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Today we will start 
dealing with the subject 
of knowledge integration 
within and across 
disciplines, first with the 
epidemiologic evidence



The activity that we call 
knowledge integration is the 

driving force or ‘engine house’
of the enterprise

It is the process of selecting, 
storing, collating, analysing, 

integrating 
and disseminating information 

both within and across 
disciplines for the benefit of 

population health and 
includes methodological 

development

It is the means by 
which information 

is transformed 
into knowledge

Interdisciplinarity 
is a key feature

Knowledge Integration
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Causal Inference



Why Integrate?

JAMA April 11, 2007
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Why Integrate?
• Unmanageable amounts of emerging information
• Small sample size of individual studies
• Small effect size of individual studies
• Assess replication of associations 
• Assess and explain heterogeneity-interactions
• Build the knowledge base: ‘what we know and 

what we don’t know’
• Produce information needed to calculate risks for 

use in clinical medicine and public health



Small Sample Sizes of Individual Studies

Sample size
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Small Effect Sizes in Individual Studies

Odds ratio
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Total genetic information (subjects or alleles)
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Ioannidis et al, Nature Genetics 2001

Evolving Genetic Associations: 
Effects that Diminish Over Time
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Options for Integration of Information

• Single, all-absorbing mega-studies (e.g. proposed 
US cohort on genes and environment)

• Meta-analyses of group data
• Meta-analyses of individual participant data 

(pooled analysis)

• All of these designs are unlikely to be successful 
unless they allow for evolving (often rapidly 
evolving) evidence



Human Genome Epidemiology Network 
(HuGENet)

• Global collaboration of 
individuals and 
organizations to assess 
population impact of 
genomics and how it can 
be used to improve 
health and prevent 
disease
– 4 coordinating centers
– Dozens of networks
– Hundreds of 

collaborators
– 10 collaborating journals   



• Published literature scan

• Systematic reviews 

• Strengthened reporting

• Network collaboration

http://www.hugenet.org.uk

http://www.dhe.med.uoi.gr/hugenet.htm

http://www.hugenet.ca HuGENet Canada 

Human Genome Epidemiology Network 
(HuGENet)

www.cdc.gov/genomics/hugenet



Single teams
Single studies

Published data

Systematic reviews
Meta-analyses

Published and
unpublished data
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Single teams
Single studies

Systematic reviews
Meta-analyses

Published and
unpublished data

Consortia /
Networks  Field-wide

synopses

HuGENet 
“Network  

of Networks"



HuGENet 
Network  

of Networks

Single teams
Single studies

Published and 
unpublished data

Systematic reviews
Meta-analyses

Field-wide
synopses

Feedback Reporting

SynthesisGrading

Commentary, Nature Genetics 38, 3 - 5 (2006) 
A road map for efficient and reliable human genome epidemiology

STREGA
6/2006

Handbook
3/2006

Venice
11/2006

Atlanta
1/2008

11/2005



Examples of Network HuGE Study Platforms

• Disease Consortium Teams Subjects

• Parkinson GEO-PD 18 10,000
• Osteoporosis  GENOMOS         10 30,000
• Preterm birth   PREGENIA        10 20,000
• Lymphoma INTERLYMPH 15 20,000
• Lung cancer    ILLCO 30 51,000
• Head & Neck   INHANCE 13 28,000
• Melanoma GENOMEL       12 3,000
• Pancreatic Ca  PACGENE          10 5,000

