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Population-based family studies in genetic epidemiology

John L Hopper, D Timothy Bishop, Douglas F Easton

Designs that involve families (the traditional strength of genetic epidemiology) and population-based sampling (the
traditional strength of environmental epidemiology) allow investigation of both genes and environment, separately
or together, and allow valid inference to the population. These case-control-family designs (including those involving
twin pairs), can be regarded as retrospective cohort studies of relatives, and can be used for: determining familial
risks and genetic models; estimating risk (penetrance) for measured genotypes; genetic association studies;
stratifying risks by family history and known mutation status; and studying modifiers of risk in genetically
susceptible individuals. Follow-up of families allows genetic and environmental risks to be studied prospectively. We
discuss statistical methods, theoretical and practical strengths, limitations, and other issues. Given their versatility,
population-based family studies could become a principal framework in epidemiology, and move genetics from its
traditional focus on high-risk families to give it a wider clinical and population health relevance.

Family studies have a central role in genetic
epidemiology. Although epidemiology generally involves
studies of unrelated individuals, often using population-
based sampling, genetic epidemiology focuses on related
individuals in the form of family histories or
opportunistically identified and sampled pedigrees. In
this article we discuss designs that involve both
population-based sampling and groups of relatives who
are both interviewed and provide biological material. For
simplicity, we focus on diseases and do not consider
continuously distributed characteristics.

Genetic epidemiology seeks to dissect the relative
contributions of genes and environment and to identify
genes determining susceptibility. For the former,
studies have been based on specific relationships
(especially twin pairs) or on statistical analysis of the
patterns of disease aggregation between and within the
families of systematically identified cases (probands),
and analysed to identify the most plausible explanation
of the family aggregation (segregation analysis). For the
latter, studies of opportunistically sampled multiple-case
families have been critical because such families are
those most likely to carry a strong genetic predisposition.
In practice, studies of such families have been
successful at identifying genes that have a large effect on
individual risk. This is traditional gene discovery, and it
has worked even for complex diseases such as breast
cancer," colorectal cancer,” melanoma,’ Alzheimer’s
disease,* and one form of diabetes.’

Once disease-associated genes have been identified, or
for candidate genes, researchers try to measure the
increased risk for individuals with the putative genetic
susceptibility (penetrance) and study interactions with
other genetic and environmental risk factors (modifiers
of genetic risk). For these tasks, especially the latter, any
lack of systematic ascertainment of the multiple-case
families affects analysis and interpretation. Analyses
must adjust for sampling to avoid bias, and because this
involves strong conditioning, limits statistical power.
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Also, findings from multiple-case families might not
apply outside that context, since these families could be
enriched for unmeasured risk factors or the mutations
with highest risk.

Population-based sampling means sampling from a
defined subset of the population using a predetermined
scheme with high response rates as required by case-
control studies, as distinct from volunteers from the
community with possibly low response rates as is typical
of cohort studies. It is an attractive alternative, or at least
a complementary approach, for gene characterisation
and permits valid extrapolation to larger groups within
the population. Family studies built around population-
based sampling of both cases and controls can in some
circumstances be more powerful and robust than a case-
control or multiple-case family-based approach alone. By
selecting for characteristics that are associated with a
putative underlying genetic cause, such as family history
of disease or early age at onset, these studies have
increased power to address hypotheses related to genetic
determinants, and not only those that are rare and
associated with strong risks.®

Population-based family designs

Case-control families

Case-control family studies include data about disease
status and other characteristics of relatives of cases and
controls but the information is obtained only from
interviews of the cases and controls (figure 1). The data
are often restricted to first-degree relatives since
information about others is less reliable. The accuracy of
the information depends on the disease. For example,
reports about first-degree relatives can be quite accurate
for breast cancer but negative family histories for
ovarian and endometrial cancers are less useful’
Furthermore, family history is often only recorded
crudely as yes or no. More reliable and extensive data can
be obtained in populations with genealogical record
linkage, such as Iceland,® Sweden,’ and Utah, USA.” The
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Figure 1: Example of a case-control family design
Dotted lines indicate that, although information about disease status is sought for indicated first-degree relatives,
they are not interviewed.

lack of information about relatives’ risk factors can lead
to biased estimates of the dependence between relatives
for ages at onset."

