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Editorial

Issues in Investigating the Genetic
Epidemiology of Disease Expression 

Despite the extensive statistical modeling that frequently
accompanies genetic studies, the disciplines of genetics and
epidemiology have historically functioned separately.
However, over the last 2 decades, epidemiological methods
have been slowly integrated into genetic concepts. Often the
initial recognition of a genetic contribution to a complex dis-
ease has been based on convincing epidemiological data from
family and twin studies. Further, the magnitude of genetic
burden, and to some extent the genetic modeling, can be deter-
mined by the recurrence risk in relatives, as proposed by
Risch1. Thus epidemiologic studies have had important impli-
cations for genetic counseling, genetic modeling, and gene
identification.

To date, much of the effort in studying the genetics of com-
plex disease has been directed toward elucidation of genetic
factors related to disease susceptibility. An area of increasing
interest is the identification of genetic determinants of disease
expression. This interest has led to a recent surge of genetic
epidemiological studies from cohorts that were assembled pri-
marily for linkage studies, as illustrated by recent studies in
lupus, rheumatoid arthritis, and juvenile rheumatoid arthri-
tis2–4. The question now is whether cohorts assembled for
identification of disease susceptibility genes can also be used
to ascertain relevant information regarding the epidemiology
of disease expression5.

In this issue of The Journal, the concordance of disease
severity among family members with ankylosing spondylitis
(AS) is addressed with respect to disease activity, function,
and radiologic change, as well as the prevalence of iritis and
juvenile onset arthritis6. The immediate rationale for explor-
ing the epidemiology of familial disease expression in AS is
to further delineate the relative genetic versus environmental
influence on various disease manifestations, as well as to
assess the clinical relevance of concordance data regarding its
utility for genetic counseling of individual families. The
longterm goal of such an initiative is to aid in the identifica-

tion of genetic factors related to disease expression so that our
ability to prognosticate outcome and rationalize therapeutic
interventions is enhanced.

Identification of susceptibility genes for complex diseases
such as AS has proven difficult. Thus, it is not unreasonable to
postulate that identification of genetic determinants for disease
expression may be an even more daunting task given the addi-
tional heterogeneity that is likely to exist with expression of var-
ious manifestations7. Addressed in this editorial are additional
issues that need to be considered when exploring the epidemiol-
ogy of disease expression as opposed to disease susceptibility.

First, in order to study disease expression, we need to
expand our present practice regarding data collection in
genetic studies of complex disease. Currently there has been
a welcoming trend towards strict adherence to diagnostic cri-
teria, with minimal inclusion of patients with atypical fea-
tures, in an attempt to reduce phenocopies and locus hetero-
geneity. While this degree of scrutiny to diagnose a given dis-
order is also essential for studies in disease expression, it is
not sufficient. In addition to confidently diagnosing the dis-
ease, a concerted effort must be made to adequately pheno-
type relevant disease manifestations using a standardized and
systematic approach. Such an undertaking necessitates a bet-
ter validation of the parameters being collected. This is
because disease manifestations that are not essential to the
diagnostic criteria are often solely ascertained by self-report-
ing from patients. In the present study by Brophy, et al6, AS
was diagnosed by stringent criteria (New York disease crite-
ria8) that required clinical and radiological evidence. A fair
degree of scrutiny also went into diagnosing selected extraar-
ticular manifestations such as iritis, inflammatory bowel dis-
ease, and psoriasis as these manifestations were confirmed by
physicians. Unlike certain genetic databases, the Bath
Ankylosing Spondylitis database is a multipurpose database
with a strong foundation in epidemiological as well as genet-
ic studies.
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Second, prior to venturing into epidemiological studies of
disease expression, one must assemble an adequate sample
size. From a traditional epidemiological standpoint, for a
given sample size the power to detect various disease mani-
festations (or subsets of a disease) is less than the power to
detect an association with the primary disease, and the vari-
ance of the disease manifestations will also likely be greater
than the disease. Thus larger cohorts need to be assembled to
answer questions related to disease expression. Brophy, et al
have gained access to valuable resource to address their ques-
tions: they are working with the Bath Ankylosing Spondylitis
database, which includes data on 5507 AS cases6. This
resource includes 406 families with 325 sibling pairs and 213
affected parent-child pairs. But even in this large sample
cohort, the concordance of rare manifestations of AS, such as
apical lung fibrosis, cannot be adequately studied due to
insufficient sample size.

