Basic types of study design

Assoc . Prof. Dr. Marius MARUSTERI
Medical Informatics and Biostatistics Dept.
University of Medicine and Pharmacy Tg Mures ROMANIA

ungary Ukraina

Mﬁramums Siovs Re
Y apublic of
p f-'"—k ﬂucovl‘_}?‘ %, Moldova

/o)

I.- \ Chul Napoca = - (S‘.-\ .. ‘Il Iw\
Crisana = T Marel B \

. V_"':r\‘ Transylvama |“°““ar‘
Timigonrn . o1t e | y.A
- . \ Uk I
e - o . sy
e S -1 \ | “"“?:, ]
N S ey j
r - '\\Wa!lat: o fgobrogea
] Yugoslavia i il Lol g |
T — et — ‘; i \\" G — "‘-___'-lg:.-sfmn- Black
— ——— v TSN pugara W -




A hypothesis (from Greek uno6eoic; plural hypotheses) is a

proposed explanation for an observable phenomenon.

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

A working hypothesis is a
hypothesis that is
provisionally accepted
when no alternatives are
available or when the
philosophical implications of -
the alternatives are Ac
considered to be absurd or R =

otherwise undesirable.
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Working hypothesis

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
Francois 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.

“Hypothesis

Scientific hypothesis,
which requires
scientific method to

be able to test it.

‘ i

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

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

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

Working hypothesis

* 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

Research Methodology (Epidemiology) and (Bio)Statistics

Study design
Studies
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Fundamental — with the goal =
to understand and/or to
explain the mecanisms

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

Calcium channels blockers




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

Descriptive — e.g. some specific cases

or a (limited) number of cases (case
reports or case series studies, for example) —

which may generate a working hypothesis, but
COULD NOT verify it.

Analytic — Iar?er number of cases (e.g.
samples, usually extracted/sampled
from a population —cohort study for

examp|e), WhiCh Could Verify a Working STUDII DE TIP CASE-CONTROL (CASE—CONLSTUDIEL-

hypothesis and convert it, eventually, into a
scientific hypothesis

Bolnavi
Fars expunere

—

Diagrama schematicé a unui studiu

de tip Case Control (sus), respectiv

gruparea subiectilor in tabele de
Sanatogi contingenta (jos)




I
.x.g.x

h—f
| \. From the researcher involvement’s viewpoint:
\ 1-':!" o === — - s

Observation — where the
researcher has no intervention
no intervention
low strength of evidence
NOT causality

Experiment— where the
researcher has to act in some way
controlled
high strength of evidence
causality
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From the time perspective’s viewpoint:

Cross-sectional
(*snapshot™)

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

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

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

Biostatistics is a branch of statistics, specialized in investigation of biological

phenomena.
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|. Various types of ratio, proportions and rates
I1. 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)
[11. Measures of association (e.g. between a risk factor and a
disease)
 Odds Ratio (OR)
e Relative Risk (RR)

“1 think you should be more explicit here in
step two.”



. I 1} Choosing the research guestion I

l 2} Develoging the grotocol .

l secondary

\ data
I 3) Pre-testing the protocol I analysis
l shortcut

l 4) Carrxing out the studx .
o 5

—— l 5} Analxzing the findings l

l 6} Intergretation and results .
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. Descriptive studies (person, place and time)

Hypothesis generating
They may be:

1.1. Studies that describes single patient or group of patients (individual) experience —
e.g. Case Report or Case Series types of study

1.2. Examine characteristics of entire populations — e.g. Correlational studies,
Ecological studies or Cross-Sectional (or prevalence) Survey, where, for
example, exposure and disease status are simultaneously assessed in a population (a
“snapshot” of the situation)

11. Analytic (“causal”) studies

Hypothesis testing
They may be:
11.1. Observational - investigator follows natural course of events. E.g.:
Case — Control study
Cohort Study

11.2. Experimental studies — Intervention of the investigator which “allocates” exposure
and follows subjects. E.g.:

Randomized controlled trial (RCT)
Bioequivalence testing
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Case Reports and Case Series
Describes single patient or group of patients experience
Most common form of study published in medical journals
Strength:

May lead to formulation of new hypotheses
Important link between clinical medicine and epidemiology
Cheap and not very time-consuming

Limitations:
Can not be used to test hypotheses
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Correlatlonal studies/Ecological studies

Examine characteristics of entire populations

First step in examination of a disease-exposure relationship

Strength:
Quick and inexpensive, can be used as first step

Limitations:
Doesn’t link specific persons’ exposure with specific outcome
Can’t control for potential confounding factors

Risk of ecologlcal fal Iacy - often called an ecological inference fallacy, is an error in
the interpretation of statistical data in an ecological study, whereby inferences about the
nature of specific individuals are based solely upon aggregate statistics collected for the
group to which those individuals belong. This fallacy assumes that individual members of a
group have the average characteristics of the group at large.
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Cross-Sectional (or prevalence) Survey

Exposure and disease status are simultaneously assessed in a population
(“snapshot™ of the situation)

Strength:
Provides information about the frequency and characteristics of a disease
Useful for public health because is fast, simple and usually involve low costs
Can provide information concerning the prevalence of disease or other health
outcome in special groups (e.g. occupations)
Limitations:
Can’t determine whether exposure preceded or occurred as a result of the disease
Is the sample representative?
How about rare diseases?
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Analytlc studies - generalities
Explicit comparison of exposure and

d I Se ase ACCIDENTAL IONIZING RADIATION AND ITS IMPACT ON THE POPULATION
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Abstract. A study of the influence of accidental ionizing radiation due to the miclear explosion in Chemobyl in 1986 on

Ap p ro p r | a_te CO m p a r | So N g ro u p Mures County population was performed. We studied the annual incidence of acute leukemia in Mures County

between 1983-2002, according to gender, origin, and type of disease. This study is a cohort type, based on
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ecological preponderance. Due to the existence of incomplete records in some clinics, we could not study the

H y p Ot h eS i S testi n g incidence of disease for more than 3 years in pre-Chernobyl period (1983-1985). Thus, we have grouped the

post-Chernobyl interval in 5 periods of 3 years, to calculate and compare the cumulative incidence valies. Regarding
the total incidence of acute leukemia, there is a statistically significant positive association between the exposure to the

TWO t e S risk factor (ionizing radiation) and the disease throughout all the studied periods during 1986-2000. Previous
y p conclusions are also supported by the results of data analysis in case of grouping data according to criteria regarding
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Case-Control studies Flow chart:

Advantages
Uniquely suited to diseases with

long mcm_Jb_atlo_n periods _ _
More efficient in terms of time and
money (low cost) @
Good for study of rare disease  ahected
Can look at multiple exposures heattry
(risk factors) for a single disease
Disadvantages
Inefficient for evaluation of rare
exposures ENEH & affected
Cannot directly compute incidence S
rates of disease
Temporal relationship between T Rheshy
exposure and disease may be hard — _ . e
Simundic AM, Types of study design, Intensive Course in Basic

to e§tab“8h ) ) Biostatistics and Research Design, June 21-24, 2009, Targu
Particularly prone to bias (selection Mures, Romania, Pre-congress event, 1% Congress of Romanian
and recall In particu|ar) Association of Medical Laboratories.

not affected -




Definition and selection of cases
Incident versus prevalent cases

Source of controls: hospital,
general population, special series

Case-control study of disease determinants for non-typhoidal
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| study among Michigan children aged [less than or equal to] 10 years was conducted. A total of

Post to:
123 cases of children with laboratory-confirmed Salmonella infections and 139 control children, who had not

B Citeulike
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experienced symptoms of gastrointestinal illness during the month prior to the interviews, were enrolled. The | g® Del.icio.us
cases and controls were matched on age-category (<1 year, 2-<6 years and 6-10 years). Data on i Facebook
socioeconomic status, food intake, and environmental exposures, were collected on the queried case and :‘ETE‘EV
witter

control subjects. After adjusting for race and household-income the final regression multivariable model
revealed that Salmonella infections were significantly associated with attendance of a daycare center (adjusted matched odds ratio =

5.00, 95% CI: 1.51 - 16.58), contact with cats (MOR = 2.53, 95% Cl: 1.14 - 5.88), and contact with reptiles (MOR = 7.90, 95% CI: 1.52 -
41.01), during the 3 days prior to the onset of child's iliness.

