
21© Springer-Verlag London 2015 
L.J. Su, T.-C. Chiang (eds.), Environmental Epigenetics, 
Molecular and Integrative Toxicology, DOI 10.1007/978-1-4471-6678-8_2

    Chapter 2   
 Epidemiology of Environmental Health 

             Chen-Yu     Liu    

    Abstract     There has been a growing awareness of environmental effects among 
human. More epidemiologic studies have been triggered toward investigating expo-
sure effects of chemical, social or physical factors in relation to the common or 
complex diseases, such as heart disease, cancer, and diabetes afterward. Following 
recent advances in genomics and risk assessment, environmental epidemiologic 
studies are incorporating gene-environment interactions and epigenetic changes to 
explore the multidisciplinary nature of individual. The challenges for human popu-
lation work in this fi eld include the complexity of exposure biology and the small 
effects that are easily disturbed. Several strategies have been developed with an 
attempt to resolve these challenges, such as the development of exposome, the 
two-stage designs and Mendelian randomization. In this chapter, the conventional 
study design features, including particular strengths and limitations, have been 
summarized.  

  Keywords     Case-control   •   Cohort   •   Confounding   •   Bias   •   Biomarkers   •   Critical 
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2.1         Introduction of Epidemiology 

2.1.1     Defi nition 

 The word “epidemiology” literally meaning “the study of what is upon the people” 
is made up by three Greek word roots: epi, meaning upon or among, demos, meaning 
people, and logos, meaning study. Epidemiology is the study of the distribution 
of health-related events or conditions occur in specifi ed populations and the 
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investigation of why. The application of the study is to prevent and effectively 
control health problems (Last  2001 ). It aims to characterize person, time, and space 
and relate to the states of human health. When the health states are not distributed 
uniformly across people, times, and spaces, the epidemiologist is able to generate 
hypotheses of the underlying causes. 

 While early studies in epidemiology were largely concerned about communica-
ble diseases, more attention has been paid toward the exposure effects of chemical, 
social or physical factors in relation to the common or complex diseases, such as 
heart disease, cancer, and diabetes afterward. Both environmental and genetic fac-
tors play an important role in most complex human diseases. One of the major chal-
lenges of exploring mechanisms and treatment of complex diseases is that neither 
purely environmental factors, nor purely genetic factors can fully explain the 
observed estimates of disease incidence and progression. Epidemiologic studies of 
environment and health incorporation with gene-environment interactions and 
epigenetic changes investigations help exploring the multidisciplinary nature of 
individual. Discussions of epidemiologic study designs and analysis issues in the 
area of genes and environment interaction effects can be found in Hunter ( 2005 ), 
Thomas ( 2010 ), and Liu et al. ( 2012 ). 

 The role of epigenetics has been increasingly recognized as a mechanism of 
gene-environment interaction. Epigenetics refers to changes in gene function with-
out altering DNA sequence. This fi eld remains particularly compelling because a 
number of epigenetic events have been recognized as tissue-specifi c and reversible, 
this may help explain why exposures affect specifi c organs and the complexity of 
individual susceptibility among the exposed population. Because many epigenetic 
changes can be affected by both internal and external factors and have the ability to 
change gene expressions, epigenetics is a potential major mechanism of how the 
genomes interact with the environmental exposures. Thus, epigenetics provide a 
new strategy in the search for etiological factors in many environment associated 
diseases. 

 Bringing epigenetics into the studies of environmental epidemiology helps inves-
tigators recognize mechanisms linking exposure and disease outcome, and provides 
new opportunities to explore disease and exposure biomarkers and new strategies 
for disease prevention and treatment (Michels  2010 ). However, some challenges 
remain in the areas of study design and epigenetic data interpretation among human 
populations. In the interpretation of an epidemiologic study, it is essential to exam-
ine if there are factors other than that under investigation might explain the result. 
In this chapter, we focus on design issues and recent developments in studying 
epidemiology of environment and health. For more extensive discussion about 
research principles in epidemiology, the interested readers are encourage to consult 
textbook in the area (Koepsell and Weiss  2003 ; Rothman and Greenland  1998a ).  
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2.1.2     Epidemiologic Study Designs 

 Epidemiologic study designs comprise experimental studies and observational 
studies. Experimental studies use randomization to assign exposures to individuals, 
such as clinical trials or fi eld trials, or to communities (community trials). 
Experimental studies are conducted to investigate preventions and treatments for 
diseases. A well-conducted experimental study can provide more scientifi cally 
rigorous data, however, several diffi culties such as high cost, noncompliance, and 
ethical issues make the conduction of experimental study really challenging. 

