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Science is built of facts the way
a house is built of bricks: but an

accumulation of facts is no more /et

science than a pile of bricks is @

Henry Poincaré
house. (1854 - 1912)

Texts in Statistical Science

Epidemiology
Study Design

and Data Analysis
Third Edition

Mark Woodward
(@89) SRC Press

To call in the statistician after
the experiment is done may
be no more than asking him to
perform a post-mortem
examination: he may be able

to say what the experiment
died of.

Ronald A. Fisher
(1890-1962)
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FOCUS ON ESTIMATION OF «EFFECT» STUDIES

Increasing level of "complexity”

(1) Treatment |—> Outcome of the study design
from (1) to (3)*

' Associated with outcome I
(2) Treatment % Outcome - (but not with the treatment) |
M I SR Oge / gender :
independent
Confounder predictor/covariate

_______________________ V

l associated with the outcome Treatment  — Outcome

1
' and the freatment: : 3
.« clinical indications for the :( ) M
treatment :
|
|
1
|

Alchool intake w.r.1. Confounder
exposition to smoke, on oral

cancers

unitA wi oiua 1ATISTICA

Dipartimente Universitario Clinico di
Scienze Mediche Chirurgiche e della Salute
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Variables
which are influential which are influenced:
but not (easy) to control: and (easy) to control:
Nuisance variables Covariables Response variable(s)
= Confounders = Primary / secondary
- [ Treatment/Exposure of interest outcome measures
“Independent” variables “Dependent” variable(s)

UNITA DI BIOSTATISTICA

Dipartimente Universitario Clinico di
Scienze Mediche Chirurgiche e della Salute




Ploclc2 What "type" of study : experiment or observation?

1, Onservational The principle of science, the
Wi L definition, almost, is the following:

the test of all knowledge is
experiment. Experiment is the sole

Study Designs
\ judge of scientific ‘truth’.
(the reEs};g‘racrrzglrﬁrr:tt:rlvenes (R o Feyn mO ﬂ, ] 963)

to change reality, then
observes what happsens)

Real-Life /\‘ Cause-And-Effect

Context “w’ |“”  Inferences

“Experiment, observation [...] have a crucial role for E | | a

modern therapeutics. Arguments about the relative
importance of each are an unnecessary distraction.” Observational Randomized

Design Design

Sir Michael Rawlins, National Institute for Health and Clinical Effectiveness
(NICE) Lancet 2008; 372: 2152-61

~
UNITA W DIVOIAIL IDIIUA

Dipartimente Universitario Clinico di
Scienze Mediche Chirurgiche e della Salute
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. . . . RCT
Randomized Clinical Trials
RCTs are the gold standard in clinical research to compare interventions in humans. The
selected population is usually homogeneous with respect to inclusion / exclusion criteria.
To implement an RCT, a number of rules must be respected: Treatment Group

« scientific- methodological

« statisfica iii iii u
. eT’rhTicToI | iii / X x

+ legadl
i i i Control Group
The basic ethical principle is that of the clinical equipoise: \ i i i n
uncertainty in the scientific community on the comparative i i i
efficacy of the treatments studied in the frial.
Patients Random
assighment

RCTs designed to observe outcomes in humans,

under certain experimental conditions created ad hoc by the researcher
having randomized* subjects to the different tfreatments.

UNITA DI BIOSTATISTICA

...*note that the general RCT starting sample is not really random (criteria...volunteer bias) Dipartimento Universitario Clinico di

Scienze Mediche Chirurgiche e della Salute




plock 2. Remind: Potential Outcomes Framework

(Rubin-Robins Causal Model)

Each unit (individual) has two potential outcomes:
Y, (i) is the potential outcome had the unit | not been treated: control outcome

Y; (i) is the potential outcome had the unit i been treated: freated outcome

Individual treatment effect for subject i: Average Treatment Effect™

ITE; = Y, (i) — Y, (i) ATE = E|Y; — Y] = E[ITE;]

RCTs are the ideal study design in which estimate ATE

UNITA DI BIOSTATISTICA

Dipartimente Universitario Clinico di
Scienze Mediche Chirurgiche e della Salute
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Potential Outcomes Framework

(Rubin-Robins Causal Model)

0 Untreated
Ti —
1 Treated

Observed factual outcome; Unobserved counterfactual outcome:

yi = t;Y1(0) + (1 — ;)Y (i) yif =1 =)V () + ;Y ()

one can never directly observe o e
individual causal effects, because PARTICIARTS ‘n‘ ﬂ
we can never observe both potential

outcomes for any subject. We need
to compare potential outcomes, but

we only have observed outcomes.

@ e _ o

[ ]
CONTROL o [ o TREATMENT
GROUP ( Tl GROUP
A

UNITA DI BIOSTATISTICA

Dipartimente Universitario Clinico di
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Conftrol arm Experimental arm

Exchangeability

Randomization is fair with respect to
the potential outcomes that (on average)
are independent from the assignment to

the treatment (unbiased estimator by |

design). g 4
In a randomized experiment the tfreatment .ﬂl
and control group tend to be similar in S’

terms of their observed and unobserved
covariates (exchangeability).