Conclusions

Study results suggest that exposure to environmental sources may play an important role in sporadic infections with Salmonella serotype:
in children. Additional efforts are needed to educate parents and caretakers about the risk of Salmonella transmission to children from
these sources.
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Odds-Ratio IS used for case- Disoaciere
control studies because persons
are selected based on disease Exposed | a b
status, so you can’t calculate Non-Exposed | C d

risk of getting disease !

Odd-Ratio (OR) = —2r—— = —fX¢

Interpretation of OR:

OR=1 - No association between exposure

and disease. Incidence rates are identical ~ -
between groups. e ——— e

Research article

OR>1 - Positive association | . o
=estact | A case-control study of occupational magnetic field exposure

saccorond . @Nd Alzheimer's disease: results from the California e

Ful

OR< 1 - Negative association or protective | Alzheimer's Disease Diagnosis and Treatment Centers

Zoreh Davanipour! &, Chiu-Chen Tseng2 &, Pey-Jiuan Lee2 & and Eugene Sobel1.2 &=
niversity of Southern California, Los Angeles, CA 90033, USA
e, Univ of Southern Cali

effECt DRt 5 Dt o ooy Kook oo o ke Lok ol f Sy o
Example: OR= 0.5 - half as likely to
experience disease

rn California, Los Angeles
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Cohort studies Flow chart:
Advantages
Can measure incidence and thus rigk oo
No recall bias Legend:
Exposure precedes disease 'EO”eXpOSGd
i =Exposed
Can study several diseases Healthy

Can be very efficient for rare exposure =Diseased

(can sample on exposure status)

Disadvantages
Large number of subjects/participants
Inefficient for rare diseases

Long follow-up period
Subjects may change health behaviors during course of

T et Cragrama schamaticd a unul studiu
...... - ez Fan de tip cohortd (sus), respectv
- — 1 L -

1EEE 1RER 1

Prospective study

study T, T b

Possible changes over time in ascertainment of disease !
patlenjc drop-out T Retrospective study To
causality

Very costly



]
e T
\o Yoy

.

N .
TN

Cohort studies — types:
PROSPECTIVE
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Issues:

Selection of the exposed

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

Selection of comparison group
(in our case, incomplete medical
records for some pre-Chernoby! period)

Source of exposure data

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

Rom. J. Biophys. 2010 20(1): 47-59
ACCIDENTAL IONIZING RADIATION AND ITS IMPACT ON THE POPULATION
MARIANA TILINCA*, M. MARUSTERI**, JULIANNA SZAKACS***, [. NICOLAESCU***

*Department of Cellular and Molecular Biology, University of Medicine and Pharmaceutics, Targu Mures, Romania
**Department of Medical Informatics and Biostatistics, University of Medicine and Pharmaceutics, Targu Mures,
Romania

***Department of Biophysics, Biotechnology, Medical and Pharmaceutical Physics, University of Medicine and
Pharmaceutics, Targu Mures, Romania

Abstract. A study of the influence of accidental ionizing radiation due to the nuclear explosion in Chemobyl in 1986 on
Mures County population was performed. We studied the annual incidence of acute leukemia in Mures County
between 1983-2002, according to gender, origin, and type of disease. This study is a cohort type, based on
ecological preponderance. Due to the existence of incomplete records in some clinics, we could not study the
incidence of disease for more than 3 years in pre-Chemnobyl period (1983-1985). Thus, we have grouped the
post-Chernobyl interval in 5 periods of 3 years, to calculate and compare the cumulative incidence valies. Regarding
the total incidence of acute leukemia, there is a statistically significant positive association between the exposure to the
risk factor (jonizing radiation) and the disease throughout all the studied periods during 1986-2000. Previous
conclusions are also supported by the results of data analysis in case of grouping data according to criteria regarding
the type of the disease, as well as demographic criteria. The results appear to contest the existence of a
dose-response type relationship in case of our study.