From Ioannidis J et al. AJE 2005;162:304
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((((((((((((((genetic[All Fields] AND ("disease"[MeSH Terms] OR disease[Text Word])) OR 
("hereditary diseases"[MeSH Terms] OR genetic disorder[Text Word])) OR (genetic[All
Fields] AND ("TEST"[Substance Name] OR test[Text Word]))) OR ("genetic 
screening"[MeSH Terms] OR genetic screening[Text Word])) OR (genetic[All Fields] 
AND ("risk"[MeSH Terms] OR risk[Text Word]))) OR ("polymorphism 
(genetics)"[MeSH Terms] OR genetic polymorphism[Text Word])) OR 
("genotype"[MeSH Terms] OR genotype[Text Word])) OR ("genome"[MeSH Terms] 
OR genome[Text Word])) OR (gene environment interaction[All Fields] OR gene-
environment[All Fields])) OR ((genetic[All Fields] OR ("genes"[MeSH Terms] OR 
gene[Text Word])) AND variant[All Fields])) AND  
(((((((((("epidemiology"[Subheading] OR "epidemiology"[MeSH Terms]) OR 
epidemiology[Text Word]) OR ("public health"[MeSH Terms] OR public health[Text
Word])) OR (("alleles"[MeSH Terms] OR allele[Text Word]) AND 
(("epidemiology"[Subheading] OR "epidemiology"[MeSH Terms]) OR frequency[Text
Word]))) OR ("public policy"[MeSH Terms] OR policy[Text Word])) OR 
(("education"[Subheading] OR "education"[MeSH Terms]) OR education[Text Word])) 
OR (((("epidemiology"[Subheading] OR "prevalence"[MeSH Terms]) OR 
"epidemiology"[MeSH Terms]) OR "Prevalence"[MeSH Terms]) OR prevalence[Text
Word])) OR ("prevention and control"[Subheading] OR prevention[Text Word])) OR 
("risk"[MeSH Terms] OR risk[Text Word])) OR (("population"[MeSH Terms] OR 
population[Text Word]) AND study[All Fields]))) NOT ("animals"[MeSH Terms] OR 
"animal"[MeSH Terms])) 

