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Anatomy of Clinical Research

From “Designing Clinical Research”
2nd Ed., Chapter 1 - Hulley SB,
Newman TB, Cummings SR. Dept of
Epidemiology and Statistics, U.C.S.F.

Takayama, JI - May 21, 2006

Anatomy and Physiology
of Clinical Research

= Anatomy: what is it made of?
— Elements of study plan: question, design,
subjects, measurements, sample size, etc.
* Physiology: how does it work?

— Yielding inferences: what happened to study
sample, generalization to people outside the
study, minimizing errors (random, systematic)

Anatomy of Research

Research Question

Significance
Design

Study Subjects
e Variables

o

Statistical Issues

Research Question

L

Objective BEY

» From “general concern” to “concrete,
researchable issue” BRER E B LML\ zE=H
SR RMNHESEEA

e “So what?!” test 72/,

e 5 characteristics (FINER: feasible,

interesting, novel, ethical, relevant 33,
EEL, FHLL MY, EY))

Significance

o What is known about the topic?

o GETHMAAMN>TNEM?

» Why is the research question important?

« HECOWRBMNEELDFE?

o What kind of answers will the study
provide?

EDEGEANPFSNDIN?

Design

e Observational Study
— Cobort study
— Cross sectional study
— Case-control study
» Experimental Design
— Randomized controlled trial




Design

o Example: Study whether hormone therapy
after menopause prevents Coronary artery
disease

Non-Comparative, Descriptive

« Non-comparative JELEEETA R
* Descriptive Elepud:plo ks

s Case Study, Case Report iEGIERS

* Case Series =R —=X
» Focus Group Study ESENE

» Cross-Sectional Study  {BEFiZR. #E
o Descriptive Epidemiologyst it B2 35

Cross-Sectional Study

 Group examined at one point in time

° Investigator examines the group of women
once, observing the prevalence of a history
of heart attacks in hormone users and
nonusers

Cross-Sectional Study

QuickTimey &
IFFARK CuI}ALlEZvE OLAEA
GrGLCAE S Heegémacsr;zcx&cow

www.medical-tribune.co.jp/BENRI/type/cross-sectional.htm

Cross-Sectional Study

o TITWOEMMRITERSERICE
EESTRERBREATF (EWEKTO
FEFpredictor) &7 U M AALADE
FEECHARBREESMILELD ET
BMEDETHSH. Ak— MIEST
—2ar bO—-IRREELZYFHNEA
FRIREAFREET YU M ADREIR
B ICITDONBBEREII MDA,

www.medical-tribune.co.jp/BENRV/type/cross-sectional.htm

Case-Control Study

» Two groups, based on outcome

° Investigator examines a group of women
with heart attacks (the “cases”) and
compares them with a group of healthy
women (the controls), asking about
hormone use
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Case-Control Study

cwxlé‘é‘ﬁ?é&ﬁ&%ﬁ%%&

www.medical-tribune.co.jp/BENRY/type/case-control.htm

Case-Control Study

e =AY O—ILHR

s EBOFEDHS MIFEOFELET
STONEBRTBEICINLDIEL>TE
EPOMAinterventionDHEF LEE T
B5HETHD

www.medical-tribune.co jp/BENRV/type/case-control. htm

Cohort Study

 Group followed over time

 Investigator examines a cohort of women
yearly for several years, observing the
incidence of heart attacks in hormone users
and non-users

Cohort Study

TEE A e S B EOEER
R e e oo HAD

www.medical-tribune.co jp/BENRI/type/cohort.htm

Cohort Study

« BEDHBIEUTHITONIERERE
&3S IREE E HT T RIARE D 5 REA D
2TCI74#0—7v7ULTT7U MAAZ
AETHHMATHS

www.medical-tribune.co.jp/BENR/type/cohort.htm

Randomized Clinical Trial

e Two groups created by a random process,
and a blinded intervention

 Investigator assigns women fto receive
hormone or identical placebo, then follows
both treatment groups for several years to
observe the incidence of heart attacks
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Randomized Clinical Trial

e REALTIE o

www.medical-tribune.co.jp/BENRVtype/random.htm

Randomized Clinical Trial

o {LERERELER

- BB AinterventionSBEADL A
WTS 5 AEMT DTN I=EE R ZE
HB W LAER,

www.medical-tribune.co.jp/BENRI/type/random.htm

Study Subjects

= Selection criteria: appropriate sample
— Women aged 50-69 years
- Attending primary care clinic at hospital
» Recruitment
— Invite the next 1,000 patients
> Tradeoffs ‘