Case-families with or without population controls

Studies of case-families recruit relatives of cases in a
predefined way (figure 2). This allows comparisons
between cases and unaffected family members. The
most typical comparison is with siblings, and a special
example is disease discordant twin pairs. In case-family
studies, as in twin studies, family members are
contacted, interviewed, and perhaps sampled for DNA.
This contrasts with case-control family studies in that
the information on relatives is now based on
interviewing the family members as well as the case.
Case-family studies allow all comparisons achievable
within  traditional  population-based  case-control
studies—namely genetic effects alone, effects of
environmental exposures alone, and gene-environment
interactions.” Overmatching within the family for both
genetic and shared environmental factors results in
reduced power when compared with a similar sized
population-based case-control study, but only for some
exposure prevalences. For other exposures, such as rare
genetic exposures, this argument is immaterial; it is
unrealistic to study them using a population-based case-

e
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Figure 2: Example of case-control-family designs
Solid lines indicate that attempts are made to interview all indicated relatives.
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control design because too few, or even no, controls may
be carriers. Studies of gene-environment interaction
have comparable power for the population-based case-
control study as for the case-sibling control.

The addition of population-based controls allows
further comparisons than the case-family design
(figure 2). The additional comparison with the general
population means that, for a broad range of exposures
and effects, the optimum sample structure has been
achieved. Specifically, if there are mno shared
environmental factors then using a sibling control is
more powerful than using a population-based control
when trying to estimate genetic effects.”

One concern for genetic epidemiological studies is
unrecognised genetic stratification within a population.
Stratification is much discussed even though there is
little prima facie evidence for its existence.""
Nevertheless, the concern has drawn extra attention to
family-based studies, because in designs such as the
case-family study, cases and controls share parents and
hence single gene pools.

Case-control-families

This design, which subsumes the two previous ones by
recruiting cases and their relatives as well as controls
and their relatives, is consistent with epidemiological
principles in that the approach is the same for cases and
controls, and therefore for case relatives and control
relatives. The hyphens in “case-control-families”
indicate this equivalence, just as single hyphens do in
the case-control and case-family designs.” As well as the
opportunities afforded by the family designs above, the
case-control-family design allows additional
comparisons between sets of relatives of cases and
corresponding sets of relatives of controls, provided the
two sets are studied with the same protocols and care. If
population-based incidences are available (eg, from
cancer registries) the quality of the family data can be
assessed by comparison with the disease incidence
recorded for the control relatives.® By interviewing
relatives, and thereby obtaining the cancer histories of
relatives from multiple sources, the family history of the
proband can be extended beyond first-degree relatives
and could well become more trustworthy via the cross-
validation. Given the increasing difficulty of obtaining
high response rates when sampling controls from the
population, control groups based on spouses or partners
or their relatives (or both) are being used more often.
The population-based case-control-family design has
now been used in various forms, especially in cancer
studies where population complete registries facilitate
recruitment (panel 1)

What questions can be addressed?

There are three different perspectives on the
information collected in case-control-family studies
depending on whether the focus is on the cases (and
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controls), the disease history of the relatives up until the
diagnosis of the case (a retrospective cohort”), or the
future disease incidence in relatives of cases (a
prospective cohort study of sets of relatives®?).

Determining familial risks

The contribution of known disease genes allows an
upper estimate of the familial risk due to other factors,
and hence informs the prospects for identifying other
susceptibility genes. For example, several studies have
screened early-onset breast cancer cases for mutations in
BRCA1 and BRCA2. Examination of the family history
of the mutation carriers detected suggested that only
about 15% of the first-degree familial risk of breast
cancer was explicable by mutations in these two genes,
providing an impetus for the identification of further
susceptibility genes.”®* Such an estimate could not be
derived directly, because the population frequencies of
BRCA1 and BRCA2 mutations are small and not
accurately known.

