COMPUTING DIFFERENTIAL SAMPLE SIZE FOR CASE-CONTROL STUDIES
OF GENE-ENVIRONMENT INTERACTION

The rates for diseases such as cancer, cardio-
vascular disease, and diabetes are known to
differ by ethnic/racial groups. However, nei-
ther genetic nor environmental factors fully
explain the observed differences. Failure to
account for genetic expression in the absence
or presence of an environmental factor, and
vice-versa, may lead to erroneous conclusions
regarding the importance of these factors in
disease etiology. We present a novel method
for computing sample size for case-control
studies involving the interaction of genetic and
environmental factors. The method is based on
an indirect estimate of the odds ratio for gene-
environment interaction given only the odds
ratio for environmental exposure and popula-
tion genotype frequency. A table is presented
providing sample sizes required for detecting a
minimum odds ratio for gene-environment
interaction given varying genotype frequencies
and environmental exposure odds ratio values.
Sample size increases proportionately with
genotype frequency for a given environment
exposure odds ratio. (Ethn Dis. 2008;18[Suppl
2]:52-25-52-29)
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INTRODUCTION

Epidemiologic study designs have
traditionally been employed to examine
etiologic factors in disease causation that
involve environmental exposures associ-
ated with disease risk. With the advent of
technological advances in understanding
genetic variation in human populations
and its impact on phenotypic differenc-
es, the task of assessing the interaction
between environmental exposures and
genetic traits in disease etiology is of
concern." Public health and epidemiol-
ogy as a study of populations and
frequency of disease must address vari-
ations in disease predisposition attribut-
able to causative genes specific to racial
identity. Racial variations in putative
genes are of significance as they may be
implicated in the pathogenesis of com-
mon diseases such as cancer, coronary
heart disease, and birth defects." Com-
plex interactions between racial geno-
types and environmental factors govern
many relationships between disease risk
and exposures of interest, and gene-
environment interaction is present in
these causal mechanisms of disease.'”
The case-control study design is often
employed in the field of genetic epide-
miology and is a powerful epidemiologic
method. Many methodologic issues arise
in designing case-control studies, and
application of the case-control method
involves care. Interaction as a significant
phenomenon in case-control studies
must be addressed to accurately con-
clude associations of disease occurrence.
We present a numerical algorithm for
computing differential sample size in a
case-control study of gene-environment
interaction on the odds ratio (OR) scale
and indicate its function in studies of
genetic variation in differences of phe-
notypic expression among ethnic
groups.

Ethnicity & Disease, Volume 18, Spring 2008

We examine the simple case of no
main genetic and environmental effects;
however, direct extension of the algo-
rithm provides the framework for
estimating differential sample size in
more complex cases involving partial
genetic or environmental effects. The
method is based on an indirect estimate
of the OR for gene-environment inter-
action given only the OR for environ-
mental exposure and the population
genotype. The algorithm involves ex-
pressing a Z-statistic in terms of the cell
frequencies of an environmental expo-
sure 2X2 contingency table, wherein
power is denoted as the Z-statistic
minus the o critical region of the
standard normal distribution. Sample
size corresponding to a desired power is
found iteratively by providing a starting
“a-cell” frequency count, computing
the remaining cell frequencies for the
exposure OR and lower confidence
limit, and then determining the differ-
ential sample size assuming that the
exposure OR is fixed. An example is
presented illustrating the increase in
sample size needed to be powered at
=80% to detect a specified OR for
gene-environment interaction at the
0=.05 level of statistical significance
given the sample size and OR computed
in an environmental exposure case-
control study. A corollary method for
indirectly estimating gene-environment
interaction and power given only geno-
type frequency and OR of environmen-
tal exposure has been discussed else-
where.?