 The majority of environmental health studies are conducted by using observa-
tional designs. The choice of study design is almost always determined by the 
research question of interest and the feasibility. For example, the commonly used 
epidemiologic study designs in the search for biomarkers of genetic and environ-
mental effects, primary including case-control, cohort, and cross-sectional studies. 

2.1.2.1     Data Collection 

 The data collection for observational studies may be based on existing records such 
as health examination records or the information collected specially for the investi-
gators. Many lifestyle related information, such as cigarette smoking, alcohol con-
sumption, or diet, are usually not able to obtain from the existing records. Interviews 
and questionnaires are especially useful in collecting this information. Exposure 
measurements by incorporating questionnaires, environmental sampling, personal 
monitoring, and biomonitoring, may also be collected in the environmental health 
study. Direct exposure monitoring includes personal monitoring by measuring 
toxics on or near the body, such as measuring air pollutants exposure levels at the 
breathing zone, or by sampling biological properties, such as the measurement of 
urinary 1-hydroxypyrene (1-OHP) as a biomarker of short-term polycyclic aromatic 
hydrocarbon (PAH) exposure (Jacob and Seidel  2002 ).  Biomarkers  of exposure are 
biological indicators of exogenous agents within the biological system, or other 
event in the biological system related to the exposure. Examples of biological 
samples collected for biomarker investigations include urine, blood, or other tissues 
of subjects.  

2.1.2.2     Types of Epidemiologic Studies 

   Cross-Sectional Study 

 In a cross-sectional study the exposure information is usually collected simultaneously 
with the disease status. A cross-sectional study can be useful in estimating the health 
status or the disease pattern of a population at a specifi c time. When investigating a 
sudden disease outbreak, a cross-sectional study can measure several exposures and be 
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the fi rst step in exploring the cause. For example, in the late 1960s, cross-sectional 
studies were used during the outbreak of blackfoot disease and reported associa-
tions of arsenic in drinking water and blackfoot disease (Tseng  1977 ; Tseng et al. 
 1968 ). It is relatively quick, inexpensively, and less time- consuming to conduct 
cross-sectional study. The association of multiple exposures and disease outcomes 
can be examined at the same time and therefore can be used as hypothesis genera-
tion. More rigorous study design such as cohort study or randomized control trial 
should be followed to test the hypothesis.  

   Case-Control Study 

 In a case-control study, subjects are enrolled by disease status (or other outcome 
variable) and historical exposure statuses of cases and controls are  retrospectively  
assessed for the possible cause. Cases are individuals selected on the basis of 
disease. Controls are individuals without the disease when they enroll the study. 
Controls are selected to represent the source population where the cases come 
from. Its purpose is to provide information of exposure distribution in the source 
population as a reference so the occurrence of possible cause can be compared 
between cases and controls. 

 Cases can be either incident or prevalent cases. Incident cases are the cases 
enrolled in the study with disease newly diagnosed. Prevalent cases are cases already 
have existing disease before the enrollment of the study. The advantage of using 
incident cases in case-control study is to avoid the exposure-disease relationship be 
affected by the disease prognosis and duration. However, during rare disease 
research, prevalent cases may still have to be included. Investigators need to under-
stand which kind of misleading conclusion could be introduced.  

   Case-Crossover Study 

    The case-crossover design was developed by Maclure ( 1991 ) to study effects of 
transient short-term exposures on acute events. In a case-crossover study, cases 
compare their own exposure during a risk period related to the causation of the out-
come event to one or more than one exposure during control periods. Therefore, 
each case serves as his or her own control.  