Key words: ionizing radiation, acute leukemia, statistical analysis.

Retrospective cohort study

Deagrama schematich & unui studiv
de tip cohorti (sus), respectiv
gruparea sulriection in tabeks da
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P Contingency tables (2x2) Disease
Yes No Total
. . Yes a b qa+ b
Relative rlsk_(RR) Smes
Measure of association between exposure No C d c+d

(risk factor) and disease (outcome)
Estimate the magnitude of this
association

Incidence rate among exposed

RR =
Incidence rate among unexposed
al/(a+b)

RR =
c/(c+d)

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

a = number of individuals who are exposed and have the
disease

b = number who are exposed and do not have the disease
¢ = number who are not exposed and have the disease

d = number who are both non-exposed and non-diseased

a + b = the total number of individuals exposed

¢ + d = the total number of unexposed

a + ¢ = the total number with the disease

b + d = the total number without the disease
a+b+c+d=sum of all four cells and the total sample size
for the study



results:
1) RR

1) P value for the

Interpretation of the

proper test (chi square test,

Chi square with Yates correction,
Fischer exact test etc)

1) Cl 95% for RR.

Analogy Between Jury decisions and Statistical Tests

JURY STATISTICAL
DECISION: guiltv/not guilty reject/accept null
PRESUMPTION: Presumed innocent no association
STANDARD: bevond a reasonable doubt level of significance

Truth in population versus the results in a study sample

Truth
Association No association
(guiltv) (innocent)

o Reject Hy Type I error
. (guilty) Correct (alpha = 0.05)
o Fail to reject Hy Tvpe 11 error
o (ot wiis) (beta = 0.20) Lorrict

———
RR (OR) CI95 % CI95 % P value Interpretation
Minimal Maximal Positive association,
value value statistically
significant, between
exposure (risk factor
and disease
CI95 % CI95 % P value Interpretation
Minimal Maximal Negative association
value value (protective effect),
statistically
significant, between
exposure (risk factor
and disease
CI95 % CI95 % P value Interpretation
Minimal Maximal Positive association,
value value statistically
insignificant, between
exposure (risk factor
and disease
CI95 % CI95 % P value Interpretation
Minimal Maximal Negative association
value value (protective effect),
statistically

RR (OR)= 1 : No association between exposure (risk factor) and disease

insignificant, between
exposure (risk factor
and disease




Experimental studies (e.g. Flow chart:
Randomized Controlled Trials —

RCT)

Provides most reliable evidenc 5 (5
Randomization B ®E p
Controls for known risk factors ol e
Controls for unknown risk factors — = — ™ s <@ E @
Useful for studying small to  [Jaakeias =1
moderate effects

Ethical considerations Fan Ao aron

Human I'IghtS FEVIEW Simundic AM, Types of study design, Intensive Course in Basic

Data monitoring Biostatistics and Research Design, June 21-24, 2009, Targu
Mures, Romania, Pre-congress event, 1%t Congress of Romanian
Association of Medical Laboratories.

healthy + diseased

patients

healthy + diseased

fimea
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Experimental studies (Randomized Controlled Trials - RCT)

Advantages

strength of evidence (most scientist consider

them to be the most reliable form of scientific

evidence in the hierarchy of evidence that influences e

healthcare policy and practice) Methods
it may study different outcomes
control of bias (systematic errors) -
causality

Disadvantages (B

BMC
Psychiatry

Conclusion
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randomization (is it ethical?)

high cost
compliance K

Conclusion

patient drop-out
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and simple dressi of pressure ulcers
9693]

Mohammad Taghi Hollisaz! H Hossein Khedmat2 & and Fatemeh Yari3 &

L Department of Reh qy Hospital, Baqy University of Medical Sciences, Tehran, Iran