METHODS

Assuming that 1) genotype (G) is
independent of environmental exposure
(E), 2) neither genetic nor environmen-
tal effects act alone to influence disease,
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and 3) disease (D) is rare in both
exposed and unexposed populations,
then an indirect estimate for the OR
of a gene-environment effect is given as

OR(GE|D) = [OR(E[D) —1+g]/g, [1]

where (g) corresponds to the genotype
frequency. The study power for [1] may
be derived from the formula

Zpower =

{OR(E[D) =1 + g}

® log{[OR(E[D)— 1 + ¢]/g}
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where Z,; denotes the critical region of
the standard normal distribution, and
(a, b, ¢, d) are the cell frequencies for a
2X2 table of environmental exposure
by case-control status. When only the
OR(E|D) and (1-0t)% confidence inter-
val (CI) are known, then the 2X2 cell
frequencies may be iteratively derived
from the equation for the CI in terms of
the point estimate and marginal case-
control frequencies for the OR, ie,

OR(ED) ® exp{ +Z,,
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where n; and n, denote the number of
cases and controls and ¢ =n; — a.

In planning a future case-control
study to directly estimate OR(GE|D),
in which information is simultaneously
collected on environmental and genetic
factors, one may use equation [2] to
ascertain the sample size required to
detect 2 minimum OR(GE|D) for a
specified power or greater at the o level
of statistical significance. The technique
involves incrementally multiplying each
2X2 cell frequency by a constant such
that OR(E|D) remains fixed until the
desired power is achieved.
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RESULTS

In the table, for genotype frequencies
ranging from .2 to .8, we provide the
sample size required to detect a mini-
mum OR(GE|D) when planning a gene-
environment case-control study for pow-
er =80% and 90%. The computations
are based on values for OR(E|D) and
corresponding 95% CI obtained from an
environmental exposure case-control
study of the same population as the
planned gene-environment case-control
study. The 2X2 cell frequencies were
iteratively derived by using equation [3].

For example, 324 cases and controls
each would be required in a future gene-
environment case-control study to detect
a minimum OR(GE|D) of 1.8 with
power =80% at the a=.05 level of
statistical significance, given (g)=.6,
OR(E|D)=1.5 and 95% CI for OR(E|D)
of 1.0526-2.1377. This reflects a differ-
ence of an additional 74 cases and
controls compared with the environmen-
tal exposure case-control study involving
only 250 cases and controls. However, in
other examples shown in the table, the
required sample size for the gene-envi-
ronment case-control study is less than the
reference environmental exposure case-
control study.

As seen in the table, we observe that
the required sample size for a gene-
environment case-control study increases
proportionately with the genotype fre-
quency for a given OR(E|D). Further-
more, overall sample sizes in general tend

to be lower for higher values of OR(E|D).

DISCUSSION

In nature, the process of how genes
respond to the environment is readily
illustrated by the example of coloration
pattern in the African butterfly Bicyclus.
During the rainy season, this butterfly
takes on a colorful pattern. In contrast, a
dull brown coloration is expressed in the
dry season.” The consequences of gene-
environment interaction may be equally
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important in humans, underlying the
pathologic origins of many diseases of
public health importance. The interplay
between genes and the environment also
plays an important role in how individ-
uals respond differently to different
drugs. Consider for example the anti-
hypertensive agent debrisoquine. De-
brisoquine’s metabolism is altered by a
functional polymorphism governing the
activity of the cytochrome P45
CYP2D6 enzyme. This polymorphism
may lead to compromised drug efficacy
in certain groups, as the incidence of the
cytochrome CYP2D6 enzyme is known
to vary widely by different ethnic
populations.” In fact, differential re-
sponse by racial or ethnic groups has
been reported for several classes of drugs
including angiotensin-converting en-
zyme inhibitors, vasodilator antihyper-
tensives, B-adrenoceptor blockers, calci-
um-channel blockers, anticoagulants,
and glucocorticoids.6

