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Some terminology....Some terminology....

 A A hypothesishypothesis (from Greek (from Greek ὑπόθεσιςὑπόθεσις; plural hypotheses) is a ; plural hypotheses) is a 
proposed explanation for an observable phenomenon.proposed explanation for an observable phenomenon.

A A working hypothesisworking hypothesis is a is a 
hypothesis that is hypothesis that is 
provisionally acceptedprovisionally accepted
when when no alternativesno alternatives are are 
availableavailable or when the or when the 
philosophical implications of philosophical implications of 
the alternatives are the alternatives are 
considered to be absurd or considered to be absurd or 
otherwise undesirable.otherwise undesirable.

For a hypothesis to be put For a hypothesis to be put 
forward as a forward as a scientific scientific 
hypothesishypothesis, the , the 
scientific methodscientific method
requires that one can test requires that one can test 
it.it.

+



Some terminology....Some terminology....

HypothesisHypothesis

Working hypothesisWorking hypothesis

Scientific hypothesisScientific hypothesis, , 
which requires which requires 
scientific methodscientific method to to 
be able to test it.be able to test it.The Higgs Boson is a hypothetical massive 

scalar elementary particle predicted to exist by 
the Standard Model in particle physics. At 
present there are no known elementary scalar 
particles in nature. The existence of the particle 
is postulated as a means of resolving 
inconsistencies in current theoretical physics.
The Higgs mechanism, which gives mass to 
vector bosons, was theorized in 1964 by 
François Englert and Robert Brout ("boson 
scalaire"), in October of the same year by Peter 
Higgs, working from the ideas of Philip 
Anderson; and independently by Gerald 
Guralnik, C. R. Hagen, and Tom Kibble, who 
worked out the results by the spring of 1963.

LHC – Large Hadron Collider,
10 billion USD scientific device able to 

provide, in future, scientific information 
regarding the existence of Higgs Boson



RESEARCH
Research Methodology (Epidemiology) and (Bio)Statistics

Study design
Studies

Some terminology....Some terminology....

HypothesisHypothesis
Working hypothesisWorking hypothesis

Scientific hypothesisScientific hypothesis, , 
which requires which requires 
scientific methodscientific method to to 
be able to test it.be able to test it.

• Scientific method refers to a body of techniques for investigating phenomena, acquiring new 
knowledge, or correcting and integrating previous knowledge. 
• To be termed scientific, a method of inquiry must be based on gathering observable, empirical and 
measurable evidence subject to specific principles of reasoning.
• A scientific method consists of the collection of data through observation and experimentation, and 
the formulation and testing of hypotheses.



Research may be....Research may be....

 FundamentalFundamental –– with the goal with the goal 
to understand and/or to to understand and/or to 
explain the explain the mecanismsmecanisms

 Applicable – applied science 
(e.g. in clinical practice, 
bioequivalence of drugs etc)

From the goal’s viewpoint:

Calcium channels mechanism

Calcium channels blockers



Research may be....Research may be....

 DescriptiveDescriptive –– e.g. some specific cases e.g. some specific cases 
or a (limited) number of cases or a (limited) number of cases (case (case 
reports or case series studies, for example) reports or case series studies, for example) ––
which may generate a working hypothesis, but which may generate a working hypothesis, but 
COULD NOT verify it.COULD NOT verify it.

 Analytic – larger number of cases (e.g. 
samples, usually extracted/sampled 
from a population –cohort study for 
example), which could verify a working verify a working 
hypothesis and convert it, eventually, into a hypothesis and convert it, eventually, into a 
scientific hypothesisscientific hypothesis

From the number (and importance) of  the cases viewpoint:



Research may be....Research may be....

 ObservationObservation –– where the where the 
researcher has no interventionresearcher has no intervention

•• no interventionno intervention
•• low strength of evidencelow strength of evidence
•• NOT causalityNOT causality

 Experiment– where the 
researcher has to act in some way
• controlled
• high strength of evidence
• causality

From the researcher involvement’s viewpoint:



Research may be....Research may be....
From the time perspective’s viewpoint:

retrospective prospective

Cross-sectional
(“snapshot”)

time



Research Methodology and Biostatistics....Research Methodology and Biostatistics....

Research Methodology Research Methodology isis the systematic study of methods that are, can be, or the systematic study of methods that are, can be, or 
have been applied within a research. have been applied within a research. 

In the medical field, a methodological approach of the research In the medical field, a methodological approach of the research was extensively was extensively 
used in used in epidemiologyepidemiology, which , which study the factors affecting the health and study the factors affecting the health and 
illnessillness of populations and is highly regarded in of populations and is highly regarded in evidenceevidence--based medicinebased medicine for for 
identifying identifying risk factorsrisk factors for diseasefor disease and determining optimal treatment and determining optimal treatment 
approaches to clinical practice. approaches to clinical practice. 