Determining genetic models

Population-based family data can be used to estimate
familial relative risks, the ratio of the risk of the disease
for a relative of an affected individual to that for the
general population.” Familial relative risks (or
recurrence risk ratios) can vary by the type of relative
(see first paper in this series®). For most common
cancers, the familial relative risk for first-degree relatives
(parents, siblings, and offspring) is 2—4. For many non-
malignant diseases it can be much larger; examples are
multiple sclerosis, schizophrenia, type I diabetes, and
inflammatory bowel disease, where values in the range
5-20 have been recorded.

Familial relative risks quantify the extent of familial
aggregation across the population, and reflect the
combined effect of all susceptibility genes and
environmental risk factors that cluster in families. The
pattern of familial risks can provide clues to the
existence and mode of inheritance of an underlying
disease gene. For example, a higher risk to the co-twin of
an affected twin in monozygotic rather than dizygotic
pairs suggests that genetic effects may be explaining
familial aggregation (provided one can argue or show
that this is not due to a greater similarity within
monozygotic pairs of the environmental factors
associated with the disease); a higher risk to siblings of
cases than to their offspring suggests recessive or
X-linked genetic components; a greater risk in the
maternal aunts or uncles in the absence of increased
risks between paternal aunts or uncles indicates
X-linked effects; and a rapid decline in familial relative
risk with degree of relationship may indicate a polygenic
model.”

One application of family studies has been to
determine genetic models for susceptibility. This
approach is known as segregation analysis and asks
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Panel 1: Cancer family registries—infrastructures for studies of the genetic
epidemiology of cancers based on population-based and clinic-based families

Large cancer family registries typically involve both clinic-based multiple-case families and
population-based families sampled through cancer registries. They also involve controls,
and in some instances control families, and even targeted sampling of twin pairs and their

relatives. Population sampling of case families is either irrespective of family history or

through a two-stage sampling scheme that over-samples cases with a self-reported
family history. Oversampling of cases with earlier onset is often a feature, given that
familial and hence most likely genetic factors are more pronounced in those case families.

Population-based inference can be achieved by applying appropriate sampling weights.
The US National Cancer Institute has supported these novel research infrastructures for

breast cancer,” colorectal cancer, prostate cancer, and melanoma. Typically these involve
a collaboration of research institutions in several countries. The sites have developed core
family history and epidemiology questionnaires, data dictionaries, and common protocols
for the collection and processing of biospecimens and pathology review, and established
centralised informatics support. Many thousands of families have been recruited and

some of these resources are also available to external researchers. Detailed information
can be found at www.epi.grants.cancer.gov/CFR for the Breast and Colon Cancer Family

Registries, www.genomel.org for the Melanoma Genetics Consortium and www.icpcg.org

for the International Consortium for Prostate Cancer Genetics.

what model best explains the pattern of familial
aggregation of the disease. It involves specification of the
mode of inheritance, the population frequency of
individuals at high genetic risks, and the associated
genetic risks themselves. Segregation analysis was
developed in the 1960s and 1970s,” but the technique
has fallen out of fashion. One weakness is that unless
the underlying true model is simple, segregation
analysis lacks power to distinguish one model from
another. However, as genes are identified, segregation
analysis can be used to model the joint effect of known
(measured) genes and unmeasured effects.”** This
approach can provide a rational basis for genetic
counselling,”* genetic testing programmes, and public-
health initiatives.

Estimating risk (penetrance) for measured genotypes

An important application of family-based studies is
estimation of the risk associated with a particular
genetic variant, especially if it is rare. Relatives of a case
with such a variant constitute a subpopulation with
increased likelihood of carrying the same genetic
variant. Including relatives within a systematic study
improves the estimation of the effect of being a carrier
of such a variant by examining the incidence of disease
in the cohort of carrier relatives. In the context of a
retrospective cohort of relatives this has been called a
kin-cohort design.” The carrier status for the variant
may be known exactly (eg, if DNA is available from
those relatives) or probabilistically by applying the rules
of mendelian inheritance to the constellation of known
carriers and non-carriers among the case and other
relatives. The comparable analysis of the risk
associated with a variant for a case-control design is
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only informative when sufficient controls carry this
variant.