   Cohort Study 

 A cohort study is a group of individuals who are free of disease of interest at the 
baseline (the start of follow-up) and are followed to determine the health outcomes. 
The exposure status is assessed among every subject at the baseline and possibly 
during the follow-up. The unexposed (or low-level exposure) group is used as 
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reference. Investigators compare the disease rates by exposure status. If the disease 
development is substantially different by exposure status, the investigator may be 
able to conclude the association between exposure and disease. 

 Cohort studies are useful in studying rare exposure since investigators can base 
on exposure status to select study subjects and make sure suffi cient exposed 
subjects are enrolled. 

 A cohort study can be  prospective  or  retrospective  depending on if the data 
collection is before or after the development of health outcomes. In a prospective 
study, information of environmental exposures and other covariates of interest and 
biological samples, such as blood, are collected at the start of the study before the 
onset of disease or other health outcome. The study subjects are then followed over 
time to measure disease occurrence. Exposure status and questionnaire data as well 
as biological samples may be also updated during follow-up. 

 In a retrospective study, information is collected after the health outcome has 
already occurred. Exposure status and health outcome are assessed by using exist-
ing data or by subjects’ recall. Investigators therefore have limited control over data 
collection. The existing data may not be appropriate for the study purpose and the 
measurements may be inaccurate, incomplete, or inconsistent between subjects. 

   Birth Cohort 

 The concept of fetal origins of adult diseases demonstrates the critical nature of 
exposure timing in producing later health effects (e.g., the association of maternal 
smoking during pregnancy and reduced fetal growth (Agrawal et al.  2010 ), obesity 
(Kristensen  1992 ), decreased lung function (Wiencke et al.  1991 ) and diabetes 
(Montgomery and Ekbom  2002 ) in the offspring). An increasing number of animal 
studies provide evidence of the role of environmental epigenetics both in disease 
susceptibility and in heritable environmentally induced transgenerational altera-
tions in phenotype (Jirtle and Skinner  2007 ). 

 Genome-wide epigenetic reprogramming occurs at the stages of preimplantation 
and germ cell lineage development. Epigenome may therefore be more vulnerable 
to the environmental insults during these critical life periods (Sasaki and Matsui 
 2008 ; Feng et al.  2010 ). Epigenetic mechanisms in somatic cells also provide a 
potential explanation of how early life environmental exposures can program 
long- term effects in chronic disease susceptibility (Gluckman and Hanson  2004 ; 
Waterland and Michels  2007 ). In a birth cohort, pre-conceptual and prenatal expo-
sures can be assessed. Follow-up a birth cohort allows tracking of development and 
variations in exposures and health outcomes over time. Birth cohort studies can 
measure DNA methylation profi les and chromatin states of mothers and their off-
spring at birth in tissues that can be easily obtained such as saliva, cord blood, and 
placenta. Additional serial sampling at multiple time points across life course enable 
the assessment of early effects, temporal variations in biomarkers, or susceptibility 
of exposures over time.   
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   Nested Case-Control Design and Case-Cohort Studies 

 Cohort studies are less feasible in studying rare disease with long latency because 
of the number of subjects required and the follow-up period. A pseudo case-control 
design can be used to reduce the number of subjects for whom covariate data are 
required. A so-called ‘case-control nested within a cohort’ design (Liu et al.  2012 ) 
by matching each subject developing disease to one or more subjects without dis-
ease at the same time using incidence-density sample (Liu et al.  2012 ). Only cases 
and their matched controls require the covariate measurements (see for example, 
(Breslow et al.  1983 ; Lubin and Gail  1984 ; Whittemore  1981 ; Whittemore and 
McMillan  1982 )). 

 A case-cohort design proposed by Prentice (Prentice and Pyke  1979 ) involves 
the random sample of a subcohort from the entire cohort. The covariate data are 
collected only among these random subcohort and all the cases. In nested case- 
control designs, controls are selected from individuals at risk at the times cases are 
identifi ed, while in case-cohort studies, controls are a subcohort selected from the 
entire cohort at baseline. The subcohort in a given stratum provides a comparison 
set of cases occurring at a range of failure times and a basis for covariate monitoring 
during the cohort follow-up. Very similar designs have also been proposed by 
Kupper et al. ( 1975 ) and Miettinen ( 1982 ). These more effi cient designs have 
started being used to study gene-environment interactions in cohort studies 
(Bureau et al.  2008 ).  

