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INTEGRATIVE RESEARCH Research that integrates 
knowledge, data, methods, techniques, reasoning and cultural 
referents from several disciplines, approaches and levels of analysis 
to generate knowledge that no discipline alone could achieve.

Oxford University Press, 2008.

e.g., analyses of the relationships among gene structure, expression 
and function; on the relationships among molecular pathways, 
pathophysiology and clinical phenotypes, as in 
clinical pharmacology and clinical genetics; 
research that asseses interactions among 
environmental, genetic & epigenetic processes.

To integrate: to make a new whole; to combine 
parts into a new system and get them to 
interact so that the system expresses functions 
unavailable to the parts.

+ Porta M. In: Von Hoff DD et al. Pancreatic cancer. Boston: Jones & Bartlett, 2005.
+ Clinical Biochemistry 2008 ...  + Proteomics Clinical Applications 2009
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Integrative research

Hruban RH, Goggins M, Parsons J, Kern SE. 
Progression model for pancreatic cancer. 
Clin Cancer Res 2000.

why...?

a progression model (i.e., hypothesis) for EPC:
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Cases of EPC
K-ras wild-type.

Cases of EPC
with K-ras mutats. Exocrine

pancreatic

cancer

Lifestyle,
Occupation

. . .
Common
chemicals

. . .
Other?

Environ-

ment

Genetic &
epigenetic
alterations

Disease

Lancet 1999 & 2006 ...  Pancreas 2007,  Digestive Diseases & Sciences 2007,
Environment International 2007,  European J of Epidemiology 2007 ...
J Epidemiol & Community Health 1999 & 2007,   J Cinical Epidemiol 2008

(Case-case study)

Activation
of K-ras Exocrine

pancreatic

cancer
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Environ-

ment

Genetic &
epigenetic
alterations

Disease

XVIII IEA World Congress of Epidemiology

Miquel Porta - 23 Sept. 2008 - Porto Alegre

Integrating lifecourse... 

environmetal, epigetic epidemiology

K-ras mutations. . .Organochlorine 
Compounds

+

X

U’’ U

U’ X

U’’’

...

U

. . .

Dietary fat?

. . .

U

+
Dairy foods?

Calcium

+
+

+

K-ras mutations

Tobacco

Alcohol

Coffee

Tumor 
stageLipids

Course of disease
before blood extraction

Organochlorine 
compounds

Age & sex

Education

Social class

Occupational 
history

Chemical
& physical 

agents

Occupational 
activities Diet

Medical history
[diabetes, 

pancreatitis]

?
X

?

X

Signs and 
symtoms

…

…

?



XVIII IEA World Congress of Epidemiology

Miquel Porta - 23 Sept. 2008 - Porto Alegre

Integrating lifecourse... 

environmetal, epigetic epidemiology

Accumulation Accumulation 

of genetic & epigenetic alterations:of genetic & epigenetic alterations:

isis a key causal processa key causal process

between the environmentbetween the environment

and the occurrence of cancer.and the occurrence of cancer.

Information heritable during cell division 
other than the DNA sequence itself.
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EPIGENETICS: 
heritable changes in gene expression
that are not regulated by 
the DNA nucleotide sequence
e.g., gene silencing by promoter 
hypermethylation or histone modification.

Information heritable during cell division 
other than the DNA sequence itself.

Impressive rediscovery of the lifelong
influence of environmental agents
on gene expression.

EPIGENETICS: 
heritable changes in gene expression
that are not regulated by 
the DNA nucleotide sequence
e.g., gene silencing by promoter 
hypermethylation or histone modification.
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e.g.: Nickel, Cadmium, Arsenic: 
carcinogenicity also involves DNA 
hypermethylation and histone 
deacetylation, both of which contribute to 
heterochromatin condensation and the 
epigenetic silencing of some genes.

Impressive rediscovery of the lifelong
influence of environmental agents
on gene expression.
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YES, very difficult to detect: 
subtle, low RR, long-term effects. But...