Under exchangeability: association=causation
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Exchangeability
h Yo
1 100 90 T
] 120 80
| 70 e e e
] 200 190 _J are exchangeable.
0 200 170
0 120 | 90
0 220 190
0 100 80

E[Y,] =160 =E[Y|A=1] E[Y,] = 132.5 = E[Y|A = 0]

Treatment : policy to increase income
Y :iIncome
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RCT at the heart of the implementation of new freatments:

PHASE I Safety of a pharmacological principle / treatment. Small samples (20-80 pts). MTD = Maximum
Tolerated Dose on healthy / sick volunteers; informed consent is crucial.

PHASE II. Therapeutic exploration : sample of volunteers with the disease of interest (100-300 pts).
Pharmacokinetic / dynamic assessments, optimal dose, frequency of doses, administration protocols,
evaluation of end-points of interest.

PHASE Ill: Comparative efficacy demonstrate / confirm the efficacy of a
treatment and identify any adverse effects in clinical practice (large sample:
500-3000+ pts).

PHASE IV: Post-marketing surveillance: observational studies to identify less frequent adverse reactions
(longer period); cost-effectiveness in the "real world" population.

about 20% of new drugs are "integrated"” by side effects in phase IV studies; about 4% are withdrawn

UNITA DI BIOSTATISTICA

Dipartimente Universitario Clinico di
Scienze Mediche Chirurgiche e della Salute
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RCT «Hypothesis Types» (Phase llI)*

Superiority

*basic concepts
about statistical
tests...e

Equivalence i
= K
A B

cial il

Non-inferiority “

UNITA DI BIOSTATISTICA

Dipartimente Universitario Clinico di
Scienze Mediche Chirurgiche e della Salute




Block 2.1
The primary objective is to determine the magnitude of increased benefit

of the experimental intervention over standard therapy for effectiveness
outcomes

i
I

(
| | Superiority vTo show that the treatment is more effective compared to control group

Used for establishing new standard of care

» H,: Treatment x is NOT more effective than

treatment y for given condition
» H,: Treatment x is more effective than treatment y

for given condition

Hy: Tx — Ty < 6 S is the minimal clinically relevant «effect sizen

Hl: TX_Ty> 6
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. |

A B

Equiva|e|"]ce = To show that the treatment is not more effective and is not worse compared to control group

™ Used for establishing generic drugs that are equivalent to their brand formulations

» H,: Treatment x is either worse or better than
treatment y for given condition by greater than A

» H,: Treatment x is NEITHER worse NOR better than
treatment y for given condition by greater than %A,
when A is the equivalency margin

Hy: |Txy —Ty| = 0 § is called «equivalency marginy

Hl: |TX — Tyl < 5
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The researchers are unconcerned if the experimental treatment is better
as long as it is not much worse.

Non"nfenorlty =To show that the treatment is not worse compared to control group
™\ Used for establishing alternative care

» H,: Treatment x is worse than treatment y for given

condition by greater than A
» H,: Treatment x is not worse than treatment y for

given condition by greater than A, when A is the
non-inferiority margin

HO: TX_TY < _5

o is called «non-inferiority marginy

Hl: TX_TY > _5
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The magic of RANDOMIZATION

*eliminate* systematic confounders , *differences* between groups , allows causal estimates from observed data

« Simple: randomly allocates each subject to a treatment independent of previous assignments
(head or cross): simple but can create some imbalances

« Block: force the number of subjects to be allocated to groups of k in each arm

blocks of size 4 (with two arms) means that in a sequence of 4 subjects 2 subjects are assigned in one arm and 2 in the
other [alternate random, in all possible orderings]
variable size blocks can be used (4, then 8, then 6 ...)

« Stratification (+ blocks): stratifies the population with respect to specific covariates to be represented (gender,
age ...) and then block randomization from each stratum.

Concealment : hiding of enrollment, those
who recruit do not have to know the
random sequence of assignments...

"A DI BIOSTATISTICA

mento Universitario Clinico di
+ Mediche Chirurgiche e della Salute
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conditions

patients randomization
1

2 \
3

4

5

b

7

8

9

10

STRATIFIED

1,000 Patients

by, &, N o]

180 + 120 + 150 + 50 = 500
NEW Treatment

3. Randomize Each Sub-Group to NEW or CURRENT Treatment

180 + 120 + 150 + 50 = 500
CURRENT Treatment

SIMPLE
BLOCK
. . Interverticn  Contral
Block Randomization .
Bloek 1 "!
Keep size of each group i i i i i 5  J o
similar over entire stud i!
|
[ ]
Block 2 » '

=
o
Iz
e
L2E]

X

Y
=fle
ullenlle
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Clinical Trials: BLINDING (MASKING)

To minimize the subjectivity of those who evaluate the pts or analyze the data.

SINGLE BLIND: study subjects do not know which treatment they receive
DOUBLE BLIND: subjects and researchers (doctors / biologists) don't know
TRIPLE BLIND: subjects, the researchers, the statisticians don't know

If not done: OPEN TRIAL

Figure 1: The authors: double blinded versus single blinded

Schulz & Grimes. Lancet 2002
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Types of randomised conftrolled trials

Parallel Trial

Randomisation Treatment
@
( 1 | as
[ ]
N | k28
Screening
L 4
 Parallel
Treatment A Treatment C
" : s
EUPATI Treatment B
on Therapouti tommation” ¢
* Matched paralle
Matched Pair Trial Participants
Matched Treatment
o (Cross-over e ga AT
[ .. °
A% a ae
° . Screening o0 ® o
" K4
o alilel e A
[ L4
Treatment A
M g
EUPATI

Treatment B
. European Patients’ Academy
on Therapeutic Innovation .
www.eupati.eu
= Crossowver study design

 Umbrella & Basket... i

Sbudy I 2 1 Washout
participants | | Famdomization | parisd

m |

= Study participant receives all treatments that are being
investigated, but at different times.

