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Chapter One

Diagnostic and
Methodological Issues

Progress in psychiatric genetics is often hampered by difficulties
in clearly specifying the diagnoses of interest. The associated diffi-
culties and disagreements produce a complex set of results not easily
understood without reference to relevant nosologic issues. The mood
disorders are no exception to this trend in psychiatric genetics. De-
spite decades of research, there is no universally agreed upon means
of defining and classifying mood disorders. This chapter discusses
the classification 1ssues and diagnostic practices that form the foun-
dation of genetic studies reviewed in later chapters.

CLASSIFICATION ISSUES

Disorders that are primarily characterized by disturbances in
mood range from an extreme state of elation, known as mania, to
a severe state of dysphoria, known as depression. In addition to a
deviant mood state, these disorders are associated with a variety of
signs and symptoms such as weight change, sleep disturbance, and
suicidal ideation. The goal of nosologic research has been to isolate
the homogeneous subtypes of mood disorder that correspond to dif-
ferent clusterings of these signs and symptoms. Ideally, such subtypes
would be clearly delimited from other disorders based on laboratory,
family, and follow-up studies (Robins and Guze, 1970). Although
no single subtyping system unambiguously achieves these criteria,
several nosologic distinctions have received substantial validational
support. A comprehensive review of these distinctions is beyond the
scope of this volume. The following discussion provides major land-
marks of the nosologic map with representative supporting data.

Unipolar versus Bipolar Mood Disorders

Mood disorders are most commonly classified according to the
type of mood disturbance experienced by the patient. Unipolar dis-
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order is diagnosed when the patient experiences only depressive
episodes. Diagnosis of bipolar disorder is warranted when the patient
experiences both manic and depressive episodes. The bipolar group
can be further subdivided into three categories based upon the se-
verity of the manic episode: bipolar I patients have had at least one
episode of mania, bipolar II patients have experienced manic symp-
toms but have never had enough of these to qualify for a manic
diagnosis (Dunner et al., 1976), and bipolar III patients have ex-
perienced only depressive episodes but have a family history of mania
(Depue and Monroe, 1978). Patients who have experienced only
manic episodes are usually classified as having bipolar disorder.
These “unipolar manic” patients are not frequently observed, and
most go on to experience a depressive episode. Although there 1s
some controversy about the diagnostic status of unipolar manic pa-
tients, the weight of the evidence suggests they should be classified
with bipolar disorder. Abrams and Taylor (1974) compared 14 uni-
polar manic patients with 36 bipolar patients. The two groups did
not differ on psychopathology, demographic characteristics, or re-
sponse to treatment. Bipolar patients had a younger age of onset.
Abrams and Taylor (1974) compared 29 unipolar manic patients who
had had two or more manic attacks with 48 bipolar patients. The
two groups were similar in terms of psychopathology, response to
treatment, demographic variables, severity of illness, presence of
abnormal EEG, history of substance abuse, childhood hyperactivity,
and history of neurologic insult. Nurnberger et al. (1979) compared
39 unipolar manic patients with 203 bipolar patients. There were no
group diff.rences in sex, age, or age of onset. Bipolar patients were
more likely to have had four or more episodes of mood disturbance
per year and were more likely to have had a history of suicide at-
tempts. Response to lithium treatment did not discriminate unipolar
manic from bipolar patients.

Pfohl, Vasquez, and Nasarallah (1981) developed a mathe-
matical model to test the hypothesis that the observation of unipolar
mania can be accounted for by individuals who have not yet had a
chance to experience a depressive episode. Their results indicate that
the observed frequency of unipolar mania in four studies can be
explained by assuming that such patients are really bipolar depres-
sives who have not yet experienced a depressive episode. In contrast,
the frequency of unipolar depression in these studies could not be
explained by the hypothesis that unipolar depressives are actually
bipolar depressives who have not yet experienced a manic episode.
Although this mathematical analysis is not definitive, it is consistent
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with the empirical data indicating unipolar mania to be homogeneous
with bipolar disorder.

The validity of the unipolar-bipolar distinction has been as-
sessed by examining demographic variables, psychopathology, clin-
ical course, response to medication, and biochemical variables. Bi-
polar patients tend to have an earlier age of onset than do unipolar
patients (Winokur, Clayton, and Reich, 1969). Bipolar disorder is
equally common among males and females, but unipolar disorder is
approximately twice as prevalent among females in comparison to
males (Robins et al., 1984). Depressive episodes of bipolar and uni-
polar patients manifest some consistent differences. Unipolar
depression 1s associated with higher levels of psychomotor agitation
in comparison to the increased psychomotor retardation observed in
bipolar depressive patients (Beigel and Murphy, 1971; Bunney and
Murphy. 1973; Kupfer et al., 1974). Unipolar patients are more likely
to complain of somatic problems and to express anger than are bi-
polar patients (Ablon, Carlson, and Goodwin, 1974; Beigel and Mur-
phy, 1971). Differences in sleep disturbances are particularly notable
with bipolar depressive patients experiencing hypersomnia and uni-
polar depressives complaining of insomnia (Detre et al., 1972; Kupfer
et al., 1972).

Studies of clinical course indicate that bipolar patients experi-
ence more episodes but these tend to be of shorter duration than
those experienced by unipolar patients (Angst et al., 1973; Perris,
1982). Some studies indicate no prognostic differences between the
two disorders (Abrams and Taylor, 1980); others find a greater like-
lihood of divorce, alcohol abuse, attempted suicide, completed
suicide, and increased mortality among bipolar patients (Brody and
Leff, 1971; Dunner, Gershon, and Goodwin, 1976; Perris, 1966;
Reich, Davies, and Himmelhoch, 1974). However, Taylor and
Abrams (1980b) reported no unipolar-bipolar differences in severity
of illness at hospital admission, duration of hospital admission, and
improvement of symptoms at discharge. Furthermore, in a 30-40 year
follow-up of 100 bipolar and 225 unipolar patients, Tsuang, Woolson,
and Fleming (1979) found no differences in outcome between the
two groups on marital status, residential status, occupational status,
and psychiatric status, suggesting similar prognosis for the two dis-
orders.

Studies of pharmacologic response have not consistently sup-
ported the unipolar-bipolar distinction. Lithium carbonate, which
has therapeutic and prophylactic effects in the treatment of mania,
is also an effective treatment for depression. Although several studies
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indicate that bipolar depression responds better to lithium than does
unipolar depression, the difference between the two subgroups is
not great and the positive response rate for unipolar depression is
substantial (Baron et al., 1975; Goodwin, Murphy, and Bunney,
1969; Goodwin et al., 1972; Mendels, 1976; Noyes et al., 1974).
Furthermore, antidepressant medication has been shown to be ef-
fective in preventing depressive episodes for both bipolar and uni-
polar patients (Prien, Caffey, and Klett, 1974; Prien, Klett, and
Caffey, 1973). Similarly, although some biochemical differences be-
tween unipolar and bipolar patients have been demonstrated, con-
sistent differences that reliably discriminate the two disorders have
not been reported (Taylor and Abrams, 1980b).

A failure to find consistent differences between unipolar and
bipolar patients on all dimensions does not necessarily vitiate the
hypothesis that the two disorders are unique. Robust differences
between the two may be obscured by methodologic difficulties. Most
important, unipolar samples may be contaminated by patients who
are truly bipolar but have not yet had manic episodes. Furthermore,
it is conceivable that two phenotypically similar disorders may be
genotypically distinct. Likewise, observed similarities in pathophys-
iology may be due to distinct etiologic substrates.

Endogenous versus Reactive Depression

The most common subdivision of unipolar disorder distin-
guishes “endogenous™ depressive episodes seemingly unrelated to
environmental events from “‘reactive’” depressions characterized by
a chronic course of less severe, stress-related episodes. This dichot-
omy has also been referred to as the psychotic-neurotic distinction
in depression.

The most consistent difference between the two subgroups has
been found in their clinical phenomenology. A comprehensive review
by Mendels and Cochrane (1968) indicated endogenous depression
to be characterized by early morning waking, psychomotor retar-
dation, severely depressed mood, feelings of guilt, remorse, and
worthlessness, difficulty concentrating, loss of interest, and weight
change. In contrast, reactive depressions were characterized by late-
night insomnia, and feelings of self-pity and anxiety. Similar con-
clusions were drawn from a more recent review of factor-analytic,
cluster-analytic, discriminant function, symptom-frequency, and
treatment-response studies (Nelson and Charney, 1981). The symp-
toms most strongly associated with endogenous depression were psy-
chomotor retardation, lack of reactivity to the environment, severe
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depressed mood, depressive delusions, self-reproach, and loss of
interest. Symptoms more weakly associated with endogenous depres-
sion were decreased concentration, symptoms worse in the morning,
early morning insomnia, midnight insomnia, weight loss, and suicidal
attempts or thoughts. The ability of these signs and symptoms to
discriminate between endogenous and nonendogenous depressions
has been good. For example, Feinberg and Carroll (1982) used a
discriminant function derived on a sample of endogenous and non-
endogenous depressive patients to classify depressives in another
sample. This cross-validation correctly classified 91 percent of the
endogenous depressive patients and 88 percent of the nonendoge-
nous depressives.

How patients respond to treatment has also been used to com-
pare endogenous and reactive depressions. The most consistent find-
ing i1s that, in comparison to nonendogenous depressive patients,
endogenous depressives have a better response to tricyclic antide-
pressant medication and a worse response to psychotherapy (Lie-
bowitz et al., 1984; Overall et al., 1966; Paykel, 1972; Prusoff et al.,
1980). Endogenous depressive patients are more likely to receive
electroconvulsive therapy and are more likely to benefit from such
therapy (Copeland, 1983). Furthermore, sleep researchers have
found that sleep deprivation is more likely to be therapeutic for
endogenous depressives. This latter finding is consistent with reports
of more pronounced sleep disturbances among the endogenous sub-
group. Studies of rapid eye movement (REM) indicate that endog-
enous depressives have more REM per minute of REM sleep and
that they enter REM sleep earlier in the sleep cycle (Gillin et al.,
1984). Endogenous depressives are also more likely to manifest dis-
inhibition of the hypothalamic-pituitary-adrenal axis as manifested
by abnormalities in basal cortisol secretion, circadian rhythms of
cortisol, and cortisol response to dexamethasone suppression (Brown
and Shuey, 1980; Pepper and Krieger, 1984).

Primary versus Secondary Mood Disorders

Depressive syndromes are known to occur in the context of
many other psychiatric conditions. For example, a postpsychotic
depression is commonly seen among schizophrenic patients (Mc-
Glashan and Carpenter, 1976b; Steinberg, Green, and Durell, 1967).
Patients with alcoholism, hysteria, and anxiety disorders have also
been observed to manifest depressive syndromes (Guze, Woodruff,
and Clayton, 1971). Depressive episodes preceded by another psy-
chiatric condition were labeled secondary depression by Woodruff,
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Murphy, and Herjanic (1967). Although secondary depressive pa-
tients did not differ from primary depressives in their clinical phe-
nomenology, Woodruff, Murphy, and Herjanic suggested that the
course and outcome of secondary cases would be determined by the
nature of the concomitant disorder. Differences in course were ob-
served by Brim et al. (1984), who found significantly greater symptom
persistence among secondary depressive patients than among pri-
mary depressives. In another study, secondary depressive patients
were more likely to have been divorced or separated, more likely to
have dropped out of high school, and less likely to have held steady
employment. They were also more likely to have engaged in suicidal
thoughts or behavior and were more likely to have had drinking
problems (Wood et al., 1977). Reveley and Reveley (1981) reported
that secondary depressive patients had more prior suicide attempts
and a lesser degree of recovery than did primary depressives. They
attributed the poor recovery of secondary depressives to continued
impairment from the primary disorder.

The primary-secondary distinction, although usually applied to
depression, is also applicable to the classification of mania (Krau-
thammer and Klerman, 1978). This is especially true when the group
of secondary atfective disorders is extended to include depression
and mania in the context of physical disease. Mania has been asso-
ciated with viral infection, surgical procedures, cerebral tumors, mul-
tiple sclerosis, and head injuries (Jamieson and Wells, 1979; Krau-
thammer and Klerman, 1978). Cummings and Mendez (1984)
reviewed 24 studies showing an association between mania and
known neurologic disorders. They concluded that most of the focal
lesions associated with secondary mania involved the diencephalic
region of the brain and that the majority of lateralized lesions were
on the right side of the brain.

Frequently, depression is due to the biological sequelae of phys-
ical disease. Kathol and Petty (1981) reviewed relevant research and
concluded that the prevalence of depressive syndromes in medically
ill patients was approximately 18 percent for the severely medically
ill. Whitlock (1982) estimated that, among patients with severe
depression, 20-30 percent of the cases can be attributed to physical
conditions such as presenile dementia, infections, cerebral tumors,
epilepsy, cancer, and immunologic diseases.

The distinction between primary and secondary mood disorders
is useful for ensuring homogeneous samples in research protocols.
This is especially true for mood disorders secondary to physical dis-
ease, since these are likely to be cases that mimic a genetic disorder
without having the corresponding genes. The presence of such cases
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in a genetic study is likely to obscure the familial nature of a disorder.
The etiology of mood disorders secondary to other psychiatric dis-
orders 1s less clear. There is some debate on whether the co-occur-
rence of psychiatric disorders is a rule rather than an exception. Boyd
et al. (1984) concluded from an epidemiologic study of more than
11,000 people that the presence of any psychiatric disorder increases
the odds of having other disorders. For example, someone experi-
encing a major depressive episode has about 19 times the odds of
having panic disorder of someone who is not experiencing such an
episode. Other disorders found to co-occur with major depression
were agoraphobia, simple phobia, obsessive compulsive disorder,
schizophrenia, somatization disorder, antisocial personality, and sub-
stance abuse or dependence. The causes of psychiatric comorbidity
remain to be elucidated. Genetic studies are useful in this regard to
determine whether common genetic factors can account for this phe-
nomenon.

Psychotic versus Nonpsychotic Depression

Depressed patients can be categorized according to the presence
or absence of delusions or hallucinations indicative of psychosis.
Several studies suggest that psychotic depressive patients have a more
severe clinical presentation (Abrams and Taylor, 1983; Coryell,
Tsuang, and McDaniel, 1982; Glassman, Kantor, and Shostak, 1975;
Glassman and Roose, 1981; Nelson, Khan, and Orr, 1984). They
tend to have a poorer prognosis (Coryell, Tsuang, and McDaniel,
1982) and are differentiated by drug response. Although there are
some conflicting data (Howarth and Grace, 1985), most studies sug-
gest that nonpsychotic depressive patients do better on tricyclic an-
tidepressants (Davidson et al., 1977; Glassman, Kantor, and Shos-
tak, 1975; Glassman et al., 1977; Quitkin, Rifkin, and Klein, 1978),
whereas psychotic depressive patients have a better therapeutic re-
sponse when tricyclics are combined with neuroleptics (Charney and
Nelson, 1981; Nelson and Bowers, 1978). There is also some sug-
gestion that electroconvulsive therapy in combination with tricyclics
may be more appropriate for psychotic depressives (Perry et al.,
1982).

}Biological differences between the two groups have been re-
ported by a variety of investigators. Neurochemical differences re-
lated to catecholamine metabolism have been reported by Sweeney
et al. (1978). They found decreased 3-methoxy, 4-hydroxyphenyl-
glycol (MHPG) and increased homovanillic acid (HVA) among psy-
chotic depressive patients but not among nonpsychotic depressive
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patients. Decreased levels of dopamine-beta-hydroxylase (DBH) as-
sociated with delusions among depressives have also been reported
(Meltzer, Cho, and Carroll, 1976). These results are all consistent
with the hypothesis of excessive dopaminergic activity in psychotic
depression. Neuroendocrine studies have reported a higher fre-
quency of overreactivity of the hypothalamic-pituitary-adrenal axis
as indicated by increased dexamethasone nonsuppression among psy-
chotic depressive patients (Carroll et al., 1980). Although the effect
is not easily replicated (Nelson, Khan, and Orr, 1984), a tabulation
of eight studies, each comparing at least 10 psychotically depressed
patients with nonpsychotic depressed patients, indicates a consistent
trend toward higher rates of nonsuppression among the former group
(Coryell, Pfohl, and Zimmerman, 1984).

A possible link between bipolar disorder and psychotic depres-
sion is suggested by the work of Strober and Carlson (1982). They
found that bipolar patients were more likely to appear psychotically
depressed at outcome than were unipolar depressed patients. Cor-
yell, Pfohl, and Zimmerman (1984) found that psychotic depressives
were more likely to have bipolar disorder than were nonpsychotic
depressives. Lithium, a common treatment for bipolar disorders, has
also been shown to have therapeutic effects for psychotic depression
(Price, Conwell, and Nelson, 1983). Thus, although there are rep-
licable differences between psychotic and nonpsychotic depressives,
the exact nosologic status of the distinction is unclear. The presence
of psychosis may indicate a more severe unipolar depressive condi-
tion or an alternative manifestation of bipolar disorder. In addition,
a relationship between schizophrenia and psychotic depression is
suggested by a five-year blind follow-up study reporting a schizo-
phrenic outcome in 12 percent of psychotic unipolar depressives as
compared with only 1 percent of nonpsychotic unipolar depressives
(Coryell, Tsuang, and McDaniel, 1982). Thus, the relationship be-
tween psychotic depression and other disorders remains ambiguous
and is likely to be clarified by genetic studies.

Schizoaffective Disorder

Current nosologic thinking in psychiatry separates mood dis-
orders from schizophrenia, a heterogeneous condition characterized
by hallucinations, delusions, disordered thinking, and poor social
adjustment. Nevertheless, a substantial number of psychotic patients
do not fit neatly into either category. These patients are called schizo-
affective because they experience the perceptual and cognitive
abnormalities of the schizophrenic patient along with disorders of
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mood and associated characteristics of mood disorders. The noso-
logic status of such patients is currently controversial (Levitt and
Tsuang, 1988). Are they exhibiting a variant form of schizophrenia
or of mood disorder? Are such cases a distinct diagnostic entity or
do they indicate the presence of a continuum of psychosis? Although
a great deal of research has been devoted to this topic, these questions
have not vet been fully answered (Marneros and Tsuang, 1986).
Nevertheless, the literature has produced some consistent results that
provide useful guidance to the interpretation of genetic studies.

There is general agreement that the clinical picture of the
schizoaffective patient is a mixture of schizophrenic and mood-dis-
ordered symptomatology. This was impressively demonstrated by the
International Pilot Study of Schizophrenia (IPSS) (World Health
Organization, 1973). The researchers of the IPSS (World Health
Organization, 1973) used cluster analysis to examine symptom scores
on 32 dimensions of psychopathology from 177 patients with mood
disorder, 107 schizoaffectives, and 704 schizophrenics. The results
indicated that there was not a complete correspondence between
diagnosis and cluster membership. However, patients from particular
diagnostic groups tended to fall within certain clusters. Nevertheless,
the empirical clusters manifested substantial within-cluster variabil-
ity. For example, 24 percent of the manics in the sample clustered
together with 35 percent of the schizophrenics. Most of the remaining
schizophrenics were spread more or less evenly among seven of the
remaining nine clusters, with between 5 and 13 percent of the entire
group within each cluster. There was no predominantly schizoaffec-
tive cluster; 22 percent of the schizoaffective patients clustered to-
gether with 35 percent of the schizophrenics, while 23 percent clus-
tered together with 23 percent of the depressed groups. The
clustering results of Everitt, Gourlay, and Kendall (1971) are con-
sistent with the IPSS results but they found a more clear-cut manic
cluster that in one sample contained 79 percent of all manics, 33
percent of all schizoaffectives, and only 1 percent of all schizophre-
nics. A cluster labeled paranoid schizophrenia was similarly homo-
geneous, but the clusters for chronic schizophrenia and psychotic
depression were less well defined. They also found that no predom-
inantly schizoaffective cluster emerged.

A discriminant analysis was performed by the International
Follow-up Study of Schizophrenia (IFSS) (World Health Organiza-
tion, 1979) to discriminate schizophrenics from depressives and schizo-
phrenics from manics on the basis of 129 symptoms. In this analysis
the schizoaffective patients were included in the schizophrenic sam-
ple. Both distributions were bimodal, supporting the contention that
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schizophrenia and affective disorder are discontinuous entities. A
separate schizoaffective mode did not emerge. Kendall and Gourlay
(1970) reported conflicting results. Their study used discriminant
analysis to discriminate 146 schizophrenics from 146 cases of affective
disorder on the basis of 38 items. Their solution achieved a misclas-
sification rate of only 9 percent but the distribution along the dis-
criminating dimension was trimodal. However, this study is con-
founded because 25 of the discriminating variables were dichotomous
(see Hope, 1969, for details) and their groups were more hetero-
geneous than those in the IPSS study (e.g., their schizophrenic group
included cases of paranoia and involutional paraphrenia and their
mood-disordered group included cases of involutional melancholia
and unspecified psychotic mood disorders). This latter criticism 1s
supported by their report that the patients falling in the middle of
the distribution formed a heterogeneous group having fewer symp-
toms typical of both schizophrenia and mood disorder. When Brock-
ington et al. (1979) applied discriminant analysis to the Kendall and
Gourlay sample after a 6.5-year follow-up, they produced a bimodal
distribution. The misclassification rate was 4 percent; the probability
that the distribution as a whole was unimodal was 0.003. Overall,
the weight of evidence and argument appears to favor the finding of
bimodality, suggesting that schizoaffectives do not form a bridge
linking a psychopathological continuum including schizophrenic and
mood disorders.

A comparison of the courses of schizophrenia, mood disorders,
and schizoaffective disorder was made by the IFSS (World Health
Organization, 1979). An examination of the length of the psychotic
episode that brought patients to the attention of the project indicated
no marked difference between diagnostic groups. However, there
was a trend in the data indicating that the average episode length
was greatest for schizophrenia, least for mood disorders, and in be-
tween for schizoaffective disorder. A similar ordering was obtained
from the percentage of the two-year follow-up period spent in psy-
chotic episodes and for the pattern of course. The data on schizo-
affective disorder for each of these measures did not diverge greatly
from the data on either the schizophrenic or mood disorder, sug-
gesting that schizoaffective disorder is related to the two major psy-
choses and is found throughout the entire range of course severity.

A stronger conclusion was reached in the follow-up study con-
ducted by Welner et al. (1977). They examined a group of 204 schizo-
affective patients and were able to obtain follow-up information on
114 of them after an average of six years had elapsed. Ten percent
of this latter group had an episodic course, 19 percent had an un-
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determined course, and 71 percent had a chronic course. On the
basis of the large number of chronic cases they concluded that schizo-
affective disorder was a form of schizophrenia. The three-year follow-
up study of Clark and Mallet (1963) is consistent with the World
Health Organization data (World Health Organization, 1979). They
found that the severity of the course for schizoaffectives was, on the
average, less severe than that of the schizophrenics but more severe
than that of their depressed patients.

A course variable that clarifies the longitudinal relationship
between schizophrenia and mood disorders is the type of subsequent
episode a patient is likely to experience. The results of the IFSS
pertaining only to patients who had another psychotic episode in-
dicate that while only 3 percent of the manics and none of the de-
pressives had a definitely schizophrenic episode, 16 percent of the
schizophrenics had a subsequent mood disorder episode. In addition,
13 percent of the manics and 7 percent of the depressives had prob-
able schizophrenic episodes. Nunn’s (1979) study, which found 29
percent of bipolar patients to experience one or more schizophrenic
episodes, is consistent with these findings. Sheldrick et al. (1977)
presented some thought-provoking data consistent with the above
patterns of results. They presented the 30-year course history of 12
patients who had had a history of short schizophrenic episodes re-
quiring brief durations of hospital treatment. In most cases, the re-
corded prognoses of these patients were poor. The 30-year course
of each patient in terms of type of episode indicated that after each
patient had had an episode of mood disorder he or she ceased having
schizophrenic episodes. A related phenomenon is the postpsychotic
depressive syndrome, which is defined as the occurrence of depres-
sive symptomatology in the wake of a psychotic episode (McGlashan
and Carpenter, 1976b; Roth, 1970; Steinberg, Green, and Durrell,
1967; Stern, Pillsbury, and Sonnenberg, 1976). Estimates of the fre-
quency of this syndrome in remitted schizophrenics range from 25
percent (McGlashan and Carpenter, 1976b) to 50 percent (Bowers
and Astrachan, 1967).

Qutcome studies have found that the outcome of schizoaffective
disorder is more benign than that of schizophrenia but less benign
than that of mood disorders. For example, Clark and Mallet (1963)
reported that after a three-year follow-up, 11, 18, and 34 percent of
schizophrenics, schizoaffectives, and depressed patients, respec-
tively, were symptom free. Similar results were reported by Tsuang,
Dempsey, and Rauscher (1976), who found that 8, 44, and 58 percent
of schizophrenics, atypical schizophrenics, and patients with primary
mood disorders, respectively, had recovered from their illness at
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follow-up. Their definition of atypical schizophrenia overlaps to a
large degree with the definition of schizoaffective disorder. In accord
with the above pattern of results is the study of Tsuang et al. (1977)
that reported that 46.2 percent of 52 schizoaffectives, 7.7 percent of
183 schizophrenics, and 52.8 percent of 289 mood disordered patients
recovered from their illnesses.

In one report (Carpenter and Stephens, 1979) the Elgin prog-
nostic scores of schizoaffective and schizophrenic patients were 36.5
and 45.5, respectively. This paper also reported that of 36 schizoat-
fectives at follow-up, 42 percent were recovered, 50 percent were
impaired, and 8 percent unimproved. The corresponding figures for
schizophrenics were 21, 49, and 30. These results are consistent with
those of Harrow et al. (1978), who found that schizoaffectives and
acute schizophrenics tend to have better outcomes than do chronic
and paranoid schizophrenics. Furthermore, Clayton, Rodin, and Wi-
nokur’s (1968) one- to two-year follow-up of 33 schizoaffective pa-
tients found that 61 percent were well, 29 percent were ill but not
schizophrenic, and 15 percent were schizophrenic. They concluded
that schizophrenic deterioration is not the usual outcome of a schizo-
affective disorder.

The IFSS two-year follow-up placed each patient in one of five
outcome groups on the basis of clearly defined criteria. The pattern
of results at extreme outcomes was consistent with the ubiquitous
finding that, relative to mood and schizophrenic disorders, the out-
come of schizoaffective disorder is of intermediate severity. Although
schizoaffective patients were found at all levels of outcome, they
were more likely to have had a relatively good outcome than a poor
one. Taken together, these studies of outcome lead to conclusions
that parallel those drawn from the examination of course. The schizo-
affectives have an outcome that is intermediate to the patterns of
outcome seen in schizophrenia and mood disorders. Schizoaffectives
are found throughout the entire range of outcome severity but are
more likely to have relatively favorable outcomes.

If schizoaffective disorder did not respond to those treatments
that are effective in treating schizophrenia and affective disorders,
a strong argument could be made for considering it to be an inde-
pendent disorder. However, this is not the case. The effectiveness
of electroconvulsive therapy (ECT) and antidepressants was exam-
ined by Winokur (1978). He reported that ECT resulted in marked
improvement for 51 percent of unipolar depressions, 42 percent of
bipolar depressions, and 45 percent of schizoaffective depressions.
The respective figures for control groups receiving no treatment were
25, 20, and 17 percent. The improvement rates for antidepressants
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(22, 20, and 17 percent, respectively) were all close to the no-treat-
ment baseline.