Mathematical StatisticsMathematical Statistics is the science which seeks to explain the is the science which seeks to explain the ““mass/globalmass/global””
phenomena through a relatively small number of observations.phenomena through a relatively small number of observations.

BiostatisticsBiostatistics is a branch of statistics, specialized in investigation of biolis a branch of statistics, specialized in investigation of biological ogical 
phenomena. phenomena. 



Epidemiological measures...Epidemiological measures...

I. Various types of ratio, proportions and rates
II. Measures of (disease) frequency or (disease) occurence

• Incidence (number of new cases of disease during a given time period)
• Prevalence (number of cases that exist at a given point in time)

III. Measures of association (e.g. between a risk factor and a 
disease)

• Odds Ratio (OR)
• Relative Risk (RR)



Research process....Research process....

1) Choosing the research question

2) Developing the protocol

3) Pre-testing the protocol

4) Carrying out the study

5) Analyzing the findings

6) Interpretation and results

secondary
data

analysis
shortcut



Basic types of study  design...Basic types of study  design...

I. Descriptive studiesI. Descriptive studies (person, place and time)(person, place and time)
•• Hypothesis generatingHypothesis generating

They may be:They may be:
I.1.I.1. Studies that Studies that describesdescribes single patientsingle patient or group of patients (individual) experience or group of patients (individual) experience ––

e.g. e.g. Case ReportCase Report or or Case SeriesCase Series types of studytypes of study
I.2.I.2. Examine characteristics of Examine characteristics of entire populationsentire populations –– e.g. e.g. CorrelationalCorrelational studies, studies, 

Ecological studies Ecological studies oror CrossCross--Sectional (or prevalence) Survey, Sectional (or prevalence) Survey, where, for where, for 
example, exposure and disease status are simultaneously assessedexample, exposure and disease status are simultaneously assessed in a population (a in a population (a 
““snapshotsnapshot”” of the situation)of the situation)

II. Analytic (II. Analytic (““causalcausal””) studies) studies
•• Hypothesis testingHypothesis testing

They may be:They may be:
II.1. ObservationalII.1. Observational -- investigator follows natural course of events. E.g.:investigator follows natural course of events. E.g.:

•• Case Case –– Control studyControl study
•• Cohort StudyCohort Study

II.2. Experimental studies II.2. Experimental studies –– Intervention of the investigator which Intervention of the investigator which ““allocatesallocates”” exposure exposure 
and follows subjects. E.g.:and follows subjects. E.g.:

•• Randomized controlled trial (RCT)Randomized controlled trial (RCT)
•• Bioequivalence testingBioequivalence testing



Descriptive studies: ...Descriptive studies: ...

 Case Reports and Case SeriesCase Reports and Case Series
•• Describes Describes single patientsingle patient or or group of patients experiencegroup of patients experience
•• Most common formMost common form of study published in medical journalsof study published in medical journals

•• Strength:Strength:
•• May lead to May lead to formulation of new hypothesesformulation of new hypotheses
•• Important link between clinical medicine and epidemiologyImportant link between clinical medicine and epidemiology
•• CheapCheap and and not verynot very timetime--consumingconsuming

•• Limitations:Limitations:
•• Can not Can not be used to be used to test hypothesestest hypotheses



Descriptive studies: ...Descriptive studies: ...

 CorrelationalCorrelational studies/Ecological studiesstudies/Ecological studies
•• Examine characteristics of Examine characteristics of entire populationsentire populations
•• First step in examination of a First step in examination of a diseasedisease--exposure relationshipexposure relationship
 Strength:Strength:

•• QuickQuick and and inexpensiveinexpensive, can be used as , can be used as first stepfirst step
 Limitations:Limitations:

•• DoesnDoesn’’t link t link specific personsspecific persons’’ exposureexposure with with specific outcomespecific outcome
•• CanCan’’t control for potential confounding factorst control for potential confounding factors
•• Risk of Risk of ecological fallacyecological fallacy -- often called an often called an ecological inference fallacyecological inference fallacy, is an , is an error in error in 

the interpretationthe interpretation of statistical data in an ecological study, of statistical data in an ecological study, whereby inferences about the whereby inferences about the 
nature of specific individuals are based solely upon aggregate snature of specific individuals are based solely upon aggregate statistics collected for the tatistics collected for the 
groupgroup to which those individuals belong. This fallacy assumes that into which those individuals belong. This fallacy assumes that individual members of a dividual members of a 
group have the average characteristics of the group at large. group have the average characteristics of the group at large. 



