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Some statistical issues in psychiatric epidemiology research
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INTRODUCTION

Like many other fields, psychiatric researchers re-
ly heavily on the utilization of conventional epide-
miologic designs and principles to pursue their scien-
tific objectives. However, some of the issues, which
to a large extent are specific to psychiatric disor-
ders, have demanded that new designs and hence
new statistical methods be developed to meet the
challenges. These issues include, among others, un-
certainty of diagnoses due to the lack of well-esta-
blished biologic markers, high prevalence of comor-
bidity and lastly, etiologic heterogeneity.

In this note, we will elaborate on some problema-
tic aspects of psychiatric epidemiology that pertain
to the above three issues. We will then briefly di-
scuss the shortcomings of current statistical approa-
ches and provide suggestions for possible alternati-
ves, some of which may require further development.

DIAGNOSTIC UNCERTAINTY

In the absence of well-accepted biologic markers,
psychiatrists rely on clinical signs and symptoms as
the main basis for their diagnoses. In epidemiologi-
cal field studies it is critical to have accurate and va-
lid measurement (Dohrenwend, 1990). As the criteria
for many disorders overlap with regard to the pre-
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sence of some clinical signs and symptoms, the que-
stion of «discrete versus continuous spectrum» is
subject to constant debate. For example, Crow
(1986) suggested that affective psychoses and schi-
zophrenia are related to each other on a continuum
of psychosis in which there is an increase in severity
of illness from unipolar through bipolar affective di-
sorder to schizoaffective disorder and schizophrenia.
On the other hand, it has been argued that affective
psychoses and schizophrenia represent discrete and
distinct disorders as they are characterized by di-
stinct psychopathological features, outcomes and un-
related predisposing genetic factors (Gershon & Rie-
der, 1980; Reich et al., 1982). There is a similar deba-
te within the context of anxiety disorders (Tyrer,
1985) as well as between generalized anxiety disor-
ders and major depression (Kendler et ah, 1992).

Another issue, as a result of diagnostic uncertainty,
is the use of discrete phenotypes to identify genetic lo-
ci that are thought primarily responsible for the oc-
currence of psychiatric disorders. The simplest discre-
te classification is dichotomously classifying subjects
as «affected» versus «unaffected», for a particular di-
sorder. A classification of a sample of subjects with
schizophrenic spectrum disorders might be trichoto-
mous with schizophrenia, schizoaffective, and affecti-
ve psychosis diagnostic categories. The conventional
genetic linkage studies have been hampered by the
usage of such discrete phenotypes. This leads to the
following question: Is it possible to refine the pheno-
typic definition in such a way that allows one to iden-
tify individuals who have inherited the susceptible ge-
ne(s), but have not manifested the illness in its typical
form(s)? Some candidates for such refinement, known
as «endo-phenotypes, have been suggested for schi-
zophrenia including the measurement of eye tracking
(Iacono et al., 1988). An important question is then:
how can one verify that the proposed candidates are
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indeed valid? One intuitive criterion is that these va-
riables are specific to the targeted disorder.

The above issues of «discrete versus continuous
spectrum» and «phenotype refinement)), among
others, demand innovative epidemiologic designs.
One approach is to modify the conventional case-
control design by using the family as the sampling
unit. For example, to test the discrete versus conti-
nuous spectrum hypothesis for affective psychoses,
one can compare the familial risk for schizophrenia
among probands diagnosed with schizophrenia, schi-
zoaffective disorder and affective psychoses. Here
the familial risk is defined as the risk for relatives
of probands, the probands being individuals whose
pedigrees were sampled. Similarity in familial risk
across the different diagnostic groups would refute
the discrete hypothesis and be in favor of the conti-
nuum hypothesis.

This case-control/family study design (Liang &
Pulver, 1996) might be useful in testing the endo-phe-
notype hypothesis as well. Specifically, one might
compare the non-psychotic relatives of familial schi-
zophrenics to non-psychotic relatives of healthy con-
trols on the proposed phenotypes. Phenotypes which
are distinguished between these two groups of indivi-
duals might be considered as «markers» of a vulnera-
bility to schizophrenia.