= Wifith this T ype of stwdy, every patient acts as his or her owem oot rol. STICA

...This Is not an exhaustive list!

linico di
slla Salute
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RCT Flow Chart

Reference population

Sampling

Experimental collective / volunteer bias™!

Information & consent ~—— Refuse participation
Volunteers

Recruitment acc. to inclusion crit. ‘ — Not eligible
Study collective/population

Study arm A Study arm B

/\ /\

Treatment with A
acc. to protocol

(1)

Protocol violation,
termination, or
treatment with B

(2)

Treatment with B
acc. to protocol

(3)

Protocol violation,
termination, or
treatment with A

(4)

UNITA DI BIOSTATISTICA

Dipartimente Universitario Clinico di

Scienze Mediche Chirurgiche e della Salute
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RCT data analysis (l)

Randomization

Study arm A

-
-—'_-

o
--_-

s
"

=
"
-\._\_\_-\-
-,
"
—

Study arm B

=
=
o

-
---

-,
-,
"

-
"

-
-
e,

Treatment with A
acc. to protocol

(1)

Protocol violation,

termination, or
treatment with B
(2)

Treatment with B
acc. to protocol

(3)

Protocol violation,
termination, or
treatment with A

(4)

(but excluding protocol violations or early drop out)

ITT: intention to treat
(1)+(2) vs (3)+(4)

PP: per protocol (1) vs (3)

AT: as treated (1)+(4) vs (2)+(3)
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RCT data analysis ()

Effect estimation + Hypothesis test

1. Summary trial results for clinical decision making: /\

lvabradine group  Placebogroup  HR(95% Cl) p value
(n=3241) (n=3264)

Primary endpoint

Cardiovascular death or hospital admission for worsening heart failure 793 (24%) 937 (29%) 0-82 (0-75-0-90) <0-0001

2. Subgroup analyses: divide the trial population info groups and examine effects

Table 3. Vaccine Efficacy Owverall and by Subgroup in Participants without Evidence of Infection before 7 Days after Dose 2.

Efficacy End-Point BNT162b2 Placebo Vaccine Efficacy, %
Pf' T J |) Subgroup (N=18,198) (N=18,325) (9524 CI)F
( Izer rIO Surveillance Surveillance
MNo. of Time MNo. of Time
Cases (Mo. at Risk)* Cases (Mo. at Risk)*
Owerall 2 2214 (17,411) 162 2222 (17,511) 95.0 (20.0-97.9)
Age group
16 to 55 yr 5 1.234 (9,897) 114 1.239 (9,955) 95.6 (89.4-98.6)
=55 yr 3 0.980 (7,500) 48 0.083 (7,543) 03.7 (80.6-08.8)
=65 yr 1 0.508 (3,848) 19 0.511 (3,880) 04.7 (66.7—90.9)
=75 yr 0 0.102 (774) 5 0.106 (785) 100.0 (—13.1-100.0)
Sex
Male 3 1.124 (8,875) 81 1.108 (8,762) 06.4 (88.0-90.3)
Female 5 1.090 (8,536) 81 1.114 (8,749) 093.7 (84.7—98.0)

Race or ethnic groupi

White 7 1889 (14,504) 146 1.903 (14,670) Q5.2 (89.82-958.1)
Black or African American Q 0.165 (1,502) 7 0.164 (1,486) 100.0 (31.2-100.0)
All others 1 0.160 (1,405) ] 0.155 (1,355) 89.3 (22.6-99.8)
Hispanic or Latinx 3 0.605 (4,764) 53 0.600 (4,746) 04.4 (B2.7—98.9)
MNon-Hispanic, non-Latinx 5 1.596 (12,548) 109 1.60% (12,661) 095.4 (88.9-98.5)
Country
Argentina 1 0.351 (2,545) 3s 0.346 (2,521) 07.2 (83.3-990.9) N
Brazil 1 0.119 (1,129) ] 0.117 (1,121) B7.7 (8.1-99.7) UNITA DI BIOSTATISTICA
United States (-1 1.732 (13,359) 119 1.747 (13,506) 94.9 (B8.6—-98.2)

Dipartimente Universitario Clinico di

- Scienze Mediche Chirurgiche e della Salute
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RCT data analysis (llI)

If trial population has substantial variation in baseline outcome risk or there are
interactions between treatment and features : regression models !

3. Heterogeneity of Effects (HTE)

P(outcome) = f(a + f1x1 + -+ + ,Bpxp) Without the intervention

Ip = B1xy + -+ Bpxy
\

P(outcome) = f(a + Betx + Biplp + 8ipetx Ip)
—— Risk oriented

P(outcome) = f(a + Bitx + B1xg + -+ ﬁpxp)

Effect oriented

P(outcome) = f(a + Betx + frxg + -+ Bpxp + PrineX tx + - + ﬁpintxptx)
\ J
|

Patient-centered estimates of treatment effects: patients have many attributes
that simultaneously affect the outcome of interest and the benefits of tfreatment.