This family-based approach has been widely used to
estimate the risks of breast and colorectal cancer for
carriers of mutations in BRCA1 and BRCAZ2** and
MSH2 and MLH1.” It can also be used to determine if
variants in candidate genes, identified from normal
biological function of known genes or by being in
regions of interest identified by genome scanning, are
associated with increased risk. For rare variants a case-
family design can be much more powerful than a case-
population control one, and in some instances may be
the only feasible design. For commoner, low risk
variants, a case-control approach may be more powerful.
Irrespective of allele frequencies, case-family analysis of
the relatives of variant-carrying cases is informative® and
provides an essentially independent source of
information or confirmation. Risk estimates based on a
cohort of relatives may not be strictly comparable with
those based on a standard case-control or cohort
approach. This is because there may be other causes of
familial aggregation.**

If relatives of cases are genotyped for a variant, it is
possible to assess the evidence that the variant is causal
by investigating its segregation with disease within
families.” This approach has the advantages of not being
susceptible to population stratification, and of being
immune to preferential selection of cases with a family
history.

Genetic association studies

Family history may influence the design and size of
association studies. Antoniou and Easton® showed that
selection for genotyping of cases with an affected first-
degree relative, as opposed to unselected cases, at least
halves the required sample size in genetic association
studies to detect a dominant disease allele, and the
number is halved again if the selection is with two
affected first-degree relatives. The use of such enriched
samples may be particularly important in reducing the
cost of whole-genome association studies of common
diseases.

Stratification of risk by family history

Family history is often used in epidemiological studies
to stratify analyses of the effects of other risk factors.
For example, the odds ratios associated with many
breast cancer risk factors, such as parity and age at
menarche, are similar in women with and without a
family history.” However, the Minnesota Breast Cancer
Family Study,” which analysed the incidence of breast
cancer over more than 40 years in families and
considered risk factors in subsets defined by family
history, has reported some intriguing findings. For
example, the association of alcohol use with breast
cancer risk may be limited to women with a family
history of the disease;* family history may modify the

association between obesity in early adolescence and
subsequent breast-cancer risk;* and women who have
ever used the early high-dose formulations of oral
contraceptives available up until the mid-1970s, and
who have a first-degree relative with breast cancer, may
be at particularly high risk.” A case-control-family study
in Germany recorded that parity was less protective in
women with a strong family history.” These findings
should not be over-interpreted, as overviews have not
confirmed them.*

Although such analyses may help when advising
individuals with a family history, they do not necessarily
predict the effects of risk factors in individuals with any
particular genotype. The reason is that family history is
usually only a weak surrogate for genetic susceptibility,**
and for most diseases familial risks will reflect the effects
of many genetic and environmental factors.

Studying modifiers of risk in genetically-susceptible
individuals

A major issue for genetic epidemiology is being able to
identify factors, environmental and genetic, that modify
risk in individuals who have, or are strongly suspected of
having, inherited a disease-predisposing mutation.
Without knowing how to reduce risk, or at least not
increase risk, it is difficult to justify wide-scale genetic
testing. Obtaining this information requires large
numbers of known carriers and their relatives, but valid
statistical inferences about modifiers of risk are difficult
if ascertainment of the families, and the collection from
them of information on potential modifiers, was not
systematic and well designed. Population-based case-
control-family studies are likely to give clearer answers
than analyses of members of mutation-carrying families
ascertained through opportunistic sampling from
genetics clinics.

For example, for known BRCA1 and BRCA2 mutation
carriers it is an open question whether lifestyle factors are
positively or negatively associated with cancer risks. One
clinically important example is oral contraceptive use. A
population-based study found that current formulations
of oral contraceptives were associated with a reduced risk
of breast cancer in BRCAT carriers® and a clinic-based
study found that that use of such contraceptives was
associated with a reduced risk of ovarian cancer in
BRCA1 and BRCA2 carriers combined.”

