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In your opinion???



Credits: J.Lebeque, Rotterdam

R E S E A R C H Q U E S T I O N S I N  E P I D E M I O L O G Y

• Descriptive

• Causal

• Predictive

Question + Assumptions + Data → Conclusions

Which one is the most popular
In your opinion???



Credits: J.Lebeque, Rotterdam

Pr( HIV | Region)

Prevalence, Incidence, Trends, 
Groups differences, Clustering …

R E S E A R C H Q U E S T I O N S I N  E P I D E M I O L O G Y
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• Predictive

Question + Assumptions + Data → Conclusions

«What percentage of adults aged 15 to 49 is
affected by HIV?»
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R E S E A R C H Q U E S T I O N S I N  E P I D E M I O L O G Y

• Descriptive

• Causal

• Predictive: What is the likely value of something I haven’t or can’t measure given other information I 
have?

Question + Assumptions + Data → Conclusions

Pr( CVD10year | Sex=Male, Age=40-44,TChol=4.14-5.15, 
HDL=1.17-1.29, SBP=135, HTmed=0, Smoke=0, Diabetic=0, 
VascDis=0)

• Absence of Causal statements
• Absence of Statements involving two variables, we really just 

want to know the probability (or average) of one variable
• Predictive models require a lot of steps other models don’t: 

Calibration, discrimination, validation
• Adjustment isn’t required in predictive models
• Machine learning is useful!

«What is the 10 year global CV risk based on sex, age, etc…?»
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• Descriptive

• Causal: To investigate the relationship between variables. What is the effect of A on B?

• Predictive

Question + Assumptions + Data → Conclusions

«Does a diet rich in vegatables reduce the risk of stomach cancer?»

• Causal Assumption are required
• Adjustment is required to highlight causal pathways
• DAG are useful



R E S E A R C H  Q U E S T I O N S  I N  E P I D E M I O L O G Y

• Descriptive

• Causal: To investigate the relationship between variables. What is the effect of A on B?

• Predictive

Question + Assumptions + Data → Conclusions

My estimate is causal if the following assumptions are satisfied: 
1) Consistency, 
2) Exchangeability, 
3) Positivity, 
4) No measurement error, 
5) Well-specified models

• Good causal inference will convince the reader/reviewer that 
there is good reason to believe the assumptions above
• Bad causal inference won’t mention the assumptions or won’t 

provide arguments for or against them

Biological criteria for causal inference

• Koch’s postulates (1884)

• Bradford Hill’s criteria (1965)

Modern, structural understanding of causal inference

• Sewall Wright’s path diagrams

• Rubin’s potential outcomes

• Robins’ counterfactual (1932)

• Pearl’s do-operator (1995)

Credits: J.Lebeque, Rotterdam



“Which patients benefit most from treatment A compared to treatment B in 
preventing stroke?”

“What is the effect on the risk of CVD of free, 
specially designed exercise classes to people who 
are at higher risk of CVD?”

NB: COMBINATION ARE POSSIBLE

Every Project should begin with some descriptive analysis!
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WARNING: ANSWERING CAUSAL 
QUESTIONS IS DIFFICULT!

https://www.coffeedasher.com/how-many-people-drink-coffee/



"Do different anticoagulants in AF lead to 
different risks of reduced renal function?"



HEALTH SEARCH (SIMG)

"Do different 
anticoagulants in AF lead 
to different risks of 
reduced renal function?"



DOAC
Direct Oral Anti Coagulant

• Licensed: 2013
• Directly inhibit specific clotting factors: 

- Dabigatran: thrombin (factor IIa) 
- Rivaroxaban, Apixaban, Edoxaban: fact Xa

• No routine monitoring needed 

Before it became a life-saving 
anticoagulant, what was warfarin 
originally developed and used for?
A. Sedative for horses
B. A fertilizer for crops
C. A rat poison
D. A food preservative

"Do different 
anticoagulants in AF lead 
to different risks of 
reduced renal function?"

VKA
Vitamin K Antagonist

• Licensed: 1950
• Inhibit Vitamin K epoxide reductase 

(VKOR) → ↓ synthesis of clotting factors 
II, VII, IX, X (and proteins C and S)

• Requires regular INR testing (target 
usually 2.0–3.0)
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"Do different 
anticoagulants in AF lead 
to different risks of 
reduced renal function?"