The need to accurately estimate the
required sample size to detect an
interaction effect of genetic variation
and environmental exposure is critical
in the design of a case-control study
examining this effect. We have present-
ed a statistical method that can be used
to compute differential sample size in a
case-control study of gene-environment
interaction given only a population
genotype frequency and OR of envi-
ronmental exposure based on prior
studies. The implications for this novel
technique are notable in that many low-
penetrance susceptibility genes alone
cannot confer disease risk. For example,
in studying the etiology of cancer,
polymorphisms in enzymes central to
carcinogen metabolism do not appear to
impart risk; however, in conjunction
with environmental stress, cancer risk is
elevated.” In the event of an interaction
between environmental and genetic
components, the failure to account for
a modification of joint effects leads to
bias in the risk estimation.” Of interest
in our discussion, ethnic variation in
such diseases as cancer may be attribut-
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able to differences in genetic suscepti-
bility polymorphisms as well as differ-
ences in environmental and dietary
exposures,7 and recognition of these
gene-environment interactions could
aid in risk prediction for subgroups.

Variations in genotypic frequencies of
key regulatory genes have been docu-
mented as occurring in different ethnic
populations, and these variations have
paralleled differences in gene expression
phenotypes.® This finding is of consider-
able consequence as some genetic poly-
morphisms may govern gene expression,
and allelic frequency differences of these
polymorphisms could indicate variable
population differences in disease preva-
lence as regulated by gene expression
phenotypes.® Such advances in the un-
derstanding of complex diseases and
genetic variants have import for studies
examining effects of etiologically signifi-
cant environmental exposures such as
smoking, ionizing radiation, vitamin use,
alcohol use, intake of dietary antioxi-
dants, and exogenous hormone use.” An
appreciation of the joint effects of genetic
factors and environmental exposures has
greatened with the recent technological
advances used in genetic epidemiology
and new statistical methods are concom-
itant with these innovations. Moreover,
interpretations of genetic contributions
by ethnicity in relation to environment
and disease outcome are captured by
these emerging epidemiologic methods,
and the model we have presented is of
particular relevance.

The main advantages of the new
method presented over other approach-
es are ease of use and greater precision
when integrating conditional informa-
tion from an environmental exposure
case-control study.

Limitations of our statistical model-
ing of gene-environment interaction
arise if the model does not properly
reflect the true scale of biological action
demonstrating the interaction on a
biologic model.”> Additionally, if the
interactions are very complex and there
are numerous genetic factors and large

SAMPLE SIZE FOR GENE-ENVIRONMENT STUDIES - Efird and Hong

environmental contributions, the ability
to characterize subgroup and ethnic
differences in terms of genes and envi-
ronment is challenging.'® Although the
model presented assumes an “‘un-
matched” case-control design, the un-
derlying algorithm may be easily adapted
for other more complex study designs. A
set of approximate solutions may be
obtained in the case of limited decimal
accuracy for OR and CI values or when
the model contains multiple covariates.
It also may be intriguing to examine the
effect of model misspecification on the
power and sample size; however, this is
beyond the scope of the current paper.
Further limitations of this method have
been discussed in detail elsewhere.’
With these stated caveats, the moti-
vation to quantify gene-environment
interaction and disease risk for ethnic
subgroups is nevertheless compelling.
The field of pharmacogenomics, where-
by individualization of drug therapy is
dictated by genetic information, has
implications for racial identity inso-
much as it serves as a proxy for the
genetic wildcard in the response to drug
therapy."" A recent meta-analysis of
ethnic differences in risks of adverse
reactions to drugs used in cardiovascular
medicine'? found that individuals from
different ethnic groups had differing
risks for adverse drug-related events
resulting from cardiovascular drug in-
take. One explanation for such differ-
ences in susceptibility to adverse drug
reactions has attributed it to varying
distributions of genetic polymorphisms
in drug receptors or drug-metabolizing
enzymes among different racial and
The real-world

implications of a genetic-environment

ethnic subgroups.''

interaction as indexed by race and
ethnicity is demonstrated by these racial
differences in response to drugs. Such
outcomes will direct future efforts to
characterize gene-environment interac-
tions, and the methods to quantify them
and will be a timely endeavor for
communities of color in service to
enhance public health practice.

Ethnicity & Disease, Volume 18, Spring 2008
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