Prospective studies of risk

In time, case-control-family designs generate a cohort of
unaffected individuals with wider distributions of
underlying familial risk than in the usual cohort studies,
where sampling is often based on widening the variation
in environmental or lifestyle exposure(s) of interest and
not on disease or family history. A family-based cohort of
cases and their relatives will also, on average, be at
higher risk for the disease of interest than an unselected
or representative cohort, and may be enriched for
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individuals at genetic risk. Such cohorts should be
therefore more informative for studying genetic effects
and for studying how environmental or lifestyle factors
might modify genetic risks (often referred to as gene-
environment interactions). Care must be taken to ensure
that loss to follow-up is not biased, especially with
respect to family history.”

Some analytical issues

Most statistical analyses of family data use likelihood
methods. In this approach, a model is described which
defines the distribution of the genetic factors in the
general population and the way in which these factors are
inherited as a function of unknown parameters (such as
allele frequencies and hazard ratios*). The likelihood,
which is simply the probability of recording the actually
observed configuration of disease phenotypes, is
computed for all families. The parameter values for this
model are estimated as those that result in the greatest
likelihood (this procedure is called maximum likelihood
estimation). The fitted models are usually
oversimplifications and the estimates may not be robust
to incorrect model specifications.

One complexity in case-control-family designs is when
not all genotypes of family members are available (eg,
when some blood samples have not been obtained). The
results can be biased if genotyping is not random because,
for example, affected individuals were more likely to be
genotyped.” The likelihood approach accommodates
such complexity provided the calculations sum over all
possible combinations of unmeasured genotypes among
the family members consistent with the observed
genotypes.

The statistical methods used include those most
familiar to epidemiologists, such as logistic regression
and Poisson regression models. With such models, log-
odds of disease would be determined by contributions
from genes, environment and their joint effect, and
including adjustment for age, sex, and any other
confounding factors. Because families include multiple
generations and ages, simple stratification is less readily
accommodated without further modelling.

An important principle in the analysis of family studies
is ascertainment. Likelihoods must take into account the
process by which the families included in the analysis
were sampled. Failure to do so can lead to bias. For
example, if the analysis is of relatives of cases carrying a
specific variant, unselected for family history, the
likelihood of each family must be conditional on the index
case carrying the variant. The naive practice of simply
excluding the variant-carrying index case does not
guarantee unbiased estimates. Analysis of relatives of
cases studied specifically because they have a family
history is more problematic, though not intractable.” In
theory, the likelihood approach provides a natural method
for calculating unbiased estimates, though it may not
always be straightforward.
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In most analyses, likelihoods are calculated
conditional on the observed family structure—ie, the
precise configuration of age, sex, and genetic
relationships. This approach therefore assumes that
family structure per se does not contain information
about the disease. Thus a study that involved genotypes
associated with early loss in pregnancy would not readily
be accommodated within this framework.

Statistical inference is limited to statements relevant to
the sub-population sampled. Extrapolation requires
untestable assumptions. A study of families based solely
on selecting incident cases of a specific disease
diagnosed in a given age range allows valid inferences
about mutations that cause the disease in that age range.
A study of families based on random sampling the
whole population, irrespective of disease status, allows
inferences about all mutations that exist in the
population.* In practice, however, if the mutations are
rare the latter might be nigh impossible and the results
of little or no practical concern.”

Traditionally, genetic testing and counselling has been
limited to multiple-case families. There are now
emerging possibilities that cases can be efficiently
targeted for mutation screening through their
phenotypic characteristics. For example, there are
pathological features that seem to be typical of breast
cancers in BRCAI mutation carriers,” and
immunohistochemistry and microsatellite instability
testing of colorectal tumours can be used to target the
testing of early-onset cases, irrespective of family history,
for mutations in the DNA mismatch repair genes.®
Therefore it is becoming much more relevant to study
the characteristics of mutations that cause disease in a
wider setting than multiple-case families attending a
genetics clinic.

There is also the challenging statistical issue of how to
obtain maximum information from case-control
analyses that combine information from cases, family
controls and population controls.”” The risk estimated
from a comparison of cases with population-controls is
not necessarily the same as that from a comparison of
cases with family controls, although in practice the
difference may not be substantial.

Special case: twin pairs and twin families

Twin pairs represent a special, and historically widely
used, family design. By studying both monozygotic and
dizygotic pairs, and invoking the assumptions of the
classic twin model,” the null hypothesis that genetic
factors do not have a role in explaining variation in a trait
can be tested. By studying the relatives of twins
important extra information can be obtained.

