EDITORIAL

Epidemiology in the Post-Genomic Era
K S Chia,* Fams Mp, FFoMm (Lond)

To the clinical specialists, epidemiology appears to be a hyphenated word associated with their clinical specialty: for
example, cancer-epidemiology, cardiovascular-epidemiology, infectious disease-epidemiology and occupational-
epidemiology. It is a toolbox to unravel the distribution and determinants of diseases within their specidty in the
community. The tools are predominantly quantitative and the underlying principle is to compare distribution patterns
between cases and non-cases or the exposed and non-exposed. The assumption is that if an exposure has a biological
relationship with the health outcome, its distribution will differ between those who have and do not have the outcome.
Intuitively, this makes sense but unfortunately, the converse is not necessarily true. As a result, it had spawned great
methodological developments in the areas of handling bias and confounding.

The focus on unravelling differences in distribution within observational studies riddled with bias and confounding,
without paying much attention to the biological basis of the association, has contributed to the era of ‘black box’ and
subsequently risk factor epidemiology. Such an approach is characterised by a search for multiple antecedent factors and
linking them with the outcome without the necessity of intervening factors.! Those who advocate such a strategy sees it
asa‘unique virtue' and has made significant contributions.? For example, the association between arsenic exposure and
lung cancer was made for many years without an animal model for arsenic carcinogenicity.®

However, in the light of developments in molecular biology and the unravelling of the human genome, taking refuge
within the ‘black box’ will only generate many more inconclusive studies of associationslike coffee drinking and cancers
or hip fractures.* Of course, the aim is not to replace anarrow approach with another. One must also be cautious and avoid
‘throwing the baby out withthe bathwater’ .5 In apassionate appeal, Susser arguesthat ‘ thefocus of the (black box) paradigm
istoo narrow to copewiththefuture’ andthe*failureto invent or recognise anew paradigm exactsthe penalty of stagnation

and inertia’ .

In the last two decades, there has been a new twist in the twining of words with epidemiology. Instead of the more
comfortabletraditional termslike cancer and infectious disease epidemiology (by disease group) or even occupational and
nutritional epidemiology (by exposuregroup), newer termslike " biochemical epidemiology’ and‘ molecul ar epidemiology’
herald the availability of new laboratory techniques for epidemiological research. Genetic epidemiology is another term
in vogue in the light of the human genome project.®

The newer laboratory techniques bring with them the promise of more accurate exposure and outcome assessment.
M oderate non-differential misclassification of exposureand outcome degradestheobserved rateratios(relativerisks), even
inwell-designed and well-conducted epidemiological studies. Measurement of DNA adductsin target tissues or surrogate
tissues like white blood cells are believed to be more accurate estimates of the ‘biologicaly effective dose’. Before an
absorbed compound can form an adduct, it is usually metabolised by enzymes which may differ due to inherited
polymorphic DNA sequence variation or because of gene upregulation or downregulation caused by other exogenous
agents. Therefore, DNA adduct levels may not correlate well with the environmental level of carcinogen. It is a better
indicator of the internal dose that may cause DNA mutation when the cell replicates. Unfortunately, there are few clear
examples of adduct measurements shedding light on new exposure-disease association.”

Despite questions asto the validity of various biomarkersfor popul ation-based research,? one of the dreamsin molecular
epidemiology isto confirm ‘signature’ mutations caused by specific carcinogens. The specific guanine to thymidine (G to
T) mutations of codon 249 in the p53 genein hepatocel lular carcinomafrom Africaand China®l® brought great excitement
and a boost for molecular epidemiology.
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Another example is the discovery of high-penetrance susceptibility genes such as BRCA1 and BRCA2.™ It gave
epidemiologistsamore ‘accurate’ instrument to define inheritable susceptibility to diseases. Theoretically, analyses could
now be stratified into high- and low-risk groups and the associ ations between ‘ environmental’ exposure and diseasein the
low-risk group will be magnified. In reality, for most common diseases, the prevalence of such high-penetrance genesis
small. The inclusion of those with the high-penetrance genes will have only a modest effect on the overall rate ratios.