( (( ((((((((((((((((((((genetic[All Fields] AND ((((("disease"[MeSH Terms] OR ("disease susceptibility"[MeSH Terms] OR predisposition[Text Word])) OR 
disease[Text Word]) OR defect[Text Word]) OR susceptibility[Text Word]) OR ("counseling"[MeSH Terms] OR counseling[Text Word]))) OR (("disease 
susceptibility"[MeSH Terms] OR susceptibility[Text Word]) AND (("genes"[MeSH Terms] OR gene[Text Word]) OR ("genes"[MeSH Terms] OR genes[Text
Word])))) OR (((("mutation"[MeSH Terms] OR mutation[Text Word]) OR (("genes"[MeSH Terms] OR gene[Text Word]) AND ("mutation"[MeSH Terms] OR 
mutation[Text Word]))) OR (("mutation"[MeSH Terms] OR mutations[Text Word]) AND ("genes"[MeSH Terms] OR gene[Text Word]))) OR (("mutation"[MeSH
Terms] OR mutations[Text Word] OR mutation[Text Word]) AND ("genes"[MeSH Terms] OR gene[Text Word])))) OR ("hereditary diseases"[MeSH Terms] OR 
genetic disorder[Text Word])) OR (genetic[All Fields] AND ((("TEST"[Substance Name] OR ("TEST"[Substance Name] OR test[Text Word])) OR ("research 
design"[MeSH Terms] OR testing[Text Word])) OR study[All Fields]))) OR ("genetic screening"[MeSH Terms] OR genetic screening[Text Word])) OR 
(genetic[All Fields] AND ("risk"[MeSH Terms] OR risk[Text Word]))) OR ("polymorphism (genetics)"[MeSH Terms] OR ("polymorphism (genetics)"[MeSH
Terms] OR polymorphism[Text Word]))) OR (((("genotype"[MeSH Terms] OR ("genotype"[MeSH Terms] OR genotype[Text Word])) OR genotyping[All Fields]) 
OR ("haplotypes"[MeSH Terms] OR haplotype[Text Word])) OR ("haplotypes"[MeSH Terms] OR haplotypes[Text Word]))) OR ((("genome"[MeSH Terms] OR 
genome[Text Word]) OR genomic[All Fields]) OR ("Genomics"[MeSH Terms] OR genomics[Text Word]))) OR (((gene-environment) OR (gene AND 
environment)) AND interaction[Text Word])) OR (((genetic[Text Word] OR gene[Text Word]) OR allelic[All Fields]) AND ((variant[All Fields] OR variants[All
Fields]) OR (("epidemiology"[MeSH Subheading] OR "epidemiology"[MeSH Terms]) OR frequency[Text Word])))) OR (("alleles"[MeSH Terms] OR allele[Text
Word]) OR ("alleles"[MeSH Terms] OR alleles[Text Word]))) OR ("heterozygote detection"[MeSH Terms] OR Heterozygote Detection[Text Word])) OR 
((Neonatal[All Fields] OR ("infant, newborn"[MeSH Terms] OR newborn[Text Word])) AND (("diagnosis"[MeSH Subheading] OR "mass screening"[MeSH
Terms]) OR Screening[Text Word]))) OR germline[All Fields]) OR somatic[All Fields]) OR ("human genome project"[MeSH Terms] OR human genome 
project[Text Word])) AND ((((((((((((((((((((((("epidemiology"[Subheading] OR "epidemiology"[MeSH Terms]) OR epidemiology[Text Word]) OR ("public 
health"[MeSH Terms] OR public health[Text Word])) OR ((("alleles"[MeSH Terms] OR allele[Text Word]) OR allelic[All Fields]) AND ((("epidemiology"[MeSH
Subheading] OR "epidemiology"[MeSH Terms]) OR frequency[Text Word]) OR frequencies[All Fields]))) OR ("public policy"[MeSH Terms] OR policy[Text
Word])) OR (("education"[Subheading] OR "education"[MeSH Terms]) OR education[Text Word])) OR "prevalence"[MeSH Terms]) OR prevalence[Text Word]) 
OR ("prevention and control"[Subheading] OR prevention[Text Word])) OR ("risk"[MeSH Terms] OR risk[Text Word])) OR ((((((((population[Text Word] OR (a 
number of) OR genetic[All Fields]) OR comparative[All Fields]) OR prospective[All Fields]) OR cohort[All Fields]) OR cross-section[All Fields]) OR cross-
sectional[All Fields]) OR case-control[All Fields]) AND (studies OR study[All Fields]))) OR (clinical trial[All Fields] OR randomized controlled trial[All Fields])) 
OR (("drug interactions"[MeSH Terms] OR interactions[Text Word]) OR (("interpersonal relations"[MeSH Terms] OR "drug interactions"[MeSH Terms]) OR 
interaction[Text Word]))) OR ("questionnaires"[MeSH Terms] OR questionnaire[Text Word])) OR (("sensitivity and specificity"[MeSH Terms] OR sensitivity[Text
Word]) OR ("sensitivity and specificity"[MeSH Terms] OR specificity[Text Word]))) OR ((((case[All Fields] OR cases[All Fields]) OR ("patients"[MeSH Terms] 
OR patients[Text Word])) OR (study[All Fields] AND group[All Fields])) OR (((((("prevention and control"[MeSH Subheading] OR control[Text Word]) OR 
controls[All Fields]) OR (healthy[All Fields] AND subjects[All Fields])) OR ("child"[MeSH Terms] OR children[Text Word])) OR ("adult"[MeSH Terms] OR 
adults[Text Word])) OR individuals[All Fields]))) OR (((("association"[MeSH Terms] OR association[Text Word]) OR ("association"[MeSH Terms] OR 
associations[Text Word])) OR ("disease"[MeSH Terms] OR disease[Text Word])) AND (("genes"[MeSH Terms] OR gene[Text Word]) OR ("genes"[MeSH Terms] 
OR genes[Text Word])))) OR oversight[All Fields]) OR ((("genotype"[MeSH Terms] OR genotype[All Fields]) OR allelic[All Fields]) AND distribution[Text
Word])) OR (((("genotype"[MeSH Terms] OR genotype[Text Word]) AND ("phenotype"[MeSH Terms] OR phenotype[Text Word])) OR genotype-phenotype[All
Fields]) AND correlation[All Fields])) OR ((positive OR negative) AND predictive value)) OR (odds ratio)) OR (("ethics"[MeSH Terms] OR ethics[Text Word]) OR 
ethical[All Fields])))  ) ) AND "2004/7/7 8.00"[MHDA]:"2004/7/14 8.00"[MHDA]) 
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Support Vector Machine = SVM 