The twin family design is an efficient way of teasing
apart the effects of shared genes and shared
environment. It is often built around twin pairs
identified either at birth or a young age, and involves
studying the biological parents of twins and sometimes
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Figure 3: Twin family design, based on a monozygous pair and their
offspring

their siblings, as in the Minnesota Twin Family Study.®
Another design is to start with adult twins and study
their offspring (figure 3).* Here, the offspring of one
twin are genetically full siblings of one another and are
presumably raised in the same environment, so they
share on average half their genes as well as the family
environment. The offspring of the other monozygotic
twin are genetically half-siblings of the other children, so
they share on average a quarter of their genes but do not
share the same family environment. Bringing other
pairs of relatives into such a design, or including the
offspring of a dizygotic twin, will generate different
patterns of shared genes and shared environment.

As discussed in the first paper of this series,” by
analysing the correlations between different relative
pairs under the paradigm first enunciated by Fisher,®
the population variance can be broken down into both
genetic and environmental components, common
household effects, and maternal effects. The inclusion of
differing relative types permits the examination of the
consistency of familial aggregation with the assumed
model of inheritance. For example, comparison of
dizygotic twin pair concordance and sibling concordance
allows quantification of the non-genetic effects shared by
dizygotic twins.® Another example of this approach, this
time for a continuous trait, is the study of twin and non-
twin families in the Victorian Family Heart Study.”
Analysis of a number of cardiovascular risk factors
revealed evidence for environmental effects shared in
childhood that persisted into adulthood, and
consequently gave heritability estimates substantially
less than those derived from studies of monozygotic and
dizygotic twin pairs alone.®® An example for survival
times measured in families is the Busselton Cohort
Study.®

The within-pair matching means that twin studies do
not need to rely on external controls. Monozygotic pairs
discordant for a disease provide the basis for perfectly
matched case-control studies of environmental factors.
Same-sex dizygotic pairs discordant for a disease, being
matched for age and sex, are also useful for case-control

analyses. Twin studies can be designed and
implemented with several variations: (1) comparison of
disease concordance allows estimation of the relative
contribution of shared genes, shared family
environment, and individual specific environment;
(2) comparison of monozygotic pairs discordant for
disease allows estimation of the effects of non-genetic
exposures; (3) comparison of same-sex dizygotic pairs
discordant for disease allows estimation of the effects of
both  genetic and environmental  exposures,
strengthened by the precise matching of the dizygotic
twins for potentially confounding factors such as age
and sex; and (4) comparison of within-pair differences in
environmental and lifestyle factors in relation to within-
pair differences in age at onset in monozygotic pairs
concordant for disease, allows estimation of the effects
of these risk factors in individuals at a higher than
average genetic susceptibility.”

Sampling issues

Population-based sampling is an essential feature of
these designs. This partly explains why the major
examples to date have been studies of common cancers
ascertained through population-complete cancer
registries. The principles discussed above could be
applied to hospital-based or other epidemiological
studies, with the usual caveats.

A key issue with population-based family studies is
obtaining a high and/or non-differential response from
the relatives. Even within the same generation, relatives
might differ in age and live in very different
environments, so careful consideration needs to be
given to whether restrictions should be made. This care
applies to recruitment, blood sampling, genotyping, and
eligibility for different statistical analyses. In practice,
sensitivity analyses could be important for establishing
the robustness of findings.

Many twin registries are available for, and even
encourage, research from external users (eg, the special
issue of Twin Res 2002; 5: no 5). Few are population-
based, most notably the Scandinavian registries,””
although opportunities have been taken in other
countries to establish population-based registries.”””
Population-based cohorts of young twins can also be
generated from studies of birth cohorts, such as the Avon
Longitudinal Study of Pregnancy and Children” and the
Western Australian Twins and Child Heath Study.*

Volunteer-based registries can still be regarded as
good approximations to population-based with respect to
a particular trait if ascertainment is independent of
factors related to that trait.” In practice, one can never be
sure that this condition is satisfied for any given trait,
and might be especially problematic for behavioural
studies, and even if it proved true for some traits it may
not necessarily hold for any other traits. Nevertheless,
these ascertainment issues might not be important for
the within-pair comparisons (1-5 above). The
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implications of using volunteer twin samples need to be
thought through for each application.