   Two-Stage Designs 

 One of the challenges environmental epidemiologists facing is the study of small 
effect that are easily affected by the confounding factors. In the situations when the 
exposure of interest and the disease are both rare, very large number of subjects are 
required and can be very expensive. One solution originally proposed by White is a 
two-stage design (White  1982 ). The fi rst stage is the screening stage, exposure and 
disease information is ascertained on a large sample, but complete covariate infor-
mation and maybe more refi ned exposure measurement is then collected on only a 
subsample in the second stage. The sampling fractions for stage 2 can depend jointly 
on disease and exposure status.  

   Twin and Family-Based Study 

 Twin- and family-based studies, such as triads of mother, father, and child, have 
been used to estimate the genetics basis of traits and the heritability of epigenetic 
profi les, including chromatin states (Rothman and Greenland  1998a ) and DNA 
methylation (Koepsell and Weiss  2003 ; Hunt and White  1998 ; Ludwig and 
Weinstein  2005 ). Increasing gene-environment interaction studies have been con-
ducted in the environmental health investigations. Individual variation in their sen-
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sitivity to exposure is one of the aims of environmental epidemiology. 
Family- based studies of gene–environment interaction sometimes may be more 
powerful than population-based studies (Gauderman  2002 ). In family-based study, 
investigators are studying if the familial aggregation presence in the disease and if 
such aggregation can be explained by environmental or genetic factor. In twin study, 
the heritability of traits may be estimated based on comparisons between monozy-
gotic and dizygotic twins since monozygotic twins have 100 % of their genes in 
common while dizygotic twins have 50 % of their genes in common. An increased 
disease concordance among monozygotic twins may represent a greater extent to 
which genetic effects contribute. 

 Collect DNA samples from family members can be more diffi cult than from 
unrelated cases and controls, especially for long latency or late-onset diseases. The 
use of relatives as controls may lead to overmatching on a range of genetic and 
environmental factors (Wacholder et al.  1992 ). Besides, the over sampling of intact 
families would also not be expected to represent social environments in the general 
population.    

2.1.3     Study Design Issues 

2.1.3.1     Confounding and Bias 

 When designing epidemiologic studies, there are a few issues required for consider-
ation: feasibility, effi ciency, expense, and potential sources of bias. In contrast to 
controlled clinical trials, epidemiological studies often suffer from confounding 
bias due to measured and unmeasured confounders (van Rein et al.  2014 ). 

  Confounding  occurs when a disease outcome appears to be associated with an 
exposure merely due to its correlation with some other risk factors of the disease. 
For example, age is a potential confounder in epigenetic epidemiology, since DNA 
methylation levels change with age and age is a risk factor for lots of diseases. At the 
stage of study design, confounding effects can be minimized by randomization, 
matching, and restriction. Confounding effects can also be addressed during data 
analysis by performing stratifi cation, standardization, regression modeling. Careful 
examination of the criteria for a possible confounder should be done before attempt-
ing to control for confounding effects to avoid overadjustment and the introduction 
of new bias (Jager et al.  2008 ). 

 While the occurrence of confounding is mostly due to the nature of epidemio-
logic study that various characteristics unevenly distributed among humans, the 
occurrence of bias is an error introduced by investigator during study design or 
conduction. In the retrospective study design such as case-control studies, the col-
lection of data on environmental exposures and biological samples is retrospec-
tively after the disease diagnosis. The assessment of exposure retrospectively is 
fraught with potential  recall bias . While biomarkers of exposure can reduce such 
bias, these measures rarely can reconstruct past exposure and may be affected by the 
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 current disease status , which may be one of the great challenges of retrospective 
studies. Another potential concern is  selection bias . A fundamental requirement of 
a case-control study design is that cases and controls should be selected from the 
same population (Rothman and Greenland  1998b ). Population-based incidence 
cases allow investigators to maximize the generalizability of the fi ndings. Selection 
bias occurs when controls do not represent the population from which the cases 
arose (Last et al.  2001 ). Case-control studies are subject to both selection bias and 
recall bias. For rapidly fatal diseases, since only some of the incidence cases may be 
available for interviewing,  survivor bias  can occur if exposure status differs by 
survival time. 