Il Repository Epidemiologico Regionale (RER) è un data warehouse

gestito da Insiel S.p.A. su mandato dell’ARCSS. Al suo interno non sono presenti dati che 
consentano l’identificazione diretta degli individui: ogni sei mesi viene generata una nuova 
“key_anagrafe”, una chiave pseudonimizzata che identifica univocamente ciascun 
soggetto.
Nel RER confluiscono numerose fonti dati, prevalentemente amministrative, ma anche 
alcune cliniche verticali, attraverso un articolato processo ETL e successivi controlli di 
consistenza. Un elemento distintivo del sistema del Friuli Venezia Giulia (FVG) è la presenza 
nel RER dei risultati degli esami di laboratorio eseguiti presso i laboratori pubblici della 
Regione (DNLAB).
La profondità temporale dei dati varia a seconda del flusso informativo: le SDO risalgono 
fino al 1985, mentre le anagrafiche contengono dati anche anteriori, relativi a chiunque 
abbia avuto contatti con il sistema sanitario regionale, indipendentemente dalla residenza. 
Altri flussi hanno profondità inferiori: i dati di laboratorio sono disponibili dal 2009, quelli 
relativi alla farmaceutica convenzionata dal 1995, il CUP dal 2013 e il PS dal 2000.
Oltre ai flussi amministrativi, il RER include anche fonti cliniche, come C@rdioNet, un 
software gestionale verticale che rappresenta la cartella clinica cardiologica, compilata 
regolarmente da medici cardiologi e personale infermieristico a ogni contatto diretto con il 
paziente, a partire dal 2010. Fino al 2015, C@rdioNet era accessibile solo tramite un 
portale regionale basato su Business Object; successivamente è stata integrata 
completamente nel RER, consentendo così l’accesso ai dati clinici in sinergia con gli altri 
flussi amministrativi.
Nel RER, la cartella C@rdioNet è suddivisa in 13 tabelle, prive di chiavi esterne di 
collegamento: tutte sono unite esclusivamente mediante la key_anagrafe. Questo implica 
che, per caratterizzare un individuo in un determinato momento (es. situazione 
anamnestica o follow-up), è necessario definire regole temporali per correlare le 
informazioni provenienti dalle diverse tabelle.

How to get Data?



L0 – dati originari contenuti nel RER.
A questo livello le tabelle sono quelle direttamente accessibili nel RER e derivate dai flussi informativi 

amministrativi e clinici, dopo un processo ETL in carico a Insiel S.p.A.. L’elenco non esaustivo delle 

tabelle che rientrano in questo livello include:

Which one would you use??
5 max

"Do different 
anticoagulants in AF lead 
to different risks of 
reduced renal function?"

• Registry data (general registry, births, deaths, identification of parents, residences, domiciles) 
• Hospital admissions (hospital discharge forms) 
• ADI (integrated home care) 
• PIC (intermediate home services) 
• RSA (health care residences) 
• Exemptions
• Territorial pharmaceuticals (public drug distribution system) 
• Hospital and direct pharmaceuticals
• PS (first aid services) 
• Pathological anatomy (SNOMED coded reports) 
• CUP (single center bookings) 
• Outpatient services 
• DNLAB (laboratory tests – FVG public laboratories only) 
• C@rdioNet (cardiology ward)
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Inclusion
• Age ≥18 years
• Residents in ASUGI for at least 2 years
• Diagnosis of AF in ASUGI in the period 2013-2021
• First purchase of anticoagulant therapy (index date)
• Not purchasing anticoagulants in the 5 years 

preceding the index date

Exclusion
- Cardiac Valvular Disease
- End stage renal disease (dialysis, Transplant)
- GFR < 15 ml/min/1.73m2
- No GFR measurement available

Terapia 
iniziale

VKA
3521

Terapia 
iniziale
NOAC
3352

Follow-up ends: 30-09-2023

Retrospective Cohort Study

Which Study Design would you choose?

Which Inclusion and exclusion criteria?

"Do different 
anticoagulants in AF lead 
to different risks of 
reduced renal function?"