Risk Difference, %

Harm <

Odds Ratio

» Benefit

Event Rate, %

50

40

30

20

10

2.0

1.5

1.0

0.5

0.0

30

20

10

-10

O Conservative

@ ntervention
n=451 n=452 n=452 n=226 n=226
| ‘ ‘ P=0.004

[ ]
Average % *
odds

ratio

) Average risk difference
- +_ — * B et M ot oyt
I I | T 1
1 2 3 4a 4b

Risk Group
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Guidelines for carrying out an RCT: it also includes a 25-point checklist to be
filled in when reporting the results

=% Consort - Welcometothe... %

=

€

|8l Piu visitati [_| Come iniziare |

ww.consort-statement.org

| Raccolta Web Slice | Siti suggeriti ©

\t

= | @ [l

] Lettore Web Spotify [_] {7} Google Kl Vzhoo |

- (C00 SO s st s

Home

CONSORT 2010

Extensions  Downloads Examples Resources  About CONSORT

=s CONSORT

L7 | TRANSPARENT REPORTING of TRIALS

-

E/We value your support.
Please endorse the CONSORT statement in your journal.

Click Here to learn how. ¥

Welcome to the CONSORT Website

CONSORT stands for Consolidated Standards of Reporting Trials and encompasses various initiatives developed by the
CONSORT Group to alleviate the problems arising from inadequate reporting of randomized controlled trials.

The CONSORT Statement

The main product of CONSORT is the CONSORT Statement, which is an evidence-based, minimum set of recommendations
for reporting randomized trials. It offers a standard way for authors to prepare reports of trial findings, facilitating their
complete and transparent reporting, and aiding their critical appraisal and interpretation.

The CONSORT Statement comprises a 25-item checklist and a flow diagram. The checklist items focus on reporting how the
trial was designed, analyzed, and interpreted; the flow diagram displays the progress of all participants through the trial. The
CONSORT “Explanation and Elaboration” document explains and illustrates the principles underlying the CONSORT

| The R Project for Statis... @ iCloud [ Facebook [

i} Wikipedia _| Notizie |_| Ipiu conosciuti [

Search

CONSORT 2010 Key Documents

B/ CONSORT 2010 Checklist

! CONSORT 2010 Flow Diagram

CONSORT 2010 Statement

E CONSORT 2010 Explanation
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Follow Us

Trish Groves @trished 8
Do Chinese medical journals ask authors of randomised trials

to report in line with CONSORT Statement @ CONSORTing ?
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Expand
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RCTs: |imitati0n5 (I) Potential problems
Patients
Age Effectiveness inyounger or older patients
« RCTs are performed in selected populations of pts Sex Effectiveness generally
usually for short periods of fime. Severity of thedisease ~ Effectiveness in mild or severe forms of the
condition
Risk factors Effectiveness in patients with risk factors for
« In clinical practice, intervention / treatment is the condition (eg, smokers)
generg”y Opp“ed TaXe| heferogeneous popuklﬂon of Comorbidities Influence of other conditions on effectiveness
pts - often with multiple comorbidities - and usually for | Ehicty Effectiveness in other ethnic groups
Ionger periods. Socioeconomic status Effectiveness in disadvantaged patients
Treatment
) Dose Too high a dose used in RCTs
* RCTs can describe the most common and eGrIy Timing of administration  Influence on adherence (compliance) to
adverse reactions*, but they could be unable to treatment regimens
identify those that are less common or have longer Duration of therapy Effectiveness during long-term use
late ncy. Comedication Adverse interactions
Comparative Effectiveness in comparison with other
effectiveness products used for the same indication
* 500-3000 subjects: 6/1000 - 1/1000 adverse events (95% Cl) Setting
Quality of care Prescription and monitoring by less specialist
(expert) healthcare providers 1:\
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RCTs: limitations () Califf RM. Clinical trials bureaucracy: unintended consequences
of well-intentioned policy. Clin Trials 2006.
) ) 24 — Range of costs of 153 RCTs in 2005-06
« RCT costs are high and show a growing trend -
Median cost = £3.202.000
. IQR = £1.929.000 to £6.568.000
« Volunteer bias: study eligibility, compliance, E
geographical proximity, socio-economic status, 3270 m [
health status ... S -
quogeneoqs populohon se_lec?’[ed: ) ﬂ_!l m
« infernal validity (= low variability) 0 : 10 c 20 ) Jﬁls o6
« |imit for external validation of results Cost pertrial (£ millions)

EFFICACY # EFFECTIVENESS

Success of a treatment
in a “Real world”
COﬂTeXT Dipartimento Universitario Clinico di

Scienze Mediche Chirurgiche e della Salute

Success of a treatment in a
“artificial”’ context

UNITA DI BIOSTATISTICA
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/IDDI  SYMPOSIUM

Wyt — - Whilst randomization remains @
Are Randomized Trials Obsolete? key design feature for
— confirmatory trials aimed at
Wednesday, April 22, 2020 new drug approval, many
09:00am - 07:00pm Innovative non-randomized

stfudy designs have been
proposed and used in recent

Museum of Fine Arts & Magritte Museum
Brussels, Belgium years.

The availability of large databases of real world evidence (RWE) has led to questioning the necessity to
carry out expensive and lengthy randomized clinical trials, if sophisticated statistical techniques (e.g.,
based on causal inference) could inform the choice between therapeutic options...