HuGE
Classification Problem: Man vs. Machine
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Reporting Characteristics of 315 HuGE Articles
2001-2003: General

Yesupriya et al. 



Reporting Characteristics of 315 HuGE Articles
2001-2003: Genotyping

Yesupriya et al. 



Reporting Characteristics of 315 HuGE Articles
2001-2003: Subject Selection

Yesupriya et al. 



Reporting Characteristics of 315 HuGE Articles
2001-2003: Analysis

Yesupriya et al.
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Advantages
of MIPD

Ioannidis et al, Am J Epidemiol 2002



Disadvantages of MIPD



Stages in Integrating Evidence

• Formulating the problem

• Identification of studies and publication bias

• Critical appraisal of studies

• Abstraction of data

• Synthesis



Critical Appraisal

• Independent reviewers

• Inclusion/exclusion criteria

• Sequential or multiple publications of 
analyses of same or overlapping data sets

• Assessment of study quality



Synthesis of the Evidence

• Evidence tables

- Publication details

- Study type

- Factors relating to study quality

- Measure of association, with indication of its 
precision

• Volume of evidence



Summary of Studies of Colorectal Cancer & GSTT1
Area of study; Cases Controls RR (95% Adjustment Subgroup Exposure assessment Reference
Recruitment
period

Type N Type N % GSTT1 null CI) for null
vs other
genotypes

analysis reported

Australia,
Queensland;
period not stated

Patients with colorectal
adenocarcinoma

125 Unselected subjects (n=94;
source not stated) and geriatric
(n=54) patients without cancer
or a family history of cancer

94

54

19%

9%

0.7 (0.3-1.4)

1.5 (0.6-4.3)

None

None

Position of
tumour; age

None Chenevix-Trench
et al., 1995 (78)

UK, North
Staffordshire
Cases & controls
1990-94

Unrelated English “Caucasian”
patients with colorectal cancer
recruited from 1 hospital

211 Hospitalised English
“Caucasian” subjects without
malignancy or inflammatory
pathologies; recruited in same
hospital as cases

509 18% 1.9 (1.3-2.7) None Position of tumour None Deakin et al., 1996
(49)

Japan, Kitakyusko
City
Cases 1991-95,
controls 1993-95

Consecutive patients with
colorectal adenocarcinoma
diagnosed in 2 hospitals and 1
medical centre; 65% male;
mean age 64.4 years

103 Subjects who had visited local
medical centres for regular
health check-ups; no
gastrointestinal symptoms and
no current or previous
diagnosis of cancer; 57% male;
mean age 61.9 years

126 44% 1.2 (0.7-2.0) None Position of tumour Medical, residential,
occupational and
smoking history
assessed by interview

Katoh et al., 1996
(14)

Australia,
Adelaide; period
not stated

White adults with sporadic
colorectal cancer; source not
stated

219 White blood donors 200 19% 3.4 (2.1-5.4) None None None Butler et al., 1997
(77) (reported in
abstract only)

USA (nested case-
control study in
Physicians Health
Study (PHS));
cases 1982-96

Cases with colorectal cancer
from those randomised in PHS;
physicians excluded from
randomisation if they had
history of myocardial
infarction, stroke, transient
ischemic attack, cancer, renal
or liver disease, peptic ulcer,
gout

212 Sample of subjects not
diagnosed with colorectal
cancer in PHS (same exclusion
criteria as listed for cases);
matched on year of birth and
smoking history