The most researched treatment for schizoaffectives has been
lithium carbonate. Procci’s (1976) review distilled the following fig-
ures. The combined results of 22 studies were that 87 percent of 149
manic patients and 77 percent of 94 schizoaffective patients manifest
improvement with the administration of lithium. Studies following
Procci’s review supported his conclusion that lithium is effective in
treating schizoaffective disorder (e.g., Reiser and Brock, 1976) but
also demonstrated that the drug may be an effective treatment for
uncomplicated schizophrenia. For example, Small et al.’s (1975) dou-
ble-blind, placebo-alternation study found that six of 15 Washington
University—defined schizophrenics and four of seven schizoaffective
patients responded positively enough to lithium to be continued on
the drug after the experiment was completed. Growe et al. (1979)
found similar results when they studied four schizophrenics and two
schizoaffectives. Lithium reduced psychotic excitement and retar-
dation in all of their patients but had no effects on behavior that
they considered to be specifically symptomatic of schizophrenia, such
as paranoid and psychotic disorganization.

Taken as a whole, relevant research strongly supports the claim
that schizoaffective disorder is related to both schizophrenia and
mood disorders. This conclusion is motivated by the converging sup-
port of the following empirical generalizations. (1) Schizoaffective
symptomatology is a mix of mood and schizophrenic disorder symp-
toms. (2) The schizoaffective pattern of course does not differ greatly
from those of schizophrenic and mood disorders. (3) On average,
the outcome of schizoaffective disorder is intermediate in severity
relative to the other psychoses. (4) The treatment regime for schizo-
affective disorder consists of treatments used for schizophrenic and
mood disorders.

CURRENT NOMENCLATURE

Three diagnostic systems are frequently used in psychiatric re-
search: the Washington University (WU) Criteria (Feighner et al.,
1972), the Research Diagnostic Criteria (RDC) (Spitzer, Endicott,
and Robins, 1977), and the third edition of the Diagnostic and Sta-
tistical Manual, Revised (DSM III-R) (American Psychiatric Asso-
ciation, 1987). These diagnostic systems share a structured approach
to classification; diagnoses are based on observable signs and symp-
toms, not theoretical considerations about etiology or pathophys-
iology. The introduction of structured diagnosis to the field of psy-
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Table 1.1. Washington University Diagnostic Crnitena

Primary Mania Primary Depression
Must have A, B, and C: Must have A, B, and C:
A. Both of the following: A. Both of the following:
1. Euphoria or irritability 1. Dysphoric mood
2. A psychiatric disorder lasting 2. A psychiatric disorder lasting
at least two weeks at least one month
B. At least three of the following: B. At least five of the following:
1. Hyperactivity 1. Poor appetite or weight loss
2. Push of speech 2. Insomnia or hypersomnia
3. Flight of ideas 3. Loss of energy
4. Grandiosity 4. Agitation or retardation
5. Decreased sleep 5. Loss of interest in usual
6. Distractability activities or decrease in sex
drive
6. Feelings of self-reproach or
guilt

7. Complaints of or actually
diminished ability to think or

concentrate
8. Recurrent thoughts of death
or suicide
C. None of the following: C. None of the following:
1. Preexisting psychiatric 1. Preexisting psychiatric
condition condition
2. Massive or peculiar 2. Massive or peculiar
alteration of perception and alteration of perception and
thinking as a major thinking as a major
manifestation manifestation

3. Life-threatening or
incapacitating medical illness
preceding and paralleling the
depression

Source: Feighner et al., 1972; Tsuang and Bray, 1975.

chiatry has increased the reliability of diagnosis and enhanced the
comparability of samples across research studies.

The WU system includes three mood disorder diagnoses: pri-
mary mania, primary depression, and secondary depression. The
criteria for mania (see table 1.1) require a period of euphoria or
irritability in the context of a psychiatric disorder lasting at least two
weeks. In addition, the patient must exhibit at least three of six manic
symptoms and may be excluded from the diagnosis by evidence of
preexisting psychiatric conditions or a prominence of schizophrenic-
like psychotic symptoms. The criteria for primary depression (see
table 1.1) require an episode of dysphoric mood in the context of a
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psychiatric disorder lasting at least one month. Five of eight de-
pressive symptoms must be present and, in addition to the manic
exclusion criteria, the diagnosis is excluded if the depressive syn-
drome is preceded by a serious medical illness. The WU diagnosis
of secondary depression selects patients with preexisting nonmood
psychiatric disorder or serious medical illness who meet the nonex-
clusionary criteria for primary depression. The WU system provides
no criteria for mild mood disorders or mood-related personality dis-
orders.

The RDC criteria cover a wider spectrum of mood disorders
than do the WU criteria. These are manic disorder, major depressive
disorder, bipolar I disorder, bipolar II disorder, hypomanic disorder,
minor depressive disorder, intermittent depressive disorder, and cy-
clothymic personality. RDC criteria for mania (see table 1.2) are
very similar to WU criteria except for four notable differences. RDC
requires only one week (instead of two weeks) of symptoms and
includes poor judgment as a manic symptom. The severity of dis-
turbance required (criterion C) in RDC is not required by WU cri-
teria, and the former does not exclude patients with preexisting psy-
chiatric disorders other than schizophrenia.

The RDC diagnosis of major depressive disorder (table 1.2) is
similarly different from WU primary depression. RDC requires only
two weeks (instead of one month) of symptoms and includes a se-
verity of disturbance requirement (criterion D). Unlike the WU sys-
tem, RDC does not exclude patients with preexisting psychiatric
disturbances other than schizophrenia. Criteria for 10 subtypes of
major depressive disorder are provided by RDC. Primary major
depressive disorder is diagnosed if the disorder was not preceded by
schizophrenia, schizoaffective disorder, panic disorder, phobic dis-
order, obsessive compulsive disorder, Briquet’s disorder (somati-
zation disorder), antisocial personality, alcoholism, drug use disor-
der, or preferential homosexuality. Secondary major depressive
disorder is diagnosed if the depressive syndrome was preceded by
any of these disorders. Recurrent unipolar major depressive disorder
requires two or more episodes of major depressive disorder and no
previous episodes of manic disorder or hypomanic disorder. Psy-
chotic major depressive disorder is diagnosed if delusions or hallu-
cinations are present and the patient does not meet the criteria for
schizophrenia or schizoaffective disorder. A diagnosis of incapaci-
tating major depressive disorder is made if the patient is unable to
carry out any relatively complex goal-directed activity, such as work,
taking care of the house, or sustaining attention and participation in
social or recreational activities. Endogenous major depressive dis-
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Table 1.2.  Research Diagnostic Criteria

Manic Disorder

Must have A through E:
A. One or more periods of persistent
elevated, expansive, or irritable
mood not due to substance use

B. At least three of the following if
moaod 1s elevated or expansive, at
least four if only irritable:

1. More active than usual

2. More talkative than usual

3. Flight of ideas or racing
thoughts

4. Grandiosity

5. Decreased need for sleep
fi. Distractibility

7. Poor judgment (e.g., buying
sprees, foolish investments)

C. At least one of the following:
1. Meaningful conversation is
possible
2. Serious social or occupational
impairment
3. Hospitalization
D. Duration of manic features at
least one week (or any duration if
hospitalized)
E. No psychotic symptoms suggestive
of schizophrema

Major Depressive Disorder
Must have A through F:

A.

£E:

One or more periods of persistent
dysphoric/irritable mood or
pervasive loss of interest or
pleasure

. At least five of the following:

1. Poor appetite/weight loss or
increased appetite/weight gain
Insomnia or hypersomnia

. Loss of energy

lad

4. Psychomotor agitation or
retardation

5. Loss of interest or pleasure in
usual activities

6. Feelings of self-reproach or
inappropriate guilt

7. Diminished ability to think or
concentrate

8. Recurrent thoughts of death or
suicide

Duration of dysphoric features at

least one week

. Sought or was referred for help,

took medication, or had impaired
functioning

No psychotic symptoms suggestive
of schizophrenia

Does not meet criteria for
schizophrenia, residual subtype

order is diagnosed if the patient exhibits six of 10 possible endogenous
symptoms (e.g., lack of reactivity to environmental changes, worse
in the morning, weight loss). Agitated major depressive disorder is
diagnosed if two of the following are present for several days during
the depressive episode: pacing, handwringing, inability to sit still,
pulling on or rubbing hair, skin, clothing, or other objects, outbursts
of complaining or shouting, and excessive talking. If two of the
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following symptoms are present, retarded major depressive disorder
is diagnosed: slowed speech, increased pauses before answering, low
or monotonous speech, mute or markedly decreased speech, and
slowed body movements. Situational major depressive episode is
diagnosed if the depressive episode follows an event or situation that
appears to have been a likely contributor to the episode. Simple
major depressive disorder is diagnosed when the patient has shown
no signs of psychiatric disturbance in the year before the depressive
episode excluding depressive or manic symptoms.

The remaining RDC mood disorder diagnoses deal with com-
binations of manic and depressive symptoms, schizoaffective disor-
ders, and syndromes of lesser severity. Bipolar I disorder requires a
history of manic disorder and major depressive disorder, minor de-
pressive disorder, or intermittent depressive disorder. Bipolar II dis-
order requires a history positive for both hypomanic disorder and
major, minor, or intermittent depressive disorder. Hypomanic dis-
order is a mild version of manic disorder, having similar criteria
except that only two manic symptoms under criterion B (table 1.2)
are required (three if mood is only irritable) and the duration of the
mood disturbance is only two days. Minor depressive disorder is
similar to major depressive disorder, but requires the presence of
only two depressive symptoms from a larger symptom list including
relatively mild experiences such as pessimistic attitude and self-pity.
Minor depression does not require impairment in functioning or
referral for psychiatric services. Intermittent depressive disorder is
diagnosed when there are no clear-cut episodes of a sustained de-
pressive mood but the patient has been bothered periodically by
depressed mood for at least two years. The category of cyclothymic
personality is reserved for patients who experience recurrent periods
of depression lasting at least several days alternating with periods of
notably good mood characterized by at least two of the symptoms
seen in hypomanic disorder. The periods of mood change must have
been present since the early twenties and must be too numerous to
count (i.e., the patient is rarely in a normal mood).

The DSM I[II-R criteria for mood disorders are used both in
clinical practice and in research settings. These official diagnostic
criteria of the American Psychiatric Association have their historical
roots in the WU and RDC systems. The DSM [II-R criteria for a
manic episode are essentially identical to those for RDC manic dis-
order, with the exception that RDC criterion D is excluded. The
DSM 11I-R and RDC criteria for major depression are also nearly
identical, the only difference being that DSM [II-R excludes RDC
criterion D. Like RDC, DSM I1I-R includes diagnoses for subtypes
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of mania and depression. Each of these disorders can be subtyped
as occurring with or without psychotic features. If psychotic features
are evident, they can be subtyped as either mood congruent or in-
congruent. Mood-congruent psychotic features are consistent with
the patient’s mood. Examples include a manic patient who believes
he is the most powerful being in the universe and a depressed patient
who hears voices telling her she is worthless and should commit
suicide. The major mood disorders are subclassified as having a sea-
sonal pattern if the following four criteria are present: (1) the onset
of an episode regularly occurs within the same 60-day period of the
year, (2) full remission also occurs regularly within a specific 60-day
period, (3) three episodes of mood disturbance in three separate
years have displayed the seasonal pattern (two of these years must
be consecutive), and (4) seasonal mood episodes are at least three
time more likely than are nonseasonal episodes. An example of a
seasonal pattern is a patient who usually becomes depressed between
mid-October and mid-December but recovers during the following
March or April.

Major depressive episode is subclassified as occurring with or
without melancholia. The melancholic subdiagnosis is very similar
to what has been termed endogenous depression in RDC and else-
where. The melancholic subdiagnosis requires five of the following:
loss of pleasure in all or almost all activities, a lack of reactivity to
usually pleasurable stimuli, depression worse in the morning, early
morning awakening, marked psychomotor retardation or agitation,
significant anorexia or weight loss, no significant personality distur-
bance preceding the first depressive episode, one or more previous
major depressions followed by recovery, and a good response to
antidepressant therapy.

Patients experiencing a DSM I11-R manic episode are diagnosed
as having bipolar disorder, mixed if their current episode involves
the full symptomatic picture of both mania and depression. They are
diagnosed as having bipolar disorder, manic if their current or most
recent episode was a manic episode. Patients meeting criteria for a
DSM I11-R depressive episode are classified as having bipolar dis-
order, depressed if they have had one or more manic episodes in the
past. Otherwise they are classified as having major depression, single
episode, or major depression, recurrent, depending on the number
of depressive episodes in their history. If a patient with a major
depressive history also has a history including some manic features
(hypomanic) but not a full manic episode, he or she is classified as
having bipolar disorder not otherwise specified, also known as bipolar
I1.
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Schizoaffective disorder is diagnosed if the patient experiences
a full depressive or manic syndrome concurrently with the psychotic
symptoms characteristic of schizophrenia. The diagnosis of schizo-
phrenia must first be ruled out and the patient must have had an
episode including delusions or hallucinations for at least two weeks
without prominent mood symptoms. The DSM III-R diagnosis of
schizoaffective disorder is explicitly longitudinal. That is, one must
observe the relative prominence of psychotic and mood symptoms
over time before a diagnosis can be definitively established.

DSM III-R also includes diagnostic categories for mood dis-
orders that are less severe than bipolar disorder or major depression.
Individuals who meet neither bipolar nor major depressive diagnoses
will be classified as having cyclothymic disorder if they have at least
a two-year history of numerous periods during which some of the
characteristic symptoms of depression and mania were evident. The
symptomatic periods may be separated by periods of normal mood
lasting as long as two months. Dysthymic disorder 1s diagnosed 1n
an individual with at least a two-year history of symptoms charac-
teristic of the depressive syndrome who does not meet the criteria
for a major depressive episode. Periods of normal mood may last a
few days to a few weeks but no more than two months at a time for
this diagnosis. Depressive disorder not otherwise specified will be
diagnosed in an individual who exhibits depressive symptoms without
meeting the criteria for any specific mood disorder.

In summary, the classification of mood disorders can be rep-
resented as a hierarchical structure (see fig. 1.1). As reviewed above,
the subdivisions within the structure have been validated to varying
degrees through clinical, laboratory, and follow-up studies. The dis-
tinctions made at higher levels of the hierarchy are, for the most
part, more widely accepted than distinctions made at lower levels.
The different clinical manifestations of affective disorder evident in
figure 1.1 may correspond to different genetic influences. It is the
goal of psychiatric genetic studies to determine the importance of
genetic factors, their manner of intergenerational transmission, and
the degree to which they are shared among disorders having different
clinical manifestations.

METHODOLOGIC ISSUES IN PSycHIATRIC DIAGNOSIS

Although the structured diagnostic criteria described above rep-
resent an important advance over previous approaches (e.g., DSM
II), they represent only the beginnings of a reliable, valid, and clin-
ically meaningful diagnostic system. As Carroll (1984) argued, the
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Figure 1.1. The classification of mood disorders

algorithmic and semiquantitative features of these structured diag-
nostic systems can lead to unrealistic expectations about their use-
fulness in clinical and research settings. He described six common
misconceptions about structured diagnostic criteria that limit their
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Table 1.3. Misconceptions about Structured
Dhagnostic Criteria

. They eliminate diagnostic variance

. They are easy to learn and apply

. They are based on coherent constructs

. They ensure homogeneity of patient groups
. They are reliable

. They are valid

Sowrce: Based on Carroll, 19854,

= Lh b b B =

usefulness if not controlled for by appropriate research techniques
(see table 1.3). Ideally, a measurement instrument should not add
variability to the natural variability of the objects of measurement
or classification. In other words, the measured value of a variable
should reflect only the “true” value. Irrelevant factors should not
influence the result. This is true for simple measurements such as
height and weight. However, the measurement procedure known as
psychiatric diagnosis involves a complicated interaction between a
patient and an observer. The results will be influenced by charac-
teristics of both participants and the environment in which the in-
teraction takes place. Patient characteristics such as severity of symp-
toms, quality of memory, presence of substance abuse, and
cooperativeness will add to diagnostic variance, as will observer char-
acteristics such as degree of training and style of the interview.
The second misconception about structured diagnostic criteria
is that they are easy to !earn and apply. Interviewers with little clinical
or formal training in psychiatric diagnosis are likely to produce di-
agnoses of dubious quality even if they are using a structured checklist
approach (Spitzer, Fleiss, and Endicott, 1978). Structured criteria
may reduce the need for seasoned clinical judgment, but this need
cannot be completely ehminated. The application of structured cn-
teria may also be problematic. Although personal interviews with
patients are highly desirable, adjunctive information from medical
records and relatives may be necessary. Clearly, vanations in the
training of interviewers and the information available to make di-
agnoses will add to the problem of increased diagnostic variance.
Structured diagnostic criteria often appear to be based on co-
herent constructs. However, it must be emphasized that the majority
of psychiatric diagnoses are empirically derived clusters of signs and
symptoms of unknown etiology or pathophysiology. The empirical
approach to psychiatric classification, although appropriate given our
current state of knowledge, does not guarantee intraclass homo-
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geneity in descriptive features. For example, according to DSM [11-
R criteria, a patient with dysphoric mood, poor appetite, insomnia,
psychomotor agitation, and loss of energy and one who feels worth-
less, has a pervasive loss of interest, complains of difficulty concen-
trating, and has suicidal ideation and hypersomnia will both receive
the same diagnosis, major depression.

Carroll (1984) also noted that structured criteria are not nec-
essarily reliable. In this context, reliability refers to the ability of two
diagnosticians to agree on the diagnoses of the patients. Spitzer and
co-workers (Spitzer, Endicott, and Robins, 1975) identified five
sources of disagreement that lead to the unreliability in diagnoses.
The first source is variability in the patient over time. This occurs
when patients have different disorders at different times. They give
the example of a patient with acute alcohol intoxication at admission
who develops delirium tremens several days later. A second source
of diagnostic unreliability occurs when the patient is evaluated during
different stages of the same condition. They suggest the example of
bipolar disorder; a patient might be in a manic episode during one
evaluation and a depressive episode during another. The third source
of unreliability leads to differences between diagnosticians because
they did not have identical information about a patient. For example,
one diagnostician may inquire about suicidal behavior, while another
does not. The fourth source of disagreement is due to differences in
what two observers notice when presented with the same patient.
One observer may judge a patient’s affect to be depressed, while
another judges it to be blunted. The final source of unreliability they
describe is due to differences in the criteria that diagnosticians apply
to summarize information into a psychiatric diagnosis.

Spitzer, Endicott, and Robins (1975) pointed out that sources
of unreliability due to changes in the patient over time represent
true fluctuations and are not due to errors in the diagnostic process.
The effect of the other sources of unreliability can be reduced through
improvements in diagnostic methodology. The largest source of di-
agnostic unreliability is variable diagnostic criteria (Ward, 1962). The
development of structured diagnostic criteria such as DSM [, the
Washington University Criteria (Feighner et al., 1972), and the Re-
search Diagnostic Criteria (Spitzer, Endicott, and Robins, 1977) was
motivated by a desire to improve the reliability of psychiatric diag-
nosis by reducing this source of disagreement. The use of specific
diagnostic criteria has become standard in research methodology.
Although many of the structured diagnostic categories are statisti-
cally differentiable from one another regarding response to treat-
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Table 1.4. Procedural Characteristics of
Psychiatric Diagnosis

1. Source of information:
Personal interview
Relative interview
Medical records
. Type of interview:
Structured
Unstructured
. Training of interviewer/diagnostician
. Interviewer/diagnostician blindness

| ]

]

ment, outcome, course, laboratory findings, and family psychiatrie
history, this differentiation is far from perfect.

The above discussion does not argue that structured diagnostic
criteria are less preferable than previous nonstructured approaches;
the structured approach is clearly superior. The goal of this discussion
is to emphasize to the reader unfamiliar with psychiatric nosology
that, although psychiatric disorders are clearly defined, the psychi-
atric disorders that are the subject of this book are much less well-
defined than other disorders familiar to students of human genetics.
Due to the difficulties inherent in psychiatric diagnosis, the results
of genetic studies can be interpreted and compared with one another
most effectively if the procedures for obtaining psychiatric diagnoses
are clearly specified. The four important characteristics of diagnostic
procedures as outlined in table 1.4 are these: source of information,
type of interview, training of the interviewer, and interviewer blind-
Ness.

Ideally, the diagnosis would be based on a personal interview
with the individual being examined, an interview with a relative who
knows the individual, and an examination of psychiatric medical
records. Since most psychiatric genetic studies examine both 1ll and
well relatives, medical records will not be sufficient for a compre-
hensive study. From a practical standpoint, personally interviewing
all index patients (probands) and their relatives can be difficult.
Interviewing only one or two members of each family about the entire
family is more practical. However, a growing body of research in-
dicates that the use of relative interviews (the family history method)
substantially underestimates the amount of psychiatric disorder in
the family in comparison to the use of personal interviews (the family
study method).

Mendlewicz et al. (1975) interviewed all available spouses and
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first-degree relatives of 140 unipolar and bipolar probands. These
family study diagnoses were compared with family history diagnoses
based on interviews with the probands and other family members.
The prevalence of mood disorder in the family was underestimated
by the probands; the age of onset of relatives with mood disorder
was overestimated by the probands. Agreement between the two
methods of diagnosis was best when the proband was a child or spouse
of a study relative. Agreement between the two methods was also
improved when the family history diagnosis was based on the most
severe diagnosis provided by any relative. Nevertheless, agreement
was still poor, with Kappa coefficients ranging from 0.50 for siblings
of relatives to 0.73 for spouses of relatives. Similar results were
reported by Andreasen et al. (1977), who collected family history
data with a semistructured interview, the Family History—Research
Diagnostic Criteria (FH-RDC). FH-RDC criteria are similar to but
less stringent than the Research Diagnostic Criteria. FH-RDC in-
terviews with probands estimated the lifetime prevalence rate of
mood disorder among relatives to be 11 percent. This estimate in-
creased to 17 percent when probands and other relatives were jointly
used as informants, but this was still an underestimation of the 25
percent prevalence rate derived from the family study method. Only
39 percent of the relatives given a diagnosis of mood disorder by the
family study method were given that diagnosis by the FH-RDC. The
underestimation of psychiatric disorder in the family is less of a
problem for the FH-RDC than it had been for previous methods
that did not use specialized family history diagnostic criteria (Rimmer
and Chambers, 1969; Winokur, Clayton, and Reich, 1969). In con-
trast to the FH-RDC’s low probability of correctly classifying ill
individuals (sensitivity), the probability of correctly classifying well
individuals (specificity) was high.

The utility of the family history method for the study of depres-
sion was examined by Orvaschel et al. (1982). They compared the
RDC diagnoses of 696 individuals based on the family study and
family history methods. Consistent with the study by Andreasen et
al. (1977), the sensitivity of the family history method was low while
the specificity was high. The sensitivity was better for reports about
female relatives (57 percent) than for reports about male relatives
(48 percent). It was substantially higher for reports about probands
(73 percent) in comparison to reports about other relatives (33 per-
cent), suggesting that the family history method is more accurate
when the relative being discussed is presently experiencing a de-
pressive episode. The specificity of the family history method was
uniformly high, ranging from 92 to 98 percent, indicating that the
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misclassification of a well relative as depressed was infrequent. An-
other study using the same data set reported that sensitivities for
major depression and alcoholism were much higher than for gen-
eralized anxiety, drug abuse, phobic disorder, and depressive per-
sonality (Thompson et al., 1982). Furthermore, diagnoses based on
spouse or offspring reports were more sensitive than those based on
parent or sibling reports. The sensitivity of the family history method
improved when data were obtained from multiple informants. How-
ever, this was not substantial.

Gershon and Guroff (1984) compared family history and family
study data collected from 172 mood-disordered probands, 43 normal
control probands, and all available first-degree relatives of the pro-
bands. Consistent with the results of Andreasen et al. (1977), the
family history method was highly sensitive (96 percent) when the
individual being diagnosed was a proband. Sensitivity was substan-
tially lower (48 percent) for the diagnosis of major mood disorder
when the individual being diagnosed was not a proband. Sensitivity
increased linearly from 15 percent when family history was based on
one informant to 67 percent with five or more informants. Specificity
decreased from 99 percent to 92 percent with increasing numbers of
informants. However, increasing the number of informants did not
improve agreement on hypomanic or schizophrenic-like symptoms.

The family history and family study methods were compared
by Andreasen et al. (1986) using data from a family study of 609
mood disordered probands. FH-RDC family history data were ob-
tained for 4,373 first-degree relatives; direct structured interviews
were obtained from 2,216 relatives. Overall, the results of this meth-
odologically sophisticated study were consistent with previous work.
The FH-RDC-estimated lifetime prevalence of specific psychiatric
disorders was almost always less than the direct interview estimate.
For example, the FH-RDC rate of depressive disorder was 22.8
percent, while the direct interview estimate was 32.1 percent. The
specificity of the FH-RDC diagnoses was uniformly high, ranging
from a low of 84 percent for probable depressive disorder to a high
of 100 percent for schizophrenic and schizoaffective disorders. In
contrast, the sensitivity of the diagnoses was relatively low, ranging
from 31 percent for schizophrenia to 69 percent for psychotic dis-
order. The sensitivities for depression and mania were 50 percent
and 59 percent, respectively. The diagnostic consequences of low
sensitivity and high specificity were examined by computing false-
positive and false-negative rates. The false-positive rate indicates the
percentage of subjects classified as ill by the FH-RDC and well by
the direct interview. The false-negative rate is the percentage class-
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ified as well by the FH-RDC and ill by direct interview. The rate of
false-positive diagnoses ranged from a low of 32 percent for depres-
sive disorder to a high of 82 percent for antisocial personality. All
the false-negative rates were close to 0 percent, with the exception
of that for depression, which was 21 percent.

Andreasen et al. (1986) found that the sensitivity of the FH-
RDC was best when the informant was the parent of the person
being diagnosed. For example, the sensitivity for the diagnosis of
depression was 62 percent for parent informants, 51 percent for
sibling informants, and 37 percent for child informants. The sensi-
tivity of the FH-RDC was also better than those of the modified
RDC approach (Orvaschel et al., 1982) or modified WU approach
(Winokur, Clayton, and Reich, 1969). These modifications use the
RDC and WU methods of diagnosis but require one less symptom
for a positive diagnosis. For example, the sensitivity of the family
history diagnosis of depression was 56 percent for the FH-RDC prob-
able diagnosis, 33 percent for the modified RDC, and 43 percent for
the modified WU. However, although the FH-RDC and modified
RDC had similar false-positive rates (38 percent versus 39 percent),
the modified WU diagnosis had a substantially lower false-positive
rate (10 percent). Increasing the number of informants increased the
estimated rate of illness. For example, the rate of FH-RDC depres-
sion was 14.9 percent based on one informant and 22.8 percent based
on two informants. Since the FH-RDC tends to underestimate rates
of illness relative to direct interview, this suggests that multiple in-
formants should be used when possible.