UNITA DI BIOSTATISTICA

Dipartimente Universitario Clinico di
Scienze Mediche Chirurgiche e della Salute
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i

Study Designs in Epidemiology (ll) o™

.\ 1\2 A3 ALrwn

~ L

AeAQ 20 _/'1%"&'5\
25°G o5

Experiment vs Observation [again ]

Population-based studies

Exposure-based sampling

Disease-based sampling
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o David L. Sackett
B (1934-2015)

TRyt

EVIDENCE-BASED
MEDICINE Evidence Based Medicine: How to

How to Practice and Teach EBM Prachce Ond TeOCh EBM, ]997, SOld

Thauided L Naagloedd

Mbagurrnn - Adraris

B 150.000 copies in English and has

""1“ B Brian Hayoes .
2 been translated infto numerous

languages.

“... If you find that a study was not randomized,
we 'd suggest that you stop reading it and go to the

next article ...”

EBM is the conscientious, explicit and judicious use of current best evidence in making
decisions about the care of individual patients.

The practice of EBM means integrating individual clinical expertise + best available external
clinical evidence from systematic research.

UNITA DI BIOSTATISTICA

Dipartimente Universitario Clinico di
Scienze Mediche Chirurgiche e della Salute




Blc

y Archie COCh rane https://www.cochranelibrary.com/
(1908-1988)

G) Cochrane Trusted evidence. N
= - Informed decisions. Title Abstract Ke
] lera ry Better health. |

"Between measurements
based on randomised
controlled trials and
benefit in the community
there is a gulf which has
been much under-estimated"”.

Cochrane Reviews ¥ Clinical Answers About - Help =

%} Explore new Cochrane Library features here.

About the Cochrane Library

The Cochrane Library (ISSN 1465-1858) is a collection of databases that contain different types of high-quality, independent

evidence to inform healthcare decision-making. The Cochrane Library is owned by Cochrane & and published by Wiley &. See

what’s new on the Cochrane Library.

\ Effectiveness

ff °
3 & E I C I e n Cy On this page: Databases | Featured content | Editor in Chief and Editerial Board | Committees | Editorial & publishing staff
: Access | History of the Cochrane Library

The Cochrane Library is available as a Spanish language version. More information on translations .

A.L. Cochrane

He called for an international register of studies, for explicit quality criteria for
appraising published research.

Chris - Silagy

The Cochrane Library is a collection of databases that contain different types of
high-quality, independent evidence to inform healthcare decision-making (RCTs
and observational studies).
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Evidence-Based Practice: Evidence Pyramid

The top of the pyramid represents the strongest [causal] evidence.

Systematic
reviews and

meta-analyses

Randomized controlled trials

Cohort studies

Case-controlled studies

Case series and reports

/ Backg%und information and expert opinion \

In-vitro research

Expert opinion
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Observational descriptive studies

A descriptive observational study is one that is designed to describe the distribution of one or more
variables, without regard to any specific causal hypothesis.

Examples :

- estimating the prevalence/incidence of a certain disease in a certain population in a certain time
period ...in function of age/sex...

- describe the distribution of values of a specific biomarker in a population ...

Primary source: collected ad hoc by the researcher for the study

Dafta:

Secondary source: previously collected for other purposes (e.g. administrative health dataq)




Block 2.1
Observational analytical studies

Observational analyfical studies analyze the effect of an exposure or a
treatment or intervention on subjects.

There is no randomization to the treatment; no manipulation by the researcher.

Direct observation of the "real world" ...

Confounders: is there an alternative explanation to the observed resultse

Primary source: collected ad hoc by the researcher for the study

Data:

Secondary source: previously collected for other purposes (e.g. administrative health data)

Dipartimente Universitario Clinico di

(In RCTs data are always from primary source) JASy  UNITA DI BIOSTATISTICA

Scienze Mediche Chirurgiche e della Salute
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Confounding is a key challenge when estimating causal effects from observational data:

Treatment —_ Outcome

M

Confounder

W=0 We=1 STRATIFICATION ON DEPRESSION SYMPTOMS BEFORE GETTING A DoG (X)

2 : W=0 W=1
P | B . 2 |3

?
78% 83% . 4\"” -4 o W ' II ‘-
780M1000 000
@ (X=1) 93% md 87% e
231249 6701772 IR # - o B
W=1 : adopt a dog =gl TSR e w

W=0 : not adopt a dog
Outcome: severe depression
(Y=1/0)

‘ a key potential confounder is the degree of severity of

mild/severe depression (X=1/0) before the dog adoption... [Simpson’s paradox]

https://hdsr.mitpress.mit.edu/pub/hdzphské/release/5



https://hdsr.mitpress.mit.edu/pub/hdzphsk6/release/5
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The paradox occurs because people with severe depression symptoms before “treatment assignment”
are more likely to adopt a dog:

772
P(W;=1|X;=1) = = 0.76
Wi =11X;=1) =———75 ,  propensity of adopting a dog conditional to the level
228 of depression symptoms pretreatment
P =116 =0) = oog 751~ 023

A key feature of RCTs is that the

probability of getting the treatment Solution®

or the placebo is known — under

the experimenter’'s control — and it

does not depend on To apply causal inference

(un)observed characteristics of approaches to the analysis of

the study subjects. data coming from observational
studies |

P(W; = a|X; =b) = P(W; = a

measured/unmeasured
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Remind: Exchangeability !!