Practical advantages

Designs that involve interviewing relatives provide data
of high quality with respect to family history. This
finding was apparent for Parkinson’s disease where self-
reported family history overestimated familial risks by a
factor of 2 (panel 2).* The inclusion of relatives also
brings people at increased risk of disease into the
research and adds a novel dimension, enabling better
characterisation of the role of genes known to be or
suspected of being involved with disease susceptibility
by viewing relatives as a retrospective cohort defined
from birth, and by generating a prospective cohort of
individuals enriched for genetic risk who could
themselves be the focus of research based on
observational or intervention studies (panel 1).

The sample collection process has the potential for
recruitment of case relatives, and is likely to be less
affected than the recruitment of population-based
controls is by data protection legislation which impinges
on the identification of controls and thus on
interpretability. Within the same framework, and indeed
within the same sample, the effect on risk of both rare
and common variants can be estimated. Studies need
not be restricted to analyses of genetic effects. Analyses
of non-genetic exposures (ie, environmental or lifestyle
factors), as well as joint effects of multiple genes and
environment, can all be accommodated within the same
framework.

Potential limitations
A major limitation of population-based family studies is
recruitment since family members can be spread widely
across the country or even live abroad. This can pose
challenges for collection of data and specimens. Cost
will be a major consideration. In many circumstances,
relatives may be more willing to participate than
population-based controls and care needs to be taken to
ensure that undue pressure is not placed on relatives
because of their genetic relatedness and convenience.
Other ethical issues must be considered, including
whether and how genetic results should be offered to
participants.*” These issues are compounded by the fact
that new knowledge is rapidly accumulating, so that an
individual’s opinion at the time of study entry may be
less relevant later on when results become available.
Family designs have their most major limitations in
populations with small family sizes, and especially for
older-onset disease, although some of these can be
ameliorated by the inclusion of more distant relatives.
For instance, in such populations, studies of sex-specific
disease will be limited by the lack of availability of
unaffected (or affected) siblings of cases and hence
recruitment might need to focus on both offspring (who
would not be very useful for older age disease) and
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Panel 2: The value of obtaining family disease history by interviewing relatives, not

just probands

Many studies have addressed the accuracy, sensitivity, and specificity of self-reports of

family history of disease. For common cancers, the positive predictive value (the
probability that a self-reported family history is true) was estimated by reviewing the

medical records of relatives.” This was done for reports both by case probands with the

particular cancer and for reports from control probands without cancer. Murff et al”
provide a breakdown by degree of relationship and cancer (and 95% Cls also) and the
following is a simplified summary table restricted to first-degree relationships:

Positive predictive value

Case proband Control proband
Breast 93% 74%
Prostate 85% 68%
Colon 81% 71%
Ovarian 69% 25%
Endometrial 37% 17%

For common cancers the positive predictive values were high, but this was not so for the
rarer cancers of ovary and endometrium. Case probands reported the family history of the

cancer better than control probands did.

A study of Parkinson'’s disease found that cases (or their proxies) were more aware of the

disease in their first degree relatives than were controls (or their proxies), and that case

probands over-reported Parkinson’s disease in relatives.® The odds ratio for the effect on
Parkinson’s disease risk associated with having a first degree relative with the disease was
4-34 when based on self-report of the proband or proxy alone but only 1-86 when based

on validated information.

cousins (who are likely to be of the same generation but
with less of a family focus).

Another potential limitation is analytical, due to the
non-independence and possible incompleteness of data
within families and the way families have been chosen
for study. Likelihood theory can handle both incomplete
genetic data, provided maternity and paternity are
correctly assigned, and non-random ascertainment,
provided the sampling rules are known and consistently
applied.

So there are many practical and scientific issues that
need to be considered in deciding on the family design
for a given study. Well-designed and ethically approved
pilot studies before any commitment to large
investigations would seem an essential starting point.