SMD
Overall DOAC VKA

SMD
(100%) (48.77 %) (51.23 %)

>0.1 6873 3352 3521

Gender (n, %) 0.075

Male 3544 (51.56) 1664 ( 49.6) 1880 ( 53.4)

Female 3329 (48.44) 1688 (50.36) 1641 (46.61)

Year of enrolment (n, %) * 1.242

2013-2015 2106 (30.64) 340 (10.1) 1766 ( 50.2)

2016-2018 2504 (36.43) 1153 ( 34.4) 1351 ( 38.4)

2019-2021 2263 (32.93) 1859 ( 55.5) 404 ( 11.5)

Province of residence (n, %) * 0.287

Gorizia 2335 (33.97) 1370 (40.9) 965 (27.4)

Trieste 4538 (66.03) 1982 ( 59.1) 2556 ( 72.6)

Age, y (median [Q1-Q3]) 79 [73-84] 79 [73-85] 78 [73- 84] 0.053

Baseline GFR (median [Q1-Q3]) * 68  [54-81] 69 [56- 81] 67 [52-80] 0.149

Baseline GFR class (n, %) * 0.227

15-29 212 (3.08) 42 (  1.3) 170 (  4.8)

30-45 768 (11.17) 341 ( 10.2) 427 ( 12.1)

46-60 1446 (21.04) 701 ( 20.9) 745 ( 21.2)

61-90 3837 (55.83) 1961 ( 58.5) 1876 ( 53.3)

>90 610 (8.88) 307 (  9.2) 303 (  8.6)

Other conditions (n, %)

Microalbuminuria 794 (11.55) 398 ( 11.9) 396 ( 11.2) 0.02

COPD 1542 (22.44) 732 ( 21.8) 810 ( 23.0) 0.028

Diabetes 1976 (28.75) 941 ( 28.1) 1035 ( 29.4) 0.029

Anemia 3023 (43.98) 1468 ( 43.8) 1555 ( 44.2) 0.007

Dislipidemia 6454 (93.9) 3164 ( 94.4) 3290 ( 93.4) 0.04

Hypertension 5906 (85.93) 2846 ( 84.9) 3060 ( 86.9) 0.058

CKD 2042 (29.71) 919 ( 27.4) 1123 ( 31.9) 0.098

Obesity 1986 (28.9) 932 ( 27.8) 1054 ( 29.9) 0.047

CHF 2257 (32.84) 1038 ( 31.0) 1219 ( 34.6) 0.078

Table 1. Baseline Characteristics of Patients Initiating Oral Anticoagulants, Overall and Stratified by Initial Treatment Group, included in primary analysis. 

SMD
Overall DOAC VKA

SMD
(100%) (48.77 %) (51.23 %)

>0.1 6873 3352 3521

Concomitant medications (n,%)