TREATMENT (A) Y, Y,

1 100 90 T

] 120 80

| 220 70 [ missing outcomes
] 200 190 _J are exchangeable.
0 200 170

0 120 L 90

0 220 190

0 100 80

E[Y,] =160 =E[Y|A=1] E[Y,] = 132.5 = E[Y|A = 0]

Treatment : policy to increase income
Y :iIncome
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Lack of exchangeability !!

TREATMENT (A) Y,

1

]
]
]
0
0
0
0

Yo
100
120
220
200
170
90
190
80

More educated
(higher pre-policy incomes)

Less educated
(lower pre-policy incomes)

Treatment users are more educated than non-treated subjects

Treatment : policy to increase income

Y

s income
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Lack of exchangeability !!

Bad estimate !

Observed too high...

TREATMENT 4
(A)

1

1
1
1
0)
0
0
0

E[Y,] = 145 # E[Y|A = 1] = 160

Bad estimate |

Observed too low...

Yo
100 ) Q0 120
120 80 110
220 170 200
200 _J \(Before) 190 220
170 200 170
90 / 120 90
190 220 190
70 100 80

More educated
higher pre-policy incomes

Less educated
lower pre-policy incomes

E[Y,] = 147.5 # E[Y|A = 0] = 132.5
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Imagine that we observe mortality among subjects who received A versus B in an observational study:

| Death | Alive | Tot _

240 1260 1500

105 445 550

Tot 345 1705 2050

P(Death|A) = 16% < P(Death|B) = 19%

Treatment A seems better than Treatment B

Now: Medical doctors then give us some additional data about the
conditions of subjects before starting the treatment (their baseline condition).
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-E]_“-_

es 210
No 1190
Tot 1400
Yes 30
Severe NO 70
Tot 100
1500

45
50
100
400
500
550

215
1235
1450
130
470
600
2050

If we now compute the probability of death under Treatment A and B as follows:

ZP(D|A, 6) * P(C = c|A) =
C

ZP(D|B, c)*P(C =c|B) = >
C

210 1400 30 100

* + *
1400 1500 100 1500

50 100 500

% + %
50 550 500 550

= 0.16

= 0.19

We are ignoring that Mild
and Severe condition are
distributed differently
between A and B |
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Treatment E— Outcome

M

Confounder Baseline condition

CATE, = E|Y; — Y,|X = x|
Condition

The conditional
treatment effect
indicate that B is
pbetter than A I

Severe

1500

P(D|mild,A) = 15% > P(D|mild,B) = 10% How fo estimate an average treatment effect 22

P(D|severe,A) = 30% > P(D|severe,B) = 20%
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The g- formula

-mm--—

Yes 210 215
Tot 1400 50 1450
Yes 30 100 130
No /0 400 470
Tot 100 500 600

1500 550 2050
EP D|A P(C 2 Lest + s SO0 0.194 All freated with A
* = = * * = U.
(D]4,¢) = P(C=¢) = 1256 * 2050 T 100 * 2050

B is better than A |

5 1450 100 600 :
z P(D|B,c)*P(C =c¢) = — * 05 + =00 * e 0.129 Alltreated with B




Block 2.1

Again: the fundamental problem of causal inference

We will never observe a potential outcome under a condition other than the one that actually
occurred (counterfactual), so that we will never observe an individual causal effect. This is the reason
why we estimate average/conditional treatment effects (both in RCTs and in observational studies).

In RCTS randomization ensure exchangeability, in observational studies we do not expect it.

In order to obtain (conditional) exchangeability, we need to introduce several assumptions that

essentially embed subject matter expert knowledge.

We will see other
methods in Block 3!

NONDIRECTED P
' N\
‘\Mﬂ\\\\\\\ C

Confounder
. S

S

M
Mediator

_—

DIRECTED PATHS

iiij/’/”'

Collider

0

QOutcome

We should define
relationships between
variables before the
statistical analysis is
performed...
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Observational design: (re)-fresh of key-definitions

Target Population: the population to which we would like to apply our estimates regarding the
relationship between disease and exposure.

Sometimes, it can be difficult to sample directly from the Target Population; in such cases, there

Is often a convenient subgroup of the population for which appropriate sampling frames are
available.

We call this subgroup the Study Population, the population from which we are able to sample.

Sample : the actual sampled individuals from the Study Population for whom we collect data.

Target Population

s ~ If Target Population # Study Population - selection bias

Study Population is not representative of the Target Population
with regard to the disease-exposure relationship of concern.

\_ Study Population /

m o
T 1Y UNITA DI BIOSTATISTICA
AN

Dipartimente Universitario Clinico di
j-g Scienze Mediche Chirurgiche e della Salute
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If the study sample is not selected randomly*, we can treat the data in the
same manner but without the same (staftistical) confidence in the calculation:s.

Substantial bias can be introduced if factors, often unmeasured or unknown,
Influencing the sample selection are associated with exposure and disease.