Descriptive studies: ...Descriptive studies: ...

 CrossCross--Sectional (or prevalence) SurveySectional (or prevalence) Survey
•• ExposureExposure and and disease statusdisease status are are simultaneouslysimultaneously assessed in a population assessed in a population 

((““snapshotsnapshot”” of the situation)of the situation)
 Strength:Strength:

•• Provides information about the Provides information about the frequency and characteristics of a diseasefrequency and characteristics of a disease
•• Useful for public health because is Useful for public health because is fast, simple and usually involve low costsfast, simple and usually involve low costs
•• Can provide information concerning Can provide information concerning the prevalencethe prevalence of diseaseof disease or other health or other health 

outcome outcome in special groupsin special groups (e.g. occupations)(e.g. occupations)
 Limitations:Limitations:

•• CanCan’’t determine whether t determine whether exposure precededexposure preceded or or occurred as a result of the diseaseoccurred as a result of the disease
•• Is the Is the sample representativesample representative??
•• How about How about rare diseasesrare diseases??



Analytic studies: ...Analytic studies: ...

 Analytic studies Analytic studies -- generalitiesgeneralities
•• Explicit Explicit comparisoncomparison of of exposureexposure and and 

diseasedisease
•• Groups are assembled to determine Groups are assembled to determine 

whether whether risk risk is different for is different for exposedexposed
and and unexposedunexposed

•• Appropriate Appropriate comparison groupcomparison group
•• Hypothesis testingHypothesis testing

 Two typesTwo types
•• ObservationalObservational -- natural course of natural course of 

eventsevents
•• Intervention/experimentIntervention/experiment -- investigator investigator 

allocates exposure and follows subjectsallocates exposure and follows subjects

Retrospective cohort studyRetrospective cohort study



Analytic studies: Observational studiesAnalytic studies: Observational studies

 CaseCase--ControlControl
•• Persons with diseasePersons with disease
•• Comparison groupComparison group
•• NonNon--randomizedrandomized
•• It is, usually, a It is, usually, a retrospective studyretrospective study, but , but 

with proper arguments, it may be, with proper arguments, it may be, rarely, rarely, 
prospectiveprospective (e.g. (e.g. nested casenested case--control control 
studystudy in a population based cohort in a population based cohort -- In a In a 
nested casenested case--control studycontrol study, cases of a disease that , cases of a disease that 
occur in a defined cohort are identified and, for each, a occur in a defined cohort are identified and, for each, a 
specified number of matched controlsspecified number of matched controls is selected is selected 
from among those in the cohort who have not from among those in the cohort who have not 
developed the disease by the time of disease developed the disease by the time of disease 
occurrence in the caseoccurrence in the case).).

 CohortCohort
 Subjects classified on Subjects classified on basis of basis of 

exposure of a factorexposure of a factor
 FollowFollow--upup to determine to determine presence of presence of 

diseasedisease
 It could be It could be prospectiveprospective or or 

retrospective studyretrospective study



Analytic studies: CaseAnalytic studies: Case--control studiescontrol studies

 CaseCase--Control studiesControl studies
 AdvantagesAdvantages

•• Uniquely suited to diseases with Uniquely suited to diseases with 
long incubationlong incubation periodsperiods

•• More efficient in terms of More efficient in terms of timetime and and 
money (money (low costlow cost))

•• Good for study of Good for study of rare diseaserare disease
•• Can look at Can look at multiple exposures multiple exposures 

(risk factors) for a single disease(risk factors) for a single disease
 DisadvantagesDisadvantages

•• Inefficient for evaluation of Inefficient for evaluation of rare rare 
exposuresexposures

•• Cannot directly compute Cannot directly compute incidence incidence 
ratesrates of diseaseof disease

•• Temporal relationshipTemporal relationship between between 
exposure and disease may be exposure and disease may be hard hard 
to establishto establish

•• Particularly prone to Particularly prone to biasbias (selection (selection 
and recall in particular)and recall in particular)

Simundic AM, Types of study design, Intensive Course in Basic 
Biostatistics and Research Design, June 21-24, 2009, Targu
Mures, Romania, Pre-congress event,  1st Congress of Romanian 
Association of Medical Laboratories.