 In prospective cohort studies, because this approach has the advantage of pro-
spective collection of environmental information and biomarkers, which both pre-
cede the disease and will be unaffected by recall bias (Albert et al.  2001 ). A cohort 
study can be affected by selection bias if the participation or follow-up is related to 
exposure and health outcome. Analysis of data from cohort studies can be subject to 
bias due to loss of follow-up. Effective follow-up should minimize selection bias by 
attrition, and yet, at the same time, more time and expense is required. The expense 
of cohort studies often limits feasibility, especially as incidence rates of most dis-
eases are low. Even with many years of follow-up a cohort study often requires 
collection of an  extremely  large number of individuals before the onset of disease 
and a suffi cient follow-up time. Hence, prospective studies are considerable chal-
lenges for diseases with low incidence rate.  Risk-based sampling  is being used to 
increase the power of prospective studies by enrolling fi rst-degree relatives of pro-
bands, such as the Sister Study for breast cancer risk (Weinberg et al.  2007 ; Medlin 
 2001 ) or the on-going Early Autism Risk Longitudinal Investigation (EARLI) study 
for autism risk. For common pediatric diseases such as asthma, obesity, and some 
adverse birth outcomes, a prospective cohort study will be extremely valuable to 
identify environmental risk factors (Manolio  2009 ; Manolio et al.  2006 ). Prospective 
cohort studies on a national scale (Collins and Manolio  2007 ), by pooling data from 
existing prospective cohorts (Willett et al.  2007 ), or by collaborations of cohorts 
across large regions such as Birth Cohort Consortium of Asia (BiCCA) and 
Environmental Health Risks in European Birth Cohorts (ENRIECO) should be con-
ducted to ensure suffi cient power. The U.S. Congress, through the Children’s Health 
Act of 2000, authorized the National Institute of Child Health and Human 
Development (NICHD) “to conduct a national longitudinal study of environmental 
infl uences (including physical, chemical, biological, and psychosocial) on chil-
dren’s health and development” (CHA  2000 ). The National Children’s Study is a 
21-year prospective cohort study of 100,000 US-born children. Environmental 
exposures, including chemical, physical, biological, and psychosocial exposure, 
will be assessed repeatedly during pregnancy and childhood in children’s homes, 
schools, and communities. The National Children’s Study will provide great 
opportunities to gene-environment interactions for common pediatric diseases. 

 In a cross-sectional study since exposure and disease status are assessed at the 
same time, the temporal sequence of exposure and disease status usually cannot be 
identifi ed. Unless in the situation that exposure is a characteristic such as gender and 
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the disease developed through time, such a temporal sequence of exposure and 
disease development is more possible. Otherwise, for the exposure factors different 
by time, the causality is hard to defi ne. In addition, like many retrospectively studies, 
assessment of environment exposure retrospectively is fraught with potential recall 
bias .  Further, because cases in a cross-sectional study are existing cases at the time, 
cases have to survive long enough to be included and may mislead the conclusion.  

2.1.3.2    Measurements of Exposure 

 Measurements of environmental exposures have been a great challenge in epide-
miologic studies due to the complex pattern of long-term exposures and the need to 
collect accurate and repeated individual exposure data in large populations 
(Morgenstern and Thomas  1993 ). Measurement errors, such as misclassifi cation of 
exposure status, can exist regardless of study design. Misclassifi cation of exposure 
generally leads to attenuation of the main effects when the error is non-differential 
(Carroll et al.  2006 ). Non-differential misclassifi cation occurs when the misclassifi -
cation of exposure does not depend on disease status or when the misclassifi cation 
of disease does not depend on exposure status. Non-differential misclassifi cation 
can also bias away from the null in some circumstances, including (1) if the expo-
sure is multilevel (>2 levels), the intermediate levels of exposure could be biased 
away from null (Dosemeci et al.  1990 ; Weinberg et al.  1994 ); (2) if the misclassifi -
cations are correlated with other errors (Kristensen  1992 ; Chavance et al.  1992 ); 
(3) if the measured exposure do not change monotonically with the true exposure 
(Weinberg et al.  1994 ; ES  1991 ). 