Overall, these methodological studies suggest that the family
history method is a poor substitute for the family study method
because it seriously underestimates the prevalence of psychiatric dis-
orders, even when multiple informants are used. This conclusion
tacitly assumes that diagnoses from personal interviews are more
valid than diagnoses made with family history method. As Thompson
et al. (1982) and Andreasen et al. (1986) argued, this may not be
the case, especially if the presence of a psychiatric disorder impairs
a patient’s ability to provide relevant diagnostic information or if the
disorder has a pejorative connotation (e.g., substance abuse, anti-
social personality). Some support for this latter suggestion is seen in
Andreasen et al.’s (1986) finding that the FH-RDC estimated rate
of antisocial personality was three times that of the direct interviewer
estimate. Leckman et al. (1982) examined this question in a meth-
odological study. In a case-controlled family study of major depres-
sion they diagnosed 1,878 individuals with a “*best-estimate” diag-
nostic procedure that combined information from personal
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interviews, relative interviews, and medical records. Diagnostic
agreement was greater for individuals for whom personal interview
data was available in comparison to noninterviewed individuals. Di-
agnoses based on personal interviews alone closely approximated the
best-estimate diagnoses; using the best-estimate diagnoses as the
criterion, the sensitivity of the interview diagnoses of major depres-
sion was 86 percent and the specificity was 98 percent. The analyses
of Gershon and Guroff (1984) are consistent with the results of
Leckman et al. (1982) in agreeing that diagnoses based on personal
interviews are close approximations of those based on information
from all sources. Gershon and Guroff also concluded that a diagnosis
based upon medical record information was a satisfactory alternative
to a personal interview or a best-estimate diagnosis. However, di-
agnoses based on family history data alone were not a satisfactory
substitute for best-estimate diagnoses.

The style of the psychiatric interview can vary from being totally
unstructured to totally structured. In an unstructured interview, there
1s no preset format or sequence for questions about psychiatric signs
and symptoms. The interviewer is permitted to ask those questions
that he or she believes to be appropriate during the interview. In
contrast, fully structured interviews, like the Diagnostic Interview
Schedule (Robins et al., 1981). provide a complete specification of
how questions should be worded and the sequence in which they
should be asked. Compromises between complete structure and no
structure are seen in semistructured interviews such as the Schedule
for Affective Disorders and Schizophrenia (Endicott and Spitzer,
1978). Semistructured interviews give the interviewer more freedom
to choose how to word questions and which questions to ask. How-
ever, the interviewer must cover a preselected series of topics, usually
in a specific order. For research purposes some structure in an in-
terview is desirable to guarantee that all important areas of psychi-
atric functioning are assessed. The use of a structured interview also
makes a diagnostic research procedure easier to replicate.

The choice of how much structure is enough is determined to
some extent by the previous experience of the interviewer. Semi-
structured interviews are appropriate for interviewers who have had
clinical experience in the diagnosis of the psychiatric disorders of
interest in the study; fully structured interviews are more appropriate
when using interviewers with no special training, as is often necessary
in large-scale epidemiological or family studies. In either case, some
training with the interview schedule to be used is necessary to assure
that it is used in a reliable and valid manner. The issue of interviewer
training was examined directly in the study of Robins et al. (1981).
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Using psychiatric diagnoses as a criterion, they reported the sensi-
tivity and specificity of Diagnostic Interview Schedule (DIS) diag-
noses obtained by interviewers who had been trained in the admin-
istration of the DIS but had no special clinical psychiatric training.
In this context the sensitivity of a DIS diagnosis indicates the per-
centage of patients given the diagnosis by a psychiatrist who were
also given the diagnosis by the lay DIS interviewer. Specificity refers
to the percentage of patients who did not have a disorder as deter-
mined by the psychiatrist who were also not given the diagnosis by
the lay interviewers. Sensitivity was 65 percent for bipolar disorder,
80 percent for major depression, and 63 percent for schizophrenia.
Specificity was 97 percent for bipolar disorder, 84 percent for major
depression, and 94 percent for schizophrenia. That is, even with a
fully structured interview like the DIS, lay interviewers are not in
complete agreement with psychiatric diagnoses. However, the degree
of disagreement between lay interviewers and psychiatrists cannot
be totally attributed to deficiencies with the lay interview method.
As Robins (1985) noted, deficiencies in the test-retest design will
tend to deflate estimates of agreement and the lack of agreement
may be due to the less-than-perfect reliability of psychiatric diag-
noses.

In the context of genetic research, psychiatric diagnostic pro-
cedures must control for the experimenter bias effect (Rosenthal,
1966). A wide variety of behavioral studies have indicated that in
some situations the expectancies of a researcher may intentionally
or unintentionally bias the data-collection procedure. Some believe
this is not a widespread phenomenon (e.g., Barber and Silver, 1968)
and there is some evidence that the experimenter effect does not
substantially affect psychiatric diagnosis. For example, McDonald-
Scott and Endicott (1984) reported substantial agreement in ratings
of psychopathology between blind and nonblind raters. In this study
of 50 mood-disordered patients, the blind rater had no previous
knowledge of the patients, whereas the nonblind rater had extensive
knowledge of the patients’ psychiatric history, course, and treatment.
As measured by the intraclass correlation, the reliability between
blind and nonblind raters was very high for summary scores of de-
pressive features (0.95), endogenous features (0.96), and anxiety
(0.91). The reliability of the manic syndrome rating (0.79) was lower
but nevertheless reflects a high level of agreement. Despite these
findings, the current methodological standard is for interviewers to
be unaware of (blind to) psychiatric diagnoses of the interviewees’
relatives. Mazure and Gershon (1979) also suggested that diagnoses
be made by someone other than the interviewer because interper-
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sonal effects during the interview have been observed to bias some
interviewers toward less severe diagnoses.

SUMMARY

In this chapter we have provided an overview of the classifi-
cation and methodologic issues relevant to genetic studies of mood
disorders. As we show in figure 1.1, the mood disorders encompass
a heterogeneous class of syndromes ranging from severely debilitat-
ing manic and depressive psychoses to milder manifestations such as
dysthymia and hypomania. How does one account for the wide range
of phenomenologic variability among disorders that share distur-
bance of mood as a primary component of the clinical picture? At
one extreme, it is possible that the various mood syndromes and,
perhaps, their subclassifications correspond to etiologically distinct
disorders. While not parsimonious, other areas of medicine suggest
that similar clinical syndromes are often produced by a variety of
etiological pathways. Edema, once believed to be a homogenous
disorder, is now known to result from a variety of conditions ranging
from pregnancy to heart disease. Anemas and glycogen-storage
diseases provide additional examples, but perhaps the most remark-
able is mental retardation. This syndrome of low intellectual and
behavioral functioning can be caused by one of hundreds of genetic
defects or environmental insults. For mood disorders, the presence
of etiologic heterogeneity 1s clearly seen in the distinction between
those that are secondary to the biological effects of a medical illness
(e.g., hypothyroidism) and those that are not.

At the other extreme, the clinical heterogeneity of mood dis-
orders may reflect what geneticists call pleiotropy, the ability of a
single gene to be expressed in a variety of manifestations in different
individuals. Matthysse (1985) gave the example of neurofibromatosis,
the manifestations of this single-gene disease range from mild cases
limited to the presence of cafe-au-lait spots to severely disabled cases
with peripheral nerve tumors, bony deformities, and mental retar-
dation. Pleiotropy occurs because genes do not express themselves
independently of other influences, both genetic and environmental.
The development and functioning of the central nervous system in-
volves a complex sequence of gene-gene and gene-environment in-
teractions. Thus, it is not unreasonable to assume that genetic dis-
orders of the central nervous system, such as mood disorders, are
mediated by genes that have pleiotropic effects.

The task of the psychiatric geneticist is hindered by the likeli-
hood that both etiologic heterogeneity and pleiotropy play a role in
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the clinical heterogeneity of mood disorders. Fortunately, as we can
infer from the data in tables 1.1, 1.2, and 1.3, psychiatry has con-
verged upon a reasonably reliable means of classifying these disor-
ders. We emphasize the word “reasonably™ to indicate that, although
diagnostic agreement between raters is well above chance, the degree
of disagreement is not negligible and is likely to increase unless great
care is taken in the interviewing and diagnostic process. For psy-
chiatric genetic research projects, the following methodologic max-
ims should be considered: (1) use clearly defined diagnostic criteria,
such as those specified by the WU, RDC, and DSM [lI-R diagnostic
systems; (2) use structured or semistructured interviewing techniques
to collect psychiatric data; (3) assess the reliability of interviewers
before and during the project; (4) although diagnostic data collected
from an informant are an important adjunct to the diagnostic process,
study diagnoses should include data from a direct interview; and (5)
whenever possible, keep interviewers and diagnosticians blind to the
psychiatric diagnosis of other family members.



Chapter Two

Family Studies

The family study is one of the most widely used tools in psy-
chiatric genetics. We can use the data from such studies to answer
the question, does a psychiatric illness run in families? If genes are
etiologically important to a disorder, then relatives of ill individuals
(probands) should be at greater risk of the illness than are relatives
of well individuals (control probands). Furthermore, under a genetic
hypothesis the risk to relatives of ill probands should be related to
the amount of genes they have in common with the proband. Parents,
children, and siblings of probands are called first-degree relatives;
they share 50 percent of their genes with the proband. Grandparents,
uncles, aunts, nephews, and nieces are second-degree relatives; they
share 25 percent of their genes with the proband. If a disorder has
a genetic etiology, first-degree relatives should be at greater risk for
the disorder than are second-degree relatives. Thus, a genetic hy-
pothesis predicts that relatives of ill probands are at greater risk for
the disorder than are relatives of control probands and that the risk
to relatives of ill probands decreases as the degree of the relationship
INCreases.

Compared to twin and adoption studies, family studies are rel-
atively easy to implement. Thus, they are commonly used to deter-
mine if a disorder is familial. Unfortunately, the interpretation of
family studies is limited. Although a genetic hypothesis predicts that
a disorder will be familial, a disorder may be familial for other rea-
sons. Family members share a common culture and a common en-
vironment. The similarity of these factors tends to increase as the
degree of the relationship decreases. Thus, familial environmental
factors may confound genetic relationships. For example. if cigarette
smoking is a habit that children learn from parents, then one might
observe that smoking-related disorders such as emphysema run in
families. However, the familial aspect of such a disorder may be due
entirely to relatives sharing a common environmental pathogen. Pos-
sible sources of cultural and environmental transmission include bac-
teria, viruses, learned responses to stress, cultural differences in emo-
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tional expression, and others. Since a disorder can run in a family
for nongenetic reasons, the finding of familial transmission cannot
be unambiguously interpreted. However, the failure to find familial
transmission can be taken as a strong sign that a disorder does not
have a substantial genetic component.

The ideal family study uses double-blind, case-controlled meth-
odology in which diagnoses of relatives are made independent of any
knowledge of the proband’s diagnostic status. Given the many factors
that influence the outcome of a psychiatric diagnosis, controlled stud-
ies are preferable. However, in the absence of a control group, the
risk to relatives of ill probands can be compared to population risks
from epidemiologic studies.

THE EPiDEMIOLOGY OF MooD DISORDERS

Early epidemiologic studies did not make a distinction between
unipolar and bipolar forms of affective disorders. Instead, all cases
were grouped under the term ““manic-depressive psychosis.” Popu-
lation rates for manic-depressive psychosis from these early studies
are given in table 2.1.

All these studies except the American work of Kallmann (1954)
were conducted in Europe, primarily England, Germany, and the
Scandinavian countries. These early studies did not use structured
diagnostic criteria and did not differentiate unipolar and bipolar
forms. Thus, it is difficult to know exactly how manic-depressive
psychosis was defined. However, many of these authors were clearly
aware of the importance of clinical homogeneity in scientific studies.
For example, Slater (1936) clearly recognized that the diagnosis of
some clinically defined manic-depressive cases was complicated by
the presence of schizophrenic or characterologic features. He fore-
shadowed future methodologic maxims by suggesting that psychiatric
genetic studies would be more fruitful if such disputed cases were
examined separately from the “indisputable cases.” Slater argued
that although the disputed cases may have “near or remote genetic
connections with what one might call the central group of manic
depressives,” studies of homogeneous groups would be needed to
provide a solid empirical foundation for psychiatric genetics. Slater
(1936) was also sensitive to the problem of confusing mild, remitting
cases of schizophrenia with mood disorders, given the Kraepelinian
approach of using a deteriorating course as a primary sign of schizo-
phrenia and an episodic, remitting course as a primary sign of manic
depression. He emphasized that the clinical phenomenology of acute
episodes could not be ignored in arriving at a psychiatric diagnosis.
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Table 2.1.  The Risk of Major Mood Disorder among the
General Population

Study Risk (%)
Slater, 1938" 0.4
Stromgren, 1938" .6
Luxenburger, 1942° 0.4
Fremming, 1947" E
Sjogren, 1948" 0.8
Schulz and Rudin, 1951* 0.4
Stenstedt, 1952 (.6
Kallmann, 1954 0.4
Mean of all studies 0.7

*From Slater and Cowie, 1971.
"From Stenstedt, 1952,

‘From Rosenthal, 1970,

"From Kallman, 1954,

Stenstedt (1952) endorsed Slater’s approach to diagnosis. He
clearly excluded cases with schizophrenia-like symptoms, pro-
nounced personality disorders, or evidence of exogenous etiologic
factors (e.g., precipitating life events, medical conditions). This last
exclusion, also used by Slater, anticipated the contemporary dis-
tinction between primary and secondary mood disorders. Kallmann
(1954) restricted his diagnosis of manic-depressive psychosis to
“cyclic cases which showed periodicity of acute, self-limited mood
swings before the fifth decade of life and no progressive or residual
personality disintegration before or after psychotic episodes of ela-
tion or depression. Clearly reactive or largely situational depressions
in a habitually maladjusted setting were excluded in the same way
as hallucinatory episodes, or agitated anxiety states associated with
hypertension™ (p. 9).

Owerall, the early studies of manic-depressive psychosis appear
to have been sensitive to the necessity of creating homogeneous study
groups by appropriate exclusion criteria. Although definitions of
manic-depressive psychosis are not clearly stated in most of the stud-
ies in table 2.1, the similarity of results across one and one-half
decades is remarkable. With the exception of Fremming’s (1947)
finding of a 1.7 percent risk of manic-depressive psychosis in the
general population, these studies all cluster in the range of 0.4-0.8
percent. The mean general population risk in these studies is 0.7
percent if Fremming’s results are included and 0.5 percent if they
are excluded. In any case, it is reasonable to conclude that, given
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Table 2.2.  The Risk of Bipolar Disorder among General Population and Control
Samples

Risk
Study Sample (%)
Fremming, 1951 general population 0.6
Parsons, 1965 general population 0.9
James and Chapman. 1975 general population 0.2
Gershon et al. 1975 relatives of medical patients 0.2
Smeraldi, Negri, and Melica, 1977 general population 0.1
Helgason, 1979 general population 0.8
Tsuang, Winokur, and Crowe, 0.3
1980 relatives of surgical patients
Gershon et al., 1982 relatives of medical patients (0.0
Robins et al., 1984 general population:
Mew Haven 1.1
Baltimore 0.6
St. Louis
Weissman et al., 1984 general population 0.2

Mean from all studies

early definitions of manic-depressive psychosis, the risk to the general
population is less than 1 percent.

The results of epidemiologic studies focusing on bipolar dis-
order are given in table 2.2. These data come from two types of
studies. The general population studies examine the risk of bipolar
disorder among individuals randomly selected from a specified catch-
ment area. Case-controlled studies have selected specified medical
or surgical patients as probands and have examined the risk of bipolar
disorder among their relatives. In general population studies the risk
of bipolar disorder ranges from 0.1 percent to 1.1 percent. For case-
controlled studies the range is 0.0 percent to 0.3 percent. The mean
risk across all studies is 0.5 percent. Similar data for unipolar disorder
are presented in table 2.3.

The risk of unipolar disorder in the general population ranges
from 3.4 percent to 18.0 percent. For case-controlled samples, the
range is (.7-7.5 percent. The mean risk of unipolar disorder across
all studies in table 2.3 is 6.2 percent.

A comparison of tables 2.3 and 2.2 clearly indicates that uni-
polar disorder is more prevalent than bipolar disorder. All of the
studies that examine both unipolar and bipolar disorders find a
greater prevalence of unipolar disorder. Based on the means from
all studies, a randomly selected individual is 12 times more likely to
develop unipolar than bipolar disorder. There is a surprising incon-
sistency between table 2.1 and tables 2.2 and 2.3. Although the
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Table 2.3. The Risk of Unipolar Disorder among General Population and Control
Samples

Risk
Study Sample (%)
Fremming, 1951 general population 16.3
Essen-Moller and Hagnell, 1961 general population 34
Helgason, 1961 general population 6.0
James and Chapman, 1975 general population 0.7
Gershon et al., 1975 relatives of medical patients 0.7
smeraldi, Negri, and Mehca, 1977 general population 0.4
Weissman and Myers, 1978 general population 18.0
Helgason, 1979 general population 12.0
Tsuang, Winokur, and Crowe,

1980 relatives of surgical patients 5
Gershon et al., 1982 relatives of medical patients 3.8
Egeland and Hostetter, 1983 general population 0.5
Robins et al., 1984 general population:

New Haven 6.7
Baltimore 37
St. Lous 3.5
Weissman et al., 1984 general population 5.9
Mean from all studies 6.2

studies in table 2.1 combine umpolar and bipolar disorders under
the term “manic-depressive psychosis,” their estimates of population
risk are relatively low and similar to those for bipolar disorder in
table 2.2. The cause of this discrepancy is not clear. It may be the
case that the early studies had a very restricted definition of unipolar
disorder. As noted above, cases with exogenous precipitating factors,
pronounced personality disorders, or hallucinatory phenomena were
often excluded. It is likely that many of these excluded cases would
be considered unipolar according to current nomenclature.
Another possibility is that the population risk for mood dis-
orders has increased over time. In fact, a substantial number of
independent investigators have observed an increasing lifetime risk
for major depression during the twentieth century (Gershon et al.,
1987; Hagnell et al., 1982; Klerman, 1976; Klerman et al., 1985;
Robins et al., 1984; Srole and Fischer 1980; Weissman and Myers,
1978). A similar trend for bipolar disorder has also been reported
(Gershon et al., 1987; Rice, Reich, et al., 1987). For example, the
study by Klerman et al. (1985) found increases in the rate of depres-
sion in successive birth cohorts through the twentieth century and
an earlier age of onset of depression with each birth cohort. This
study examined depression in 2,289 relatives of 523 probands with



36 The Genetics of Mood Disorders

mood disorders. The lifetime risk of major depression was less than
20 percent for relatives born before 1910. The risk rose steadily to
more than 60 percent for relatives born after 1949. These results
have been called the “*birth cohort effect” because the year of birth
is predictive of the risk of depression, with successive birth cohorts
being at increased risk for the disorder. However, as Lavori et al.
(1986) discussed, a putative cohort effect may also be due to a period
effect. A pure cohort effect occurs when some factor exerts a dif-
ferent effect on different birth cohorts. The size of the effect for
each cohort is stable over the lifetime of the members of the cohort.
A pure period effect occurs when some factor affects all individuals
for a limited period of time. Lavori et al. used the rate of cancer
observed among the survivors of the atomic bombs in Hiroshima and
Nagasaki as an example of a pure period effect. People who lived
in these areas during the period of high radiation exposure have an
increased risk of cancer regardless of their birth cohorts. A period
effect will be difficult to disentangle from a cohort effect when there
is an age-period interaction. This occurs when the likelihood of de-
veloping the disorder is related to the age of the individual. Thus,
although the increasing risk of major depression through the twen-
tieth century is consistent with a birth cohort effect, it is equally
likely that some recent period of time has been associated with an
increase in depressogenic factors that exert stronger effects on
younger individuals.

Before comparing these two hypotheses, Lavori et al. ruled out
the possibility that the observed effect was due to some confound
related to advanced age (e.g., impaired recall, institutionalization,
mortality). The effect could also not be explained by the presence
of many short or insubstantial depressive episodes recalled by
younger subjects or by changes in the severity of the disorder over
time. Subsequent analyses indicate that the increasing risk of depres-
sion was more consistent with a period effect than with a cohort
effect. The results indicated the presence of a marked leap in the
risk of depression during the period 1965-75 to a new plateau ex-
tending into the 1980s. This effect was particularly prominent for
females. Because this period effect interpretation has not been sup-
ported by other data (Gershon et al., 1987), it is not possible to
attribute definitely the rising risk of depression to a birth-cohort effect
or to an age-period interaction.

The presence of a period effect on the risk for unipolar depres-
sion has implications for the genetic study of the disorder. The effect
may explain the discrepancies between table 2.1 and tables 2.2 and
2.3, since the two sets of studies are separated by several decades.
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Firm conclusions are not possible, given that earlier studies differ in
many ways (methodology, location) from later ones. Nevertheless,
the rising risk of mood disorders must be taken into account when
comparing studies. For the presentation of family studies it is con-
venient to separate those performed before 1960 and those reported
after 1960. These two sets of studies differ in several ways. The early
studies are primarily of European origin and were completed before
the development of structured interviews, structured diagnostic cri-
teria, and standardized research techniques. It is nonetheless hum-
bling to recognize that the pioneers in psychiatric genetics laid a firm
scientific foundation for future work.

EArRLY FAMILY STUDIES

Like their epidemiologic counterparts, the early family studies
do not make the distinction between unipolar and bipolar disorders
and do not provide detailed methodologic information regarding the
procedural characteristics of psychiatric diagnosis. Table 2.4 gives
the risk of major mood disorders among the parents, children, and
siblings of mood disorder probands. The risk to parents ranges from
3.2 percent to 23.4 percent, with a mean of 11.3 percent. The risk
to children ranges from 6.3 percent to 24.1 percent, with a mean of
14.6 percent. The risk to siblings ranges from 2.7 percent to 23.0
percent, with a mean of 10.9 percent. It is notable that the studies
reporting the lowest risks, Pollock, Malzberg, and Fuller (1939) and
Humm (1932), did not adjust their risk estimates for the age of the
relatives. Age corrections are important, because mood disorders
have a variable age of onset. Thus, if a study included many relatives
who have not passed through a substantial portion of the age of
onset, relatives who eventually will become ill will be defined as well.

None of the studies examined a control group of normal pro-
bands and their relatives. The psychiatric diagnoses of relatives in
these studies were not blind to the fact of their having a relative with
mood disorder. Thus, they may be tainted by the effects of experi-
menter bias. Although a case-controlled comparison is not possible,
the risk to relatives reported in table 2.4 can be compared with that
of the general population reported by the same investigators. In table
2.5 this comparison is expressed in terms of the relative risk, the risk
to relatives of ill probands divided by the risk to the general popu-
lation. For authors who do not provide population risk data, the
mean from table 2.1 has been used to compute the relative risk. The
range of relative risks given in table 2.5 is based on the highest and
lowest risks to parents, children, or siblings given in table 2.4.
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Table 2.4.  The Risk of Major Mood Disorder (MD) among First-Degree
Relatives of MD Probands. Studies before 1960

Relationship (% Risk)

Study Parent Child Sibling
Banse, 1929*° 10.8 - 18.1
Humm, 1932° - — 4.4
Rall and Entres, 1936 13.0 10.7 -
Weinberg and Lobstein, 1936 9.9 6.3 T2
Slater, 1936° 15.4 15.8 —
Stromgren, 1938 7.5 — 10.7
Pollock et al., 1939 3.2 — 2.7
Luxenburger, 1942° — 24.1 12.7
Hoffman and Wagner, 1946°° — 13.8 10.0
Sjogren, 1948*" 7.0 — 3.6
Schulz and Rudin, 19517 15.7 — 13.3
Stenstedt, 1952° 7.5 17.1 14.1
Kallmann, 1953, 1954 234 -— 23.0

“From Stenstedt, 1952,
"Weinberg correction.
‘Mot age corrected.
‘“From Rosenthal, 1970,
‘From Kallmann, 1954.
‘Stromgren correction.

Table 2.5. The Relative Risk of Major Mood Disorder (MD) among First-Degree
Relatives of MD Probands. Studies before 1960

Relative Risk

Study (%)
Banse, 1929 15.4-25.9
Humm. 1932 6.3
Roll and Entres, 1936 15.3-18.6
Weinberg and Lobstein, 1936 9.0-14.1
Slater. 1936 38.0-39.5
Strimgren, 1938 12.5-17.8
Pollock. Malzberg, and Fuller, 1939 5.3-6.0
Luxenberger, 1942 31.8-60.3
Hoffman and Wagner, 1946 14.3-19.7
Sjogren, 1948 4.5-8.8
Schulz and Rudin, 1951 33.3-39.3
Stenstedt, 1952 12.5-28.5
Kallmann, 1953, 1954 57.5-58.5

Note: The relative risk is the risk to relatives of ill probands (see table 2.4) divided
by the risk to the general population (see table 2.1). The mean from table 2.1 is
used for studies not included in table 2.3, The range given is based on the highest
and lowest morbid risks to parents. children, or siblings. i
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It is notable that all of the relative risks are greater than 1. That
i1s, each of the studies finds relatives of manic-depressive probands
to be at greater risk for manic-depressive psychosis than individuals
from the general population. The lowest estimate of relative risk
comes from Sjogren’s (1948) study, which suggested that relatives
of ill probands are 4.5-8.8 times more likely to develop manic-de-
pressive psychosis than individuals in the general population. The
highest relative risk is reported by Kallmann, whose data suggested
that relatives of ill probands are approximately 58 times more likely
to become ill than one would expect from general population risk
estimates.

Taken together, the early family studies of major mood dis-
orders consistently suggested that manic-depressive psychosis runs
in families. Although this consistency is impressive, these results
could be due to methodologic artifacts such as lack of interviewer
blindness, no control groups, and no systematic application of age
corrections to population and family risk figures. The extent of these
problems is difficult to assess because most of these early studies do
not provide sufficient methodologic detail for their evaluation.

LATER STUDIES OF MAJOR MooDp DISORDERS

Most of the studies reported in this section were performed
during the 1970s and 1980s. Due to an increased rigor in scientific
writing, these reports allow for a careful evaluation of methodologic
aspects. In addition, results are broken down by unipolar and bipolar
subtypes and therefore allow the examination of the famihal asso-
ciation of these two disorders. Table 2.6 presents the risks for uni-
polar and bipolar disorders among relatives of bipolar probands,
broken down by the relationship of the relative to the proband.
Perris’s (1966) study was carried out in Sweden. Proband diagnoses
were based on personal interviews and medical record data. Al-
though he did not use a structured interview or a structured diagnostic
system, his methods are notable in that unipolar disorder was di-
agnosed only in patients who had suffered as least three depressive
episodes. The 138 bipolar probands had 1,077 first-degree relatives.
At least one relative from each family was personally interviewed,
but the majority of family diagnoses appeared to have been based
on the family history method of diagnosis. Assuming a population
risk of approximately (.5 percent (see table 2.2), Perris’s data in-
dicate an elevated risk of bipolar disorder among relatives of bipolar
probands; relatives of unipolar probands do not have elevated risks.