221 23% 0.8 (0.5-1.2) BMI, physical
activity, alcohol
use

Position of
tumour, age
smoking

Smoking history,
alcohol intake, diet,
frequency of meat
intake, physical
activity, disease
diagnoses

Gertig et al., 1998
(58)

Singapore, period
not stated

Chinese colorectal carcinoma
patients recruited from a
surgical department

300 Chinese patients obtained from
clinical chemistry department
with no history of neoplasms

183 Not stated∏ - - Position of
tumour, tumour
histology

None Lee et al., 1998
(23)







Methodologic Issues in Meta-Analysis of 
Gene-Disease Associations

• 37 Meta analyses
• 22% (8) described search terms
• 51% (19) had no inclusion/exclusion criteria
• 76% (28) assessed heterogeneity
• 19% (7) checked for publication bias
• 24% (9) assessed Hardy-Weinberg equilibrium
• 22% (8) had biologic rationale for genetic model

Attia et al, 2003



What about Genome-Wide Association Studies?



Outline

• Introduction-Why integrate?
• The HuGE Net movement
• Collaboration across epidemiologic platforms
• Strengthening the reporting of genetic associations 

(STREGA)
• Integration across studies-HuGE Reviews
• Developing the knowledge base and causal 

inference



“Guidelines” for Causal Inference
Consistency

Strength

Dose-response

Biological plausibility

Specificity

Temporality

Experimentation

Coherence

Analogy
(Hill, 1965; US Surgeon General’s Committee, 1964)



The Legend of Biologic Plausibility

• In 2002, studies were published addressing the relationship of 
the APOE polymorphism with Alzheimer’s disease; colorectal 
cancer; fatty liver; atherosclerosis; hyperlipidemia; acute 
ischemic stroke; spina bifida; coronary artery disease; normal 
tension glaucoma; hypertension; Parkinson’s disease, diabetic 
nephropathy; pre-eclampsia; hepatitic C-related liver disease; 
cerebrovascular disease; coronary artery disease post-renal 
transplantation; non-specified cognitive impairment; childhood 
nephrotic syndrome; spontaneous abortion; multiple sclerosis; 
alcohol withdrawal; cognitive dysfunction after coronary artery 
surgery; alcoholic chronic pancreatitis; alcoholic cirrhosis; 
macular toxicity from chloroquine; macular edema; aortic valve 
stenosis; vascular dementia; type II diabetes mellitus; and 
migraine.
– Source. J Ioannidis 





Assessing Cumulative Evidence on Genetic 
Associations

(Venice Guidelines)

• Epidemiologic Credibility

• Biology

• Clinical/Public Health Relevance



C Clear presence of bias that can affect even the presence or not of the 
association

B No obvious bias that may affect the presence of the association, but there is 
considerable missing information on the generation and accumulation of 
evidence

A Bias, if at all present, could affect the magnitude but probably not the 
presence of the association

Protection from bias

C No association; no independent replication; failed replication; scattered 
studies; flawed meta-analysis; or large inconsistency 

B Well-conducted meta-analysis with some methodological limitations or 
moderate between-study inconsistency 

A Extensive replication including at least one well-conducted meta-analysis 
with little between-study inconsistency

Replication

C Little evidence

B Moderate amount of evidence

A Large-scale evidenceAmount of evidence



ACCABCAAC

ACBABBAAB

ACAABAAAA

CCCCBCCAC

CCBCBBCAB

CCACBACAA

BCCBBCBAC

BCBBBBBAB

BCABBABAA

First letter = amount
Second letter = replication
Third letter = protection from bias

Strong evidence
Moderate evidence
Weak evidence

Assessing Epidemiologic Credibility of 
Cumulative Evidence on Genetic Associations-
Venice Guidelines





An Online Encyclopedia for Genome 
Variation and Health?



Models for Online Encyclopedia 1



Models for Online Encyclopedia 2



Models for Online Encyclopedia 3
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