Third, selection of the disease manifestations (phenotypes)
being evaluated is critical. Unlike the genotype, which can
now be confidently measured whether by polymerase chain
reaction or DNA sequencing, the phenotype is a complex
product of the genotype, environment, and epigenetic factors.
To facilitate identification of potentially heritable disease
manifestations, epidemiological studies have been incorporat-
ed into traditional genetic designs, such as affected sibling
pairs. These studies have demonstrated clustering of several
manifestations in families with lupus (thrombocytopenia, dis-
coid rash, neurologic disorders, and hemolytic anemia)2;
rheumatoid arthritis (rheumatoid factor, RF, nodules, and age
of onset)3; and juvenile rheumatoid arthritis (tenosynovitis,
leukocytosis, RF, and anemia)4. In the study by Brophy, et al,
children of AS parents with iritis were more likely to develop
iritis than children of AS parents without iritis, and parents
with juvenile AS were more likely to have children with juve-
nile AS compared to non-juvenile AS parents6. From a genet-
ic perspective this would imply that there is an underlying set
of genes, independent of susceptibility to AS, that encodes for
these manifestations. These attempts are justified by the
assumption that finding the gene(s) for these simpler pheno-
types will enhance our knowledge of the genetic mechanisms
in complex disease.

A potentially more meaningful phenotype is that of an
endophenotype. As noted in a recent editorial, an endophe-
notype-based approach has the potential to enhance the
genetic dissection of complex diseases9. The criteria set
forth by Gottesman and Gould for psychiatric genetics can
also be applied to rheumatology9. They suggested that the
endophenotype should be heritable, be primarily state inde-
pendent (manifest in an individual whether or not illness is
active), cosegregate with illness within families, and be
found in non-affected family members at a higher rate than
in the general population. Unfortunately, the identification
of such phenotypes has often been elusive. Another helpful
feature that may facilitate gene identification is the use of

quantitative rather than categorical definitions of pheno-
types.

A divergent approach was also undertaken by Brophy, et al
as they assessed the concordance of the Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI) and Bath
Ankylosing Spondylitis Functional Index (BASFI), which are
complex composite phenotypes. In a previous study from this
group, the BASDAI and BASFI were noted to have a heri-
tability of 0.51 and 0.63, respectively, which refers to the pro-
portion of the total variance that is genetic10. In the present
study, Brophy, et al concluded that sibling pairs showed sig-
nificantly more concordance for disease activity and function
than did parent-child pairings. These efforts, however, are not
devoid of difficulties, and should be interpreted with caution
until they are independently validated. For instance, disease
activity is often a transitory state reflecting a single point in
time and fluctuates greatly based on numerous parameters
including physician advocated treatments. Further, the BAS-
DAI and BASFI are ascertained via questionnaire, and this
self-reporting is subject to variability among different indi-
viduals or even within the same individual at different points
in time. Additional concerns are raised when assessing the
concordance of parent-child pairings, as marked differences
in ages among such pairings can result in significant clinical
discordance, even when seemingly appropriate adjustments
are made for disease duration. Finally, the clinical relevance
of reporting such a correlation should be carefully evaluated.
Despite a concordance of 0.27 and 0.36 in sibling pairs for the
BASDAI and BASFI, respectively, the authors dutifully note
that the concordance data were not clinically relevant for pre-
dicting disease outcome, as the proportion of variation of dis-
ease activity that could be accounted for by the disease activ-
ity of the sibling was only 7%.

The Bath Ankylosing Spondylitis Radiologic Index
(BASRI), on the other hand, may be a more robust measure of
disease concordance. Unlike the BASDAI and BASFI, the
BASRI is a cumulative index and likely exhibits greater
objectivity, as this is not a self-reported measure. Thus the
BASRI may be a better phenotype to assess the concordance
of disease severity in AS. Brophy, et al, note a heritability of
0.62 for the BASRI6. Multiple testing and the generation of
numerous false positive associations that predictably follows
is also a concern, as many more phenotypes are now being
simultaneously tested with countless numbers of genotypes.
In order to analyze these studies, departures from convention-
al statistical methods, such as principal component analysis,
may be required.

Finally, under most circumstances epidemiological
designs are suitable for assessing the impact of genes as a
potential risk factor. Thus, collection of DNA in most epi-
demiologically designed studies should allow molecular char-
acterization of the phenotype being studied. On the other
hand, as linkage studies are not part of a typical epidemiolog-
ical design, such cohorts should be used cautiously when
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studying the epidemiology of disease expression. For
instance, there may be an ascertainment bias when sibling
pairs gathered for linkage studies are used to study the epi-
demiology of disease expression, as linkage studies often
oversample families with multiple affected siblings. That
being said, as noted by these recent studies, potentially
informative data can be elicited from such cohorts.
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