Reich, Clayton, and Winokur (1969), working in St. Louis,
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Table 2.6. The Risk of Major Mood Disorder among Relatives of Bipolar
Probands, Studies after 1960

Relationship (%)

Relative i
Study Diagnosis Parent Child Sibling
Perris, 1966° BP 6.4 4.6 14.1
Up 0.9 {1.0 0.3
Reich, Clayton, and Winokur,

196497 MD 26.9 — 17.0
Winokur et al., 1972 MD 10.3 —_ 12.0
Mendlewicz and Rainer, 1974" BP 12:1 246 21.2

upP 220 41.3 18.6
Goetzl et al., 1974° MD 18.4 52.6 18.9
Helzer and Winokur, 1974 BP 3.3 — 5.5
1P 13.3 —_ b i
Shopsin et al., 1976" MD 40.0 16.0 25.0
Petterson, 1977° BP 2.4 2.4 a4
P 2.4 4.8 1.3
Smeraldi, Negri, and Melica, BP 1.2 3.7 7.1
1977 LIFP 3.5 S, 1.4
Trzebiatowska-Trzeciak, 1977" BP 9.8 24.9 10.3
LIP 0.0 0.0 0.0
Angst et al., 1980" BP 2.5 4.0 2.3
UP 0.4 0.0 6.0

Note: BP = bipolar disorder, UP = unipolar disorder, MD = mood disorder.
*Weinberg age correction.

"Stromgren age correction.

‘Mot age corrected.

diagnosed 59 bipolar probands through personal interviews and med-
ical record reviews. They used structured interviews and applied the
Washington University diagnostic criteria in assessing probands. Rel-
atives were diagnosed through a combination of personal interviews
and a collection of family history data. Although relatives’ diagnoses
were not broken down by polarity, the risk of any mood disorder
was 17 percent in siblings and 27 percent among parents of probands,
suggesting the importance of familial factors. Winokur et al. (1972)
reported a medical record study of mood disorder in more than 300
relatives of 100 bipolar probands. Diagnoses were based on infor-
mation in the probands’ medical records. However, diagnoses of
probands and relatives were made independently. The risk of mood
disorders among relatives was approximately 11 percent. This is
higher than expected from epidemiologic studies, but not markedly
so. Given the limitations of medical record-based diagnoses, these
results must be interpreted with caution.
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Mendlewicz and Rainer (1974) studied the 781 first-degree rel-
atives of 134 bipolar probands. Proband diagnoses were based on
personal interviews and reviews of medical records. Although this
investigation did not use a structured interview or a contemporary
structured diagnostic system, the approach to diagnosis appears to
have been similar to current methods. Interviews and diagnoses of
relatives were blind to proband diagnosis; 82 percent of the relatives’
diagnoses were based on personal interviews. Among relatives, the
risk of unipolar disorder was consistently greater than the risk of
bipolar disorder for each type of relationship examined. No control
group was used, but the risks of both disorders are substantially
greater than one would expect from epidemiologic studies. These
results contrast sharply with those of Perris (1966), who did not find
an increased risk of unipolar disorder among relatives of bipolar
probands. A notable diagnostic difference between the two studies
1s that Perris required three or more depressive episodes before
making a unipolar diagnosis. Patients with fewer depressive episodes
are considered uncertain cases because there is still a reasonable
chance that they are bipolar patients who have not yet experienced
their first manic episode. Mendlewicz and Rainer did not make this
distinction and classified as depressed anyone who had never expe-
rienced mania or hypomania but had experienced one or more de-
pressive episodes. Thus, Mendlewicz and Rainer’s unipolar relatives
may include bipolar patients who have not yet had a manic episode,
possibly inflating the observed risk for unipolar disorder.

Goetzl et al. (1974) examined 245 first-degree relatives of 39
bipolar probands. Probands were diagnosed using unstructured per-
sonal interviews and data from medical records. Diagnoses were
based on a modification of the Washington University criteria. As-
sessments of relatives and probands were not blind to one another.
Diagnoses of relatives were based upon the proband interview and
a self-report questionnaire. The results, not broken down by the
polarity distinction, indicate a high rate of mood disorder among
relatives of bipolar probands. They are not easily comparable with
epidemiologic data, given the unusual means of obtaining relative
psychiatric diagnoses. Helzer and Winokur (1974) examined 151 rel-
atives of 30 male bipolar probands. Diagnoses of probands were
based on a structured personal interview and a review of medical
records using the Washington University diagnostic criteria. The as-
sessment of relatives was blind to proband diagnosis. Approximately
half the relatives’ diagnoses were based on personal interviews and
half on family history data collected from the proband or another
relative. The morbidity risks are probably underestimated because
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they are not age corrected. Nevertheless, the risk of bipolar disorder
is clearly greater than what one would expect from epidemiologic
studies. The risk of unipolar disorder is greater than the risk of
bipolar disorder but is not markedly different from the population
expectation. Shopsin et al. (1976) reported results from 76 relatives
of 25 bipolar probands. The diagnostic approach was similar to that
of Mendlewicz and Rainer but assessments of relatives and probands
were not blind to one another. Some diagnoses of relatives were
based on personal interviews, some on family history data, and others
on medical record data. The proportions in these categories are not
stated. Results indicate high rates of mood disorder among the rel-
atives, but information pertaining to the unipolar bipolar distinction
1s not provided.

Petterson (1977) studied a Swedish sample of 123 bipolar pro-
bands and 668 first-degree relatives. Proband diagnoses were based
on unstructured personal interviews and medical record reviews. The
diagnostic definitions are not well specified but appear to be fairly
broad, including patients with “paranoid or confusional elements”
in the bipolar group. An unstated proportion of the relatives’ di-
agnoses were based on personal interviews; the rest were based on
the family history method. Petterson found a familial risk of bipolar
disorder among relatives of bipolar probands greater than four times
the population expectation. However, the risk of unipolar disorder
Is no greater than one would expect from epidemiologic studies, a
finding that suggests there is no familial relationship between uni-
polar and bipolar disorder. Similar results were reported in Smeraldi,
Negri, and Melica’s (1977) study of an Italian sample of 306 first-
degree relatives of 50 bipolar probands. Proband diagnoses were
based on personal interviews and the diagnostic system of Perris
(1966). Relatives’ diagnoses were based on a combination of personal
interview and family history assessments that were not blind to the
diagnosis of proband. A control group was not used but prevalence
rates from Italian epidemiologic studies are provided (tables 2.2 and
2.3). These figures, although age corrected, are based on hospitalized
patients only. Thus, they are an underestimate of the lifetime prev-
alence of mood disorder. Smeraldi’s results found increased risk for
bipolar disorder among the relatives of bipolar probands. The risk
among relatives is 10-70 times the risk from the Italian epidemiologic
study and 2-14 times the risk suggested by the mean of the reviewed
epidemiologic studies. The risk of unipolar disorder is 3-14 times
greater than expected from the Italian epidemiologic study, but less
than the mean of all the reviewed epidemiologic studies. Thus, Smer-
aldi’s data support the hypothesis that bipolar disorder runs in fam-
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ilies but are not strongly supportive of a familial association between
unipolar and bipolar disorders. However, the risk of unipolar dis-
order in families of bipolar probands is greater than that reported
by Perris (1966), even though Perris’s criteria for unipolar disorder
were used.

These criteria were also used by Trzebiatowska-Trzeciak (1977)
in a study of 69 Polish bipolar probands and their 421 first-degree
relatives. Probands were diagnosed by personal interviews. Other
methodologic aspects of the research are difficult to determine from
the report. The risk of bipolar disorder among relatives ranged from
10 to 25 percent, markedly higher than the population expectation.
No relatives of bipolar patients were diagnosed as having unipolar
disorder. Angst et al. (1980) studied a Swiss sample of 95 bipolar
probands and their 641 first-degree relatives. The diagnoses of pro-
bands were based on a long prospective follow-up from 1959 to 1975.
Information was obtained from personal interviews, medical records,
and interviews with relatives. The diagnosis of bipolar disorder ap-
pears to have included both bipolar I and bipolar II disorders. The
diagnosis of unipolar disorder did not require three depressive epi-
sodes. However, the probands had a mean age of 61, suggesting that
most of their unipolar parents and siblings would have been old
enough to have experienced a manic episode if they had truly been
bipolar. Consistent with previous studies, Angst et al. found an in-
creased risk of bipolar disorder among relatives of bipolar probands.
The overall risk of unipolar disorder among these first-degree rela-
tives was 7 percent, not markedly higher than the general population
expectation.

Table 2.7 reviews family studies of bipolar probands that do
not break down risk figures by the relationship to the proband. Re-
sults from a New Zealand sample of 46 bipolar probands and 360
first-degree relatives were reported by James and Chapman (1975).
Probands were diagnosed through personal interviews and medical
record reviews. A structured interview was used and diagnoses were
similar to the Washington University criteria. Assessments of rela-
tives were not blind to proband diagnosis. Approximately 40 percent
of the relatives were personally interviewed. The risk of bipolar
disorder (6.4 percent) was more than 30 times greater than the pop-
ulation expectation. The risk of unipolar disorder among relatives
of bipolar probands (13.2 percent) was nearly 20 times greater than
the risk to the general population. Gershon et al. (1975) studied an
Israeli sample of 54 bipolar probands and their 411 relatives. Four
of these probands were bipolar II cases. Probands were diagnosed
through personal interviews and medical record reviews using the
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Table 2.7. The Risk of Major Mood Disorder among First-Degree Relatives of
Bipolar Probands, Studies after 1960

Relative Risk

Study Diagnosis (%)
James and Chapman, 1975° BP 6.4
up 13.2

Gershon et al., 1975 BP 35
UP 8.6

LIP 13.2

Johnson and Leeman, 1977 BP 15.5
UP 19.8

Abrams and Taylor, 1980° BP 8.5
UP 6.4

Tsuang. Winokur, and Crowe, 198(F BP 3.3
UP 12.4

Jakimow-Venulet, 1981* BP 11.8
LIP 6.1

Scharfetter, 1981* BP 2.2
UpP 1.7

Gershon et al., 1982° BP 4.5
UP 14.0

Endicott et al., 1985¢ BP 2.3
UP 5.3

Andreasen et al., 1987 BP 39
P 22.8

Note: BP = bipolar disorder, UP = unipolar disorder.
*Stromgren correction.

"Age corrected, method not stated.

“Weinberg age correction.

“Not age corrected.

Washington University diagnostic system. Eighty-five control pro-
bands and their 619 first-degree relatives were also studied. Controls
were selected from internal medicine wards of a general hospital.
Patients were excluded from the control group if they had a history
of any psychotic or neurotic disorder including mild depression in
relation to their medical illness. Relatives were assessed with per-
sonal interviews and family history information. The final diagnoses
of relatives were made blind to the diagnostic status of the proband.
This well-controlled family study found an increased prevalence of
bipolar and unipolar disorders among the relatives of bipolar pro-
bands. These disorders were 10-20 times more likely to be observed
among relatives of bipolar probands in comparison to relatives of
controls.

Johnson and Leeman (1977) found high rates of bipolar and
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unipolar disorders among 213 first-degree relatives of 35 bipolar pro-
bands in their Australian sample. Probands were diagnosed with
personal interviews and medical record reviews. These authors used
a structured but idiosyncratic approach to diagnosis similar to cur-
rently used diagnostic systems. Sixty-seven percent of the relatives
were diagnosed through personal interviews. Although they provide
no control group and no Australian population expectation, the high
rate of bipolar disorder among the relatives (15.5 percent) is clearly
supportive of familial transmission, as is the 19.8 percent risk of
unipolar disorder. Abrams and Taylor (1980) performed a double-
blind, uncontrolled study of 14 bipolar probands and their 107 rel-
atives. Patients were diagnosed with a semistructured interview and
reviews of medical records. The authors used their own structured
diagnostic system for obtaining diagnoses. Relatives’ diagnoses were
based on a combination of personal interview and family history
data. The results indicate a high risk of bipolar disorder (8.5 percent)
among relatives of bipolar probands. The risk of unipolar disorder
(6.4 percent) is not much greater than one would expect from epi-
demiologic studies.

A double-blind, controlled study including more than 200 rel-
atives of bipolar probands and more than 500 relatives of control
probands was performed by Tsuang, Winokur, and Crowe (1980).
Controls were selected from consecutive admissions of appendec-
tomy and herniorrhaphy patients. Patients were diagnosed with a
structured psychiatric interview and a review of medical records.
Diagnoses were based on the Washington University diagnostic cri-
teria. Assessments and diagnoses of relatives were blind to the di-
agnostic status of probands. Seventy-three percent of the relatives
were personally interviewed. The 5.3 percent risk of bipolar disorder
among the relatives was significantly greater than the 0.3 percent
risk observed among controls. The 12.4 percent risk of unipolar
disorder among the relatives was greater than the 7.5 percent among
controls, but the difference was not statistically significant. This pro-
vides strong evidence that bipolar disorder is familial, with only weak
evidence for a familial relationship between unmipolar and bipolar
disorders.

Jakimow-Venulet (1981) studied a Polish sample of 150 bipolar
probands and their 804 relatives. Proband diagnoses were based on
structured personal interviews and medical record reviews. The di-
agnostic system employed is not clearly stated although Perris’s cri-
teria for depression were used. Relatives were diagnosed through a
combination of personal interviews and family history interviews.
Although we have no population rates from Polish studies to use for
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comparison, the 11.8 percent risk of bipolar disorder among the
relatives strongly suggests familial transmission. In contrast, the 6.1
percent risk of unipolar disorder does not provide strong evidence
for a familial association between the two disorders.

A Swiss sample of 30 bipolar probands and their first-degree
relatives was examined by Scharfetter (1981). The Present State Ex-
amination, a structured psychiatric interview, was the basis for psy-
chiatric interviews and diagnoses. Relatives were evaluated blind to
the proband’s diagnosis, based on personal interviews and medical
reports. The age-corrected risk for bipolar disorder among relatives
was 2.2 percent. The risk of unipolar disorder was 7.7 percent.

Gershon et al. (1982) reported a controlled study of more than
500 relatives of bipolar probands. Probands were diagnosed through
structured personal interviews based on the research diagnostic cri-
teria. Approximately 75 percent of the evaluations of relatives were
blind to the diagnosis of the proband. All but 75 percent of the
relatives were personally interviewed, with other diagnoses being
based on family history information. The control probands were
medical patients who had no history of diagnosable psychiatric dis-
order according to a structured psychiatric interview and a medical
record review. The 4.5 percent risk of bipolar disorder among rel-
atives of bipolar probands is substantially higher than both epide-
miologic expectations and the 0 percent risk to the control group.
Similarly, the 14 percent risk of depression among relatives of bipolar
probands is at the high end of the population expectation and more
than twice the risk observed among relatives of controls (5.8 percent).
Thus, this well-designed study found an increased risk for both bi-
polar and unipolar forms among relatives of bipolar probands.

Endicott et al. (1985) studied 122 bipolar probands and their
389 first-degree relatives. Proband diagnoses were based on struc-
tured personal interviews and the research diagnostic criteria. As-
sessments of relatives were primarily made with structured personal
interviews in combination with family history information. Diagnoses
of the relatives were blind to the diagnosis of the proband. The 2.3
percent risk of bipolar disorder among relatives is higher than the
population expectation even though the figure is not corrected for
variable age of onset. The risk of unipolar disorder among the rel-
atives of bipolar probands was 8.3 percent. This definition of unipolar
disorder required at least two episodes of major depression for a
positive diagnosis. When no restriction is made on the number of
episodes of depression, the risk increases to 21.9 percent. Thus,
consistent with other studies, recurrent unipolar depression does not
show a familial association with bipolar disorder. However, such an
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association emerges when nonrecurrent depressions are included in
the category of unipolar disorder.

Andreasen et al. (1987) reported familial rates of mood dis-
orders from the National Institute of Mental Health's (NIMH) Col-
laborative Study of the Psychobiology of Depression. Probands were
sampled from five centers in the United States. The research methods
adhered to high standards of quality for family study research.
Among the 569 relatives of bipolar probands, 3.9 percent were di-
agnosed with bipolar depression and 22.8 percent were diagnosed
with unipolar depression. These rates clearly exceed population ex-
pectations and strongly suggest familial transmission of unipolar and
bipolar disorders in bipolar proband families.

Overall, family studies of bipolar probands strongly support the
hypothesis that their first-degree relatives are at greater risk of bi-
polar disorder than is the general population. The risk to relatives
ranges from a low of 1.2 percent to a high of 24.9 percent. All of
these values are greater than the general population risk of 0.5 per-
cent suggested by epidemiologic studies (table 2.2). More important,
each of the three double-blind, controlled studies found high rates
of bipolar disorder among relatives of bipolar probands in compar-
ison to control probands. Conclusions regarding the relationship be-
tween unipolar and bipolar subforms are more ambiguous. Studies
that limit the definition of unipolar depression to recurrent forms
tend to find no familial relationship between the two subforms. Stud-
ies that do not exclude nonrecurrent unipolar depressives tend to
find a familial association but not consistently so. Most of the double-
blind, controlled studies find higher rates of unipolar disorder among
relatives of bipolar probands in comparison to relatives of controls.
However, these studies included nonrecurrent unipolar depressive
and may therefore be confounded if many of the unipolar cases are
actually bipolar cases who have not yet experienced a first manic
episode.

The familial relationship between unipolar and bipolar disor-
ders can also be assessed by studying unipolar probands and their
families. Table 2.8 presents studies of unipolar families that provide
risk estimates broken down by the type of relationship with the
proband. Some of these studies were performed in conjunction with
the studies of bipolar probands reported in table 2.6. Methodologic
descriptions of those studies are equally applicable to the unipolar
proband studies. Perris (1966) reported results from 1,203 first-de-
gree relatives of 139 recurrent unipolar probands. Their risk of bi-
polar disorder was less than 0.5 percent, much lower than the pre-
viously discussed risk for bipolar disorder among relatives of bipolar
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Table 2.8. The Risk of Major Mood Disorder among Relatives of Unipolar
Probands, Studies after 1960

Relationship (%)

Relative
Study Diagnosis Parent Child Sibling
Perris. 1966° BP 0.4 0.0 0.3
UP 3.0 1.8 5.9
Winokur et al., 1971° up 23.0 26.0 21.0
Winokur et al., 1972"
AD 12.8 — 15.3
Shopsin et al., 1976* AD 16.0) .0 17.0
Smeraldi, Negri, and
Melica, 1977° BP 0.0 4.5 0.0
UP 4.7 9.1 6.4
Trzebiatowska- BP 0.3 0.3 0.3
Trzeciak, 1977 LIP 8.0 6.3 i |
Baron et al., 1981° BP 1.6 1.6° 2.8
UP 15.6" 15.6° 21.1

Note: MD = mood disorder, BP = bipolar disorder, UP = unipolar disorder.
*"Weinberg age correction.

"Not age corrected.

‘Stromgren age correction.

“Parents and children combined.

probands (4.6-14.1 percent, table 2.6) and not much different from
what one would expect from general population studies. The risk of
unipolar disorder among relatives of unipolar probands was 5-30
times greater than the risk to relatives of bipolar probands. These
results led Perris to suggest that unipolar and bipolar subforms were
genetically distinct disorders. However, these results are somewhat
ambiguous because the unipolar risk to relatives of unipolar probands
is not markedly different from the general population expectation.
Thus, without information from a control group, it is difficult to say
whether or not Perris’s data showed unipolar disorder to be familial.

Evidence for the familial nature of unipolar disorder was pro-
vided by Winokur et al. (1971) in a family history study of 108
unipolar probands and their 529 first-degree relatives. Although the
probands were diagnosed through personal interviews and medical
record reviews using the Washington University criteria, the relatives
were assessed with the family history technique and these assessments
were not blind to the status of the probands. The results indicate
high rates of unipolar disorder among the relatives of unipolar pro-
bands (21-26 percent). These rates are clearly higher than the pop-
ulation expectation but, given the lack of blindness, the use of the
family history method, and a lack of a control group, strong conclu-
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sions cannot be drawn. Winokur et al. (1972) studied 225 unipolar
probands and their 1,187 first-degree relatives. Rates of mood dis-
order among the relatives were significantly greater than those ob-
served among relatives of a schizophrenic control group. The risk of
mood disorder among relatives of unipolar probands was not signif-
icantly different from the risk to relatives of bipolar probands. Since
polarity distinctions are not made among relatives, it is not possible
to draw inferences about unipolar-bipolar relationships from this
study.

Shopsin et al. (1976) studied 71 first-degree relatives of 12 uni-
polar probands. There was no mood disorder among children of
unipolar probands, but a moderately high risk among parents and
siblings. For all classes of relatives, the risk of mood disorder was
greater among relatives of bipolar as compared with unipolar pro-
bands. Smeraldi, Negri, and Melica (1977) studied 49 recurrent uni-
polar probands and their 318 first-degree relatives. They found no
bipolar disorder among the parents and siblings of the probands but
a 4.5 percent risk to their children. The overall risk to first-degree
relatives was 0.5 percent if only definite bipolar cases are included
and 1.0 percent if probable bipolar cases are included. This risk 1s
higher than the risk they cited from an Italian epidemiologic study
(0.1 percent), but not substantially higher than the mean risk across
all the epidemiologic studies (table 2.2). It is, however, lower than
the 4.0 percent risk of bipolar disorder among relatives of bipolar
probands. In contrast, the unipolar risk to relatives of unipolar pro-
bands (4.7-2.9 percent) was greater than the risk to relatives of
bipolar probands (1.4-5.7 percent) for all classes of relatives ex-
amined. Thus, using Perris’s criteria for recurrent depression, Smer-
aldi found results that parallel those of Perris (1966). As with Perris
(1966), the unipolar risk to unipolar relatives is not markedly greater
than the mean general population expectation. The pattern of ap-
parent independent segregation of unipolar and bipolar disorders
was also observed by Trzebiatowska-Trzeciak (1977). Her study in-
cluded 53 recurrent unipolar probands and their 379 first-degree
relatives. The bipolar risk to relatives of unipolar is not broken down
by relationship. Only one case was found, suggesting an overall mor-
bidity risk to first-degree relatives of only 0.3 percent, well within
the population expectation and substantially lower than the risk she
found to relatives of bipolar probands. The unipolar risk to unipolar
probands (6.3-8.0 percent) contrasts sharply with her finding of no
unipolar disorder among relatives of bipolar probands.

Baron et al. (1981) extended the bipolar proband series of Men-
dlewicz and Rainer (1974) by adding 110 unipolar probands and their
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nearly 500 first-degree relatives. Proband diagnoses were based on
structured personal interviews and the Washington University di-
agnostic criteria. Most of the relatives (79 percent) were personally
interviewed. Evaluations of the relatives were blind to the diagnostic
status of the proband. Unlike the previously discussed studies, the
risk of bipolar disorder (1.6-2.8 percent) among relatives of unipolar
probands was high enough to suggest a familial link between the
disorders. The risk of unipolar disorder among the relatives of uni-
polar probands (14.6-21.1 percent) is fairly high, suggesting familial
transmission of unipolar disorder. Unlike in other studies, the uni-
polar risk for relatives of unipolar probands is not greater than the
risk to relatives of bipolar probands. A comparison with Mendlewicz
and Rainer’s (1974) original report indicates the unipolar risk to
bipolar probands to be greater than the risk to relatives of unipolar
probands. If the comparison is made using Baron et al.’s (1981)
extended series, the unipolar risks appear to be equivalent.

Studies that do not provide a risk estimate breakdown by the
type of relationship are presented in table 2.9. The double-blind,
controlled study of Gershon et al. (1975) included 16 unipolar pro-
bands and their 113 first-degree relatives. None of the first-degree
relatives had bipolar disorder. The risk of unipolar disorder among
relatives of unipolar probands was 1.5 times greater than the risk to
relatives of bipolar probands and 20 times greater than the risk to
the relatives of controls. The low risk of bipolar disorder argues
against a familial relationship between unipolar and bipolar disor-
ders. However, approximately 2 percent of the relatives of unipolar
probands had bipolar II disorder. Abrams and Taylor (1980) reported
results from 26 unipolar probands and their first-degree relatives.
The 4.7 percent risk of bipolar disorder among the relatives is higher
than the population expectation but less than the risk to relatives of
bipolar probands (8.5 percent). The 7.5 percent risk of unipolar
disorder among relatives of unipolar probands is greater than the
6.4 percent risk to bipolar probands but not markedly so. The uni-
polar risk is also within the range of values employed for the general
population. The small sample size renders these data difficult to
interpret. However, the high risk of bipolar disorder among unipolar
relatives is consistent with a unipolar-bipolar familial association, as
i1s the finding of essentially equal rates of unipolar disorder among
relatives of bipolar and unipolar probands.

Tsuang, Winokur, and Crowe (1980) included 225 unipolar pro-
bands and their 500 first-degree relatives in their double-blind, con-
trolled family study. The 3.0 percent risk of bipolar disorder among
relatives of unipolar probands was significantly different from the
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Table 2.9. The Risk of Major Mood Disorder among First-Degree Relatives of
Unipolar Probands, Studies after 1960

Relative Risk

Study Diagnosis (%)
Gershon et al., 1975 BP (.0
P 14.2

Abrams and Taylor, 1980" BP 4.7
LIP 1.5

Tsuang, Winokur, and Crowe, 1980" BP 3.0
LIP 152

Angst et al., 198(¢ BP 0.1
P 5.9

Jakimow-Venulet. 1951° BP 1.5
P 0.5

Scharfetter et al.. 1981° BP e
Uup 9.1

Gershon et al., 1982" BP 1.5
e 16.6

Weissman et al., 1984° BP 0.8
LIP 18.4

Endicott et al.. 1985° BP 0.7
LIP 11.1

Andreasen et al., 1987 BP 0.6
LIP 28.4

Note: BP = bipolar disorder. UP = unipolar disorder.
“Stromgren correction.

"Weinberg correction.

‘Not age corrected.

risk to the control group of 0.3 percent. The 15.2 percent risk for
unipolar disorder among relatives of unipolar probands was signifi-
cantly different from the 7.5 percent risk to relatives of controls.
Thus, these results support the contention that unipolar disorder has
a familial component and that unipolar and bipolar disorders coag-
gregate in families.

Angst et al. (1980) studied 161 unipolar probands and more
than 1,000 first-degree relatives. The (.1 percent risk of bipolar dis-
order among the relatives is well within the population expectation
and substantially less than the 2.5 percent risk for relatives of bipolar
probands. The 5.9 percent risk of unipolar disorder among relatives
of unipolar probands is not markedly different from either the pop-
ulation expectation or the 7.0 percent risk to relatives of bipolar
probands. The low bipolar risk in the unipolar families argues against
the unipolar-bipolar link, while the equal rates of unipolar disorder
support such a hypothesis. Jakimow-Venulet (1981) included 50 uni-
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polar probands and their 306 first-degree relatives in her family stu@y
of mood disorder. Perris’s (1966) criteria for recurrent unipolar dis-
order were applied. The risk for bipolar disorder in the relatives was
0.5 percent. This is consistent with general population studies and
much less than the 11.8 percent risk found in relatives of bipolar
probands. The 9.5 percent risk of unipolar disorder was greater then
the unipolar risk to bipolar families (6.1 percent) but not markedly
different from general population studies. Thus, these results are
consistent with other studies of recurrent unipolar probands in finding
a low risk of bipolar disorder and a possibly elevated risk of recurrent
unipolar disorder among their first-degree relatives.