Flow chart:



Analytic studies: CaseAnalytic studies: Case--Control studies Control studies -- issuesissues

 Issues:Issues:
•• DefinitionDefinition and and selectionselection of of casescases
•• IncidentIncident versus versus prevalent prevalent casescases
•• Source of controls:Source of controls: hospital, hospital, 

general population, special seriesgeneral population, special series
•• Number of controlNumber of control groupsgroups
•• Case/control ratioCase/control ratio
•• AscertainmentAscertainment (non(non--random random 

sampling) of sampling) of diseasedisease and and 
exposure statusexposure status



OddsOdds--RatioRatio is used for is used for casecase--
controlcontrol studiesstudies because because persons persons 
are selected are selected based onbased on disease disease 
statusstatus, so you , so you cancan’’t calculatet calculate
risk of getting disease !risk of getting disease !

Analytic studies: CaseAnalytic studies: Case--Control analysisControl analysis

Disease+

ExposedExposed
NonNon--ExposedExposed

a b
c d

Disease-

Interpretation of OR:Interpretation of OR:
OROR=1  =1  -- No associationNo association between exposure between exposure 
and disease. Incidence rates are identical and disease. Incidence rates are identical 
between groups.between groups.
OR> 1  OR> 1  -- Positive associationPositive association
OR< 1 OR< 1 -- Negative association or protective Negative association or protective 
effecteffect

Example:  OR= 0.5  Example:  OR= 0.5  -- half as likely to half as likely to 
experience diseaseexperience disease

a/cOdd-Ratio (OR) = b/d = a x d
b x cOdd-Ratio (OR) = b/dOdd-Ratio (OR) = b/dOdd-Ratio (OR) =



Analytic studies: Observational studiesAnalytic studies: Observational studies

 Cohort studiesCohort studies
 AdvantagesAdvantages

•• Can Can measuremeasure incidenceincidence and thus and thus riskrisk
•• No recall biasNo recall bias
•• ExposureExposure precedes precedes diseasedisease
•• Can study Can study several diseasesseveral diseases
•• Can be very efficient for Can be very efficient for rare exposurerare exposure

(can sample on exposure status)(can sample on exposure status)
 DisadvantagesDisadvantages

•• Large number ofLarge number of subjectssubjects/participants/participants
•• Inefficient for Inefficient for rare diseasesrare diseases
•• Long followLong follow--up periodup period

•• Subjects may change health behaviors during course of Subjects may change health behaviors during course of 
studystudy

•• Possible changes over time in ascertainment of diseasePossible changes over time in ascertainment of disease

•• patient droppatient drop--outout
•• causalitycausality
•• Very costlyVery costly

Flow chart:

Legend:
Nonexposed
Exposed
Healthy
Diseased

Prospective study
T0 T1T1
T0

T-1 T0Retrospective study

T1
T0

T0T-1 T0



Analytic studies: Observational studiesAnalytic studies: Observational studies

 Cohort studies Cohort studies –– types:types:
 PROSPECTIVEPROSPECTIVE

•• Study starts in the present Study starts in the present 
and investigator observes and investigator observes 
cohort prospectively (i.e. cohort prospectively (i.e. 
into the future)into the future)

•• Advantage:Advantage: Can collect Can collect 
whatever information you whatever information you 
wantwant

 RETROSPECTIVERETROSPECTIVE
•• Investigator identifies Investigator identifies 

cohort retrospectively (i.e. cohort retrospectively (i.e. 
in the past) and observes in the past) and observes 
cohort through historical cohort through historical 
timetime

•• Disadvantage:Disadvantage: You're You're 
stuck with what information stuck with what information 
was collected in the past.was collected in the past.



Analytic studies: Cohort studies Analytic studies: Cohort studies -- issuesissues

 Issues:Issues:
•• Selection of the exposed Selection of the exposed 

populationpopulation (e.g. where they really at (e.g. where they really at 
risk in the moment of Chernobyl risk in the moment of Chernobyl 
accident ???)accident ???)

•• Selection of comparison groupSelection of comparison group
(in our case, incomplete medical (in our case, incomplete medical 
records for some prerecords for some pre--Chernobyl period)Chernobyl period)

•• Source of exposure dataSource of exposure data

•• Source of outcome dataSource of outcome data
((““theoreticaltheoretical”” incidence reports incidence reports 
from medical statistics institutes or from medical statistics institutes or 
confirmed cases in hospitals?)confirmed cases in hospitals?)