 The use of questionnaires for exposure assessment relies on personal memory 
and has the potential for recall bias. Several technologies have been developed to 
improve measurements of environmental exposures. To incorporate qualitative and 
quantitative changes of environmental exposures, such as atmospheric conditions 
and topography, over time and space, as well as individuals’ diverse demographic 
characteristics, lifestyles, activity patterns, geographic information systems (GIS)/
global positioning system (GPS), personal monitoring, and biomonitoring are now 
being used in environmental epidemiology. Combined geospatial tools with statisti-
cal models allow investigators to model the transport of the pollutants from source 
to residence, e.g., using wind speed, temperature, and traffi c density in addition to 
measurements from the central site, to estimate an individual-level exposure as well. 
Monitoring data, such as personal monitoring and measurements of biomarkers, can 
hold great promise for improving exposure assessment by providing objective indi-
vidual-level measurements. Biomarkers take into account individual differences in 
absorption, distribution, and metabolism of the compound within the body and 
therefore can be used to refl ect the effects of earlier exposures and the association 
between exposure and disease at the molecular level (NRC  1987 ; Perera and 
Weinstein  1982 ; Rothman et al.  1995 ). The usefulness of a biomarker is strongly 
depending on the specifi city, sensitivity, assay reliability, accessibility, and cost 
(Hemstreet et al.  2001 ). Examples of biomarkers for exposure or effect range from 
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patterns of gene expressions, proteins, or metabolic profi les in cells and tissues 
change. Glycosylated hemoglobin for instance, a measure of chronic serum glu-
cose, can be used to study diabetic risk factors with more power than a study focused 
on clinical diabetes. In spite of these potential advantages, the results of biomarker 
measurements sometimes can confuse the investigators a lot. Different conclusions 
may arise due to the differences of specimen kinds, collection and processing meth-
ods, laboratory error, and individual variation in the biomarker levels over time 
(Little and Sacks  2009 ). For instance, the correlation between epigenetic profi les in 
different tissues is complex and locus dependent. The tissue specifi city and may be 
the cell type specifi city in epigenetic patterns is challenging in epidemiologic stud-
ies. Population-based studies may inevitably rely on the use of easily accessible 
tissue, such as peripheral blood, saliva, or buccal cells. These sources may be able 
to refl ect the environmental induced epigenetic changes or an overall indicator of 
the health status of a group of individuals; however, they may not accurately repre-
sent epigenetic variations of the diseased target tissue of interest (Talens et al.  2010 ). 

   Exposure Effects Across Life Stages 

 Measuring environment has added complexity beyond issues of measurement error 
or selection bias. Even measuring cumulative exposure prospectively may be insuf-
fi cient. During prenatal life and childhood, critical biological events occur that 
establish the number, connections and proper function of cells within given tissues. 
As an example, environmental exposure, particularly in early development, may 
induce changes in gene expression modulated through DNA promoter methylation 
or chromatin remodeling (Fleming et al.  2008 ). Toxicological studies show that the 
central nervous system is especially vulnerable to toxic injury (Rodier  2004 ) and 
epidemiological studies clearly show an association between adverse neurodevelop-
ment and in utero exposure to chemicals such as methyl mercury (Amin-Zaki et al. 
 1974 ; Marsh et al.  1980 ), PCBs (Tilson et al.  1990 ), while exposure later in life 
demonstrates less toxicity. The concept of fetal origins of adult diseases demon-
strates the critical nature of exposure timing in producing later health effects 
(e.g., the association of maternal smoking during pregnancy and reduced fetal 
growth (Agrawal et al.  2010 ), obesity (Kristensen  1992 ), decreased lung function 
(Wiencke et al.  1991 ) and diabetes (Montgomery and Ekbom  2002 ) in the off-
spring). All individuals are exposed to a variety of hazardous agents and chemicals 
in the environment. The concept of exposome represents the totality of exposures 
received by a person during life and defi nes exposures as levels of biologically 
active compounds (Rappaport  2011 ). Because sources and levels of exposure vary 
by time, exposomes can be constructed by analyzing toxicants in blood specimens 
obtained during critical stages of life. 