— Random sample of all U.S. women:
generalizability, cost, difficulty

Variables

* Which variables to study
» Predictor variable
~ Estrogen treatment, blood cholesterol, age, race
» Qutcome variable
- Heart attacks, strokes
° Intervention
~ Estrogen or placebo

Statistical Issues

° Plans for managing and analyzing data
» Hypothesis
— Research question: basis for testing statistical
significance of findings
— Sample size: number of subjects needed to
observe the expected differences in outcome
between study groups with a reasonable degree
of probability, or power
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TBE%S 4 5] 2006/05/30

Roa—)L

- 5A9H HEXL (BERM)
5816H HRHELECRREES)
58238 =B E2EER)
5H308 EL(REZEL

6B 6H FEtE FERRE

Physiology of Clinical Research

°

John 1. Takayama, MD, MPH

May 30, 2006
B R ERt a— - 68138 HPEEERKRBEER)
Anatomy Physiology
» Research Question “How it works!”
o Significance » Designing the Study
+ Design . Isrrt‘xfg;menting the
° 1 et I A NN
Study Subjects .o T B T s e + Drawing Causal
» Variables Inference
o Statistic Issues ¢ Errors of Research
b12://en wikioedia, arn/uiki/\mans: 8 olate, 1-143 7500 Ipny i y
Process: Design and Implement Process: Design and Implement
FHA Design Implement {TEHICEBY FAEA Design Implement {FEjizi4
f I - ] [ T 1
lResearch Question H Study Plan H Actual Study [ IResearch Question H Study Plan H Actual Study l
'Truth in the Universe l Truth in the Study I Findings in the Study Truth in the Universe ﬂ Truth in the Study Hﬁndings in the Study
D rawing Infer Infer
Conclusions
=4 824
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Design the Study

» Research Question

o How common is it for women to take
estrogen after menopause?

Design the Study

¢ Research Question

* How common is it for women to take estrogen
after menopause?

 Impossible to study all postmenopausal women!

» Among postmenopausal women seen for the first
time in primary care clinic, what proportion
report on a questionnaire that they are taking
estrogen?

Designing the Study

« Sample of subjects:
postmenopausal
women seen for the
first time in primary
care clinic

encic EBRERTTER e o

» Compromise

Designing the Study

= Choice of variables:
self-report
questionnaire to assess
estrogen treatment

* Compromise
— Fast, inexpensive

o &%?&%ﬁﬁgég‘%?%&%we — Feasible — Not perfectly accurate endie s
— Not representative
Designing the Study Designing the Study

» Research Plan # Study Plan !
» Research Question — Study Plan
— Target population: women aged 50-69 years

— Intended sample: women aged 50-69 years seen
in UCSF primary care clinic in one year

e Research Plan # Study Plan !

¢ Research Question — Study Plan

— Phenomenon of interest: proportion who take
estrogen

— Intended variables: self-reported estrogen
treatment
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Implementing the Study

o Real Life !

e Study Plan — Actual Study

— All eligible women entering primary care clinic
—» incomplete attendance: 150/ 278 patients
—» refusal to participate: 100 / 150 attending

— 100 women who agree # women who do not
attend or women who refuse

~ Questionnaire response ¥ “real” response

Drawing Causal Inference

e Predictor — Outcome

e Women who take estrogen —» Heart attacks
° 7727

Drawing Causal Inference

e Predictor — Outcome
» Women who take estrogen — Heart attacks
. 7727

+ Correlation # Causation

Correlation and Causation

» Ice cream sales and
the number of shark
attacks are correlated

www.stat.tamu.edu/stat30x/notes/node42.html

Correlation and Causation

= Ice cream sales and
the number of shark
attacks are correlated

 Jce cream sales and

shark attacks both B o T
increase during the
summer

www.stat.tamu.edu/stat30x/notes/node42 . html

Correlation and Causation

¢ The number of
cavities in elementary

SRk .