Retrospective cohort study

T-1 T0



Analytic studies: Cohort analysisAnalytic studies: Cohort analysis

Disease

Exposure

Yes No

Yes

No

Total

Total

a

c d

b a + b

c + d

a + c b + d a + b + c + d

a = number of individuals who are exposed and have the a = number of individuals who are exposed and have the 
diseasedisease
b = number who are exposed and do not have the diseaseb = number who are exposed and do not have the disease
c = number who are not exposed and have the diseasec = number who are not exposed and have the disease
d = number who are both nond = number who are both non--exposed and nonexposed and non--diseaseddiseased

a + b = the total number of individuals exposeda + b = the total number of individuals exposed
c + d = the total number of unexposedc + d = the total number of unexposed
a + c = the total number with the diseasea + c = the total number with the disease
b + d = the total number without the diseaseb + d = the total number without the disease
a + b + c + d = sum of all four cells and the total sample size a + b + c + d = sum of all four cells and the total sample size 
for the studyfor the study

Contingency tables (2x2)

Relative risk (RR)
Measure of association between exposure 
(risk factor) and disease (outcome)
Estimate the magnitude of this 
association

Incidence rate among exposedIncidence rate among exposed

RR = RR = 
Incidence rate among unexposedIncidence rate among unexposed

a/(a/(a+ba+b))
RR =RR =

c/(c+d)



Analytic studies: Cohort analysisAnalytic studies: Cohort analysis

Interpretation of the Interpretation of the 
results:results:
i) RRi) RR
ii) P value for the ii) P value for the 
proper test proper test (Chi square test, (Chi square test, 
Chi square with Yates correction, Chi square with Yates correction, 
Fischer exact test etc)Fischer exact test etc)

iii) CI 95% for RR.iii) CI 95% for RR.



Analytic studies: InterventionAnalytic studies: Intervention/Experimental studies/Experimental studies

 Experimental studies (e.g. Experimental studies (e.g. 
Randomized Controlled Trials Randomized Controlled Trials ––
RCT)RCT)
•• Provides Provides most reliable evidencemost reliable evidence
•• RandomizationRandomization

 Controls for known risk factorsControls for known risk factors
 Controls for unknown risk factorsControls for unknown risk factors

•• Useful for studying Useful for studying small to small to 
moderatemoderate effectseffects

•• Ethical considerationsEthical considerations
 Human rights reviewHuman rights review
 Data monitoringData monitoring

Flow chart:

Simundic AM, Types of study design, Intensive Course in Basic 
Biostatistics and Research Design, June 21-24, 2009, Targu
Mures, Romania, Pre-congress event,  1st Congress of Romanian 
Association of Medical Laboratories.



Analytic studies: InterventionAnalytic studies: Intervention/Experiment studies/Experiment studies

 AdvantagesAdvantages
•• strength of evidencestrength of evidence (most scientist consider (most scientist consider 

them to be the most reliable form of scientific them to be the most reliable form of scientific 
evidence in the hierarchy of evidence that influences evidence in the hierarchy of evidence that influences 
healthcare policy and practice)healthcare policy and practice)

•• it may study it may study different outcomesdifferent outcomes
•• control of biascontrol of bias (systematic errors)(systematic errors)
•• causalitycausality

 DisadvantagesDisadvantages
•• randomizationrandomization (is it ethical?)(is it ethical?)
•• high costhigh cost
•• compliancecompliance
•• patient droppatient drop--outout

Experimental studies (Randomized Controlled Trials Experimental studies (Randomized Controlled Trials –– RCT)RCT)



Analytic studies: InterventionAnalytic studies: Intervention/Experiment studies/Experiment studies

 By study designBy study design
•• ParallelParallel--groupgroup –– each participant is randomized to a group,each participant is randomized to a group, and all the and all the 

participants in the group receives (or does not receive) an inteparticipants in the group receives (or does not receive) an interventionrvention
•• CrossoverCrossover –– over time, each participant receives (or does not receive)over time, each participant receives (or does not receive) an an 

intervention in a random sequenceintervention in a random sequence
•• SplitSplit--body body –– separate parts of the body of each participantseparate parts of the body of each participant (e.g., the left and right (e.g., the left and right 

sides of the face) are randomized to receive (or not receive) ansides of the face) are randomized to receive (or not receive) an interventionintervention
•• ClusterCluster –– prepre--existing groups of participants (e.g., villages, schools)existing groups of participants (e.g., villages, schools) are are 

randomized to receive (or not receive) an interventionrandomized to receive (or not receive) an intervention
•• FactorialFactorial –– each participant is randomized to a group that receives a particeach participant is randomized to a group that receives a particular ular 

combinationcombination of interventions or nonof interventions or non--interventions (e.g., group 1 receives vitamin X interventions (e.g., group 1 receives vitamin X 
and vitamin Y, group 2 receives vitamin X and placebo Y, group 3and vitamin Y, group 2 receives vitamin X and placebo Y, group 3 receives placebo receives placebo 
X and vitamin Y, and group 4 receives placebo X and placebo Y)X and vitamin Y, and group 4 receives placebo X and placebo Y)