ACE-Inhibitors 3229 (46.98) 1535 ( 45.8) 1694 ( 48.1) 0.046

Antiplatelets 3377 (49.13) 1602 ( 47.8) 1775 ( 50.4) 0.052

Antiarrhythmic 2324 (33.81) 1176 ( 35.1) 1148 ( 32.6) 0.052

Antidiabetics 1536 (22.35) 725 ( 21.6) 811 ( 23.0) 0.034

Antihypertensives 6427 (93.51) 3113 ( 92.9) 3314 ( 94.1) 0.051

ASA (Aspirin) * 2859 (41.6) 1300 ( 38.8) 1559 ( 44.3) 0.112

Beta-blockers 5193 (75.56) 2533 ( 75.6) 2660 ( 75.5) <0.001

Total diuretics 1361 (19.8) 608 ( 18.1) 753 ( 21.4) 0.082

Lipid-lowering agents 3207 (46.66) 1642 ( 49.0) 1565 ( 44.4) 0.091

Metformin 1233 (17.94) 605 ( 18.0) 628 ( 17.8) 0.006

Renin-angiotensin system inhibitors 

(RASi) 4884 (71.06) 2375 ( 70.9) 2509 ( 71.3) 0.009

Statins 3099 (45.09) 1588 ( 47.4) 1511 ( 42.9) 0.09

Diuretics 3433 (49.95) 1591 ( 47.5) 1842 ( 52.3) 0.097

SGLT2 inhibitors * 125 (1.82) 98 (  2.9) 27 (  0.8) 0.161

Sartans (ARBs) 2057 (29.93) 1001 ( 29.9) 1056 ( 30.0) 0.003

Sulfonylureas 342 (4.98) 143 (  4.3) 199 (  5.7) 0.064

Vasodilators * 877 (12.76) 367 ( 10.9) 510 ( 14.5) 0.106

Insulin 374 (5.44) 160 (  4.8) 214 (  6.1) 0.058

Other antiplatelets 828 (12.05) 456 ( 13.6) 372 ( 10.6) 0.093

Ezetimibe * 383 (5.57) 230 (  6.9) 153 (  4.3) 0.11

Glitazones 59 (0.86) 19 (  0.6) 40 (  1.1) 0.062

DPP-4 inhibitors 175 (2.55) 83 (  2.5) 92 (  2.6) 0.009

GLP-1 receptor agonists 61 (0.89) 44 (  1.3) 17 (  0.5) 0.088

ARNI (Angiotensin receptor-

neprilysin inhibitors)
*

41 (0.6) 34 (  1.0) 7 (  0.2) 0.105

Repaglinide 198 (2.88) 69 (  2.1) 129 (  3.7) 0.096

Scores

CHARLSON (median [Q1-Q3]) 1 [0-3] 1 [0-3] 1 [0-3] 0.017

CHARLSON AGE (median [Q1-Q3]) 5 [3-6] 5 [4-6] 5 [3-6]

CHAD VASC (median [Q1-Q3]) 4 [3-5] 4 [3-5] 4 [3-5] 0.084

CHADS (median [Q1-Q3]) * 2 [2-3] 2 [2-3] 2 [2-3] 0.117

ATRIA (median [Q1-Q3]) 3 [2-6] 3 [2-6] 3 [2-6] 0.045

ORBIT (median [Q1-Q3]) 2 [1-4] 2 [1-4] 2 [1-4] 0.030

CV risk score (%) 0.068

– Low or Moderate 1339 (19.5) 625 ( 18.6) 714 ( 20.3)

– High 672 (9.78) 304 (  9.1) 368 ( 10.5)

– Very High 4862 (70.74) 2423 ( 72.3) 2439 ( 69.3)

Anything wrong?
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Causal questions require comparing the same group of 
people under two different conditions

...we compare different groups of people because,
practically, it’s the only thing we can do
- Irreversibility of some biomedical phenomena
- Logistic difficulties
- Complex and multiple variables involved

Pr( M T=1 ) − Pr(M T=0 )

Pr(M  | T = 1) − Pr(M  | T = 0)

Δl = λ · l0 · ΔT
dove Δl indica la variazione di lunghezza del 

corpo, λ indica il coefficiente di dilatazione 

lineare, l0 indica la lunghezza originaria del corpo.

CAUSALITY
In physics and 
epidemiology



Excheangability: Y a ⊥ A 
P (Y a | A ) = P(Y a )

The distribution of the potential outcome 
under treatment a is the same regardless 
of whether or not they actually received 
treatment a.

Conditional Excheangeability: Y a ⊥ A ∣ L

The potential outcome under treatment 𝑎
is independent of the actual treatment 
assignment 𝐴, conditional on covariates 𝐿.

Exchangeability is the assumption of being 
able to exchange groups without changing 
the outcome of the study.

P(A=a∣L)=P(A=a) P(A=a∣L)=P(A=a)

(a) (a)

Year of enrollment

Anticoagulation therapy Renal function decline

In 2013 doctors could have had less
medication to prevent renal function
decline overall compared to 2021.
Or they could have been worse at
diagnosing the condition

DOAC were developed later



Why remove patient without PS overlap?

How to adjust? Inverse Probability of 
Treatment Weighting (IPTW) is an option! 

The positivity assumption states that there must be a non-zero 
probability of receiving any level of treatment or exposure for every 
individual or unit, regardless of their observed characteristics.