Of greater challengeisthelow-penetrance genes and the so-called ‘ complex’ diseases. With the availability of the DNA
sequence of all human genes and high-throughput genotyping and DNA chips, variants of one or many candidate genes
can be compared among cases and controls. The statistical debate on * multiple comparisons and * multi-collineraity’ will
haveto berevisited. It may no longer be reasonableto arbitrarily partition the P value or to use the conventional argument
of includingonly * biologically plausible’ candidategenesfor dataanalyses. Rethinking of traditional study designs'?to cope
with the availability of multiple, repeated and related biomarkers may be necessary.

Theavailability of biological markers of genetic and environmental factorshas opened the door to explore complex gene-
gene and environment-environment interactionsaswell. Large samplesizes, in the order of 1000 or more cases, are needed
if traditional markers are used. This could be reduced if relevant biomarkers are used.”

Such studies of gene-environment interactions should become central in the post-genomic era. There have been intense
debates among epidemiologists on the definition and source of interaction as well as the methods for detecting them.18
Conceptually, gene-environment interaction can be defined as a different effect of an environmental factor on the disease
outcome for persons with different genotype. From astatistical point of view, the difference in effect can be measured on
an additive (rate difference) or multiplicative (rate ratio) model. Rothman®® arguesthat the additive model isthe best model
for interaction as it measures interaction between two factors that are part of different causal mechanisms. Further, if the
aim is to predict disease load in a population, the additive model is more suitable. The multiplicative model is more
appropriateif the primary goal isto unravel disease aetiology (asisthe case of most gene-environment interaction studies)
and is suitable for factors that act through the same mechanism or the same stage of a multistage process.®

Ottman®® described five biologically plausible models of gene-environment interaction. The genotype results in an
increasein expression of an environmental factor, which can al so be produced non-genetically. A modificationtothismodel
iswherethe genotype must be present for the environmental factor to have an effect. Conversely, thethird scenarioiswhere
the environmental factor has no effect with low risk genotype. The fourth model iswhen both environmental and genetic
factorsareneeded together toincreaserisk and finally both factorscanindependently increaserisk but modifieseach other’s
effect when present. Further, she attempted to integrate these biologica models with epidemiological models. The
integration is far from ideal and highlights the current inadequacy of both the biological and epidemiological models.

Just asthe’ black box’ erahad spurred the devel opment of methodol ogi cal i ssuesto handl e biasand confounding, the post-
genomic era will probably stimulate further insights in our understanding of interaction (or effect modification). For
example, we have several local epidemiological studies exploring the interaction between polymorphism of metabolic
enzymesand environmental carcinogensin lung cancer among non-smokers. A paper has been published® with two others
in preparation. To cope with analysing different levels and mode of interactions, more complex mathematical modelslike
multilevel (hierarchical) regression® may be necessary. The principle of parsimony in regression models may have to be
questioned if the ‘truth’ is more complex.

Epidemiology has evolved through the decades. It survived the death of the Miasma Theory (where diseases are
attributable to foul air) and transformed itself into infectious disease epidemiology with the increasingly popular Germ
Theory. When chronic diseases cameto theforefront, epidemiol ogy took onthe* black box’ and * risk factor’ approach. Now
intheeraof gene sequencing and molecular techniques, it has put on the new names of genetic epi demiology and molecular
epidemiology. Inthistransition, it isgoing through asoul-searching process.?? Although it seesthe need to move' upstream’
and incorporate molecular and mechanistic understanding, it will need to maintain its original population perspective.® It
will ultimately realign itself and contribute the necessary concepts and methodology to the understanding of health and
diseases at the population level in this new molecul ar and genomic revolution. Intimeto come, perhapsthe term molecul ar
or genetic epidemiology will become superfluous. The day when molecular techniques and genomic information are
thoroughly incorporated into epidemiological studiesis near. Epidemiol ogy would have then evolved into the study of the
distribution and interaction of genetic and environmental factors of diseases with the ultimate aim of controlling them in
the most cost-effective means.
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