Randomized Controlled Trials Randomized Controlled Trials –– RCT RCT -- ClassificationClassification

An analysis of 616 An analysis of 616 RCTsRCTs indexed in indexed in PubMedPubMed, between December 2000 and December 2006, found that , between December 2000 and December 2006, found that 78% were 78% were 
parallelparallel--groupgroup, , 16% were crossover, 2% were split16% were crossover, 2% were split--body, 2% were cluster, and 2% were factorial.body, 2% were cluster, and 2% were factorial.
Hopewell S, Dutton S, Yu LM, Chan AW, Altman DG (2010). The qualHopewell S, Dutton S, Yu LM, Chan AW, Altman DG (2010). The quality of reports of ity of reports of randomisedrandomised trials in 2000 and 2006: comparative trials in 2000 and 2006: comparative 
study of articles indexed in study of articles indexed in PubMedPubMed. BMJ 2010;340:c723. BMJ 2010;340:c723



Analytic studies: InterventionAnalytic studies: Intervention/Experiment studies/Experiment studies

 By outcome of interest By outcome of interest 
(efficacy vs. effectiveness)(efficacy vs. effectiveness)

•• Explanatory RCT Explanatory RCT -- test test ““efficacyefficacy”” in a research in a research 
setting with setting with highly selected participantshighly selected participants and and 
under under highly controlled conditionshighly controlled conditions

•• Pragmatic RCTPragmatic RCT -- test test ““effectivenesseffectiveness”” in in 
everyday practice, with everyday practice, with relatively unselected relatively unselected 
participantsparticipants and and under flexible conditionsunder flexible conditions; in ; in 
this way, pragmatic this way, pragmatic RCTsRCTs can can "inform decisions "inform decisions 
about practiceabout practice””

Randomized Controlled Trials Randomized Controlled Trials –– RCT RCT -- ClassificationClassification

ZwarensteinZwarenstein M, M, TreweekTreweek S, S, GagnierGagnier JJ, Altman DG, Tunis S, Haynes JJ, Altman DG, Tunis S, Haynes 
B, B, OxmanOxman AD, AD, MoherMoher D; CONSORT group; Pragmatic Trials in D; CONSORT group; Pragmatic Trials in 
Healthcare (Healthcare (PractihcPractihc) group (2008). Improving the reporting of ) group (2008). Improving the reporting of 
pragmatic trials: an extension of the CONSORT statement, BMJ pragmatic trials: an extension of the CONSORT statement, BMJ 
2008;337:a2390 2008;337:a2390 



Analytic studies: InterventionAnalytic studies: Intervention/Experiment studies/Experiment studies

 By hypothesis (superiority vs. By hypothesis (superiority vs. 
noninferioritynoninferiority vs. equivalence)vs. equivalence)

•• Superiority trials,Superiority trials, in which in which one one 
interventionintervention is is hypothesized to be hypothesized to be 
superior to anothersuperior to another in a statistically in a statistically 
significant waysignificant way

•• NoninferiorityNoninferiority trialstrials –– try try to to 
determinedetermine whether a whether a new treatmentnew treatment is is 
no worse than a reference treatmentno worse than a reference treatment

•• Equivalence trialsEquivalence trials -- in which the in which the 
hypothesis is that hypothesis is that two interventions are two interventions are 
indistinguishableindistinguishable from each otherfrom each other

Randomized Controlled Trials Randomized Controlled Trials –– RCT RCT -- ClassificationClassification

PiaggioPiaggio G, G, ElbourneElbourne DR, Altman DG, DR, Altman DG, PocockPocock SJ, Evans SJ; SJ, Evans SJ; 
CONSORT Group (2006). "Reporting of CONSORT Group (2006). "Reporting of noninferioritynoninferiority and and 
equivalence randomized trials: an extension of the CONSORT equivalence randomized trials: an extension of the CONSORT 
statement". JAMA 295 (10): 1152statement". JAMA 295 (10): 1152––6060



Analytic studies: RCT analysisAnalytic studies: RCT analysis

 We may compute:We may compute:
Relative Risk (RR)Relative Risk (RR) Absolute Risk Reduction (RR)Absolute Risk Reduction (RR)

Relative Risk Reduction (RRR)Relative Risk Reduction (RRR) Number Needed to Treat (NNT)Number Needed to Treat (NNT)

Simundic AM, Types of 
study design, Intensive 
Course in Basic 
Biostatistics and Research 
Design, June 21-24, 2009, 
Targu Mures, Romania, 



Strenght of evidence in various types of Strenght of evidence in various types of 
studiesstudies