A statistical complication of this design, which is
not shared by the conventional case-control design,
is that variables measured from individuals of the
same family are likely to be correlated with each
other. Inferences which ignore such a complication
might lead to inaccurate conclusions. Liang & Pul-
ver (1996) suggested the use of the Generalized Esti-
mating Equations (GEEs) method (Liang & Zeger,
1986; 1993) to analyze the data derived from the
case-control/family study design. This GEE method
was designed to handle correlated data, which are
common in family studies and in longitudinal stu-
dies for which repeated observations of the response
variable from the same individual are collected. An
illustration on the use of case-control/family design
and the GEE method to address the discrete versus
continuous spectrum hypothesis for schizophrenia
was given in Liang & Pulver (1996).

ETIOLOGIC HETEROGENEITY

It is recognized that patients diagnosed with the
same psychiatric disorder such as schizophrenia va-

ry considerably on clinical expressions, course and
response to treatments. One objective of laborato-
ry, clinical, and epidemiological research is to deter-
mine relationships between the heterogeneous pat-
terns of clinical signs and symptoms and heteroge-
nous etiological causes and mechanism of psychopa-
thology. Psychiatric epidemiologists study both ge-
netic and environmental causes and mechanisms. Se-
veral hypotheses have been postulated for schizoph-
renia including genetic heterogeneity. The term «ge-
netic heterogeneity)) is descriptive of traits and disea-
ses for which different genes or different genetic
mechanisms are involved in different families or pe-
digrees. In the absence of additional clinical know-
ledge, genetic heterogeneity is a nightmare for psy-
chiatric epidemiologists and geneticists who are
searching for loci linked to a disorder.

Many attempts have been made to identify, based
on clinical variables, «subtyping variables)) which
serve to subdivide the studied population into sub-
populations which are more homogeneous etiologi-
cally. For example, loci have been identified for Alz-
heimer's disease by analyzing separately those with
early age-of-onset from those with late age-of-on-
set. In the situation where the investigators have
[a priori] hypothesized subtyping variables such as
age-of- onset, one approach is to compare patients
with different levels of the hypothesized variable on
the clinical course over time. Age-of-onset, for exam-
ple, may be considered as a legitimate subtyping va-
riable if the longitudinal pattern of early onset pa-
tients is different from that of late onset subjects.
To test such an hypothesis, one needs to adopt the
longitudinal design in which the relevant clinical
symptoms of each subject are measured repeatedly.
Analytically, one faces two complications that requi-
re special attention. One is that more than one symp-
tom is measured simultaneously for each subject at
each occasion, all of which might be considered as
response variables. Secondly, these clinical variables
are likely to be a mixture of discrete and continuous
measurements. Statistical methods for analyzing lon-
gitudinal data with one response variable have been
well developed; see, for example, Diggle et al.
(1994). Methods for longitudinal data with multiple
discrete and continuous responses are less develo-
ped. While creating an artificial single response by
summing the «scores» of multiple responses repre-
sents a simple approach, this simplified approach is
far from being desirable. This is especially the case
when these clinical variables cover different «do-
mains» of the disorder. One example of this is the
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positive and negative syndromes of schizophrenia. It
is of considerable interest to examine how variables
representing different domains interact with each
other both concurrently and non-concurrently. Mo-
re research is needed to develop innovative statisti-
cal methods for handling multidimensional longitu-
dinal data.

Another approach that might be appropriate for
genetic heterogeneity hypotheses is to compare cha-
racteristics (potential subtyping variables) of affec-
ted subjects on the familial risk of the studied disor-
der. For example, age of onset may be established as
a subtyping variable, especially for genetic linkage
studies, if probands with early onset have a higher
familial risk than probands with late onset. This ap-
proach falls into the case-control/family study design
and the GEE method mentioned previously.