SMD
DOAC VKA

SMD

>0.1

Gender (n, %)

Male 3581.9 ( 50.9) 3540.1 ( 51.4) 0.009

Year of enrolment (n, %) 0.046

2013-2015 2296.3 ( 32.7) 2101.5 ( 30.5)

2016-2018 2477.4 ( 35.2) 2491.9 ( 36.2)

2019-2021 2258.7 ( 32.1) 2292.9 ( 33.3)

Province of residence (n, %)

Trieste 4739.6 ( 67.4) 4522.2 ( 65.7) 0.037

Age, y (mean (SD)) 78.19 (9.59) 77.95 (8.96) 0.025

Baseline GFR (mean (SD)) 65.60 (19.05) 66.45 (18.61) 0.045

Baseline GFR class (n, %) 0.097

15-29 338.8 (  4.8) 207.1 (  3.0)

30-45 820.4 ( 11.7) 785.2 ( 11.4)

46-60 1485.7 ( 21.1) 1438.2 ( 20.9)

61-90 3819.3 ( 54.3) 3897.1 ( 56.6)

>90 568.2 (  8.1) 558.6 (  8.1)

Other conditions (n, %)

Microalbuminuria 968.9 ( 13.8) 800.9 ( 11.6) 0.065

COPD 1618.0 ( 23.0) 1582.5 ( 23.0) 0.001

Diabetes 2001.0 ( 28.5) 1985.9 ( 28.8) 0.008

Anemia * 3060.5 ( 43.5) 3390.5 ( 49.2) 0.115

Dislipidemia 6640.0 ( 94.4) 6461.8 ( 93.8) 0.025

Hypertension 6075.8 ( 86.4) 5888.2 ( 85.5) 0.026

CKD 2250.5 ( 32.0) 2062.3 ( 29.9) 0.044

Obesity 1941.9 ( 27.6) 1914.3 ( 27.8) 0.004

CHF 2322.7 ( 33.0) 2264.2 ( 32.9) 0.003

Concomitant medications (n, %)

ACE-Inhibitors 3093.2 ( 44.0) 3236.3 ( 47.0) 0.061

Antiplatelets 3560.2 ( 50.6) 3594.4 ( 52.2) 0.031

Antiarrhythmic 2500.8 ( 35.6) 2173.7 ( 31.6) 0.085

Antidiabetics 1492.7 ( 21.2) 1557.0 ( 22.6) 0.033

Antihypertensives 6537.0 ( 93.0) 6439.1 ( 93.5) 0.022

ASA (Aspirin) 2906.9 ( 41.3) 3108.8 ( 45.1) 0.077

Beta-blockers 5160.1 ( 73.4) 5287.1 ( 76.8) 0.079

Total diuretics 1321.7 ( 18.8) 1394.3 ( 20.2) 0.037

Lipid-lowering agents 3298.5 ( 46.9) 3248.2 ( 47.2) 0.005

Metformin 1223.0 ( 17.4) 1237.2 ( 18.0) 0.015

Renin-angiotensin system inhibitors (RASi) 5033.7 ( 71.6) 4872.6 ( 70.8) 0.018

Statins 3177.2 ( 45.2) 3148.5 ( 45.7) 0.011

Diuretics 3551.1 ( 50.5) 3463.9 ( 50.3) 0.004

Aldosterone antagonists 1491.0 ( 21.2) 1571.4 ( 22.8) 0.039

Calcium channel blockers 2613.6 ( 37.2) 2513.2 ( 36.5) 0.014

Vitamins/Supplements 1500.5 ( 21.3) 1511.6 ( 22.0) 0.015

Alpha-blockers 1299.8 ( 18.5) 1173.8 ( 17.0) 0.038

Other cardiac preparations 1118.7 ( 15.9) 1141.9 ( 16.6) 0.018

Anti-ischemic agents 129.5 (  1.8) 126.7 (  1.8) <0.001

SGLT2 inhibitors 124.4 (  1.8) 130.5 (  1.9) 0.009

Sartans (ARBs) 2271.7 ( 32.3) 2092.9 ( 30.4) 0.041

Sulfonylureas 292.3 (  4.2) 418.1 (  6.1) 0.087

Vasodilators 889.2 ( 12.6) 898.7 ( 13.1) 0.012

Insulin 332.7 (  4.7) 422.6 (  6.1) 0.062

Other antiplatelets 908.1 ( 12.9) 810.2 ( 11.8) 0.035

Ezetimibe 476.2 (  6.8) 389.9 (  5.7) 0.046

Glitazones 25.3 (  0.4) 74.4 (  1.1) 0.085

DPP-4 inhibitors 168.8 (  2.4) 259.7 (  3.8) 0.079

GLP-1 receptor agonists 58.0 (  0.8) 42.7 (  0.6) 0.024

ARNI (Angiotensin receptor-neprilysin inhibitors) 43.4 (  0.6) 30.2 (  0.4) 0.025