2 Department of Internal Medicine, Baqyiatollah Hospital, Baqyiatollah University of Medical Sciences, Tehran, Iran
3 Department of Biostatistics, Lorestan University of Medical Sciences, Khoramabad, Iran

& author email =& corresponding author email

BMC Dermatology 2004, 4:18  doi:10.1186/1471-5945-4-18



- Randomized Controlled Trials — RCT - Classification
By study design

Parallel-group — each participant is randomized to a group, and all the
participants in the group receives (or does not receive) an intervention

Crossover — over time, each participant receives (or does not receive) an
Intervention in a random sequence

Split-body — separate parts of the body of each participant (e.g., the left and right
sides of the face) are randomized to receive (or not receive) an intervention

Cluster — pre-existing groups of participants (e.g., villages, schools) are
randomized to receive (or not receive) an intervention

Factorial — each participant is randomized to a group that receives a particular
combination of interventions or non-interventions (e.g., group 1 receives vitamin X
and vitamin Y, group 2 receives vitamin X and placebo Y, group 3 receives placebo
X and vitamin Y, and group 4 receives placebo X and placebo Y)
An analysis of 616 RCTs indexed in PubMed, between December 2000 and December 2006, found that 78% were
parallel-group, 16% were crossover, 2% were split-body, 2% were cluster, and 2% were factorial.

Hopewell S, Dutton S, Yu LM, Chan AW, Altman DG (2010). The quality of reports of randomised trials in 2000 and 2006: comparative
study of articles indexed in PubMed. BMJ 2010;340:¢723



) Randomized
By outcome of interest

(efficacy vs. effectiveness)

Explanatory RCT - test “efficacy” in a research
setting with highly selected participants and
under highly controlled conditions

Pragmatic RCT - test “effectiveness” in
everyday practice, with relatively unselected
participants and under flexible conditions; in
this way, pragmatic RCTs can "'inform decisions
about practice”

Zwarenstein M, Treweek S, Gagnier JJ, Altman DG, Tunis S, Haynes
B, Oxman AD, Moher D; CONSORT group; Pragmatic Trials in
Healthcare (Practihc) group (2008). Improving the reporting of
pragmatic trials: an extension of the CONSORT statement, BMJ
2008;337:a2390

Controlled Trials - RCT - Cléssifi_é_ation

fome = Comment = BMJ 2008,337:22390, dot: 10.1136/bmj.82380 (Published 11 November 2008)
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~~""Randomized Controlled Trials - RCT - Classification

By hypothesis (superiority vs.
noninferiority vs. equivalence)

Superiority trials, in which one
intervention is hypothesized to be
superior to another in a statistically
significant way

Noninferiority trials - try to

J JAMA -- Reporting of Noninferiority ... | -
determine whether a new treatment is e —————
@
no worse than a reference treatment | JAIMA -
Equivalence trials - in which the )
hypothesis is that two interventions are| == T
c o o C Reporting of Noninferiority and Equivalence Randomized Trials A
I nd IStI ng u IShabIe from eaCh Other An Extension of the CONSORT Statement
Piaggio G, Elbourne DR, Altman DG, Pocock SJ, Evans SJ; . ;ooé:;es:;1§é-1ze$. o
CONSORT Group (2006). "Reporting of noninferiority and AL
equivalence randomized trials: an extension of the CONSORT
statement”. JAMA 295 (10): 1152-60




Relative Risk (RR)

p
relative risk (RR) = placebo

drug

drug

<y EEE
EEE ¢ EEE

| ARR |
relative risk reduction (RRR) =

placebo
drug

(ES) @ @ @ 1/6=17%
smm <

placebo

(cs)
&

We may compute:

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

Absolute Risk Reduction (RR

absolute risk reduction (ARR) = Ppj.cabo =P drug

drug

(ES) @ @ @ 1/6=17%0
e BE

fo (%

placebo

__, i (cs)

= 5/6=83%

NNT =1/ ARR

NNT=1/0.66=151=2“

number of patients needed to
treat to prevent one bad
outcome




Analytic
(experimental)
studies

Analytic
(observational)
studies

Cross-sectional

Case Series Descriptive
Case Reports studies
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Scientific Knowledge ? What disease is to be studied?
New Theoretical (e.g. incidence reports
! from governmental agencies,
Adding epidemiology books, other studies
Redoing / Confirming ) —
H hecien empirical based on diagnostic criteria
ypOt E3IS: What exposure is to be studied?
Generating theoretical
Testi ng empir_ical_ on the basis of criteria and
. ) . - examination methods used
Epldemlologlc [ Statistical ? What is the induction time, that is, the
Disease time relation between exposure and effect
(disease occurrence)?
Exposure

What other factors may influence this
association?

theoretical

empirical on the basis of criteria and
examination methods used

Sample Size !
Resources ? (usually a limiting factor)
Cost

Time



Random or nonrandom sample?
Sample size

Random error

Bias (systematic error)
Association vs. Causation



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

A random sample is defined as a sample where the probability that any individual
member from the population being selected as part of the sample is exactly the same
as any other individual member of the population. Several types of random samples
are simple random samples, systematic samples, stratified random samples, an
cluster random samples.

A sample that is not random is called a nonrandom sample or a
nonprobability sample.
Nonprobability sampling include:

Convenience, Haphazard or Accidental sampling - members of the population
are chosen based on their relative ease of access.

Snowball sampling - The first respondent refers a friend. The friend also refers a
friend, etc.

Judamental sampling or Purposive sampling - The researcher chooses the
sample based on who they think would be appropriate for the study.

Deviant Case-Get cases that substantially differ from the dominant pattern (a
special type of purposive sample)

Case study - The research is limited to one group, often with a similar characteristic
or of small size.

ad hoc quotas - A quota is established (say 65% women) and researchers are free
to choose any respondent they wish as long as the quota is met.
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~~How much error is acceptable?

Alpha error/Type I error - rejecting null hypothesis when it is
true

Finding an association that isn’t real (False positive)

Beta error/Type Il error - failing to reject null hypothesis when
it is false

Missing an association that exists (False negative)

Power = 1 — Beta - Probability of observing an effect
(association) in the sample if one exists

Example: B =0.1 ---> Power = 90% chance of finding
association
How large an effect do you expect to observe?

Inverse relationship between size of effect and sample size !!!

How do you estimate effect? (clinically meaningful

effect, pilot studies/other studies, informed guess)
You may have to start with what you know you can

do

Available subjects
What’s affordable (costs and time)

Exposure +
Exposure -

OR

P value
(Chi square test)

CI95%

Exposure +
Exposure -

OR

P value
(Chi square test)
CI95%

Disease + Disease -
5 2
4 3
Results
1.9
0.6
0.2ta 173
Disease + Disease -
50 20
40 30
Results
1.9
0.08
09to 3.8
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. State null hypothesis and alternative hypothesis
. Select statistical test based on types of variables to be

analyzed

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

program



Random error

Random errors are errors in measurement that lead
to measured values being inconsistent when
repeated measures of a constant attribute or
guantity are taken.

In a study design use the words chance, luck of the
draw

How to reduce it?

Larger sample produce less variable estimate and
more likely to reflect the experience of the total

population
ATTENTION! May be affected by both the T ———
magnitude of the difference between groups and A A
the sample size fpdomyermor

Bias (systematic error) .  EolL .
Any trend in the collection, analysis, interpretation, ‘§ ! T
publication or review of data that can lead to g < bias
conclusions which are systematically different from P
the truth. >

A0 =0 Ko



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




We have to remember that:

Association refers to the statistical dependence between
two variables

The presence of an association, in no way implies that
the observed relationship is one of cause and effect.



Can this valid statistical association be judged as cause and effect?
Strength of the association:
Look at the magnitude of the observed association.
Biologic credibility of the hypothesis:
Is there a known or postulated mechanism?
Consistency with other studies:
Are these results consistent with others?
Time sequence:

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

Dose-response relationship:

Is there a gradient of risk with the degree of exposure?
Is the association specific?

How many factors cause disease?

How many diseases are caused by the factor?