How do we usudlly obtain a random study sample from the Study Populatione

3 forms of sampling schemes are most commonly used in observational studies

* Details about
sampling processes
in the R examples in
Diseased Exposed Moodle !l

UNITA DI BIOSTATISTICA

Dipartimente Universitario Clinico di
fi Scienze Mediche Chirurgiche e della Salute

Vi“
'(%9‘
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1. Population-based studies

X
%%ﬁfg@ !
2. Exposure-based sampling fi’g

SAMPLING

3. Disease-based sampling iiﬁii

Not E C d
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Population-based studies
The main steps of a population-based design are:
1. Take a simple random sample of size n from the Study Population

2. Subsequently, measure the presence/absence of both D and E for all sampled individuals
“subsequently” refers to the order of a) sampling individuals and b) measuring the factors, D and E.

A further classification in the observational studies is often used to differenfiate the timing of
measurements on D and E;:

« A prospective study as one in which measurement of exposure is made on an individual prior to the
occurrence of disease (primary/secondary data source).

* |n aretrospective study, measurement of [past] exposure occurs after an individual's disease status
has been already determined.

'i‘ UNITA DI BIOSTATISTICA
A 6a N
-

()

Dipartimente Universitario Clinico di
Scienze Mediche Chirurgiche e della Salute
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Population-based* studies

Exposed Not Exposed

Assessed on the sample*

D Not D

Population-based studies measure exposures, confounders and outcome of a (unique) sample from the
population.

* cross-sectional. information on * cohort. exposure will be measured by
exposure will be collected by the the investigator at baseline and then in
investigator and at the same time follow up information on disease
information on disease prevalence incidence is collected

UNITA DI BIOSTATISTICA

Dipartimente Universitario Clinico di
Scienze Mediche Chirurgiche e della Salute
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The various types of population probabilities that may be of interest:

e Joint probabilities: P(D&E), P(D&E),P(D&E), P(D&E)

* Marginal probabilities: P(D), P(E), P(D), P(E)

e Conditional probabilities: P(D|E), P(D|E), P(E|D), P(E|D)

Each of these probabillities can be estimated using data from a population-
based sample: estimates are given by the observed proportion of the simple
random sample that corresponds to the population probabillity of interest.

'!‘ UNITA DI BIOSTATISTICA

de>)
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Back to our example : the outcome now is the low birthweight:

Population-based study of mother's marital Bithweight
status and low birthweight (SAMPLE!) I ow Normal
Unmarried 7 52 50
Marital status at birth
Married 7 134 141
14 186 200

7 7 RR = 7/59 = 2.39

P(E&D) = ﬂ = 0.035 P(D|E) = 5 =0.12 7/141
. 7/59):(52/59
5 — (7/59):(52/59) B

P 14 o . (7/141): (134/141)

200 P(D|E) = m = 0.05

We can estimate all these measures v

from the population-based study ER = pr—— 0.069

sample ! E—

m =
ZHE UNITA DI BIOSTATISTICA
V@% N

Dipartimente Universitario Clinico di
f-g Scienze Mediche Chirurgiche e della Salute
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Exposure-based* sampling studies

Sampling is carried out separately at different exposure levels

1. ldentify two subgroups of the population on the basis of the presence or absence of E
2. Take a simple random sample from each group (E and E) separately, of sizes ny and ng

3. Measure subsequently the presence/absence of D for individuals in both random samples

Chronological timing of the two factors D and E are not pertinent to the
sampling characteristics of the design (but related to causality assumptions...)

The key statistical property is the separate idenfification and sampling of the
exposure groups

Dipartimente Universitario Clinico di
Scienze Mediche Chirurgiche e della Salute

*Note that also this design could be also called Cohort study réggw U L N EE R
i
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Exposure-based sampling

Exposed

Not Exposed

D Not D

Not D

Time zero / baseline

v

«Follow-up»

Data collection could be based on primary data, actively follow up study cohort to observe
outcomes) or based on already available collected data (secondary data).

UNITA DI BIOSTATISTICA

Dipartimente Universitario Clinico di
Scienze Mediche Chirurgiche e della Salute
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Pre-specify the sample sizes for the separate samples taken from the exposure groups.

This division is important in determining the amount of information on the disease-exposure relationship
(sample size considerations).

For an extreme example: if one exposure group is allocated a very small sample size, then there will be
little information available on the disease-exposure relationship.

2 random samples*, size 100, from the population of unmarried mothers and from married mothers.

Birthweight
Low Normal What quantities can we
- estimate from these data?
Marital status at birth Unmarried 12 88 100
EXOOSUTE Married 5 95 100
XPOSU 17 183 200

*This design assumes that, prior to sampling, one is
able to divide the population by marital status into
two distinct sampling frames yFESy  UNITA DI BIOSTATISTICA

Dipartimente Universitario Clinico di
j-g Scienze Mediche Chirurgiche e della Salute
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Exposure-based sampling

1. Joint probabilities cannot be estimated: frequencies of joint characteristics are artificially influenced
by the pre-specified number of unexposed/exposed subjects sampled

2. Marginal probabilities are not estimable for the same reason

3. Only conditional probabilities that condition on exposure status can be estimated !l

The conditional probability estimates provide essentially the same picture as those from the previous
population-based study of the same population:

12 Birthweight
P(D|E) =——=0.12
100 Low Normal
_ 5 Marital status at birth Unmarried 12 88 100
P(D|E) = 100 = 0.05 e Married 5 95 100
00 Xposure 17 183 200

UNITA DI BIOSTATISTICA

Dipartimente Universitario Clinico di
Scienze Mediche Chirurgiche e della Salute
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Exposure-based sampling

__12/100

RR = 5//100 = 2. Conditional probabilities as we know are the basic building
blocks of the two most used measure of effect, i.e. the
Relative Risk and the Odds Ratio.