Repaglinide 168.5 (  2.4) 195.1 (  2.8) 0.027

Scores

CHARLSON (mean (SD)) 1.94 (2.12) 1.91 (2.08) 0.017

CHARLSON_AGE (mean (SD)) 5.21 (2.44) 5.16 (2.32) 0.02

CHAD_VASC (mean (SD)) 4.21 (1.64) 4.08 (1.55) 0.08

CHADS (mean (SD)) 2.51 (1.29) 2.40 (1.22) 0.08

ATRIA (mean (SD)) 3.69 (2.12) 3.82 (2.07) 0.063

ORBIT (mean (SD)) 2.54 (1.63) 2.61 (1.54) 0.040

CV risk score (n, %) 0.077

– Low or Moderate 1194.9 ( 17.0) 1358.7 ( 19.7)

– High 736.5 ( 10.5) 637.3 (  9.3)

– Very High 5100.9 ( 72.5) 4890.2 ( 71.0)



L E T ’ S S T A R T  S I M P L E …

New Use of 
Anticoagulants

End of Follow up (31-

09-2023)

Death

ITT, IPTW-weighted

"Do different 
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different risks of reduced 
renal function? Death?"
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… T O O  S I M P L E ?
What could be wrong about this first ITT 
(intention-to-treat) analysis?



PP, unweighted

PP, IPTW weighted

ITT, unweighted

ITT, IPTW-weighted "Do different 
anticoagulants in AF lead to 
different risks of reduced 
renal function? Death?"



DOAC BETTERVKA BETTER

Overall DOAC VKA

N events IR / 1000py S.E. N events IR / 1000py S.E. N events IR / 1000py S.E.

Death – ITT unweighted 3155 89.29 1.58 1233 95.14 2.71 1922 85.91 1.92

Death – ITT IPTW 3155 92.42 2.22 1233 94.87 3.76 1922 90.14 2.5

Death – PP unweighted 1757 74.14 1.78 911 79.44 2.66 846 69.17 2.35

Death – PP IPTW 1757 75.41 2.5 911 74.41 3.57 846 77 3.15

Incidence Rates (per 1000 person-years)

Hazard Ratio

"Do different 
anticoagulants in AF lead to 
different risks of reduced 
renal function? Death?"



R E N A L O U T C O M E S

New Use of 
Anticoagulants

End of Follow up (31-

09-2023)

Death

Therapy Discontinuation (last 
purchase + extension + 90 days)

Therapy Switch

PP

"Do different 
anticoagulants in AF lead to 
different risks of reduced 
renal function?”

Event time

Composite Outcome Specific Events Data source Method

CKD progression Sustained 30% eGFR Decline eGFR measurements Regression interpolation*

Kidney Failure eGFR measurements Regression interpolation**

Hospital Discharge data Admission to the hospital for renal 

transplant or hemodialysis or peritoneal 

dialysis (ICD9CM: V420, V451, V56)

AKI (Acute Kidney Injury) Elevation of creatinine Creatinine measurements Creatinine elevation 2 times higher than 

baseline during an hospital admission

Hospitalization for AKI Hospital Discharge data Admission to the hospital (ICD9CM: 

593.9x or 584.x)
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C O M P E T I N G R I S K S

Credits: D. Rizoupoulous, Eramus University
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Renal Event



HR (95%CI)

VKA vs DOAC

Primary Outcomes

Sustained GFR Decline 0.98 (0.87-1.12)

Kidney Failure 1.08 (0.70-1.64)

AKI 1.09 (0.94-1-29)

HR (95%CI)

VKA vs DOAC

Primary Outcomes

Sustained GFR Decline 1.18 (1.03-1.35)

Kidney Failure 1.69 (1.10-2.60)

AKI 1.13 (0.95-1.34)
ITT - IPTW PP - IPTW

VKA

DOAC
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VKA

DOAC

"Do different 
anticoagulants in AF lead to 
different risks of reduced 
renal function?”



Therapy Switch

Therapy Initiation

New Use of 
Anticoagulants

End of Follow up (31-

09-2023)

Death

Therapy Discontinuation (last 
purchase + extension + 90 days)

Therapy Switch

PP

Renal Event

What could be wrong here?