 Because genotypes do not vary over time and can always be presumed to precede 
phenotype, genotype related measurements and prognostic markers are still identi-
fi ed in case-control studies. Otherwise, early detection or risk predication markers 
are preferred in nested case-control studies with biological samples collected 
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 pre- diagnostically. A prospective study can address timing of exposure in an unbiased 
manner, however, it is still challenging to assess the details of exposure timing and 
risk as the critical window likely differs for different phenotypes and for different 
exposures. These dynamic features make their interpretation in human studies chal-
lenging. Single measurement may not be reliable especially in those investigating 
long-term chronic effects. Incorporating different exposure assessment techniques 
with long-term monitoring data especially during critical periods is needed to pro-
vide an integrated view of exposure in complex exposure–disease relationships 
(Lioy  1995 ; Weis et al.  2005 ). Unfortunately, for most adult diseases, an unbiased 
reconstruction of childhood exposure is diffi cult or even impossible. Thus, a major 
limitation of adult epidemiologic research will continue to be the inability to recon-
struct childhood factors that predict disease. A measure of cumulative exposure, 
while preferable to cross-sectional measures, cannot capture exposure during the 
critical developmental life stage predisposing to disease. Therefore, rather than 
modeling a chemical in a single dose response curve for toxicity, chemicals appear 
to have different dose response curves depending on the life stage at which exposure 
occurs. For example, in utero diethylstilbesterol exposure is associated with vaginal 
cancer in offspring, while mothers who took the drug do not appear to be at risk. 

 Another diffi culty is that it is not possible to know with certainty what the critical 
exposure window is a priori (i.e. in utero vs. childhood vs. puberty). The diffi culties 
in assessing the exposure effects by timing present in carefully designed observa-
tional studies and even trial results. An example is the initial report from Women’s 
Health Initiative (WHI) randomized trial and epidemiologic data on the risk of 
coronary heart disease (CHD) and the menopausal hormone therapy. Large observa-
tional studies include Nurses’ Health Study (NHS) suggested a reduced risk of 
CHD among postmenopausal hormone therapy (Hemstreet et al.  2001 ; Angerer 
et al.  2007 ) while WHI randomized trial found increased risk of CHD among 
women assigned to the menopausal hormone therapy compared to the placebo 
group (Chatterjee et al.  1969 ). Hernán et al. re-analysis of the Nurses’ Health Study and 
concluded that most of the difference could be attributed to the age distribution at 
the time of initiation of hormone therapy and length of follow-up (Hernan et al.  2008 ).  

   Mendelian Randomization 

 Mendelian randomization is an approach, instead of studying unknown effects, 
using the established associations between genetic variations and exposure interme-
diate phenotypes to maximize causal inference. These genetic variations can mimic 
the modifi able exposure effects and serve as a surrogate to test the association 
between exposure and disease. Mendelian randomization provides an approach for 
making causal inferences about the exposure by using the nature of randomly 
assigned genotypes from parents to offspring before conception (Gray and 
Wheatley  1991 ; Davey Smith and Ebrahim  2003 ). However, as well with all genetic 
association studies, potential confounding effects by population stratifi cations and 
other limitations can still occur (Davey Smith and Ebrahim  2003 ; Cui et al.  2001 ). 
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Population stratifi cation refers to the different genotype frequencies between cases 
and controls due to differences in ancestry rather than association between genes 
and disease. Careful study conduction and thorough verifi cation remains essential 
before considering the causality.     

2.2     Discussion 

 Following recent advances in genomics and risk assessment, current research has 
shown that both internal and external factors of human bodies are critical to disease 
risk and progression. Future improvements in disease prevention and treatment are 
anticipated. More research efforts need to be directed towards investigating the 
exposure biology such as identifying new biomarkers for better measuring expo-
sures, and the roles of genome and epigenome to various environmental agents. The 
integration of specimen bank among stored biological materials from cohort studies 
and the increasing collaboration between basic bench work and epidemiology is 
becoming more and more important. Study design selection is strongly depending 
on the feasibility and cost and should be guided by the appropriateness of the 
research question of interest. As summarized above, each epidemiologic study 
design has various strengths and limitations that make it more or less suitable for 
particular exposure effect investigation. In the interpretation of an epidemiologic 
study, it is essential for the researcher to examine if there are factors other than that 
under investigation might explain the result.     
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