Scharfetter’s (1981) study reported psychiatric data from rela-
tives of 59 unipolar probands. The unipolar diagnosis did not require
recurrent episodes. The risk of bipolar disorder among relatives was
2.2 percent. The risk of unipolar disorder was 9.0 percent. The risk
of bipolar disorder is suggestive of a unipolar-bipolar familial link.
The risk of unipolar disorder is difficult to interpret in the absence
of a control group.

The double-blind, controlled study of Gershon et al. (1982)
included 166 first-degree relatives of unipolar probands. The 1.5
percent risk of bipolar disorder was greater than the 0.0 percent risk
for controls but less than the 4.5 percent risk for relatives of bipolar
probands. The 16.6 percent risk of unipolar disorder to relatives of
unipolar probands was not much greater than the 14.0 percent risk
of unipolar disorder to relatives of bipolar probands but was nearly
three times the risk observed in the control group. These results are
similar to those of the controlled studies of Tsuang, Winokur, and
Crowe (1980) and Gershon et al. (1975) in finding strong evidence
for a familial component to unipolar disorder and weaker evidence
for the coaggregation of bipolar disorder in unipolar families.

Weissman et al. (1984) studied psychiatric disorders in 2,003
first-degree relatives of 335 unipolar probands. Probands were di-
agnosed with structured personal interviews based on the research
diagnostic criteria. Relatives were diagnosed primarily through struc-
tured personal interviews based on the research diagnostic criteria
along with family history evaluations from multiple informants. Ap-
proximately 75 percent of the evaluations of relatives were blind to
proband diagnostic status. Similar diagnostic methodologies were
applied to a community sample of 82 normal controls. The 8.1 per-
cent risk of bipolar disorder among relatives of unipolar probands
was four times the nisk observed in the community. The 18.4 percent
risk of unipolar disorder was three times the risk reported in the
community. Thus, consistent with other double-blind, controlled
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studies, there is evidence for a familial component to unipolar dis-
order and some suggestion of a familial coaggregation of unipolar
and bipolar disorders.

The study of Endicott et al. (1985) included 121 recurrent un-
ipolar probands and their 424 first-degree relatives. The 0.7 percent
risk of bipolar disorder among the relatives is not much greater than
the population expectation and is less than the 2.3 percent reported
for relatives of bipolar probands. The risk of unipolar disorder to
relatives of unipolar probands (11.1 percent) was not much greater
than the 8.3 percent risk to relatives of bipolar probands. These
results are difficult to interpret, since the risks to relatives have not
been corrected for variable ages of onset.

The results from the NIMH Collaborative Study of Depression
(Andreasen et al., 1987) found a 0.6 percent risk of bipolar disorder
and a 28.4 percent risk for unipolar disorder among relatives of
unipolar probands. Although the unipolar diagnosis did not require
recurrent episodes, the relatives’ risk of bipolar disorder does not
suggest a familial link between the two disorders. In contrast, the
28.4 percent risk of unipolar disorder provides strong evidence for
familial transmission.

We can identify several trends from the data in tables 2.6-2.9.
The reported risks of bipolar disorder among relatives of bipolar
probands are consistently greater than the risk to the general pop-
ulation, the risk to relatives of normal controls, and the risk to
relatives of unipolar probands. Thus, there is strong evidence that
bipolar disorder is familial. If unipolar and bipolar disorders are
familially related, the lower risk of bipolar disorder among relatives
of unipolar probands suggests that the two disorders do not have
completely identical familial substrates. The results of studies of
unipolar probands demonstrate the importance of control groups in
psychiatric genetic studies. Since the epidemiologically reported risks
of unipolar disorder in the general population are highly variable, it
is difficult to state whether the risk of unipolar disorder to relatives
of unipolar probands in uncontrolled studies is greater than one
would expect. However, the four double-blind, controlled studies
consistently found higher rates of unipolar disorder among relatives
of unipolar probands in comparison to controls. These provide strong
evidence favoring the hypothesis that major depression is familial.

The reviewed data provide several means for examining the
putative familial relationship between unipolar and bipolar disorders.
One approach is to focus on the four rigorous, double-blind, con-
trolled family studies. Table 2.10 indicates the relative risk for uni-
polar and bipolar disorders among first-degree relatives of bipolar
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Table 2.10. The Relative Risk of Unipolar and Bipolar Disorders among First-
Degree Relatives of Unipolar and Bipolar Probands, Double-Blind Case-Controlled
Studies

Relative Risk of

Proband Unipolar Bipolar
Study Diagnosis  Disorder (%)  Disorder (%)
Gershon et al., 1975 BP Q.7 17.5
UP 18.9 0.0
Tsuang, Winokur. and Crowe, 1980 BP 1.7 17.7
UP 2.0 10.10
Gershon et al., 1982 BP 2.4 4.5/0
P 2.9 1.5/0
Weissman et al., 1984 UP 3.1 4.0

Note: The relative nisk 1s the risk to relatives of ill probands (tables 2.7 and 21.9)
divided by the risk to the control sample (tables 2.2 and 2.3). BP = bipolar disorder.
UP = unipolar disorder.

and unipolar probands. The relative risk is computed by dividing the
risk to the relatives of the ill probands by the risk to the relatives of
control probands. These results indicate that a unipolar disorder 1s
1.7-9.7 times more likely to be found among relatives of bipolar
probands than among relatives of control probands. Thus, all the
controlled studies found an excess of unipolar disorder in bipolar
proband families. The results of examining bipolar disorder in uni-
polar proband families are less conclusive. Three studies found rel-
ative risks greater than or equal to 4; one study reported a relative
risk of zero. However, the zero relative risk would increase to 10.5
if bipolar II disorder is considered to be a bipolar variant. Overall,
there are seven relative risk figures in table 2.10 that evaluate coag-
gregation. Six of these relative risks are consistent with a familial
association between bipolar and unipolar disorders and one is pos-
sibly consistent. Unfortunately, all these studies share one major
problem of interpretation: none of the double-blind, controlled stud-
ies required more than one episode of depression in the definition
of unipolar disorder. It is possible that their unipolar samples are
contaminated by cases of latent bipolar patients who have not yet
experienced a manic episode. There is a remarkable consistency of
results from studies limiting the diagnosis of unipolar disorder to
recurrent forms (i.e., two or more episodes). As a group, these
studies indicate little evidence of unipolar-bipolar concordance in
families. Most remarkable in this regard are the studies of Perris
(1966) and Trzebiatowska-Trzeciak (1977). They found very little
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unipolar disorder among relatives of bipolar probands and very little
bipolar disorder among relatives of unipolar probands. It is difficult
to reconcile these findings with the hypothesis that the two subforms
are genetically related. Unfortunately, there are no double-blind,
controlled family studies of recurrent unipolar disorder. Resolution
of this issue must await further research or, possibly, reanalyses of
previous data sets omitting nonrecurrent unipolar cases.

Risk FaAcTORS FOR FAMILIAL Moop DISORDERS

In the preceding sections, we have unequivocally demonstrated
that mood disorders are familial. In this section we examine three
variables proven to be robust familial risk factors. That is, the mea-
surement of the risk factor increases the ability to predict the degree
of risk to relatives of ill individuals.

Degree of Relationship

Under a genetic hypothesis, the risk for a disorder among sec-
ond-degree relatives should be greater than the population preva-
lence but less than the risk to first-degree relatives. Morbidity risks
to second-degree relatives of mood disorder probands are presented
in table 2.11.

All of these early family studies reported nisks to second-degree
relatives that are greater than the general population prevalence but
less than the risk to first-degree relatives.

The three more recent data sets pertaining to second-degree
relatives in table 2.11 can be compared to general population risks
in tables 2.2 and 2.3 and to first-degree relative risks in tables 2.6
2.9. Smeraldi, Negri, and Melica (1977) studied 660 second-degree
relatives of unipolar probands and 669 second-degree relatives of
bipolar probands. The prevalence of mood disorders among these
relatives was clearly less than the prevalence among first-degree rel-
atives but not markedly different from the population expectation.
The overall risk for bipolar disorder among second-degree relatives
of unipolar probands was only (.2 percent; the corresponding risk
for unipolar disorder was 0.5 percent. The overall risk for bipolar
disorder among second-degree relatives of bipolar probands was 0.9
percent; the corresponding risk for unipolar disorder was 0.7 percent.
Thus, there is some evidence for an increased risk of bipolar disorder
among second-degree relatives of bipolar probands, but no apparent
increased risk for other proband-relative comparisons.
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Table 2.11. The Risk of Major Mood Disorder among Second-Degree Relatives

Proband Relative Risk
Study Diagnosis  Diagnosis Relationship (%)
Réll and Entres, 1936*" MD MD nephews and 3.6
nieces
Schaedler, 1938"" MD MD grandchildren 34
Schulz, 1930s° MD MD half-siblings 1.4
Luxenburger, 1930s° MD MD nephews and 2.6
nieces 4.8
uncles and aunts
Kallmann, 1954 MD MD half-siblings 16.7
Smeraldi. Negri, and
Melica, 1977* UpP BP uncles and aunts 0.0
nephews (0.0
grandparents 0.7
UP UP uncles and aunts 0.8
nephews 0.0
grandparents 0.0
BP BP uncles and aunts 1.2
nephews 0.0
grandparents 0.7
BP up uncles and aunts 12
nephews 0.0
grandparents 0.0
Trzebiatowska- UP MD grandchildren 34
Trzeciak, 1977 BP MD grandchildren 5.3
Gershon et al., 1982° up BP grandparents,
uncles, and aunts 0.0
UP UP uncles and aunts 3.7
BP BP uncles and aunts 1.1
BP UP uncles and aunts 54

Note: MD = mood disorder, BP = bipolar disorder, UP = unipolar disorder.
*Weinberg method of age correction.

“From Stenstedt, 1952,

‘From Kallmann, 1954,

‘From Slater, 1936.

“Strémgren method of age correction.

Trzebiatowska-Trzeciak (1977) studied mood disorders in 330
grandchildren of unipolar probands and 252 grandchildren of bipolar
probands. These data are difficult to interpret because the diagnoses
of relatives were not classified by polarity. However, this author did
find unipolar and bipolar disorders to breed true among first-degree
relatives (tables 2.6 and 2.8). If it is assumed that these disorders
also breed true among the second-degree relatives, then the data in
table 2.11 would indicate an increased risk of bipolar disorder among
second-degree relatives of bipolar probands but no increased risk of
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unipolar disorder among second-degree relatives of unipolar pro-
bands.

The study of Gershon et al. (1982) is the only double-blind,
controlled study to include second-degree relatives. These results are
similar to those of Smeraldi, Negri, and Melica in that the risks to
second-degree relatives are clearly less than the risks to first-degree
relatives but not consistently greater than the population prevalence.
In fact, the only risk of morbidity to second-degree relatives that is
substantially greater than the risk to the control group is the risk for
bipolar disorder among second-degree relatives of bipolar probands.
Thus, all of the three recent family studies of second-degree family
relatives find evidence for an increased risk of bipolar disorder among
relatives of bipolar probands. There is no strong evidence for an
increased risk of unipolar disorder among second-degree relatives of
either unipolar or bipolar probands. There is no evidence for an
increased risk of bipolar disorder among the second-degree relatives
of unipolar probands. Thus, studies of second-degree relatives are
consistently supportive of a genetic component to bipolar disorder,
They provide little evidence of a genetic component to unipolar
disorder or of a genetic association between unipolar and bipolar
disorders. In interpreting these data it is, of course, important to
remember that family studies of second-degree relatives are more
difficult and probably less methodologically sound than family studies
of first-degree relatives. This is because the more distant relatives
are more difficult to contact and less likely to be recruited for personal
interviews. Thus, data on second-degree relatives are often based on
the family history method. To compound the problem, the family
history method is less reliable when informants are reporting about
distant relatives. Since none of these studies provided data on second-
degree relatives of control probands, the extent of such potential
biases is difficult to determine. However, the direction of the bias
would be to lower the observed risk to second-degree relatives. Since
the bias should not differentially affect diagnoses of unipolar and
bipolar disorder, the differences observed between these two dis-
orders are probably not artifactual.

(render

Epidemiologic studies have consistently found women to be at
greater risk than men for unipolar disorder. The comprehensive re-
view by Weissman and Boyd (1984) indicated that this gender effect
is more pronounced for unipolar than for bipolar disorder. The uni-
polar/bipolar difference in the robustness of the gender effect is
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clearly seen in the data of Robins et al. (1984), indicating women to
be twice as likely as men to experience a major depressive episode
but equally likely to have experienced a manic episode. This differ-
ence was observed in three large community samples and is consistent
with Winokur and Crowe’s (1983) review of 14 family studies of
bipolar probands indicating that, among affected female relatives,
the ratio of unipolar to bipolar disorder is approximately two,
whereas, among affected male relatives, the ratio is approximately
one. As Winokur and Crowe (1983) noted, the gender effect may
hold a clue to clarifying the observed familial transmission and sus-
pected genetic heterogeneity of the mood disorders.

The possibility that the gender effect is due to the transmission
of a gene on the X-chromosome has received much attention. A
dominant X-linked gene is consistent with greater prevalence among
females. The mathematics of population genetics has shown that,
assuming a dominant X-linked gene, the ratio of ill males to ill
females should be 1/(2 — p). where p is equal to the probability of
the pathogenic gene in the population. Low values of p would be
consistent with the population male/female sex ratio of 0.5 reported
in epidemiologic studies (Weissman and Boyd, 1984). A hallmark
of X-linkage is the absence of father-to-son transmission, because
fathers cannot transmit an X-chromosome to their sons. There have
been reports of no father-son transmission of bipolar disorder in
some samples (see, e.g., Winokur, 1970). However, one compre-
hensive review found 73 cases of father-son transmission in 11 family
studies of bipolar disorder (Zerbin-Rudin, 1980). Thus X-linkage
cannot account for all cases of mood disorder.

Autosomal inheritance can lead to sex differences in the pres-
ence of a nonfamilial, environmental effect that differentially affects
males and females. For example, if certain maternal child-reaning
experiences increase vulnerability to mood disorders, then a sex dif-
ference will be observed. The autosomal model with nonfamilial
effects predicts that the male/female sex ratio among relatives of
female probands is expected to equal the sex ratio among relatives
of male probands, and both are expected to equal the population
sex ratio.

Faraone, Lyons, and Tsuang (1987) examined the gender effect
by presenting data from 16 informative family studies that provided
the morbidity risk by the sex of the proband and the sex of the
relative. Their results are presented in figures 2.1 and 2.2 as ratios
of the form [J/KL; here the ratio expresses the morbidity risk of a
relative of sex J given a proband of sex I, divided by the risk to
relative of sex L given a proband of sex K. The second sex ratio in
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figure 2.1 (MM/MF) has the most straightforward interpretation. It
should be equal to the gene frequency, p, under the X-linked model
and to the population male/female sex ratio under the nonfamilial
effects model. Since the general population risk for mood disorder
is less than 10 percent in most studies, the gene frequency must be
relatively low. This is especially obvious for dominant X-linked dis-
orders, where the male population risk of the disorder equals the
gene frequency times the penetrance (the probability of expressing
the disorder if one has the ill genotype).

For the X-linked model, the risk to females should be p(2 —
p) times the penetrance. Since monozygotic twin concordance rates
for mood disorder are greater than 50 percent, it is unlikely that
mood disorders are a low-penetrant phenotype. The MM/MF sex
ratios in figure 2.1 are highly variable for both the unipolar and the
bipolar studies. They are not consistent with the suggestion that
either X-linkage or a nonfamilial effects model accounts for a large
majority of the mood disorders in the 16 studies reviewed.

Consistent with mathematical modeling studies (see chap. 5
below), the data in figures 2.1 and 2.2 are not consistent with the
hypothesis that males (the less frequently affected sex) require more
multifactorial familial liability to develop the disorder than do fe-
males. Such a model predicts relatives of male probands to be at a
greater risk than relatives of female probands. As the MF/FF and
MM/FM sex ratios in each figure indicate, this is not true for many
of the data sets examined.

The first two sibling sex ratios (FM/FF and MM/MF) in figure
2.2 indicate that the ratio of ill brothers to ill sisters is larger when
the proband is male. If the population sex ratio is due to a nonfamilial
effect, the brother/sister ratio should not depend on the sex of the
proband. Thus it is likely that some familial sex-specific effect is
operating. X-linkage is a reasonable candidate; it predicts that the
brother/sister sex ratio among female probands will be less than the
comparable ratio among male probands.

The sibling effect was examined from another perspective by
comparing same-sex sibling risks with opposite-sex sibling risks (Far-
aone, Lyons, and Tsuang, 1987). Opposite-sex morbidity risks were
less than both same-sex morbidity risks for 10 of the 12 proband
groups in studies that did not report the polarity of the disorder.
That is, the opposite-sex risks were significantly less than the brother/
brother risks and the sister/sister risks. The studies examining di-
agnoses of relatives by polarity produced more ambiguous results.
Although 9 of 15 comparisons indicated lower opposite-sex than
same-sex risks, the differences are not statistically significant.
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The sibling data reviewed by Faraone et al. are consistent with
the involvement of cultural transmission. For example, Rice, Clon-
inger, and Reich (1980) described a multifactorial polygenic model
with cultural transmission from same-sex identification. If, through
social learning, children are more likely to develop the behavior
patterns of the same-sex parent, then same-sex sibling concordance
should be greater than opposite-sex sibling concordance. This model
1s also consistent with data in figure 2.1 that can be interpreted to
mean that mother-daughter transmission 1s greater than mother-son
transmission for most studies. However, the model makes the in-
correct prediction that father-son transmission will be greater than
father-daughter transmission.

Age of Onset

That mood disorders have a variable age of onset has been
known for many years. The cause of this variability is unknown, but
its significance as a predictor of familial risk has not gone unobserved.
Stenstedt (1952) reported that relatives of early-onset unipolar pro-
bands had more than twice the risk of mood disorders than relatives
of late-onset unipolar probands. The onset was considered early if
the first episode of illness was before age 40. First episodes after age
40 defined late-onset probands. This finding has been frequently
replicated and extended to include relatives of bipolar probands.
Table 2.12 compares morbidity risks among relatives of early- and
late-onset probands. Of the 19 studies in table 2.12, 17 found relatives
of early-onset probands to be at greater risk for mood disorder than
relatives of late-onset probands. All of the 10 comparisons from
unipolar proband studies found the effect, as did 2 studies combining
unipolar and bipolar probands. Only 2 of the 7 bipolar proband
studies did not. Thus, the age-of-onset effect has overwhelming sup-
port. Recent reports from the NIMH Collaborative Study of Depres-
sion have confirmed the effect for bipolar (Rice, Reich, et al., 1987)
but not for unipolar (Reich et al., 1987) probands.

The age-of-onset effect appears to be independent of both the
gender of the proband and the gender of the relative. The effect is
consistently observed among relatives of male and female probands
(table 2.13) regardless of the relative’s gender (table 2.14).

Furthermore, when methods analogous to multiple regression
are used to predict illness among relatives, the age-of-onset and
gender effects are found to be independent for both unipolar (Weiss-
man et al., 1986) and bipolar (Rice, Reich, et al., 1987) disorders
in relatives. These analyses also indicate that the age-of-onset effect
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Table 2.12. The Risk of lliness by the Age of Onset of the Proband
Risk (“¢) by

Age of Onset
Proband/Relative Age g Sthany
Study Diagnosis Cutpoint®  Early® Late®
Stenstedt, 1952"¢ UPMD 40 16.6 7.9
Hopkinson, 1964° AD/MD 50 21.1 9.1
BP/MD 40 9.6 12.0
Winokur and Clayton, 1967" UP/MD 40 23.0 8.7
BR/MI 40 3.8 20.6
Hopkinson and Ley, 1969° ADMD 40 28.8 1235
Winokur et al., 1971° LPF/UP 40 19.6 13.6
Marten et al., 1972° UPMD 40 2.2 0.3
Taylor and Abrams, 1973 BP/MD 30 30.6 7.9
Winokur et al., 1973 UPMD 40 16.5 7.6
(parents then sibs) UP/MD 40 17.3 13.8
Goetzl et al., 1974 BP/MD 40) 17.4 19.8
James, 1977¢ BP/MD 30 26.0 12.3
Johnson and Leeman, 1977¢ BP/MD 30 3l.4 28.8
Winokur, 197% UP/UP ) 23.0 8.1
Angst et al., 1980" BP/MD S0 13.2 10.3
Mendlewicz and Baron. 1981° UP/UP 40 21.4 14.3
Weissman et al., 1984° UP/UP 40 16.6 7.6
McGuffin, Katz, and
Bebbington, 1987° PP 32 43.1 35.2

Note: MD = mood disorder, BP = bipolar disorder. UP = unipolar disorder.
*Early (Late) onset is less (greater) than cutpoint.

"As tabulated by Cadoret et al.. 1970,

“Weinberg method of age correction.

‘Stromgren age correction.

“No age correction.

Table 2.13. The Risk of Iliness by the Sex and Age of Onset of the Proband

Risk (9%) to Relatives

Female

Male Proband Proband
Proband/Relative  Early Late  Early Late
Study Diagnosis Onset  Onset  Onset  Onset
Hopkinson and Ley, 1969 MD/MD 30.7 14.8 27.9 10.9
Winokur et al., 1973 UP/MD 15.4 9.1 17.4 6.4
James, 1977 BP/MD 27.6 2.1 25.8 15,5

Note: MD = mood disorder, BP = bipolar disorder, UP = unipolar disorder.
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Table 2.14 The Risk of Illness by the Sex and Age of Onset of the Proband and
the Sex of the Relative

Risk (%) to Relative

Male Female
Proband Proband

Proband/Relative Sex of [Early Late Early Late
Study Diagnosis Relative Onset Onset Onset Onset
Stenstedt, 1952 BP/MD M T 0.0 11.8 0.0
F 6.5 0.0 11.8 338

UPMD M 20.0 0.0 120 9.0

F 22.2 71,182 139

Winokur and Clayton, BP/MD M 14.3 0.0 125 455
1967 F 85.7 267 438 0.0
UPMD M 240 149 209 3.8

F 16.8 6.5 2940 9.3

Cadoret et al., 1971 UP/MD M — — 7.2 6.9
F - e 11.1 17.8

Winokur et al., 1971 UF/UP M 16.0  19.0 9.0 6.0
F 37.0  12.0 29.0 9.0

Marten et al_, 1972 UPMD M 69 11.8 7.9 2.8
F 75 3.1 170 8.1

Mendelwicz and Baron, UP/UP M 10.0 8.0 8.0 6.0
1981 F 17.0 8.0 17.0 10.0

Note: MD = mood disorder, BP = bipolar disorder, UP = unipolar disorder.

cannot be attributed to either the birth cohort effect or the presence
of anxiety or alcohol use disorders in the probands.

There are several competing explanations for the age-of-onset
effect. Perhaps the simplest is that the older-onset probands are
contaminated by cases of mood disorder that are secondary to an-
other disorder. The older-onset group would be more susceptible to
contamination because the aging process is associated with an in-
creased likelihood of having an illness that may present as a mood
disorder. Since the mood disturbance may be apparent before the
diagnosis of the primary illness, one would expect that even the most
rigorous diagnostic criteria would be prone to such misdiagnosis.
Another possibility is etiologic heterogeneity. That is, early- and late-
onset cases may correspond to different forms of primary mood
disorders. The age-of-onset distinction has been useful in clarifying
the etiologic heterogeneity of other illnesses, such as diabetes. It may
also provide a useful marker of discrete subtypes for mood disorders.

If mood disorders are homogeneous, then early-onset probands
may have a more severe form of the same disorder that affects late-
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onset probands. This explanation is consistent with a multifactorial
polygenic model of familial transmission (see chap. 5 below for de-
tails). Briefly, the multifactorial model asserts that the onset of a
disorder is caused by the additive action of numerous genetic and
environmental factors. In this formulation a more severe disorder is
one that is accompanied by a greater number of these factors.

It is reasonable to expect that severe cases have an earlier age
of onset than milder cases, because the latter’s onset may be fore-
stalled until an environmental stress occurs. Since severe cases, by
definition, also have a higher genetic loading (1.e., more polygenes),
one would expect their relatives to be at greater risk for the disorder.
Although none of these alternative explanations for the age-of-onset
effect can be definitively chosen, it is unequivocally clear that the
age of onset is a familial risk factor that deserves further exploration.

SUMMARY

The family study is the workhorse of psychiatric genetics. The
systematic evaluation of families where illness is known to affect one
member provides a relatively straightforward means of testing the
hypothesis of genetic transmission. In this chapter we have provided
a context for interpreting family studies by reviewing the epide-
miology of mood disorders. An accurate estimate of the population
rate of illness is essential to a meaningful interpretation of the rate
of illness among families of ill individuals. As we can discern from
table 2.1, the pioneering European studies suggested that the lifetime
risk for what was then called manic-depressive psychosis was less
than 1 percent. Although these studies did not use explicitly defined,
structured diagnostic criteria, they were sensitive to the necessity of
creating homogeneous study groups using appropriate exclusion cri-
teria.

More recent epidemiologic studies focusing on bipolar disorder
report rates of illness ranging from 0 percent to 1.1 percent, with a
mean of (.5 percent (table 2.2). It is notable that there is relatively
little variability among the 12 studies examined. In contrast, esti-
mated population rates of unipolar disorder are highly variable, rang-
ing from a low of 0.5 percent to a high of 18.0 percent (table 2.3).
These results could indicate that population rates of unipolar disorder
are truly more variable across time and location than are rates of
bipolar disorder. However, a more parsimonious methodologic ex-
planation should be considered. There may be more agreement
among investigators regarding the definition of bipolar disorder,
leading to more agreement in estimates of prevalence.
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It is also notable that the early European studies report pop-
ulation rates of manic-depressive psychosis that are in the same range
as the more recently reported rates of bipolar disorder but well below
the range of rates reported for major depression. This may indicate
that the early definition of manic-depressive psychosis was essentially
limited to bipolar cases and, perhaps, the more severe cases of re-
current unipolar disorder. Alternatively, these differences may re-
flect true increases in rates of mood disorders during the twentieth
century. Systematic evaluations of trends in the rates of mood dis-
orders support this latter interpretation. A growing number of in-
vestigators have observed an increasing lifetime risk of mood dis-
orders during the twentieth century. Although further work is needed
before this phenomenon is completely understood, the effect does
not appear to be due to simple confounds such as impaired recall of
early episodes by older individuals. It is more likely that the presence
of a true cohort effect or age-period interaction has been established.
Choosing between these alternatives is difficult for a variety of rea-
sons. Nevertheless, the work of Lavori et al. (1986) from the NIMH
Collaborative Study of Depression provided compelling evidence
that there was a marked leap in the risk of depression during the
decade from 1965 to 1975, suggesting the presence of a period effect
that increased the risk of illness to individuals who had not passed
through the age-of-onset range for the disorder. Follow-up data from
the collaborative study should provide more definitive evidence for
the proposed period effect.

The early European family studies of mood disorders used
methods and diagnostic practices similar to those employed in the
early European epidemiologic studies. In fact, many of the same
investigators produced both epidemiologic and family study data.
These investigators consistently found that manic-depressive psy-
choses were much more prevalent among the parents, children, and
siblings of manic-depressive patients than among the general pop-
ulation (table 2.5). For most studies, the risk to relatives was more
than 10 times the risk to the general population. In four studies there
was a fortyfold increase in the risk to relatives (table 2.5).