__ (12/100): (88/100)

OR = = 2.59

(5/100): (95/100)

These estimates are compatible with those provided by the
population-based data from the same population.

Birthweight

Low Normal

88 100

Unmarried ]
95 100

Marital status at birth
£ Married
X r
POSUIe 17 183 200

L
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Disease-based sampling - [case-control studies]

A case-conftrol study has the same specifications as an exposure-based sampling study, except that the
roles of Eand D are reversed.

Separate samples are selected from cases (D) and non diseased individuals or controls (D).

1. ldentify two subgroups of the population on the basis of the presence or absence of D.
2. Take a simple random sample from each (D and D) separately, of sizes n, and np

3. Measure subsequently the presence and absence of E for individuals in both random samples.

As for exposure-based designs, the investigator must pre-specify the number of cases and conftrols in
the two separate random samples.

Dipartimente Universitario Clinico di
Scienze Mediche Chirurgiche e della Salute

T UNITA DI BIOSTATISTICA
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Disease-based sampling — [case-control studies]

CASES CONTROLS
D Not D

E Not E E Not E

"classic” case-control design, selecting all cases that accrue in the population in a given time interval
and a random sample of those who remain disease free [exclusive sampling of conftrols].

UNITA DI BIOSTATISTICA

Dipartimente Universitario Clinico di
Scienze Mediche Chirurgiche e della Salute
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Disease-based sampling - case-control studies

- Birthweight .

DOTT?] frc’)m . gTasl,eTcJ?ntroI;’rﬁde g.f% ht - 2 sampling frames based on
mortner s mariral Starus ana Iow pirinwelg [ow MNormal - presence/obsence,

Unmarried 30 28 78 Cﬂ’e GCCGSS|b|e to The
Marital status at birth iInvestigator

Married 50 72 122

Exposure
100 100 200

e Joint probabilities cannot be estimated: frequencies of joint characteristics are again artificially
influenced by the exact allocation of the number cases/controls sampled

* Marginal probabilities are not available for the same reason

* Only conditional probabilities that condition on outcome status, can be estimated !

P(E|D) = 5_0 — 0.50 At first glance, it seems unlikely
100 that we can estimate any
measure of association from a

— 28 case-control design...
P(EID) = 100~ 0.28 yBSy  UNITA DI BIOSTATISTICA

Dipartimente Universitario Clinico di
f-g Scienze Mediche Chirurgiche e della Salute
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Disease-based sampling - case-control studies

Birthweight
Low Normal
Unmarried 50 28 T8
Marital status at birth
Married 50 72 122
Exposure
100 100 200

This is partly true: it is impossible to estimate the Relative Risk with case-control data with exclusive sampling
of the controls.

However, we can estimate the Odds Ratio for E associated with D and for symmetry the reverse:

_P(EID) P(EID) (ummy _P(DIE) P(DIE) :%;%:

" P(EID) P(EID) R = p®IE) POIE) 28 72

OR

2.57

compatible with the estimates provided by the
population-based and cohort data

UNITA DI BIOSTATISTICA

Dipartimente Universitario Clinico di
Scienze Mediche Chirurgiche e della Salute
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The time factor

Prospective vs Retrospective data collection may have considerable influence on the quality
and validity of exposure measurement and on the ascertainment of causal relationship (easier

in prospective studiesl).

On the other side prospective measurement of D may require a 10 - or 20 -year follow-up period
...[easier with secondary data sources].

Retrospective:

case-confrol  Exposure _ Disease

Cross-sectional study
Exposure

Disease

Prospective

(COhO”’) Exposure ‘ Disease

Time UNITA DI BIOSTATISTICA

Dipartimente Universitario Clinico di
Scienze Mediche Chirurgiche e della Salute
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Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)

~ STROBE Statement

"  Strengthening the reporting of observational studies in epidemiology

[ ) [ ]

22 t checklist:
o8 -point checklist:
What is STROBE?
Home STROBE stands for an international, collaborative initiative of epidemiologists, methodologists,
oy statisticians, researchers and journal editors involved in the conduct and dissemination of ocbservational P -I- |-I- b f
- studies, with the common aim of STrengthening the Reporting of OBservational studies in O C O nS U e Ore
MNews Epidemiology.
Available checklists The STROBE Statement is being endorsed by a growing number of biomedical journals. Click here for full p | O n 'I-h e S'I-U d y
Publications list.
Translations For STROBE-related entries in PubMed click here.

Commentaries
Discussion forum

[ ) [ )
What's new in the STROBE Initiative? Y O S U I d e | I n es fo r
STROBE group

Endorsement

[ ] [ ]
01.09.2014
Contact Observational Studies: Getting clear about transparency er -l-l n g -l-h e res U |-|-S

Links

New guidelines for observational studies in PLOS Medicing [mare]

Member login / logout [mors]

01.07.2014
MNew article of interest

A Review of Published Analyses of Case-Cohort Studies and Recommendations for Future
Reporting [more]

UNITA DI BIOSTATISTICA

Dipartimente Universitario Clinico di

hitps://www.strobe-statement.org/index.php?id=strobe-home MBI St e’ e S
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