"Do different 
anticoagulants in AF lead to 
different risks of reduced 
renal function?”



[2024 ESC Guidelines for the 
management of atrial fibrillation]



I N F O R M A T I V E  C E N S O R I N G

[Emmert-Streib 2019] [H. Dehaene 2020]

• If the probability of censoring depends on factors associated with the outcome (e.g., high-risk 
individuals are censored more often), the survival estimate may be biased.

• If censoring is also related to the exposure/treatment, and thus occurs differently between 
the two groups, the estimated treatment effect may be erroneously attenuated or amplified.

What is the relationship
between competing risk and 
informative censoring?



Treatment group (VKA vs NOAC) Censoring (Switch vs Fine follow-up)
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SMD

Censura Informativa?

Età



IPCW: Inverse Probability of Censoring Weighting

[SJW Willems & al. 2018]

This method is based on the idea of compensating for 
censored subjects by giving extra weight to subjects who are 
not censored. More specific, IPCW assigns extra weight to 
subjects with similar characteristics to the ones that are 
censored

Evento AKI

Pooled Log 
Reg

Cox
Covariate: Periodo di 
Arruolamento, 
Età_anni, 
GFR_basale,    
CHARLSON_AGE_sco
re, 

[Howe 2010]

1. Variabile censura
2. Intervallo temporale
3. Scelta modello 
4. Scelta covariate



Evento 
AKI

Differenza tra le SMD prima e dopo applicazione 
di IPCW, ad ogni semestre t di follow-up (VKA)

Periodo di Arruolamento

Età

GFR basale

CHARLSON Age Score

Miglioramento della SMD 
dopo applicazione dei pesi

Peggioramento della SMD 
dopo applicazione dei pesi

Censura Informativa?



Evento 
AKI

Differenza tra le SMD prima e dopo applicazione 
di IPCW, ad ogni mese t di follow-up (VKA)

Periodo di Arruolamento

Età

GFR basale

Miglioramento della SMD 
dopo applicazione dei pesi

Peggioramento della SMD 
dopo applicazione dei pesi

Censura Informativa?

CHARLSON Age Score



*Set Covariate 2: Periodo di Arruolamento, Farmaco Indice, Sesso, Età (anni), Diabete, GFR basale, 

Ipertensione, Obesità, Microalbuminuria, Scompenso cardiaco, Uso Diuretici, Uso SGLT2i, Provincia di 
Residenza,  CHARLSON_AGE score, CHAD_VASC score, ATRIA score

**Set Covariate 3: Farmaco Indice * (Periodo di Arruolamento, Età (anni), GFR basale, 

CHARLSON_AGE score)



"Do different anticoagulants in 
AF lead to different risks of 
reduced renal function????????”

Our result suggest that VKA lead to an higher risk of 
Sustained GFR Decline (HR 1.17 [1.03-1.34]) and 
Kidney Failure 1.71 (HR: 1.71 [1.11-2.63]) compared to 
DOAC, with similar risk of AKI (HR: 1.13 [0.95-1.34]) and 
Death (HR: 1.01 [0.90-1.14]), even after accounting for 
differences in baseline covariates, informative censoring
and competing risks.  
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VKA
Vitamin K Antagonist

That’s it?
Replication studies

Literature Review and meta-analysis

Biological mechanism

Clinical Significance

Dose – Response Analysis

Subgroup and Effect Modification Analyses

Prospective Studies / Registry

Patient Preferences & Decision-Making

Policy or Guideline Impact

Risk vs Benefits

Cost-Effectiveness

DOAC
Direct Oral Anti Coagulant



C O N C L U S I O N  A N D  K E Y  T A K E A W A Y S  

•The biomedical field calls for rigorous, collaborative, and intellectually engaging research.

•Causal inference is a cornerstone of meaningful findings.

•Interdisciplinary collaboration is vital — statisticians and data analysts should actively engage with clinicians, 
biologists, and other experts.

•Begin with a thorough literature review — it shapes your question, avoids redundancy, and identifies gaps.

•Be mindful of methodological limitations and the assumptions behind your tools: ackowledge them

•Ask questions freely — whether to your supervisor or colleagues from other fields. Curiosity is a strength! 



Thanks for 
Listening!