ol s school children and
vocabulary size have a
strong positive
correlation

TR e
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Correlation and Causation

* The number of
cavities in elementary

school children and
vocabulary size have a
CuiekTimay £ " iy
O e R strong ROSI'EIVE
correlation

» They are both related
to a child’s age

Errors of Research

= No study is free of errors
» Inferences are never perfectly valid
» Maximize validity of drawing inferences

= Minimize errors in design and
implementation

Errors of Research

+ Random Error
- Wrong result due to chance
— Truth: estrogen treatment = 20%
— Study: 18, 19, 20, 21, 22 / 100 patients
— Occasionally: 12...28 / 100 patients
— Therefore...

Errors of Research

* Random Error
— Wrong result due to chance
— Truth: estrogen treatment = 20%
— Study: 18, 19, 20, 21, 22/ 100 patients
— Occasionally: 12...28 / 100 patients
— Therefore... increase the sample size

— Diminishes the likelihood of a wrong result by
increasing the precision of the estimate!

TR B IO
>
GGG ALE N LR A ECILT COR oG-G8

Errors of Research

° Systematic Error

— Wrong result due to bias (sources of variation
that distort the study findings in one direction)

— Truth: estrogen treatment in population =N
— Study: estrogen treatment at UCSF =N + 5%
— Therefore...
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Errors of Research

¢ Systematic Error

— Wrong result due to bias (sources of variation
that distort the study findings in one direction)

— Truth: estrogen treatment in population = N
— Study: estrogen treatment at UCSF =N + 5%

— Therefore... increasing sample size has no
effect on systematic error

Errors of Research

¢ Systematic Error

— Wrong result due to bias (sources of variation
that distort the study findings in one direction)

— Truth: estrogen treatment in population = N

— Study: estrogen treatment at UCSF =N + 5%

— Therefore... improve accuracy by designing

the study to reduce the size of bias OR to give
information about them

Errors of Research

¢ Random Error
— Questionnaire response

« Systematic Error
— Bias in construction of question
— Do you breastfeed your infant?

Designing the Study

Developing the Study Protocol
Research Question

One- to Two-page Outline (Table 1.1)
Study Protocol (5-25 pages)
Operations Manual (Everything!)

— Procedural instruments

— Questionnaires

— Research assistant training manual

Study Outline

« Title
Research Question
o Significance

e Design

Subjects (entry criteria, recruitment)

Variables (predictor, outcome)
« Statistical Issues (hypothesis, sample size)

Summary

Anatomy (parts of the study plan): question,
design, sample, measurement

Physiology (how it works): design and
implementation (inferences), random and
systematic errors

Study Plan: research question and outline
Research Question <> Study Plan <> Actual Study
Trade-offs
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Conceiving the
Research Question

HEDE

Cummings, Browner and Hulley
June 27, 2006

Agenda

e A. Origins of a Research Question

 B. Characteristics of a Good Research
Question

= C. Developing a Research Question and
Study Plan

A. Origins of a Research
Question

Mastering the
literature

Febrile Infant Study

Infants with fever: risk for serious bacterial
infection (meningitis and sepsis)
Yale Observation Scale

2 iz;gazls?eg:;zes e Rochester “low risk” criteria
3. Keeping the e Baraff (invasive testing and treatment)
imagination roaming e PROS Febrile Infant study (UCSF)
Scholarship: Scholarship: Apprentice

1. Master the Literature

¢ Conduct a thorough search of published
literature in “the area of study”

— Literature review — background for grant
proposals and research reports

— Systematic review (e.g., meta-analysis of a
question) —> develop and establish expertise

= Participate in meetings
¢ Build relationships with experts in the field

to an Experienced Mentor

Mentor who has time and interest in
working regularly with young investigator

Provides tangible resources:

— office space
— computer facilities
— support for supplies and laboratory tests

Choosing a mentor: most important decision
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2. Being ALERT to
New Ideas and Techniques!