Cohort
Case-Control

Cross-sectional
Case Series
Case Reports

(Randomized) 
Clinical Trial 

- RCT

Descriptive 
studies

Analytic 
(observational) 

studies

Analytic 
(experimental) 

studies

Strenght of evidence



Questions, when selecting a study design:Questions, when selecting a study design:

 Scientific Knowledge ?Scientific Knowledge ?
•• NewNew
•• AddingAdding
•• Redoing / ConfirmingRedoing / Confirming

 Hypothesis?Hypothesis?
•• GeneratingGenerating
•• TestingTesting

 Epidemiologic / Statistical ?Epidemiologic / Statistical ?
•• DiseaseDisease
•• ExposureExposure
•• Sample Size !Sample Size !

 Resources ?Resources ? (usually a limiting factor)(usually a limiting factor)
•• CostCost
•• TimeTime

•• What disease is to be studied?What disease is to be studied?
•• Theoretical (e.g. incidence reports Theoretical (e.g. incidence reports 

from governmental agencies, from governmental agencies, 
epidemiology books, other studies epidemiology books, other studies 
etc)etc)

•• empirical based on diagnostic criteriaempirical based on diagnostic criteria
•• What exposure is to be studied?What exposure is to be studied?

•• theoreticaltheoretical
•• empirical on the basis of criteria and empirical on the basis of criteria and 

examination methods usedexamination methods used
•• What is the induction time,What is the induction time, that is, the that is, the 

time relation between exposure and effect time relation between exposure and effect 
(disease occurrence)?(disease occurrence)?

•• What other factors may influence this What other factors may influence this 
association?association?

•• theoreticaltheoretical
•• empirical on the basis of criteria and empirical on the basis of criteria and 

examination methods usedexamination methods used



Issues in study design:Issues in study design:

 Random or nonrandom sample?Random or nonrandom sample?
 Sample sizeSample size
 Random errorRandom error
 Bias (systematic error)Bias (systematic error)
 Association vs. CausationAssociation vs. Causation



Issues in study design:rIssues in study design:randomandom or nonrandom sample?or nonrandom sample?

 The best way to avoid a biased or unrepresentative sample is to The best way to avoid a biased or unrepresentative sample is to 
select a select a random samplerandom sample, also known as a probability sample., also known as a probability sample.

A A random samplerandom sample is defined as a sample where the is defined as a sample where the probabilityprobability that any individual that any individual 
member from the population being selected as part of the sample member from the population being selected as part of the sample is exactly the same is exactly the same 
as any other individual member of the population. Several types as any other individual member of the population. Several types of random samples of random samples 
are are simple random samplessimple random samples, , systematic samplessystematic samples, , stratified random samplesstratified random samples, and , and 
cluster random samplescluster random samples. . 

•• A sample that is not random is called a A sample that is not random is called a nonrandom sample or a or a 
nonprobabilitynonprobability samplesample..

NonprobabilityNonprobability sampling include:sampling include:
•• Convenience, Haphazard or Convenience, Haphazard or Accidental samplingAccidental sampling -- members of the population members of the population 

are chosen based on their relative ease of access.are chosen based on their relative ease of access.
•• Snowball samplingSnowball sampling -- The first respondent refers a friend. The friend also refers a The first respondent refers a friend. The friend also refers a 

friend, etc. friend, etc. 
•• Judgmental samplingJudgmental sampling or or Purposive samplingPurposive sampling -- The researcher chooses the The researcher chooses the 

sample based on who they think would be appropriate for the studsample based on who they think would be appropriate for the study. y. 
•• Deviant CaseDeviant Case--Get cases that substantially differ from the dominant pattern (aGet cases that substantially differ from the dominant pattern (a

special type of purposive sample) special type of purposive sample) 
•• Case studyCase study -- The research is limited to one group, often with a similar charThe research is limited to one group, often with a similar characteristic acteristic 

or of small size.or of small size.
•• ad hoc quotasad hoc quotas -- A quota is established (say 65% women) and researchers are freeA quota is established (say 65% women) and researchers are free

to choose any respondent they wish as long as the quota is met. to choose any respondent they wish as long as the quota is met. 