The more methodologically sophisticated family studies com-
pleted in recent decades have confirmed observations made by the
pioneers of psychiatric genetics. Family studies of bipolar probands
(tables 2.6 and 2.7) strongly support the hypothesis that their parents,
siblings, and children are at greater risk for bipolar disorder than
the general population. Each of the three double-blind, controlled
studies found increased rates of bipolar disorder among relatives of
bipolar probands compared to relatives of normal control probands
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(table 2.10). Findings regarding the relationship of unipolar and bi-
polar disorders were ambiguous. Studies limiting the definition of
unipolar to recurrent cases tend to find no familial relationship be-
tween the two disorders. Studies including nonrecurrent cases tend
to find a familial association, but not consistently. All of the double-
blind, controlled studies find a familial association but none of these
excludes cases of nonrecurrent depression. It is difficult to determine
whether increased rates of depression among families of bipolar pro-
bands are due to bipolar cases that have not yet experienced a manic
episode.

Family studies of unipolar probands provide less consistent evi-
dence than do bipolar proband studies (tables 2.8 and 2.9). Given
the high variability of estimates in population prevalence, uncon-
trolled studies are difficult to interpret, because in many cases the
risk to parents, siblings, and children is within the range observed
in epidemiologic studies. Fortunately, all of the double-blind, con-
trolled studies consistently found elevated rates of depression among
relatives of unipolar probands when compared to relatives of normal
control probands or population samples. Thus, the familial nature
of unipolar depression has been definitively established. The unipolar
proband studies do not conclusively establish a familial link to bipolar
disorder. Some studies find increased rates of bipolar disorder in the
relatives; others do not. The increased rates are usually found in
studies that include nonrecurrent cases of unipolar depression and
are usually not found when such cases are excluded. Case-controlled,
double-blind family studies separating recurrent and nonrecurrent
depressions are needed to clarify this issue.

In this chapter we have examined three factors known to affect
strongly the familial risk of mood disorders. Under any genetic trans-
mission hypothesis, the risk to relatives should decrease as the num-
ber of shared genes decreases. With the data in table 2.11 we can
demonstrate that, for the early European studies of manic-depressive
psychosis, the risk to second-degree relatives (who share 25 percent
of their genes with probands) is greater than the population risk but
less than the risk to first-degree relatives (who share 50 percent of
their genes with probands). The three recent studies of second-degree
relatives all suggest an increased risk for bipolar but not unipolar
disorder among second-degree relatives of bipolar probands. The
risk to second-degree relatives tends to be less than the risk to first-
degree relatives. There is little evidence for an increased risk of
unipolar or bipolar disorders among second-degree relatives of uni-
polar probands. Thus, although the degree of genetic relatedness
appears to be a risk factor for familial mood disorders, further dou-



Family Studies 67

ble-blind, case-controlled studies of second-degree relatives are
needed to provide more definitive evidence.

The role of gender as a risk factor for depression was first
suggested from epidemiologic data finding consistently higher rates
of depression among females. Within bipolar families, father-son
transmission is less frequently observed than is mother-son trans-
mission, suggesting that gender is related to familial risk in a manner
consistent with X-chromosome transmission. However, X-chromo-
some transmission cannot explain the observed sibling effect—that
is, that the risk to siblings of the same sex is greater than the risk to
opposite-sex siblings. Such a pattern raises the question of cultural
transmission due to same-sex identification or related processes. We
discuss issues of genetic transmission more fully in subsequent chap-
ters and we suggest that there may be a role for both X-linked and
culturally transmitted factors in the transmission of mood disorders.

An early age of onset in probands has been frequently observed
to be associated with increased risk to relatives. Although there are
some Inconsistent results, this age-of-onset effect 1s surprisingly ro-
bust. It has been reported for both unipolar and bipolar disorders
and is independent of the sex of both proband and relative. The age
of onset of mood disorder may be a marker of etiologic heteroge-
neity. That is, as is the case with diabetes, an early age of onset may
characterize a more familial form of the disorder. An alternative
hypothesis is that the age of onset is associated with a multifactorial
polygenic liability that underlies mood disorders. Under this hy-
pothesis, earlier-onset patients have more polygenes than do late-
onset patients and are therefore more likely to transmit the illness
to relatives.



Chapter Three

Twin Studies

The occurrence of twinning provides a natural experiment in
human genetics. Monozygotic (MZ) twins have 100 percent of their
genes in common. Thus, differences between MZ twins must be due
to environmental influences. Dizygotic (DZ) twins have only 50 per-
cent of their genes in common; their genetic similarity is the same
as that between siblings. Since DZ twins are not genetic copies of
each other, differences within a twin pair can be due to environmental
or genetic factors. Thus, a comparison of the co-occurrence of a
psychiatric disorder in MZ and DZ twins provides information about
the relative importance of genetic and environmental factors in the
etiology of the disorder.

METHODOLOGIC CONSIDERATIONS

Twin data for all-or-none traits like psychiatric disorders are
usually expressed as concordance rates. These rates are based on a
sample created by first identifying ill individuals (the probands) from
twin births and then evaluating the co-twin. The pairwise concor-
dance rate is defined as the proportion of twin pairs in which both
twins are ill. If X is equal to the number of concordant twin pairs
(i.e., both twins are ill) and Y is equal to the number of discordant
twin pairs (i.e., only one twin is ill), then the pairwise concordance
rate is given by:

X
X+Y

Although intuitively appealing, the pairwise concordance rate
is appropriately used only when the mode of sampling is single se-
lection—that 1s, the probability of sampling an ill individual is so low
that two ill co-twins are never independently ascertained as probands.
The proband method of computing concordance rates is appropriate
when the mode of sampling is multiple selection—that is, for some
concordant pairs both twins were probands (Cavalli-Sforza and Bod-

6H8
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mer, 1971). The proband concordance rate is defined as the pro-
portion of proband twins that have an ill co-twin. If X and Y are
defined as before and if Z is the number of concordant pairs in which
both the twins are probands, then the proband concordance rate is
defined as:

X + Z
X+ Y+ Z

Slater and Cowie (1971) demonstrated that the results of the proband
method are independent of the ascertainment probability if it can be
assumed that the probability of ascertaining a proband is independent
of the condition of the co-twin.

We can use the information collected from MZ and DZ twins
to estimate the heritability of a disorder. Heritability is a measure
of the degree to which the phenotypic variability of a disorder is
influenced by genetic factors. A value of zero indicates that the
phenotypic variability is due entirely to environmental influences. A
value of one indicates that the phenotypic variability of a disorder
can be explained entirely by genetic factors. Heritability (h%) is de-
fined mathematically as a ratio of variances. The phenotypic vari-
ability (V) can be partitioned into two sources of variance—genetic
variance (V) and environmental variance (V.)— if it can be assumed
that genetic and environmental factors are statistically independent
and do not interact (i.e., V,, = V, + V,). Heritability, in the broad
sense, 1s defined as the ratio of genetic and phenotypic variances
(i.e., I* = V/V,). From this definition it is clear that a heritability
of zero indicates that there is no genetic variability in the sample
under consideration. It does not mean that the etiology of the phe-
notype can be explained solely by environmental influence. Several
methods of estimating heritability from twin data have been sug-
gested. Holzinger (1929) suggested that heritability be computed as
follows:

s, CM2— €DZ
100 - CDZ

where CMZ and CDZ are the proband concordance rates for MZ
and DZ twins, respectively. Smith (1974) suggested a definition of
heritability appropriate to the case when a disorder is due to an
unobservable, continuous liability. Individuals with a liability greater
than a certain value develop the disorder; individuals below this
threshold value are not afflicted. The formula is

G = 2(rmz — rdz),
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where rmz and rdz are the correlations of liability between MZ and
DZ twins, respectively. These correlations can be computed from
the proband concordance rates in conjunction with the population
prevalence of the disorder (Reich, James, and Morris, 1972; Smith
1974).

In addition to heritability, two environmental variance com-
ponents can be calculated from the correlations of liability. Common
environmental variance (V¢) is calculated by the formula

Ve = 2 rdz — rmz.
Unique environmental variance is calculated by the formula
Vu =1 — rmz.

Under the assumptions of this model, these three variance compo-
nents (G, Ve, Vu) account for the total amount of variance contrib-
uting to the variability of a trait. The calculation of G, Ve, and Vu
assumes that the effects of the relevant genes are additive and that
the effects of epistasis (interaction among genes) and assortative
mating are neghgible.

THE LIMITATIONS OF THE TwiIN METHOD

The ability of the twin method to provide meaningful results is
inextricably linked with the ability to diagnose zygosity correctly. If
a substantial misclassification of MZ and DZ twins occurs, an ex-
amination of concordance rates and herntability estimates is mean-
ingless. Fortunately, precise methods of determining zygosity exist.
These take advantage of the fact that a twin pair can be classified as
dizygotic if the twins differ on any known genetic marker. Thus, a
determination of blood groups, serum proteins, isoenzymes, and
HLA antigens can increase the certainty of the zygosity classification.
Given the large number of genetic markers available, it is possible
to make the probability of misclassification arbitrarily low (Vogel
and Motulsky, 1979). In the absence of comprehensive genetic
marker data, similarity of physical characteristics such as eye color
and dermatoglyphics can provide accurate estimates of zygosity. In
fact, a determination of zygosity by a response to questions about
the degree of physical similarity and the degree to which the twins
were mistaken for one another as children has been shown to be
reasonably accurate in comparison to genetic marker classifications
(Cederlof et al., 1961; Kasriel and Eaves, 1976; Nichols and Bilbro,
1966). Although zygosity can theoretically be determined with high
accuracy, even sophisticated methods using genetic markers are sub-
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ject to experimental and laboratory error. Thus, some confusion
between MZ and DZ twins is to be expected, although it appears
unlikely that errors will greatly influence the results if appropriate
procedures are followed.

Inferences from twin studies to nontwin populations may be
inappropriate if biological or psychosocial factors associated with
twinning are etiologically important in the development of psychiatric
disorders. Kringlen’s (1967) data suggested that this is not the case.
His tabulation of the age-specific rates of first admissions for func-
tional psychosis for twins and the general population indicated that
twins are not more or less likely to develop schizophrenia, manic-
depressive disorder, or reactive psychosis then are members of the
general population. These results apply to both males and females
and are based on data collected between 1921 and 1960. In a study
of 22 MZ and 13 DZ pairs, the degree of depression reported by
twins on the Zung Depression Scale was similar to levels reported
by nontwins (Paluszny et al., 1977). Despite these empirical results,
there are theoretical reasons to believe that there are important
differences between twins and nontwins. For example, twins have
lower birth weights than nontwins, twins’ births suffer from higher
rates of pregnancy and delivery complications, and congenital mal-
formations are more common in twin than singleton births (Vogel
and Motulsky, 1979). Since pregnancy and delivery complications
can have neurologic sequelae relevant to the etiology of psychiatric
disorders, these environmental influences may play a greater role in
twin than in nontwin populations. For example, Paluszny and Abel-
son (1975) found that although twins were less likely to be referred
to a child psychiatric clinic, they were more likely to show evidence
of minimal brain dysfunction in comparison to a matched nontwin
group. Thus, estimates of heritability from MZ and DZ concordance
rates may not be generalizable to the general population.

The cornerstone of the twin method is the assumption that
differences between MZ and DZ twin similarity are due to genetic
factors. That is, the environmental determinants of similarity are
assumed identical for the two types of twin pairs, whereas the genetic
determinants of similarity are greater for MZ pairs. However, if the
similarity of MZ twin environments is greater than that of DZ twin
environments with regard to etiologically relevant factors, then the
twin method will overestimate the importance of genetic influences.
Several studies indicate that the social environments of MZ twins
are more similar than those of DZ twins. For example, habits, ac-
tivities, personal preferences, parental treatment, and self-image
have been found to be more similar between MZ twins (Scarr, 1968;
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Smith, 1965). MZ twins are more likely to be dressed alike (Koch,
1966: Loehlin, 1973) and are more likely to be mistaken for one
another in childhood (Cederlof et al., 1961; Kasriel and Eaves, 1976;
Nichols and Bilbro, 1966).

These results suggest that twin studies may overestimate her-
itability because the similarity of MZ environments appears to be
greater than that of DZ environments. However, as Matheny, Wil-
son, and Dolan (1976) noted, this criticism of twin studies assumes
the following causal pathway: (1) similarity of appearance causes
greater similarity of treatment by others, and (2) similarity of treat-
ment by others causes greater similarity of behavior. If this is true,
then the physical and behavioral similarity of twins should be cor-
related. Matheny, Wilson, and Dolan found no substantial evidence
for such an association for 18 cognitive and personality measures of
behavior. Scarr and Carter-Saltzman (1979) tested the environmental
bias hypothesis from a different perspective by taking advantage of
the fact that twins and their parents often make wrong judgments
about their zygosity. If behavioral similarity is caused by genetic
factors, then it should not be influenced by incorrect perceptions of
zygosity. In contrast, if behavioral similarity is due to environmental
similarity that was induced by physical similarity, then perceived
zygosity, not true zygosity, should determine the degree of behavioral
similarity. In Scarr’s (1979) study, 40 percent of 400 twin pairs either
disagreed or were wrong about their zygosity. The similarity of cog-
nitive measures was related to true, not perceived zygosity. For meas-
ures of personality, both true and perceived zygosity were related
to co-twin similarity. MZ personalities were more similar than DZ
personalities, but DZ twins who thought they were MZ were more
similar than DZs who disagreed and DZs who perceived their correct
zygosity. However, Scarr also found that, compared to other DZs,
DZs who thought they were MZs were more similar genetically based
on blood-group similarities. This suggests that the observed “‘per-
ceived zygosity” effect may actually be genetic. Overall, methodo-
logically oriented twin research does not strongly indicate that en-
vironmental biases vitiate the twin study method. Furthermore, the
etiologic importance of purported environmental bias factors for psy-
chiatric disorders has not been clearly demonstrated. Therefore it is
reasonable to conclude that the twin method can provide interpret-
able information about the genetics of mood disorders.

Greater physical and environmental similarity between MZ
twins may actually lead to a decrease in behavioral similarity. MZ
twins may work harder to develop a persona that clearly differentiates
each from the other. Such effects may lead to what Vogel and Mo-
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tulsky (1979) referred to as role differentiation, where each twin
performs different behavioral functions for the twin pair (e.g., one
twin may be dominant, the other submissive). These effects may
explain the result of Farber (1981), that similarity of personality is
greater among MZ twins reared apart than among those reared to-
gether.

Biological factors may also act to decrease the estimate of ge-
netic influence derived from the twin method. Unlike DZ twins, a
substantial proportion of MZ twins share a common chorion in utero.
Monochorionic twins may develop transfusion syndrome, in which
blood from one twin enters the circulatory system of the other
through their common placenta (Benirschke and Kim, 1973). This
condition may lead to differences in the size and health of MZ co-
twins. Transfusion syndrome and other prenatal factors may explain
why MZ twins tend to have lower and more variable birth weights
than DZ twins (Vogel and Motulsky, 1979).

As we indicated in chapter 2, assortative mating may be sub-
stantial for the mood disorders. As Kendler (1983) noted, assorta-
tive mating will tend to make DZ twins more similar to one another
than would be expected under random mating. Since MZ twins are
always genetically identical, assortative mating has no effect on their
genetic similarity. Thus, the presence of assortative mating will in-
crease DZ concordance rates, leading to an underestimate of her-
itability.

Although twin studies are not without interpretive limitations,
there is no conclusive evidence that these limitations substantially
bias the results of twin studies of mood disorders. Thus, the twin
method provides an informative source of converging evidence in
determining the importance of genetic factors in mood disorders.

Twin STUDIES oF MaJjor Moop DISORDERS

Most twin studies of mood disorders were performed before
1960. Although they provided a firm foundation for subsequent work
in psychiatric genetics, they could not benefit from the recent ad-
vances in psychiatric diagnosis and research methodology that we
discussed in chapter 1. Luxenburger (1928, 1930) selected 38 twin
probands from more than 2,000 patients hospitalized with manic
depression. As in most of the earlier studies, no distinction between
bipolar and unipolar forms of the disorder was made. The deter-
mination of zygosity was made by consulting a birth register and by
judgments of physical similarity. His results (table 3.1) excluded cases
of uncertain zygosity. In table 3.1 a single probandwise concordance
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rate is given when it has been provided by the author or is computable
from available data. Otherwise a range is given; the lower end is the
pairwise rate and the higher end is the probandwise rate if all affected
twins were probands. Heritability estimates use the high end of the
range and do not include information from opposite-sex DZ twins
when same-sex data are available. Smith’s estimate of heritability
() and variance components Ve and Vu were calculated by Faraone
et al. (1988).

Kringlen (1967) noted that Luxenburger’s definition of manic-
depressive psychosis was fairly wide, including atypical mixed con-
ditions, minor mood disturbances, and some paranoid and obsessive-
compulsive reactions. Three of four monozygotic pairs were con-
cordant for manic-depressive illness and none of the thirteen dizy-
gotic pairs was concordant, suggesting a heritability of 0.80.

The probands in the study by Rosanoff, Handy, and Rosanoff
Plesset (1935) were also collected from a hospitalized population,
but the definition of manic-depressive illness was not clearly speci-
fied. This report also does not specify how zygosity was determined,
but uncertain cases were apparently excluded. The MZ concordance
rate of .82 is similar to that reported by Luxenburger; however, the
higher DZ concordance rate found by Rosanoff results in a lower
estimate of heritability (0.45-0.77). Only 3 of 32 opposite-sex DZ
pairs were concordant, resulting in the pairwise concordance rate of
0.17. This is consistent with the data from nontwin siblings that we
discussed in chapter 1. Although concordance rates for MZ and
same-sex DZ twins did not vary with gender, it is notable that in 83
percent of the discordant opposite-sex DZ pairs, the afflicted twin
was female.

The twin probands collected by Slater and Shields (1953) were
hospitalized cases. Our presentation of his data differs from the
original based upon our review of the twins’ case studies. We ex-
cluded one discordant MZ pair because the case study indicates the
proband had a brain tumor. In current diagnostic practice, this pro-
band would clearly be considered as a case of mood disorder sec-
ondary to physical illness. We reclassified three of the concordant
DZ twins as discordant because, although the probands satisfied
criteria for major mood disorder, the co-twins did not. In one case
the most appropriate diagnosis would appear to be panic disorder
complicated by dysthymic disorder. In another case the co-twin had
cyclothymic personality disorder. In the third case dysthymic disorder
appears to be the most appropriate diagnosis. The degree of genetic
determination in Slater’s series appears to be less than that in pre-
vious reports, with heritability ranging from 0.47 to 0.60. There are
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no concordance differences between same- and opposite-sex dizy-
gotic twins, and females are not more likely to be affected among
discordant opposite-sex DZ pairs. Thus, the gender effect reported
by Rosanoff, Handy, and Rosanoff Plesset was not replicated in
Slater’s data. Although his data set is too small to be conclusive,
Slater noted that concordant MZ pairs are more likely to be similar
with regard to the presence or absence of environmental stresses in
comparison to concordant DZ pairs. Thus, Slater suggested that
genetic factors may help to determine the susceptibility to environ-
mental stresses. His results may also reflect a deficiency of the twin
method—that is, the environmental similarity between twins may be
greater for MZ pairs.

The twin probands collected by Kallmann (1953, 1954) were all
hospitalized cases. His definition of manic-depressive psychosis was
fairly strict, excluding cases that had any schizophrenic component
and cases that were “clearly reactive or largely situational depressions
in a habitually maladjusted setting” (1954, p. 9). Thus, Kallmann’s
twins are probably more diagnostically homogeneous and are not
likely to include what would currently be called schizoaffective dis-
order, mood disorder with mood incongruent psychosis, adjustment
reactions with depressed mood, and depressions in the context of a
chronic dysthymic or personality disorder. Unfortunately, Kallmann
did not provide a clear presentation of his data. No discrimination
between same- and opposite-sex dizygotic twins was made. Although
age-corrected pairwise concordance rates are given, the raw numbers
of concordant twins are not given; those presented in table 3.1 are
approximations reconstructed from his data. His results indicate per-
fect age-corrected concordance in MZ twins and a relatively low
(0.26) age-corrected concordance rate in DZ twins, resulting in a
heritability estimate between 0.64 and 1.0.

Kallmann also presented twin data on “involutional psychosis,”
which includes menopausal, presenile, and other depressions with
the first onset after age 50. The breakdown of his 96 involutional
probands between MZ and DZ twins is not given, but the respective
age-corrected probandwise concordance rates are (.61 and 0.06, sug-
gesting heritability to be 0.59. His involutional group was probably
fairly heterogeneous, given that 3 percent of the MZ co-twins were
schizophrenic.

The twin series of Da Fonseca (1959, 1963) consisted of “‘en-
dogenous™ manic-depressive cases. We do not present a detailed
description of his study because most of the work is reported in
Portuguese. The difference in MZ and DZ concordance rates is not
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as substantial as reported in previous studies leading to heritability
estimates ranging from (.33 to 0.42.

Kringlen (1967) ascertained his twin series through the twin and
psychiatric registries available in Norway. For 71 percent of his twin
sample, zygosity was established on the basis of genetic markers. For
other cases, zygosity was determined by comparisons of physical
characternistics and responses to questions. The majority of diagnoses
were based on a personal interview by the author. Specific diagnostic
criteria were not used. However, Kringlen indicated that **atypical”
cases were included. These were cases that were difficult to differ-
entiate from “‘reactive psychosis™ and “schizophreniform psychosis
of a catatonic type.” The resulting category of manic-depressive psy-
chosis was a broad definition similar to that used to make hospital
diagnoses at the time. Of six monozygotic pairs, only two were con-
cordant. The zero concordance rate for dizygotic pairs suggests a
heritability of 0.50. Although Kringlen did not use an age-of-onset
correction, he did note that the age range of the discordant MZ pairs
(55-59 years) suggests that the MZ concordance rate would not sub-
stantially increase with further observation of the sample. Although
Kringlen did not subdivide his sample in terms of bipolar and unipolar
forms, he indicated that both twins in the concordant MZ pairs had
experienced both depression and elation during the course of their
illness. One twin from each pair appears to have had a course char-
acterized primarily by severe depressive episodes and hypomanic
episodes. These cases would probably be classified as bipolar II using
current nomenclature. Given that only one of the four discordant
pairs exhibited the bipolar form and assuming that some of the di-
zygotic probands had the bipolar form, these results suggest a her-
itability for bipolar disorder of approximately 0.80. Data for the
unipolar form are more difficult to interpret. Kringlen stated that
three MZ pairs were concordant for a “clean™ depressive syndrome.
Only one pair was discordant for this syndrome. However, these
numbers are not consistent with the numbers given for bipolar dis-
order and the manic-depressive group as a whole. This is probably
due to the inclusion of depressive twin pairs from the nonmanic-
depressive samples reported in his monograph (e.g., reactive psy-
chosis, neurotic depression). Since only one of the clean depressive
pairs was discordant for depression, the other depressive patients in
his manic-depressive MZ sample must have been atypical.

Juel-Nielsen and Videbech (1970) used the Danish Psychiatric
Twin Register to perform a systematic twin study of suicide. Al-
though the psychiatric status of the sample is not specified, their



78  The Genetics of Mood Disorders

study is of interest, given the known relationship between mood
disorders and suicide. Zygosity was established through interview
data and questionnaires concerning the degree of similarity between
twins. Of the 19 MZ pairs, 4 were concordant; none of the 58 DZ
pairs were concordant, suggesting a heritability of 0.35 for suicide.

Pollin et al. (1969) obtained their twin series from a sample of
15,909 pairs of same-sex veteran twins collected by the National
Academy of Sciences National Research Council. Zygosity was de-
termined by anthropometric measures, questionnaires, and derma-
toglyphic data. Diagnoses were based upon questionnaire responses
and clinical diagnoses resulting from the twins’ contact with military
or VA medical services. Only 1 of 24 monozygotic pairs was con-
cordant for mood disorder. None of the 58 dizygotic pairs were
concordant. The rate of MZ concordance is much lower than ex-
pected from previous studies. This is probably due to the relative
dearth of information used by Pollin et al. (1969) to make diagnoses.
Using the same sample and using a better method of diagnosis, Allen
et al. (1974) found higher MZ concordance rates. To determine the
diagnosis, they reviewed the VA medical records for all twin pairs
in which one or both had a clinical diagnosis of affective reaction,
involutional psychotic reaction, other psychoses, or paranoid reac-
tion. They classified the twins into unipolar and bipolar subforms
according to criteria that were similar to current conceptions of this
dichotomy. The MZ concordance rate for unipolar disorder (0.40-
0.57) was higher than that for bipolar disorder (0.20-0.33). The DZ
concordance was 0 for both, indicating heritabilities of 0.57 for un-
ipolar disorder and 0.33 for bipolar disorder. Corrections were not
made for the age of onset; the age range of the sample was 45-55
years. A comparison of results between Pollin et al. (1969) and Allen
et al. (1974) underscores the importance of the methodology for
obtaining psychiatric data. The former study used questionnaire re-
sponses and clinical diagnoses to estimate an MZ concordance rate
in the range 0.04-0.08. Collecting additional information by screen-
ing medical records increased this estimate to 0.33-0.50 in Allen et
al.’s study.

The largest and most methodologically sophisticated twin study
to date was performed in Denmark by Bertelsen, Harvald, and
Hauge (1977). They identified twins through the Danish Psychiatric
Twin Register. Of the 220 twin partners identified from the register
as suitable for the study of manic-depressive psychosis, 138 were
alive and 133 were personally interviewed. Final diagnoses were
based on interview information and case histories available through
the twin register. The authors stated that their diagnostic criteria
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“were made quite wide in accordance with the concept of Kraeplin.™
Probands and their partners had to have been admitted to a hospital
because of a disorder with “predominating mood disturbances of
universal character, not restricted to the sphere of recent psychic
traumas, supported by the presence of disturbances of psychomotor
and mental activity, characteristic sleep disturbances and diurnal
variations, and furthermore, by a periodic course of illness and a
tendency to recovery without defect” (Bertelsen, 1985). For 53 pairs,
zygosity was based on 16-25 systems of blood types, tissue types,
serum protein variants, and isoenzymes. For the remaining pairs,
zygosity was determined anthropometrically based upon questions
regarding similarity and cases of mistaken identity. Unlike many
earlier studies, the Danish twin study provided exact probandwise
concordance rates. Although age correction was not used, the ma-
jority of the twins were elderly at the time of diagnosis, suggesting
that age correction would not greatly modify the results. The MZ
proband concordance rate of (.67 is more than three times greater
than the DZ rate of 0.20, suggesting a heritability range of 0.59 for
the diagnosis of mood disorder. After stratification by polarity, re-
sults differ from those of Allen et al. (1974) in finding higher MZ
concordance rates for bipolar (0.62) than for unipolar (0.43) disorder
and suggesting a higher heritability of the bipolar form. These overall
results did not change substantially when diagnoses were made more
stringent by excluding cases that, in addition to a manic-depressive
syndrome, exhibited pronounced neurotic or schizophrenic-like
symptoms. Concordance rates for males and females were not sig-
nificantly different. However, there was a marked difference between
the male MZ proband concordance rate for unipolar disorder (0.29)
and the corresponding female rate (0.61). Sex comparisons for DZ
pairs and for bipolar cases indicated no differences. The results in-
dicated the heritability of unipolar disorder for females (0.59) to be
approximately twice that observed in males (0.31). However, the
relatively small sample of males (5 MZ and 5 DZ pairs) makes it
difficult to draw firm conclusions.