« Attend conferences

— Presentation of recent work by experts
« Maintain a skeptical attitude

— Don’t believe everything that you read!
» Application of new technologies

~ New insights and questions about familiar
problems

°

3. Keeping the Imagination
Roaming...

Careful observation of patients

Teaching as excellent source of inspiration
Inspirations — keep them on file/notebook
Creativity: conceive research questions

— Imagination, having fun

Tenacity: returning to troublesome question

B. Characteristics ofa
Good Research Question

Feasible
Interesting
Novel
Ethical
Relevant

I

1. Feasible BIBETH S

Kunow practical limits and problems of
studying a question early on...

Number of subjects (sample size)
Technical expertise

Cost in time and money

Scope

Number of Subjects X & &

- Sample size calculation
« Number available for study
 Simulation based on pilot study
~ Inclusion criteria (expansion)
— Exclusion criteria (removal)
- Refusal to participate (enrollment)
— Lost to follow-up (enticement, communication)
— Time line (time frame)

Feasible

Know practical limits and problems of
studying a question early on...

Number of subjects (sample size)
Technical expertise

Cost in time and money

Scope
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Technical Expertise

* Skills, Equipment, Experience

e Recruitment of study subjects

» Measurement of variables

» Managing data

> Analyzing data

 Use familiar and established approaches
rather than new methods and skills (time)

Feasible

» Number of subjects
» Technical expertise
s Cost in time and
money
— Set up a budget
(anticipate everything)
= Scope
— Narrow the scope of
the study

Characteristics of a
Good Research Question

1. Feasible
2. Interesting
3. Novel

Contributes new
information

Significant
4. Ethical
5. Relevant

Can sutures get wet? Prospective
randomised controlled trial of wound
management in general practice

e What is already known:

—Guidelines instruct that surgical
wounds closed primarily should be kept
dry and covered for 48 hours

— Sparse evidence suggests that wetting
and uncovering sutures makes no
difference to infection rates

* What this study adds:

BMJ 2006;332:1053-1056 (6 May)

Can sutures get wet? Prospective
randomised controlled trial of wound
management in general practice

» What is already known:
+ What this study adds:

—Wetting and uncovering sutures in the
first 48 hours after minor excisions
did not increase the infection rate

BM1 2006;332:1053-1056 (6 May)

Good Research Question

o Feasible
o Interesting
¢ Novel

o Ethical

— Physical risk

— Invasion of privacy (IRB)
e Relevant
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Tuskegee Syphilis Study

+ U.S. Public Health Service research project (1932 - 1972)

» To document the natural progression of syphilis

« 600 low-income African-American males, 399 infected with
syphilis, 201 not infected, were recruited for the study

« Participants given free medical examinations, free meals,
and burial insurance; Aowerver, they were not told about
their disease

« Physicians conducting the study told participants they
were being treated for “bad blood”

« Physicians deliberately denied these men treatment for
syphilis and also attempted to prevent treatment from
other sources

www research.uwaterloo.ca/ethics/human/resources/index.htm

Good Research Question

* Feasible
+ Interesting
+ Novel

+ Ethical

» Relevant
— Imagine various outcomes

— How it affects scientific knowledge, influence clinical
managernent, health policy, guide further research!

C. Developing the Research
Question and Study Plan

» Problems and Solutions
e Primary and Secondary Questions

First: Question and Plan

e Write down the research question

e Write down a brief (one- or two-page)
outline of the study plan at an early stage

e Clarify ideas about the plan

= Discover specific problems that need
attention

 Basis for colleagues to react to with
suggestions

Problems and Solutions

A. The Research Question is not FINER

» Not feasible
— Too broad
— Not enough subjects available
~ Methods beyond the skills of investigator
- Too expensive
= Not interesting, novel, or relevant
» Uncertain ethical suitability
B. The study plan is vague
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