Issues in study design:sample sizeIssues in study design:sample size

 How much error is acceptable?How much error is acceptable?
Alpha error/Type I errorAlpha error/Type I error -- rejecting null hypothesis when it is rejecting null hypothesis when it is 

truetrue
Finding an association that isnFinding an association that isn’’t realt real (False positive)(False positive)
Beta error/Type II errorBeta error/Type II error -- failing to reject null hypothesis when failing to reject null hypothesis when 

it is falseit is false
Missing an association that exists Missing an association that exists (False (False negativenegative))
PowerPower = 1 = 1 –– Beta  Beta  -- Probability of observing an effect Probability of observing an effect 

(association) in the sample if one exists(association) in the sample if one exists
Example:Example: B = 0.1  B = 0.1  ------> Power = 90% chance of finding > Power = 90% chance of finding 

associationassociation
 How large an effect do you expect to observe?How large an effect do you expect to observe?
Inverse relationshipInverse relationship between between size of effectsize of effect and and sample size !!!sample size !!!

 How do you estimate effect?How do you estimate effect? (clinically meaningful (clinically meaningful 
effect, pilot studies/other studies, informed guess)effect, pilot studies/other studies, informed guess)

 You may have to start with what you know you can You may have to start with what you know you can 
dodo

•• Available subjectsAvailable subjects
•• WhatWhat’’s affordable (costs and time)s affordable (costs and time)



Issues in study design: steps in setting sample sizeIssues in study design: steps in setting sample size

1.1. State null hypothesis and alternative hypothesisState null hypothesis and alternative hypothesis
2.2. Select statistical test based on types of variables to be Select statistical test based on types of variables to be 

analyzedanalyzed
3.3. Choose effect size Choose effect size -- what do you expect to see?what do you expect to see?
4.4. Set alpha and beta levels (power of the study)Set alpha and beta levels (power of the study)
5.5. Calculate Calculate -- use sample size table or computer use sample size table or computer 

programprogram



Issues in study design:random error and biasIssues in study design:random error and bias

 Random errorRandom error
•• Random errors are errors in measurement Random errors are errors in measurement that lead that lead 

to measured values being inconsistent when to measured values being inconsistent when 
repeated measuresrepeated measures of a of a constant attributeconstant attribute or or 
quantityquantity are taken.are taken.

•• In a study design use the words In a study design use the words chance, luck of the chance, luck of the 
drawdraw

 How to reduce it?How to reduce it?
•• Larger sampleLarger sample produce produce less variable estimateless variable estimate and and 

more likely to reflect the experience of the total more likely to reflect the experience of the total 
populationpopulation

•• ATTENTION! May be affected by both ATTENTION! May be affected by both the the 
magnitude of the difference between groupsmagnitude of the difference between groups and and 
the sample sizethe sample size

 Bias (systematic error)Bias (systematic error)
•• Any trendAny trend in the collection, analysis, interpretation, in the collection, analysis, interpretation, 

publication or review of data publication or review of data that can lead to that can lead to 
conclusionsconclusions which are which are systematically different from systematically different from 
the truth.the truth.



Issues in study design: types of biasIssues in study design: types of bias

 Types of bias
• selection bias
• exclusion bias
• prevalence/incidence bias
• volunteer bias
• compliance bias
• performance bias
• attrition bias (drop-out)
• detection bias
• response bias
• information bias (recall bias, 

observer bias)
• misclassification bias
• funding bias
• publication bias

etc etc

 Control of bias

 Choice of study population
 Methods of data collection

• Study Instruments
• Objective questions
• Objective measurements

• Standardized techniques
• Standard responses
• Training
• Blinding

 Use multiple sources of data 
for exposure and disease

 Minimize loss of follow-up



Issues in study design: association versus causationIssues in study design: association versus causation

 We have to remember that:We have to remember that:
•• Association Association refers torefers to the statistical dependence between the statistical dependence between 

two variablestwo variables
•• The presence of an associationThe presence of an association, in no way implies that , in no way implies that 

the observed relationshipthe observed relationship is one of is one of cause and effect.cause and effect.



Criteria For CausalityCriteria For Causality

 Can this Can this valid statistical associationvalid statistical association be judged as be judged as cause and effectcause and effect??
 Strength of the association:Strength of the association:

 Look at the magnitude of the observed association.Look at the magnitude of the observed association.
 Biologic credibility of the hypothesis:Biologic credibility of the hypothesis:

 Is there a known or postulated mechanism?Is there a known or postulated mechanism?
 Consistency with other studies:Consistency with other studies:

 Are these results consistent with others?Are these results consistent with others?
 Time sequence:Time sequence:

 Does the exposure precede the outcome by a period of time consisDoes the exposure precede the outcome by a period of time consistent tent 
with any proposed biologic mechanism?with any proposed biologic mechanism?

 DoseDose--response relationship:response relationship:
 Is there a gradient of risk with the degree of exposure?Is there a gradient of risk with the degree of exposure?

 Is the association specific?Is the association specific?
 How many factors cause disease?How many factors cause disease?
 How many diseases are caused by the factor?How many diseases are caused by the factor?


