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Study Designs

~~ Observational study

Descriptive study _
j Hypothesis ?

Ecological study (Correlation study)

Analytical study

Cross—sectional study (Prevalence study)

Randomization ? Case—control study (Case-reference study)
Intervention ? Cohort study (Follow—up study, Prospective study)

Hybrid designs Nested case—control design, Case—cohort design
Case—crossover design, Case—time—control design

. Experimental study, Quasi—experimental study

Experiment

Randomized controlled trials (Clinical study)
Field trials
Community trials (Community intervention study)



at the research design stage bias : :

mi
mi

@ Selection bias

v sampling frame bias : admission rate bias (Berksonian bias)
v non random sampling bias : detection bias

v non-converge bias : loss to follow-up bias, withdrawal bias

@ Non comparability bias
v lead time bias, length bias, historical control bias

v immortal time bias : Landmark method, td Cox model

(® Sample size bias




in the data collection process information bias

@ Instrument bias

@ Data source bias
3 Observer bias

v" diagnostic suspicion bias
v’ exposure suspicion bias

v" therapeutic bias (= Blinding)
@ Subject bias

v’ proxy respondent bias
v recall bias

v attention bias ( "Hawthorne effect” )



in the process of analysis & interpretation of results bias

@ Confounding bias
@ Analysis strategy bias

: missing data handling, outlier handling, unit of analysis

3 Post-hoc analysis bias (€ data dredging bias)

@ Assumption bias

® Significance bias

. statistical significance vs. biological significanc

@ Publication bias (by Funnel plot, Egger’s regression asymmetry test)



confounders variables
unmeasured/unknown
confounders
stratification variables
intermediate variables

effect

[ interaction effect K

Statistical Methods for Causal Inference

modifier

Covariates

Propensity Score Matching

Coarsened Exact Matching \

Mendelian Randomization Analysis

Multiple Regression

/ Adjustment

Competing Risks
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Multiple Regression Analysis
Logistic Regression Analysis
Poisson Regression Analysis
Cox’s PHM

Linear Mixed Model (LMM)
Generalized Estimating
Equation (GEE)



Clinical Statistical
significance significance

Sample size ?

Multiplicity ?

v Type lll error : €171 HEl ?
v’ Bias E0|7] #Igt == + A2t
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Sawada et al., European Heart Journal 2009;30(20):2461-69.

Event
Treatment
Y N
Valsartan 83(5.5%) 1434 1517
Non-ARB 155(10.2%) 1359 1514
238 2793 3031
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p-value <.0001
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Event
Treatment v N
Valsartan 9(5.9%) 144 153
Non-ARB 16(10.5%) 136 152
25 280 305
p-value =0.139
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Level of significance o <0.05, Power (1-p) >0.80
Effect Size A /(previous research + researcher’s intention) = ‘pilot study’
= minimum treatment difference
= true mean/proportion difference
= superiority/non-inferiority/equivalence ‘limit’
Type of comparison : superiority(inequality), non-inferiority, equivalence
Design configuration : parailel, crossover
Number of interim analyses
Other :
= number/allocation rate of Experimental-Control
= follow-up period  (~ inverse correlation)
= drop-out rate d (n’ =n/(1-d) =100/(1-0.2) =125)

= compliance rate ¢ (n’> =n/c? =100/0.8> =156)
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p-value in Biomedical Research

Is the p-value of 0.05 an absolute criterion for determining ‘significance’ ?

Statistical significance interpretation based on p-value has limitation.
=» p-value is an important criterion in decision, but has some limitations.

The p-value doesn’t explain the degree of importance of the observed effect.
=» p-value is small does not necessarily mean that the association is strong.

The p-value is closely related to the sample size.
=> Interpreting the statistical results to rely only on p-value would be difficult to prove the
improvement of clinical usefulness because the target sample size is not achieved, especially
when dealing with "rare diseases'.
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CtSZA™ multiple comparison
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Bonferroni Bt
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S http /o sas. comdsamples/ADBEAS »/

data pValue:
input Yariable $ raw_P @@

cards;

Celusions 0811
Hallucinations 0,743
Cisinhibition 0. 446
Irritability 0,272
Aditation 0146
Anxiety 0,072
Appetite_changes 0.047
MNighttime_behavior 0.0
Aberrant_motor_behawvior 0,0
Cepression 0,013
Apathy 0,003
run.

proc multtest pdata=pValue bon stepbon sid stepsid holm hoc fde out=outF, run;,

proc sort data=outF, by raw_F, run,
proc print data=cutF; run.
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The Hulttest Frocedure

F-Value Adjustment Information

P-Value Adjustment
P-Value Adjustment
P-Value Adjustment
P-Value Adjustment
P-Value Adjustment
P-Value Adjustment
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Subgroup Check List

Guyatt et al., User's guide to the medical literature. The EBM working group. 2008 JAMA evidence

family-wise type | error 37} 28H|E E% 9 Bonferroni &' & 83}0]

® SubgroupE0| a priorictA A& EA=T}?

Subgroup=0| existing trialO|Lt biological dataE 242 ™o|k|AU=7}?
Subgroup=0| Pre-randomization CharacteristicE0i| 2|5 ™| E|A}=7}?
Subgroup &£21°| OfAt vtskM(expected direction)O| a priorictHl HA|ERA=7}?
Subgroup analysisOlA] patient misallocation?| &1t= 0tLt E|=7}?

Subgroup analysisOlA] intention-to-treat population0| A2 E|}=7}?
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Pattern of missing data :

- Missing Completely at Random (MCAR) Zzoj£7p 25X+ 255 250 o8 52
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- Missing at Random (MAR) Zzo{27p #=%50f

- Missing Not at Random (MNAR) ZzZoig7} =550z o|&stu, ZEX|

= Deletion techniques are widely criticized because they assume that
the data are MCAR, pose a risk for bias, and lead to reduction of
sample size and power. (€ “complete case analysis”)



Missing Data Mechanism
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Single Imputation

Single Imputation :

Sample and Group mean substitution
Case mean substitution

Hot / Cold - deck imputation
Regression imputation

Maximum likelihood (ML)
Expectation maximization (EM)

Multiple Imputation
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Multiple Imputation

Mi= 252z 018t &8aMH2 126t)| 2 &t single imputation2| =& 0| CF.
Imputation = Analysis = Pooling ( Rubin’s)
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Multiple Imputation
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Mixed-effects Model for Repeated Measures (MMRM)
Imputation and Variance Estimation Software (IVEware)
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