Attention to mechanisms
Attention to interactions
Attention to indirect effects
Attention to (e.g., epigenetic effects)

NOT negligible: 1) mechanistic interest.

2) ↑↑↑ number of individuals exposed
to environmental chemical agents.
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Median GerES: 3,3 μg/dl
Median USA:     1,6
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differences within country:
>500 and even >1000-fold.
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See also: Porta M et al. Enviroment International 2008.
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Toxicokinetic model for OCs in adipose tissue
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Toxicokinetic model for OCs in adipose tissue

Toxicokinetic model for OCs in adipose tissue
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Pekka Martikainen et al. – J Epidemiol Community Health 2007.

Adams J et al. – J Epidemiol Community Health 2005.
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Grup d’edat
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− Augment amb l’edat
− Descens per cohort de naixement
− Descens diferències dones/homes

Concentration of HCB. Catalonia, 2002 (N = 919)
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Underestimation of causal complexity.

– wide changes in fluxes of exposure and excretion
during lifetime or causally relevant ‘exposure-window’, 

– different effects at different doses for same agent 
(saturation and hormesis...),

– dynamics of gene-gene and exposure-exposure (mixtures) 
interactions...

i.e., common underestimation of the 
complexity of gene-environment interactions
and of environmental epigenomics:
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[OC]=Organochlorine concentration.
P=pregnancy. B=birth. D=diagnosis of the cancer and measurement of OC.
MCa=Mothers of Cases. MCo=Mothers of Controls.
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NoYes Causal significance?

Hardell L. et al. Environ Health Perspect 2003
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?Yes Causal significance?

Hardell L. et al. Environ Health Perspect 2003

[OC]=Organochlorine concentration. Ca=Cases. Co=Controls.
P=pregnancy. B=birth. D=diagnosis of the cancer and measurement of OC.
MCa=Mothers of Cases. MCo=Mothers of Controls.

(in press)
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(in press)

(in press)
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Oversimplification in the design 
of the “object of the study”
(Miettinen; Bolúmar & Porta, Eur J Epidemiol 2004)

“robustness” and “redundancy”...
1 gene → > 1 protein...
1 genotype → > 1 phenotype...

Problems are not just methodological, but conceptual
(epistemological & ontological) as well:

Underestimation of causal complexity.

e.g., genotypes are not static “exposures”, 
but dynamic sources of proteins;

Underestimation of causal complexity.

e.g., too often there is just 1 single 
measurement of the exposure 
or of the “biomarker”,
no consideration of
intermediate processes,
compensatory mechanisms,
epigenetic processes,
reversible effects...

Underestimation of time dynamics
or time-related events.
Studies are much too cross-sectional

Problems are not just methodological, but conceptual
(epistemological & ontological) as well:
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Underestimation of causal complexity.

We need studies

– with a much stronger biological rationale

– with a much stronger clinical rationale

– truly longitudinal

– with repeated measures for each individual

– with more public health “sense & sensitivity”.

Problems are not just methodological, but conceptual
(epistemological & ontological) as well:

DISEASES OF COMPLEX ETIOLOGY 

result from complex interactions between 
social, environmental, clinical, genetic and 
epigenetic processes over long periods of 
life. Common diseases with late-onset 
phenotypes often result from interactions 
between the EPIGENOME, the GENOME 
and the environment.
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Epigenome:
The overall epigenetic state of a cell.

Epigenome:
The overall epigenetic state of a cell.



XVIII IEA World Congress of Epidemiology

Miquel Porta - 23 Sept. 2008 - Porto Alegre

Integrating lifecourse... 

environmetal, epigetic epidemiology

Epigenome:
The overall epigenetic state of a cell.
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low dose?
low potency.
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...really?

THANK YOU 
FOR YOUR ATTENTION

www.imim.es/programesrecerca/epidemiologia/en_documentsgrecm.html



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