When there are no overriding candidates for sub-
typing, the latent class models and grade of mem-
bership models (Woodbury & Manton, 1989) have
been suggested as possible approaches. Both approa-
ches assume that the clinical variables are manifested
through a categorical variable which is not observed.
This is known as the latent class variable or as «pure
types». The main difference between these two ap-
proaches is that the latent class model assumes that
each individual belongs to one class only; whereas
the grade of membership model allows each indivi-
dual to have partial membership in more than one
class (pure type) where the extent of membership in
each class is quantified by a «grade» between zero
and one. Both approaches seem sensible in addres-
sing the heterogeneity issue. There are, however,
some outstanding statistical issues that have not
been thoroughly resolved. For example, to determi-
ne the number of classes or pure types, it is typical
that one would perform the likelihood ratio test to
examine whether, for instance, having four classes
would provide much better fit to the data than three
classes. Unfortunately, this test statistic does not fol-
low the conventional chi-squares distribution even
when the number of subjects is large (Davies,
1977). Consequently, one needs to rely heavily on
substantive knowledge to determine what constitu-
tes the sensible number of classes. Another issue
with these models has to do with the conventional
and implicit assumption of conditional independen-
ce». That is, assuming that one knows the class mem-
bership of an individual, the clinical variables of the
same individual are statistically independent of each
other («statistically independent)) meaning knowled-
ge of the value of one clinical variable provides no

information about the value of another clinical va-
riable). While sensible in some situations, there are
circumstances that this conditional independence as-
sumption might be violated. More work seems war-
ranted to modify this key assumption and to thus as-
sess how sensitive conclusions regarding subtyping
are to this assumption.

PSYCHIATRIC COMORBIDITY

Psychiatric comorbidity is highly prevalent as
shown in both clinical samples (Wolf et al., 1988)
and community samples (Robins et al., 1991). For
example, Wolfe? al. (1988) reported that half of psy-
chiatric patients in treatment have two or more dia-
gnoses. Furthermore, the Epidemiologic Catchment
Area (ECA) Study found that about half of all life-
time psychiatric disorders in the United States occur
in individuals with a prior history of another psy-
chiatric disorder (Robins et al., 1991). Because mul-
tiple disorders complicate standard treatments and
many types of comorbidity are associated with seve-
re illness course, these results suggest that the pre-
vention of comorbidity would be extremely valuable
from both the clinical and public health viewpoint
(Kessler & Price, 1993). Usually, before a preven-
tion trial is carried out, one needs to understand,
among other issues, which psychiatric disorders are
clustered together, what are the causal processes re-
garding the occurrence of these disorders and what
are the risk factors associated with the risk of the se-
cond and subsequent disorders after the onset of the
first disorder.

In the absence of comorbidity, one can address
the issue of risk factor identification through the
conventional survival techniques such as the propor-
tional hazards model (Cox, 1972). Here the response
variable would be age-of-onset for the studied disor-
der and the hazard function would have the age-spe-
cific incidence rate interpretation. However, in the
presence of comorbidity, which is indeed the main
scientific objective, this commonly used technique
would not be adequate. Instead, one needs a statisti-
cal model to describe the joint occurrence of several
psychiatric disorders, presumably diagnosed at diffe-
rent ages. Furthermore, if the postulated causal pro-
cess for a particular comorbidity suggests that the di-
sorders share common genetic causes, then one needs
to model the joint occurrence of the comorbidity in
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individuals that are related to each other, such as si-
blings.

Statistically, the models briefly described above
are known as multivariate survival models. There
has been a renewed interest during the past decade
in developing statistical models and methods that
are useful for multivariate survival data; see, for
example, a recent review on this topic by Liang et
al. (1995). Some of the models reviewed therein are
directly relevant to some of the issues discussed abo-
ve, including the clustering of psychiatric disorders.
However, more work is needed to address the issue
of genetic determinants of comorbidity.

CONCLUSIONS

In this note, we provided a brief review of the sta-
tistical considerations for some substantive issues
commonly encountered in psychiatric epidemiologic
research. The three issues we have focused on here
consist of diagnostic uncertainty, etiologic heteroge-
neity and comorbidity. For each of these three issues,
we have pointed out the shortcomings of previously
existing statistical methods when applicable, refer-
red the readers to some newly developed methods
that are relevant, and lastly identified some statisti-
cal areas of interest that warrant further research.
Equally important, but not addressed in this note,
is the availability of user-friendly statistical software
based on the developed methods.

Another objective of this note is to bring to the
attention of the reader the importance of constant
mutual dialogue between the primary investigators,
psychiatrists and psychiatric epidemiologists on the
one hand, and statisticians on the other. For statisti-
cal methods to be useful, they must reflect scientific
objectives (e.g. the parameters specified in the stati-
stical model must be interpretable and address the
question of interest). This can only be achieved if
there is a constant dialogue between investigators
and statisticians to ensure that the latter understand
the substantive issues that are faced by the former.
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