Table 3.2 presents proband concordance rates for unipolar and
bipolar disorder subdivided by “degree of polarity.” The heritability
of bipolar disorder is greater for probands who have had manic
episodes than for those who have only hypomanic episodes. Both
MZ and DZ concordance rates are greater for probands having had
three or more episodes of depression. Heritability is also greater for
these probands. Overall, these results partially suggest that the se-
verity of illness in the proband is associated with increased risk to
the co-twin. These results have implications for the multifactorial
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Table 3.2. Probandwise Twin Concordance Rate and Degree of Polarity

Diagnosis of Proband Monozygotic Dizygotic H
Bipolar 1 0.80 0.13 0.77
Bipolar 11 0.78 0.31 0.68
Unipolar
= 3 episodes 0.59 (.30 0.41
< 3 episodes 0.33 0.14 0.22

Source: Adapted from Bertelsen, Harvald, and Hauge, 1977.

polygenic (MFP) transmission hypothesis. The MFP model assumes
that the severity of the illness increases with the number of polygenes
inherited. Thus, individuals with a severe illness should have many
of the pathogenic polygenes, so their relatives should be at greater
risk for the illness than relatives of individuals with a milder form
of the disorder. It is also possible that the severe cases have a single-
gene disorder with greater probability than the mild cases.

Bertelsen, Harvald, and Hauge presented the distribution of
their twin pairs with respect to polarity and zygosity. The results
were similar to those reported by Zerbin-Rudin (1969) in finding a
relative scarcity of pairs in which one twin was unipolar and the other
bipolar (table 3.3).

The observed number of unipolar/bipolar pairs (7) was signif-
icantly less than expected under the hypothesis that unipolar and
bipolar disorder are genotypically identical (15.9). However, the
existence of some unipolar/bipolar pairs suggests some relationship
between the two subforms. The existence of this cross-concordance
cannot be due simply to the misdiagnosis of unipolar patients, be-
cause 5 of the 7 unipolar twins with bipolar co-twins had had three
or more episodes of depression, suggesting that they are truly uni-
polar.

Torgersen (1986) examined 151 same-sex twin pairs with the
Present State Examination and a review of medical records. Zygosity
was determined by genetic marker analysis for 75 percent of the
sample. All twins responded to questions regarding their similarity
of appearance and confusion of identity in childhood. The agreement
between genetic marker and questionnaire determinations of zygosity
was 95 percent. Therefore, the questionnaire was used to diagnose
zygosity when genetic marker analysis was not possible.

Ten of the twin probands received a diagnosis of bipolar dis-
order. Three of 4 MZ co-twins of these probands had a bipolar
disorder; the fourth had a diagnosis of major depression. Thus, 100
percent of the MZ co-twins of bipolar probands had a major mood
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Table 3.3. The Distribution of Twin Pairs by Zygosity and Subtype

Bertelsen, Harvald, and

Hauge, 1977 Zerbin-Rudin, 1967
Diagnosis Monozygotic Dizygotic Monozygotic  Dizygotic
Both unipolar 11 2 22 8
Both bipolar 14 2 21 1
One unipolar and one bipolar 7 5 7 4
Partially concordant 14 9 9 7
Discordant 9 34 24 36

*As reported by Slater and Cowie, 1971,

disorder. In contrast, no mood disorder was found among the 6 DZ
co-twins of bipolar probands. Major depression was diagnosed in
102 of the probands. Among the 33 MZ co-twins of these probands,
there was 1 case of bipolar disorder and 9 cases of major depression,
indicating a 30 percent concordance rate for major mood disorders.
For the 59 co-twins among the DZ pairs, there was 1 bipolar case
and 7 diagnoses of major depression, leading to a 9 percent con-
cordance rate. When bipolar and unipolar probands are combined,
the hernitability 1s estimated to be 0.56.

The phenomenon of monozygotic twins reared apart provides
a rare but important naturalistic experiment in human genetics. Price
(1968) catalogued 12 MZ pairs where one or both twins had some
form of mood disorder. These twin pairs had originally been ascer-
tained by one of four investigators (Juel-Nielsen 1965; Rosanoff,
Handy, and Rosanoff Plesset 1935; Shields 1962; Stenstedt 1952).
Eight of the 12 pairs were concordant for mood disorder, indicating
a pairwise concordance rate of 0.67. From Price’s case studies, it
appears that all of the ill individuals in this sample were cases of
major depression. The only possible exception is one concordant
pair in which both twins had psychoses characterized by irritability,
assaultiveness, and distractibility. Price noted that the follow-up pe-
riod of examination for this pair was short and that a final diagnosis
might have been schizophrenia rather than mood disorder. Another
problem with this collection of MZ twins “reared apart™ is that 4 of
the pairs had a substantial amount of contact during their lives. One
pair was not separated until age 8, another was separated only from
birth to the age of 12, a third was separated only from age 1 to 7,
and a fourth was separated at age 3 but brought up in the same town.
If one excludes these four pairs, then 5 of the 8 remaining pairs are
concordant, resulting in a pairwise concordance rate of 0.63. Thus,
even when questionable cases are removed, MZ concordance rates
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for twins reared apart are similar to those found for MZ twins reared
together. This finding suggests that MZ concordance for major
depression is not substantially increased by common environmental
factors.

As we can determine from table 3.1, when one combines data
from all available twin studies, 100 of 158 pairs are concordant for
mood disorder, suggesting a pairwise concordance rate of 0.63 and
a probandwise rate of up to 0.78. The combined results for same-
sex DZ twins indicate that 32 of 190 pairs are concordant, resulting
in a pairwise rate of (.17 and a probandwise rate as high as 0.29.
Based on the probandwise concordance rates, the combined data
suggest a heritability of approximately 0.63. The combined results
also suggest that opposite-sex DZ concordance rates are somewhat
lower than same-sex DZ concordance rates. This difference is sta-
tistically significant if the pairwise rates are compared using the nor-
mal approximation to the binomial distribution (z = 2.66, p < 0.01).
This is consistent with the gender effect observed among nontwin
siblings reported by family studies (chap. 2). The effect is most likely
due to the environments of same-sex DZ twins being more similar
to one another than are those of opposite-sex DZ twins. As we
discussed in chapters 1 and 2, epidemiologic and family study data
suggest that the gender effect in mood disorders is limited to unipolar
disorder. This is consistent with Bertelsen, Harvald, and Hauge’s
(1977) twin study, in which gender effects were limited to unipolar
cases. Their results suggested the sex difference in unipolar disorder
to be familial, because females had a higher heritability for unipolar
disorder than males. Such a difference 1s clearly inconsistent with
the hypothesis that nonfamilial environmental factors are respon-
sible for the increased prevalence of unipolar disorder among fe-
males.

Faraone et al. (1988) computed variance components from the
nine available twin studies of major mood disorders. To quantify the
relative contribution of genetic and environmental factors in these
disorders, they calculated values of G (heritability), Ve/V (common
environmental influences), and Vuw/V (unique environmental influ-
ences) from six of these studies along with the weighted mean value
from all nine studies. The three studies reporting DZ concordance
rates of () were not presented individually because the variance com-
ponents cannot be calculated if either the MZ or DZ concordance
rate is . These three studies were included in the calculation of the
weighted means. The weighted means were calculated by weighting
the concordance rates in each study by the number of pairs included
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Figure 3.1.  The relative contribution of genetic (G), common environmental
(Vc/V), and unique environmental (Vu/V) vanance for each study (—— denotes
mean)

in the study. The weighted means were based on 195 MZ pairs and
310 DZ pairs.

Figure 3.1 presents the relative contribution of the three vari-
ance components for each of the six studies having nonzero DZ
concordance rates. Generalizing from these studies, it appears that
a substantial proportion of the variance in mood disorders is due to
G, a smaller but still sizable proportion is due to common environ-
ment, and a small or negligible contribution is due to unique envi-
ronment. These relative contributions are reflected in the six-study
mean values of 0.51 for heritability, 0.42 for common environment,
and 0.07 for unique environment.

Figure 3.2 depicts variability in the three variance components
across the six studies. The values of G ranged from (.33 for the Da
Fonseca (1959) study to 0.64 for the Kallman (1953, 1954) study.
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Figure 3.2. 'The variability of variance components across studies

However, analyses of standard errors for each of the six individual
studies indicated that this variation was not statistically significant;
the G values for five of the six individual studies fall within one
standard error unit of the other studies. The weighted mean of G
for all nine studies (0.62) also falls within one standard error unit of
five of the six studies. Thus, while there was some variability in G
across studies, the analyses of Faraone et al. (1988) suggested that
quite a substantial proportion of variance could be attributed to
genetic factors.

The pattern of results shown in figure 3.2 for the common
environment (Ve/V) component indicated a smaller contribution to
mood disorder than does heritability. The values of V¢/V in five of
the six individual studies fell within one standard error unit of the
other studies and also fell within one standard error of the nine-
study weighted mean (0.32). Given this reasonable degree of stability
in findings, the mean values of Vie/V suggest that between 30 and 40
percent of the variance in mood disorders is due to common envi-
ronmental factors.

Unique environmental effects accounted for only a small
amount of variance in mood disorders in five of the six studies. Using
either the six-study mean or the weighted mean, the results indicated
that only 67 percent of variance could be attributed to unique en-
vironmental effects.
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TwiN STUDIES OF MINOR Moop DISORDERS

As we noted in chapter 1, mood disorders range in severity
from severe disturbances of mood associated with gross impairments
in daily functioning to minor conditions such as dysthymic disorder
and cyclothymic personality disorder associated with moderate to
mild impairments in functioning. Although no twin study as yet has
systematically addressed the relationship between major and minor
mood disorders, some data shed light on this issue. Kallmann (1953,
1954) presented the incidence of “‘cycloid personality types” in the
co-twins of his manic-depressive probands. Cycloid personality was
described as *‘a periodic but relatively mild tendency to emotional
instability” (1954, p. 6). Among MZ pairs, two of the 57 were dis-
cordant for manic depression. In one of these discordant cases, the
proband was manic depressive and the co-twin had a cycloid per-
sonality. Among the 55 DZ pairs, 42 were discordant, but in 17 of
these 42, the proband’s co-twin had a cycloid personality. If one
considers manic depression and cycloid personality as a common
phenotype, the concordance rates for this phenotype would be 100
percent for MZ twins and approximately 63 percent for DZ twin
pairs. This leads to a decreased estimate of heritability in comparison
to that based on the manic-depressive phenotype only, because the
DZ concordance rate has increased substantially whereas the MZ
rate cannot go above 100 percent.

The results of Da Fonseca’s (1959) twin study have been subject
to a similar analysis (Kringlen, 1967). When Da Fonseca’s concor-
dance rates are adjusted to include partially concordant cases (i.e.,
when the co-twin had a depressive or hypomanic personality), MZ
pairwise concordance increases from 60 percent to 75 percent and
DZ rates increase from 31 percent to 39 percent. These changes do
not markedly change the estimate of heritability. In Kringlen’s (1967)
twin study, pairwise MZ concordance would increase from 0.33 to
0.67 if the manic-depressive phenotype were extended to include
“depressive reactions of a neurotic type.” Unfortunately, Kringlen
did not present similar data for his DZ twin pairs. Thus, the effect
on heritability of including milder cases cannot be determined.

Shapiro (1970), using material from the Danish Psychiatric Twin
Register, selected probands having a clinical diagnosis of “nonen-
dogenous depression.” Probands were not included in the study if
they had been given a diagnosis of manic depression and were eligible
for the study by Bertelsen, Harvald, and Hauge (1977). Shapiro’s
probands constituted a heterogeneous group consisting of neurotic
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depression, reactive depression, and other milder depressions. How-
ever, although the depression was relatively mild, it was severe
enough for the proband to have been hospitalized. In addition to
having access to hospital records, the investigators visited and in-
terviewed all twins individually. Zygosity was established based on
a genetic analysis of blood groupings or by physical appearance when
data on blood grouping were not available.

There were 18 probands from 16 MZ pairs and 14 probands
from 14 DZ pairs. When pairs were considered concordant only if
the co-twin had been hospitalized for a nonendogenous depression,
the proband concordance rates were 0.22 for MZ pairs and 0 for DZ
pairs. If the definition of concordance is expanded to include co-
twins who “possibly had a mild nonendogenous depression which
did not result in hospitalization,” then the MZ proband concordance
rate increased to (.56 and the DZ rate increased to 0.14. If the
definition of concordance is further expanded to include two co-twins
with other neurotic conditions and one co-twin with an undiagnosed
condition requiring psychiatric hospitalization, the MZ concordance
rates increased to (.67 and the DZ rates to 0.21.

Shapiro also provided an assessment of the personality structure
of the twins. When the definition of concordance is extended to
include co-twins with an “underlying neurotic or personality disor-
der,” the MZ concordance rate increases to 0.72 and the DZ rate
remains unchanged. If uncertain cases are also included (i.e., there
was not enough information definitively to characterize the co-twins’s
personality as normal), the MZ concordance rate remains the same
while the DZ rate rises to 0.57. We have summarized these results
in table 3.4.

Although concordance rates increase when the definition of the
phenotype is expanded to include increasingly milder cases, there is
no clear trend for the estimate of heritability. Shapiro concluded that
genetic factors are less important for mild depressions in comparison
to typical manic-depressive illness. A comparison of tables 3.1 and
3.4 suggests that Shapiro’s conclusion is valid.

Slater and Shields (1969) presented data on twins with anxiety
neuroses and “other” neuroses. In a subsequent report of these data,
Slater and Cowie (1971) indicated that the “other” neuroses group
consisted primarily of reactive depressions. These twins were ascer-
tained through the Maudsley Hospital twin register. It is not clear
whether any of these twins were hospitalized for their disorders.
However, it is likely that the sample consisted of milder depressions
than the hospitalized, nonendogenous depressions studied by Shap-
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Table 3.4. Shapiro’s (1970) Twin Study of Nonendogenous Depression

Proband Concordance Rate

Condition of Co-twin Monozygotic Dizygotic H

1. Hospitalized nonendogenous depression 0.22 0 0.28
2. #1 plus other nonendogenous depression 0.56 0.14 0.49
3. #2 plus other nonendogenous disorders 0.67 0.21 0.58
4. #3 plus abnormal personality 0.72 0.21 0.65
5. #4 plus ? abnormal personality 0.72 0.57 0.35

iro. All diagnoses were blind to the diagnosis of the partner and the
zygosity of the pair.

Among the 12 MZ and 21 DZ probands, no co-twins received
the diagnosis of neurotic depression. Among the co-twins of MZ
neurotic depressive probands, 25 percent had some other psychiatric
diagnosis. The corresponding rate among DZ co-twins was 24 per-
cent. These results suggest that the genetic contribution to neurotic
depressions is negligible. The authors demonstrated the ability of
their methods to detect differences between MZ and DZ pairs in
their results for anxiety neuroses. Based on 17 MZ pairs, the MZ
concordance rate for anxiety neurosis was 0.41. This was substantially
higher than the DZ rate of 0.04 that was based on 28 pairs. Thus,
Slater and Shields (1969) found substantial evidence for a genetic
component to anxiety neurosis, but not for depressive neuroses.

Torgersen (1985) used Norwegian twin and psychiatric registers
to identify neurotic twin probands. All twins were personally inter-
viewed by a psychologist using a lifetime version of the Present State
Examination. For 75 percent of the sample, zygosity was established
by blood analysis of 10 genetic markers. For the remainder of the
sample, zygosity was determined based on questionnaire responses.
Final diagnoses were made by psychiatrists based on interview and
medical record information using criteria from the World Health
Organization’s International Classification of Diseases, ninth edition
(ICD 9). The diagnosis of neurotic depression was appropriate for
30 probands from 30 MZ pairs and 44 probands from 42 DZ pairs.
Anxiety neurosis was considered the best diagnosis for 28 probands
from 27 MZ pairs and 48 probands from 48 DZ pairs. ICD 9 neurotic
depression is similar to DSM I11-R dysthymic disorder; ICD 9 anxiety
neurosis is similar to DSM [1I-R panic and generalized anxiety dis-
orders.

The proband concordance rates for neurotic depression were
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20 percent and 27 percent for MZ and DZ twins, respectively. These
results suggest that heredity has little influence on neurotic depres-
sion. Expanding the definition of concordance to include anxiety and
other neuroses increases concordance rates to 40 percent for MZ
and 41 percent for DZ twins but provides no evidence for a sub-
stantial genetic component. Reducing the definition of concordance
by excluding cases of mixed anxiety depression in probands and co-
twins lowered concordance rates to 18 percent for MZ and 27 percent
for DZ. Thus, “purification” of the neurotic depression sample does
not markedly affect conclusions.

It is unlikely that Torgersen’s results were due to methodologic
problems, because evidence for a genetic component in anxiety neu-
rosis was found with the same procedure. Proband concordance rates
were 36 percent for MZ and 13 percent for DZ twins, suggesting a
heritability of approximately 0.64. The “purification” of the defini-
tion of anxiety neurosis by excluding mixed cases of anxiety with
depression resulted in a somewhat higher estimate of heritability
(0.71). Thus, consistent with the results of Slater and Shields (1969),
nonpsychotic disorders with anxiety as the primary problem appear
to have an appreciable genetic component in comparison to minor
depressive disorders.

Torgersen’s (1986) twin study of major mood disorders also
examined 35 probands with dysthymic disorder and 14 with depres-
sive adjustment disorder. Among MZ co-twins of dysthymic pro-
bands, there was a 25 percent concordance rate for any major or
mild mood disorder, compared to a 16 percent concordance for the
DZ co-twins. If depressive adjustment disorder is counted as a mood
disorder, these rates are 31 percent and 26 percent, respectively.
Among MZ co-twins of depressive adjustment disorder probands,
there was a 0 percent concordance for any major or mild mood
disorder, compared to an 11 percent concordance for the DZ co-
twins. If depressive adjustment is counted as a mood disorder, these
rates are 21 percent and 22 percent, respectively. Among co-twins
of Torgersen’s bipolar probands there were no cases of either dys-
thymic or depressive adjustment disorder. In contrast, 15 percent of
the MZ co-twins of major depressive probands had a dysthymic
diagnosis and 6 percent had had a depressive adjustment disorder.
The rates for the DZ co-twins were 8 percent and 7 percent, re-
spectively. Although the results pertaining to mild mood disorders
are difficult to interpret without comparable population rates, there
1s no compelling evidence in Torgersen’s data to suggest that the
mild mood disorders are highly heritable. There is a trend for higher
rates of dysthymia among MZ as compared to DZ co-twins of dys-
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thymic probands, but this is not marked. The size of the depressive
adjustment disorder group is too small to arrive at firm conclusions.

The hypothesis of lower heritability for mild depressive con-
ditions can be examined through twin studies of personality traits
using nonhospitalized samples. Young, Fenton, and Lader (1971)
examined 17 MZ pairs and 15 DZ pairs with the Middlesex Hospital
Questionnaire and the psychoticism, extraversion, and neuroticism
questionnaire. The intraclass correlation for the depression score was
0.07 for MZ twins and —0.01 for DZ twins, suggesting a fairly low
heritability (0.16). The results for depression were markedly different
from results for anxiety, neuroticism, and extraversion, which re-
sulted in statistically significant MZ correlations ranging from (.47
to 0.61 and nonsignificant DZ correlations ranging from —0.28 to
0.12. These correlations suggest heritabilities greater than 0.65 for
these traits.

Vandenberg (1967) presented correlations for depression scores
on the Minnesota Multiphasic Personality Inventory (MMPI) derived
from the combined adolescent and adult twin samples of Gottesman
(1963, 1965) and Reznikoff and Honeyman (1967). His analysis in-
cluded a total of 120 MZ and 132 DZ twin pairs. The MZ correlation
for depression (0.44) was significantly greater than the DZ correla-
tion of 0.14, suggesting a heritability of 0.60. Gottesman’s (1963)
data suggest that heritability for MMPI depression scores may be
greater for males than for females. Both had similar MZ depression
correlations (0.48 and 0.44, respectively), but the male DZ corre-
lation ( — 0.19) was substantially less than the female DZ correlation
(0.25).

Clifford et al. (1984) studied 609 MZ twins and 532 DZ twins
using the Middlesex Hospital Questionnaire to measure depression.
All twins were volunteers from the general population. Zygosity was
determined by responses to questions and by blood typing. The twin
correlations for depression were (.31 and 0.07 for MZ and DZ. twins,
respectively, suggesting a heritability of 0.48. However, there was a
notable sex difference, such that the MZ and DZ correlations for
males were very low and essentially identical (0.08 and 0.07, re-
spectively). The MZ correlation for females was .48 and the DZ
correlation was 0.14. These data suggest a heritability of 0.68 for
females and 0.02 for males. To understand further the gender effect,
mathematical models were applied to the data. These analyses in-
dicated that 79 percent of the correlation between female MZ pairs
could be attributed to shared environment and the remainder to
genetic factors. When shared environment was taken into account,
the heritability for depression scores was reduced to 0.13. The analy-
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sis is particularly compelling in that it included data for sibling pairs
and parent-offspring pairs. In addition, the cohabitation history of
the twins was taken into account when computing the effect of shared
environment.

Jardine, Martin, and Henderson (1984) analyzed depression
scores from the Delusions-Symptoms-State Inventory from 3.810
twin pairs. Zygosity was determined based upon answers to questions
about similarity and by examining photographs. Mathematical
models were used to examine the importance of environmental fac-
tors unique to individuals, environmental factors shared by co-twins,
additive genetic variance, and genetic variance due to dominant gene
action. Results indicated the effects of shared environment and dom-
inant genes to be negligible for both males and females. Thus, vari-
ability in depression scores among twins could be accounted for by
environmental factors unique to individuals and additive genetic var-
iance. The heritability of 0.37 for females was significantly but not
markedly greater than that of 0.33 for males. The results also sug-
gested that the genes affecting depression in males were similar to
those affecting depression in females, because the correlation of (.73
between male and female genetic effects was not significantly dif-
ferent from 1. An analysis of the genetic covariation of depression,
anxiety, and neuroticism indicated substantial overlap between the
genetic factors that affect these traits. The genetic correlation be-
tween depression and neuroticism was (.73 for males and 0.76 for
females; the correlation between anxiety and depression was .73
for males and 0.80 for females. In contrast, there was much less
overlap between traits involving environmental factors. The envi-
ronmental correlation between depression and neuroticism was (.45
for both males and females; the environmental correlation between
anxiety and depression was (.48 for males and (.54 for females. These
results suggest that neuroticism, anxiety, and depression share a
common polygenic etiology and that differentiation between these
traits 1s due primarily to environmental factors.

Wierzbicki (1986) examined depressive and hypomanic person-
ality traits in 92 adult twin pairs. A self-report measure of similarity
was used to diagnose zygosity. The estimated heritability of depres-
sive characteristics was (.23 for the depression scale of the MMPI.
Subscales DR and D30 of the MMPI depression scale had higher
heritabilities: 0.41 for DR and 0.43 for D30. Negative and positive
mood as measured by the Depression Adjective checklist (DACL)
had heritabilities of 0.47 and 0.04. Elation as measured by the W-R
Mood Scale had a heritability of 0.67. These highly variable results
emphasize that estimates of the heritability of subclinical mood-re-
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lated traits are highly dependent on the method used to measure the
trait.

Kendler, Heath, Martin and Eaver (1986) analyzed the data of
Jardine, Martin, and Henderson by applying mathematical genetic
models to individual symptom items. The results were consistent with
the previous study in finding that additive genetic factors and envi-
ronmental factors unique to the individual can account for the vari-
ability in twin responses to these items. There was only equivocal
evidence suggesting an etiologic role of familial environmental fac-
tors. Genetic factors accounted for 33—46 percent of the variance in
response to the individual items.

SUMMARY

Owerall, twin studies of major mood disorders find higher con-
cordance rates for MZ than DZ twins. The only exception to this is
the study of Pollin et al. (1969), which is compromised by a ques-
tionable means of obtaining psychiatric diagnoses. Twin studies are
consistent with family studies in suggesting that genetic factors play
a substantial role in the mood disorders. However, the finding of
MZ. concordance rates lower than 100 percent substantiates the im-
portance of environmental factors. These factors include sources of
experimental error (e.g., psychiatric, diagnostic, and zygosity mis-
classification). Thus, the importance of etiologically relevant envi-
ronmental factors cannot be fully assessed.

The apparent disparities in concordance rates among the var-
ious studies are attenuated when measures that minimize the effects
of methodologic differences among studies are applied. In addition
to supporting the hypothesis that genetic factors play a major role
in the etiology of mood disorders, twin studies also suggest that
common environmental factors account for a sizable component of
etiology. The effects of common environment will be overestimated
and those of heritability underestimated in the presence of assortative
mating. Thus, the true magnitude of the genetic effect is likely to be
larger than variance components suggest, because assortative mating
is common among patients with mood disorders. The sum of the
heritability and common environmental components provides an
upper limit to the true heritability, free from the effects of assortative
mating. This upper limit is 0.93, as calculated by Faraone et al.’s
(1988) meta-analysis indicating the prominence of etiologic factors
that are shared by twins.

Overall, twin studies of minor mood disorders and depressive
personality characteristics suggest that such traits have less of a ge-
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netic component than do major mood disorders. The studies of Slater
and Shields (1969) and of Torgersen (1985) are strikingly consistent
in finding a substantial genetic component for anxiety neurosis but
not for depressive neurosis. Twin studies of depressive personality
traits have not produced consistent results. Some show heritabilities
in the range seen for major mood disorders, while others find low
heritabilities. The study by Wierzbicki (1986) demonstrated that es-
timates of the heritability of a subclinical trait are highly dependent
on the method of measurement. The mathematical modeling results
of Clifford et al. (1984) suggest that heritability estimates are inflated
due to the effects of shared environment. Two of the three depressive
personality studies examining gender as a variable agree with the
findings from Bertelsen, Harvald, and Hauge’s unipolar twin sample
that heritability is greater for females than for males. However,
Clifford et al.’s results suggest this difference to be due to differences
in shared environment between male and female pairs. From their
results, one would conclude that the high rate of female-female in
comparison to male-male concordance is due to familial environ-
mental effects, not genetic effects. Yet this conclusion is at variance
with the results of Jardine, Martin, and Henderson (1984), who found
that familial environmental factors were not important even though
the heritability for females was significantly, albeit not markedly,
greater than that for males. From these mixed series of results, we
cannot draw firm conclusions about the etiology of gender effects in
mood disorders.



Chapter Four

Adoption Studies

Adoption studies provide one of the few means of disentangling
genetic and environmental contributions to the familial aggregation
of a disorder. This is because children adopted at an early age have
a primarily genetic relationship with their biological parents and an
environmental relationship with their adopted parents. The ability
to draw inferences from an adoption study is strongest when the
adopted children were separated from their biological parents at
birth. Any parent-child interaction from the time of birth to the
separation will confound genetic and environmental aspects of that
relationship to some degree. Furthermore, the environmental cir-
cumstances of parents may be associated with pre- and perinatal
events relevant to the etiology of mood disorders. For example, low
social and economic status may be associated with poor pre- and
perinatal care, resulting in environmental insults to the developing
fetus and newborn. Although the etiologic relevance of such factors
to mood disorders is not clearly established, they must be considered
as environmental factors that are difficult to disentangle from the
genetic parent-child relationship.