The future

We have described the strengths and limitations of
family study designs that build on population-based
studies for making inferences relevant to the general
population (table). These designs take advantage of the
genetic structure of families to facilitate the investigation
of genes and their role in disease. Although the large-
scale application of these designs (eg, in breast and colon
cancer family registries; panel 1) is relatively new, the
motivation behind extending case-control studies to
relatives is much older. Woolf recognised in 1955 that
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Series

Participants

Some uses

Limitations

Strengths

Case-control families

Case-families with or
without population-based
controls

Case-control-families

Twin families

Population-based cases and
controls only

Population-based cases and
relatives; population-based
controls

Case-control comparisons of effects
of family history. Stratification of

effects by family history

Case-control comparisons using
family-based controls matched for

unmeasured familial risks.
Retrospective and prospective
cohort study of case relatives

Self-report of family history usually limited

to first-degree relatives; often not validated.
Limited power due to small proportion with
family history

Relatives may live in different environments.
Proportion of cases may not have any controls,
and it may be difficult to obtain full participation
from controls. May be difficult to interpret
different estimates from using different control

Not overly difficult, or resource intensive, to ask fora
self report of family history

Greater validity of data about relatives. Controls often
well matched for potential confounders. Reduces
issues around population-stratification in genetic
association studies. May have increased power by
combining control groups

groups
Population-based cases and
controls, and their relatives

As above, plus cohort of relatives
of controls for comparisons with
cohort of relatives of cases

Twin pairs (monozygotic or
dizygotic or both), with or
without relatives

Test hypothesis of no genetic
association. Tease apart shared
genes from shared environment.
Use of co-twins as controls

As above. May be difficult to get high
participation from relatives of controls

Population-based sampling difficult. Reduced
power due to overmatching

As above. Symmetry in design can be used to address
potential biases

Large twin registries exist and are available for research

Table: Population-based family designs
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“ideally each living member of every family should be
contacted”,® and most of the major design points were
identified by Clemmesen in 1965.* The Minnesota
Breast Cancer Family Study of 1944-52 is one of the
earliest applications.”

The best design for any particular situation is difficult
to determine. The willingness of patients to identify and
contact relatives and the willingness of those relatives to
participate might be unknown when a study is designed,
so a pilot study could be useful. Willingness might be
population-specific and dependent upon the nature of the
disease. Failure to enrol sufficient relatives will weaken
the interpretability of the results just as data protection
legislation and public scepticism about unwanted
telephone calls and letters restrict the participation of
true population-based controls. Contacting relatives may
not be straightforward; the natural approach is to ask an
enrolled participant to make that initial contact but this
must be done within the ethical consideration that
relatives do not feel compelled to participate. A family
study design can also be influenced by costs. For
example, ideally DNA would be collected from all
relatives, but in practice non-random collection (eg,
prioritising those affected) is more likely, and this must
be taken into consideration in data analysis.

As discussed in the first paper of this series,” the
combined effects of all the risk factors—correlated
between relatives—that cause familial aggregation of a
disease on a population-basis must be an order of
magnitude greater than the average increased risk to
first-degree relatives of affected individuals.*** For most
common diseases, this means that the group of
individuals in the upper quartile of familial (and possibly
mostly genetic) risk are at least 20 times the risk of the
group of individuals in the lower quartile.

Uncovering all the familial risks due to shared genes
and/or shared environment, and understanding how
they interact, in a biological sense, with the classic

environmental risk factors should increase our
understanding of the causes of complex diseases.
However, really important extra information may best be
obtained from novel innovative genetic epidemiology
studies using, for example, a variation on the case-
control-family design, even though these could mean
many more participants and much more financial
support. High response rates from population-based
sampling of controls are becoming more difficult to
achieve; even in Utah the effort needed to achieve the
same or slightly lower response rates has doubled over
the past decade.” Therefore population-based case-
family designs could be the future of epidemiology, not
just genetic epidemiology. Because of their versatility,
retrospective and prospective population-based family
studies may become the principal framework for
epidemiology in the future and move genetics from its
traditional focus on so-called high-risk families to give it
a wider clinical and population health relevance.
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