— obtinerea sau raportarea
informatiei

Confuzia

— asociatia este efectul unei a
treia variabile, care este
adevarata cauza si asociata cu
presupusa cauza

<semnificatia
statistica

<study design

<study
design,
statistica



Asocierea statistica (p) nu inseamna cauzalitate!

Validitatea studiulul

Marimea efectului (RR, OR>2; >5 sau <0,5; <0,2)

Gradient doza-rapuns

Consistenta (rezultatele reproduse)
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