Despite these potential confounds, adoption studies are valu-
able tools for psychiatric genetics. There are three major designs of
adoption studies. The parent-as-proband design compares the rate
of illness in the adopted offspring of ill and well individuals. Support
for a genetic component is indicated if the risk of illness among
adopted children of ill individuals is greater than the risk of adopted
children of well individuals. The adoptee-as-proband design uses ill
and well adoptees as probands. A genetic component is indicated if
the biological relatives of ill adoptees are at greater risk for illness
than the adoptive relatives of ill adoptees. In addition, the risk of
illness of the biological parents of ill adoptees should be greater than
that of the biological parents of well adoptees. The third possible
design is the cross-fostering design. This compares rates of illness in
two group of adoptees. One group has ill biological parents and is
raised by well adoptive parents. The other group has well biological
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parents and is adopted by ill adoptive parents. This design allows
for a direct comparison of environmental and biological transmission
in an adoptee sample. Ideally, all three types of adoption study design
should be used to find converging evidence for the importance of
genetic factors.

A much simpler approach to adoption studies would be to com-
pare rates of illness among adoptees having ill biological parents with
general population prevalence rates. A similar approach would be
to compare rates of illness among biological parents of ill adoptees
with the population prevalence. However, these designs are inap-
propriate because adoptees and their families are not representative
of the general population as regards psychiatric morbidity. For ex-
ample, children having a DSM [II diagnosis of attention deficit dis-
order are eight times more likely to have been adopted than children
with no psychiatric disorder (Deutsch et al., 1982). Similarly, adop-
tion studies of schizophrenia have found higher rates of psychopatho-
logy in control groups than would be expected from general popu-
lation prevalence figures (Kety et al., 1975, 1978; Rosenthal et al.,
1968, 1975). The causes of increased psychiatric morbidity among
adoptees and their relatives is not well understood. Both genetic and
environmental factors may be involved. Itis likely that parents having
a mental disorder are more likely to have their children adopted than
are parents who have no mental disorder. It is also possible that the
stressors that cause a parent to give up a child are important to the
etiology of psychiatric disorders. Furthermore, the stress of being an
adoptee may also contribute to the etiology of mental disorders.
Whatever the true causal pathway may be, the methodologic maxim
is that an adoptee control group is always needed to draw inferences
from an adoption study design.

ADOPTION STUDIES OF MooD DISORDERS

The first reported adoption study of mood disorders was carried
out by Mendlewicz and Rainer (1977) in Belgium. They used the
adoptee-as-proband design supplemented with two additional control
groups. The additional groups were the parents of nonadoptees with
mood disorder and the parents of individuals who had contracted
poliomyelitis during childhood or adolescence. The purpose of the
latter group was to control for the effect on parents of raising a
disabled child. A sample of adoptees with mood disorder was ob-
tained by examining the medical records of five outpatient clinics
and five inpatient services from admissions that occurred during a
five-year period. The authors interviewed potential probands with a
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semistructured psychiatric interview and made diagnoses using Wash-
ington University criteria. To be accepted as an ill proband adoptee,
the subject must have met criteria for primary mood disorder and
must have been transferred to the adoptive home before one year
of age. In addition he or she must have been raised by the adoptive
parents until adulthood. The adoptee control group was selected by
interviewing individuals obtained through adoption agencies and ac-
cepting only those without evidence of psychopathology. The non-
adoptee bipolar group was obtained by using the same screening and
interview methods applied to the bipolar adoptee group. The po-
liomyelitis patients were obtained through three pediatricians. The
adoptive and biological parents of probands were given a psychiatric
interview by individuals blind to the adoptive and clinical status of
their children.

The results of the study are represented in table 4.1. Psychiatric
morbidity was greater among the biological than among the adoptive
parents of bipolar adoptees. The only exceptions are the risks for
cyclothymic disorder and schizophrema, both of which were 0 for
each type of parent. The observed differences between the adoptive
and biological parents of bipolar adoptees were statistically signifi-
cant for comparisons of total psychopathology and mood spectrum
disorders (unipolar, bipolar, and schizoaffective). Rates of alcohol-
ism and sociopathy were fairly high among biological parents of
normal adoptees, suggesting that the risks for these disorders among
the biological parents of bipolar adoptees were due to the fact that
the adoptee samples were not representative. The results for the
biological parents of bipolar nonadoptees are consistent with the
results of other family studies of bipolar disorder. It is notable that
these parents have less bipolar, unipolar, and schizoaffective disorder
but more cyclothymic disorder than do the biological parents of
bipolar adoptees. Thus, the bipolar adoptees may have a larger ge-
netic component to their disorders than do the bipolar nonadoptees.

The results for adoptive parents of bipolar adoptees indicate
that raising a child who eventually develops bipolar disorder does
not increase the parents’ risk of developing bipolar or other disorders.
Similarly, there is no indication that the stress of raising a child with
poliomyelitis substantially increases psychiatric morbidity. Overall,
the results of Mendlewicz and Rainer’s (1977) adoption study indicate
that genetic, not environmental, factors are implicated in the familial
transmission of mood disorders.

Using a parent-as-proband design, Cadoret (1978) compared
eight adoptees whose biological mothers had mood disorders with
118 adoptees whose biological mothers did not have mood disorders.
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Adoptees were selected from three private adoption agencies. Only
those who were eighteen years of age or older at the time of the
study were included. All of the other adoption records were searched
for evidence of psychopathology in the biological parents. The di-
agnosis of the adoptees was based on telephone interviews with the
adoptive parents and with the adoptee whenever possible. These
interviews were blind to the diagnoses of the biological parents,
Washington University diagnostic criteria were used with minor mod-
ifications.

There were no cases of bipolar disorder among the adoptees.
However, 37.5 percent of the eight adoptees whose biological moth-
ers had mood disorder were themselves afflicted with unipolar dis-
order. In contrast, only 9.3 percent of the adoptees with normal
biological mothers had unipolar disorder. Although this difference
fell short of statistical significance (p = 0.067), it is consistent with
a genetic hypothesis for mood disorders. It is difficult to draw strong
inferences from this study due to its small sample size and the lack
of personal interview data on the biological parents. Furthermore,
the adoptees were relatively young. More than 50 percent of them
had not attained the age of 24 at the time of the follow-up. Therefore,
many of the adoptees had been exposed to only a small portion of
the period of risk for mood disorders.

Von Knorring et al. (1983) obtained a sample of 56 adoptees
with mood disorder and 115 adoptees with no psychiatric disorder.
On the basis of the extensive psychiatric and social welfare records
available in Stockholm, Sweden, the adoptees and their parents were
diagnosed using the criteria of Perris (1966) for psychotic mood dis-
orders and D’Elia, von Knorring, and Perris (1974) for nonpsychotic
depression. The prevalence of mood disorders among the biological
parents of ill adoptees (5.1 percent) was nonsignificantly greater then
the prevalence among their adoptive parents (2.7 percent). Fur-
thermore, the prevalence among biological parents of ill adoptees
(5.1 percent) did not differ from the prevalence among biological
parents of normal adoptees (5.4 percent). Thus, this study found
little evidence for a familial aggregation of mood disorders. However,
it did find that the risk for substance abuse among the biological
mothers of ill adoptees (7.1 percent) was greater than the corre-
sponding risk for biological mothers of normal adoptees (0.9 per-
cent). These results are difficult to interpret due to several method-
ologic limitations. Diagnoses were based on information from
medical and other records, not personal interviews. More important,
57 percent of the ill adoptee sample carried a diagnosis of neurotic
depressive reaction. As the family and twin data reviewed in previous
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chapters indicate, such mild depressions may not involve a substantial
genetic component.

Cadoret, O’Gorman, Heywood, and Troughton (1985) inter-
viewed 443 adoptees and their adoptive parents with a structured
psychiatric interview. Biological relatives of the adoptees were di-
agnosed based on information contained in adoption agency records
and, in some cases, the hospital or court records. A biological relative
was considered depressed if there was any evidence of a history of
treatment for depression or a history of two or three symptoms of
the major depressive syndrome with no other evident diagnosis. Only
48 of the adoptees had had a major depressive episode at some time
during their life. Among male adoptees, 15 percent of those with a
biological family history positive for mood disorder had major
depression. Only 7 percent of those with a negative family history
had major depression, but the difference was not statistically signif-
icant. Among female adoptees, 29 percent of those with a positive
biological family history had major depression, as compared to 14
percent with a negative family history. However, the difference was
not statistically significant.

In striking contrast to these negative results, Cadoret et al.
found that several environmental factors in the adoptive family were
predictive of adoptee depression. Six potential precipitants of adop-
tee depression were examined: parental alcohol problems, parental
antisocial behavior, other parental psychiatric problems, parent
death before adoptee age 19, and parental divorce. Alcohol prob-
lems, other psychiatric problems, and parental death were all asso-
ciated with elevated rates of major depression in the adoptee. Pa-
rental alcohol problems predicted male adoptee depression, whereas
the other two problems predicted female adoptee depression. Over-
all, these results suggest that stressors in the home environment are
more predictive of depression than genetic predisposition. However,
the inability to find a genetic component to major depression in this
study must be considered tentative due to methodologic problems,
The means for diagnosing the mood disorders among biological rel-
atives was limited by a reliance on medical records and the inability
to obtain direct interviews with biological parents. Furthermore,
most of the biological parents were in their teens and twenties when
their psychiatric data were originally collected. Given the variable
age of onset of mood disorders, it is likely that many of the biological
parents considered to be well would have eventually developed a
mood disorder.

In contrast to the results of Cadoret et al., strong support for
genetic components to mood disorders has been found by a meth-
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odologically sophisticated Danish study using the adoptee-as-pro-
band design (Wender et al., 1986). These investigators identified 71
adult adoptees with mood disorders and 75 control adoptees with no
record of psychiatric illness, alcohol or substance abuse, or attempted
or completed suicide. The ill and control adoptees were matched on
sex, age, time spent with biological mother, age at transfer to adop-
tive home, and socio-economic class of adopting parents. Since Dan-
ish law requires communities to maintain extensive population reg-
isters of births, adoptions, and changes of address for adoptive and
biological parents, it was possible to identify 387 biological relatives
of ill adoptees, 344 biological relatives of control adoptees, 180 adop-
tive relatives of ill adoptees, and 169 adoptive relatives of control
adoptees. The psychiatric status of probands and their relatives was
determined by cross-indexing the information contained in the pop-
ulation registers with information contained in the Danish psychiatric
register. Based on these records, the ill probands were diagnosed as
follows: 27 were unipolar, 10 were bipolar, 21 had neurotic depres-
sion (including dysthymic disorder and cyclothymic personality), and
15 had *“affect reactions.” This latter diagnosis is a Danish diagnostic
term for individuals who manifest histrionic or panicky behavior or
who make an impulsive suicidal attempt in response to an identifiable
event.

The results of the study are presented in table 4.2. Since there
were significant demographic differences between the biological and
adoptive relatives, no statistical comparisons were made in the prev-
alence of psychopathology between biological and adoptive relatives.
However, it is evident from table 4.2 that among relatives of ill
adoptees, the risk to biological relatives is somewhat greater than

Table 4.2.  The Number of Affected Relatives in Wender et al.’s (1986) Adoption
Study of Mood Disorders

Relatives of Mood- Relatives of Control
Disordered Adoptees Adoptees
Adoptive Biological Adoptive Biological
Relatives” Diagnosis (N = 180) (N = 387) (N = 169) (N = 344)
Mood disorder spectrum 11 (6.1%) 29 (7.5%) 6 (3.6%) 16 (4.7%)
Unipolar 1 (0.6) 8 (2.1) 1 (0.6) 1 (0.3)
Bipolar 0 (0) 2 (0.01) 1 (0.01) 3 (0.01)
Neurotic depression or
affect reaction 6(3.3) 9(3.3) 3(1.8) 8(2.3)
Alcoholism 3(1.7) 21 (5.4) 3(1.8) 7 (2.0)
Attempted suicide 7(3.9) 13 (3.4) 5(3.0) 4(1.2)

Completed suicide 1 (0.6) 15 (3.9) 2 (1.2) 1 (0.3)
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the risk to adoptive relatives. Most notable is the fact that biological
relatives of ill adoptees were more than six times more likely than
the adoptive relatives to have completed suicide. The biological rel-
atives had rates of unipolar disorder and alcoholism that were more
than three times the rates for adoptive relatives of ill adoptees. In
contrast, suicide, unipolar disorder, and alcoholism were not more
prevalent among the biological than the adoptive relatives of control
adoptees.

Meaningful statistical comparisons could be made between the
relatives of ill and control adoptees, as these groups did not differ
on demographic variables. The diagnosis of a mood spectrum dis-
order (unipolar, bipolar, uncertain major mood disorder, neurotic
depression, or affect reaction) was nearly twice as common among
the biological relatives of ill adoptees as among the biological rela-
tives of control adoptees, but the difference was not statistically
significant. Bipolar disorder was equally prevalent among the bio-
logical relatives of the two proband groups, as were neurotic depres-
sion and affect reaction. However, unipolar disorder was seven times
more prevalent among the biological relatives of ill adoptees and the
difference was statistically significant. The biological relatives of ill
adoptees also had elevated rates of alcoholism, attempted suicide,
and completed suicide in statistical comparisons with biological rel-
atives of control adoptees. The strongest findings were for completed
suicide: the rate among biological relatives of ill adoptees was fifteen
times the rate among biological relatives of control adoptees.

The differences in psychopathology between the biological rel-
atives of the two proband groups provide compelling evidence for a
genetic component to mood disorders, because no differences in
psychopathology could be demonstrated between the adoptive rel-
atives of ill adoptees and the adoptive relatives of control adoptees.
Thus, the crucial difference between the two groups of adoptees
resides in the biological, not the adoptive relationship.

SUMMARY

Of the five available adoption studies of mood disorder, two
provide strong support for genetic factors, another is moderately
supportive, and two are not supportive. Although the two most meth-
odologically sound studies support the genetic hypothesis (Mendle-
wicz and Rainer, 1977, Wender et al., 1986), more adoption study
is needed to solidify the foundation of converging evidence needed
to assert more conclusively that genetic factors play a substantial role
in the etiology of mood disorders. It would be of particular interest
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to conduct a cross-fostering study, because the design has not been
used to examine the genetics of mood disorders. Unfortunately,
adoption studies are very difficult to implement. Thus, it is unlikely
that much more relevant data from adoption designs will soon be
forthcoming.

The adoption study results form a pattern that is consistent with
what has been learned from family and twin studies. These latter
methods have unequivocally demonstrated that the bipolar disorder
1s more strongly familial than the unipolar disorder. Thus it is com-
forting for the genetic hypothesis to note that the only adoption study
using exclusively bipolar probands found markedly increased rates
of both bipolar and umipolar disorders among the biological relatives
of bipolar probands. Such high rates are not seen among their adop-
tive relatives or among either adoptive or biological relatives of con-
trol probands. Family and twin studies also lead to the expectation
that mild mood disorders are not highly familial. Thus, adoption
studies using mildly disordered probands cannot discredit the genetic
hypothesis for major mood disorders.



Chapter Five

Quantitative Models of
Genetic Transmission

The mode of inheritance of mood disorders has substantial im-
plications for etiologic research and clinical practice. A conclusive
demonstration that a single major locus (SML) is involved would
hold the promise that a relatively direct biochemical pathway from
genotype to phenotype accounts for the pathophysiology of these
disorders. If a multifactorial polygenic (MFP) model describes the
mode of transmission, the search for a simple biochemical pathway
is likely to be less fruitful. This is so because, as Kidd (1981) noted,
the MFP model relegates genetic factors to an amorphous pool of
small, indistinguishable components that contribute additively to the
pathophysiology of the disorder.

Understanding the genetic mechanism in mood disorders will
also help researchers develop selection rules to maximize the yield
of etiologic research. For example, if this mechanism involves an
SML, homozygotes may be more likely to manifest the underlying
pathophysiology to a degree that is detectable with current methods;
this may not be true for heterozygotes who become ill. Therefore,
as Matthysse and Kidd (1976) suggested, sampling for homozygotes
may increase the power to detect pathophysiologic abnormalities.
However, they also demonstrated that the probability of a patient’s
being homozygous varies greatly from one SML model to another,
Thus, optimal sampling rules will require a precise explication of the
mode of inheritance.

In clinical practice, knowledge of the mode of inheritance will
facilitate genetic counseling. Currently, such counseling is based on
the empirical risk figures observed in family studies. There are several
problems with this approach (Morton et al., 1979). These figures do
not consider the total family history of the person being counseled.
For example, even if we knew the risk for mood disorder among
children and nephews of bipolar patients, we would not know the
risk to a person with one bipolar parent and one bipolar uncle.

102



Quantitative Models of Genetic Transmission 103

Ideally, genetic counseling should be based on risk figures from
a known model of genetic transmission. The model could then be
applied to an individual’s pedigree to determine the risk of a mood
disorder. The importance to genetic counseling of identifying the
correct model has been demonstrated by Morton et al. (1979). They
constructed hypothetical pedigrees and used SML and MFP models
to compute illness risks for possible progeny of the pedigrees. Risk
figures were computed under three sets of assumptions corresponding
to one MFP and two SML models. These models were equally ac-
ceptable in terms of their ability to predict the empirical data of
Matthysse and Kidd (1976). Nevertheless, the computed risks varied
substantially between models for both simple and complex pedigrees.
The authors concluded that risk prediction was model dependent,
and that clinically important errors in predictions could be made by
incorrect models. Their results emphasized the need to understand
the mode of genetic transmission for inherited disorders. Identifying
the correct model has important implications for helping afflicted
individuals in genetic counseling settings.

STATISTICAL PROCEDURES

The statistical procedures used to model genetic transmission
fall into two categories: prevalence analysis and pedigree segregation
analysis. The major difference between the two approaches involves
the form in which the family data enter the analysis. In prevalence
analysis, the data are reduced to a matrix that specifies the prevalence
of the disorder in relatives of ill and control probands (Reich et al.,
1972; Reich, James, and Morris, 1979). This form of analysis loses
important information about the familial pattern of illness in a given
sample because it does not treat probands with multiple ill relatives
differently from those with only one such relative. The method of
pedigree segregation analysis (Elston, 1981) uses all such information
available in the pedigree to test genetic hypotheses. Pedigree seg-
regation analysis also has greater statistical power than prevalence
analysis (Kidd, 1981). Simulation studies have shown that the former
method provides smaller standard errors of parameter estimates and
greater power to discriminate between competing models (Reich,
James, and Morris, 1979).

The more detailed data used by pedigree segregation analysis
enable investigators to use the method to estimate parameters that
can adjust the analysis for biases that may have occurred in the
sampling procedure. For example, because mood disorders have a
variable age of onset, it is necessary to make an adjustment for the
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fact that many of the relatives involved in the analysis have not yet
lived through the period of risk. Another example is ascertainment
bias or nonrandom sampling. Corrections have been developed to
account for the fact that the families used as data for genetic studies
of mood disorders are not randomly sampled from the population
but are selected (ascertained) via affected probands. The details of
these corrections are discussed by Elston (1981).

Prevalence analysis has one advantage over pedigree segrega-
tion analysis. After the parameters of the genetic model have been
established, a goodness-of-fit chi-square can be computed to deter-
mine how well the model predicts the observed data. Pedigree seg-
regation analysis provides no equivalent test. Instead, a genetic
model is defined by a set of parameters, some of which are fixed at
a value specified by the genetic hypothesis. Using a likelihood ratio
test, this model is compared with a model that allows that parameters
fixed by the genetic hypothesis be unrestricted (i.e., instead of being
prespecified, they are estimated from the data). Thus, as Elston and
Yelverton (1975) noted, the test of the genetic model assumes that
the unrestricted model adequately fits the data. If the unrestricted
model is wrong, “the test may be either invalid or meaningless™

(p. 97).

SINGLE Major Locus MoODELS

Single major locus models propose that the pair of genes present
at a single locus is primarily responsible for the transmission of mood
disorders. The major problem facing SML proponents is how to
explain the non-Mendelian distribution of the disorders and the vari-
able expression of the affected genotype. To this end, more complex
SML models have been developed that include one or all of the
following modifications to the classic Mendelian model: (a) reduced
penetrance of the pathogenic gene (i.e., some individuals having the
pathogenic genotype do not become ill), (b) the existence of phe-
nocopies (i.e., the environmental induction of illness in individuals
without the pathogenic genotype), and (c) the addition of an envi-
ronmentally related liability-threshold construct. In the following
discussion, a refers to the pathogenic gene responsible for the dis-
order, and A refers to the nonpathogenic gene that may be present
at the same locus.

A detailed exegesis of mathematical genetic models is beyond
the scope of this chapter; such details are presented in many of the
cited articles (e.g., Elston, 1981). A genetic model has two major
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components. The first is a description of the mode of transmission.
The second is a procedure for determining whether the predictions
made by the model adequately describe the observed familial pattern
of illness. For example, the classic recessive Mendelian model would
describe the transmission of illness as follows: there are three possible
genotypes at the single major locus, AA, Aa, and aa. All aa indi-
viduals are affected; none of the other genotypes is affected. This
model incorrectly predicts that all children of two ill parents will
become ill. In this case the predictions are obviously wrong. When
the accuracy of prediction is not clear, statistical techniques are used
to determine whether the model adequately describes the observed
data.

Prevalence Analyses

An early application of the SML model to mood disorders was
provided by Mendlewicz and Rainer (1974). Their data set consisted
of 134 bipolar probands, 268 parents of probands, and 327 siblings
of probands. Structured diagnostic criteria modeled after Perris
(1966) and Winokur, Clayton, and Reich (1969) were used. Although
a statistical goodness of fit test could not be applied, it was dem-
onstrated that the observed morbidity risks to parents and siblings
could be approximated by a model of single-gene dominant inher-
itance. It is possible to obtain a statistical test of goodness of fit for
SML models by incorporating the liability-threshold concept of Fal-
coner (1965). As Kidd and Cavalli-Sforza (1973) proposed, it can be
assumed that all individuals have a liability or predisposition to de-
velop mood disorders. This liability is influenced by genetic and
environmental factors. Although not directly measurable, liability is
assumed to be a continuous measure that varies from small to large
amounts. If a given individual’s liability exceeds a threshold, illness
occurs. The relationship between the single-gene and the liability-
threshold concept is diagrammed in figure 5.1 for a single threshold.
In this diagram, a is the pathogenic gene; increasing the number of
pathogenic genes increases the amount of liability associated with
the genotype at the disease locus. It is further assumed that each
genotype is associated with a normal distribution of liability. Thus,
due to environmental influences, individuals with the same genotypes
can have different liabilities. The liability-threshold concept provides
a convenient means of modeling variable penetrance. A genotype’s
penetrance under this model is equal to the proportion of the gen-
otype’s liability distribution that is to the right of the threshold.
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Figure 5.1. Single major locus liability threshold model

Furthermore, the presence of phenocopies can be accounted for
by allowing some portion of the AA distribution to be above the
threshold.

A statistical goodness-of-fit test becomes possible when a sec-
ond threshold is added to the model. Furthermore, the addition of
a second threshold makes it possible to delineate three different
phenotypes. Individuals below a lower threshold are considered to
be unaffected, individuals above the highest threshold are considered
to be severe cases, and individuals between the two thresholds are
considered to be mild cases. The number of related phenotypes can
be increased by adding thresholds to the model.

Gershon et al. (1965) tested several SML multiple-threshold
models. These models were applied to the family study data of Ger-
shon et al. (1965). A two-threshold analysis assumed that bipolar
and unipolar disorders were different phenotypic manifestations of
the same single gene. Bipolar disorder was considered to be the
severe form and unipolar disorder the mild form. This two-threshold
model could not be rejected. That is, the prevalences predicted from
the model were not significantly different from the observed prev-
alences. The best-fitting model was essentially a recessive model with
reduced penetrance. In another analysis, a third threshold was in-
corporated to account for a group of related disorders (cyclothymic
personality, undiagnosed major psychiatric disturbance, and neurotic
depression). The threshold for the related disorders was assumed to
be the lowest threshold. This model could not be statistically rejected.
Unlike the two-threshold results, the three-threshold results indi-
cated the disorders to be due to a partially dominant gene. Thus,
the Gershon et al. results indicated that SML models can provide
good fits to prevalence data. However, the parameter estimates of
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these models appear to be very sensitive to the number of thresholds
assumed and the types of disorder chosen as variant phenotypes of
the same genotype.

Similar results are seen in the analyses of Gershon et al. (1976).
They applied the two-threshold model of unipolar and bipolar dis-
orders to the data of Angst (1966), Perris (1966), and Gershon et
al. (1965). The two-threshold model of unipolar and bipolar disorders
could not be rejected for the data of Angst and Gershon but could
be rejected for the data of Perris. The results from the Angst and
Gershon data sets differed in that the former was suggestive of re-
cessive inheritance whereas the latter indicated codominant inher-
itance. However, both studies predict a gene frequency of about 5
percent for the pathogenic allele.

Leckman and Gershon (1977) applied the two-threshold SML
model to examine the gender effect in bipolar-related major mood
disorders. The gender effect refers to the consistent finding from
epidemiologic studies that the risk for mood disorders is consistently
greater among women than among men (Weissman and Boyd, 1984).
In most studies this effect is limited to unipolar disorder. The two-
threshold model is applied to the gender effect by assuming that
males and females have different thresholds for manifesting illness.
The relative scarcity of male cases is explained by assuming that the
male threshold is higher than the female threshold. That is, it predicts
that fewer males than females will be affected. The model also pre-
dicts more illness among relatives of male than female probands, an
effect that is not frequently observed (Faraone, Lyons, and Tsuang,
1987). Leckman and Gershon applied the two-threshold model of
the gender effect to five data sets: James and Chapman, 1975; Goetzl
et al., 1974; Winokur and Clayton, 1967; Mendlewicz and Rainer,
1974; and Gershon et al., 1965. The two-threshold model could ad-
equately predict the prevalence data of Goetzl, Gershon, and James.
The model was rejected for the data of Winokur and Mendlewicz.
The results from the three data sets that provided acceptable fits did
not consistently describe the mechanism of inheritance. The Goetzl
data set suggested that the pathogenic gene was codominant, with a
gene frequency of 0.22. The James (1975) data set suggested that
the pathogenic gene was dominant, with a much lower gene fre-
quency of 0.09. The Gershon et al. (1965) data set agreed with the
gene frequency of 0.09 but suggested that the pathogenic gene was
partially recessive.

Van Eerdewegh, Gershon, and Van Eerdewegh (1980) exam-
ined X-chromosome threshold models of the gender effect in unipolar
and bipolar disorders. Three models were examined. Model 1 as-
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sumed one threshold on the liability scale that determined the man-
ifestation of bipolar disorder. Unipolar relatives of bipolar probands
were considered to be normal in this model. Model II also included
only one threshold, but in this case unipolar and bipolar forms were
considered to be genetically and environmentally identical. That is,
either disorder could occur if an individual exceeded the threshold.
Model III included two thresholds. Individuals above the highest
threshold developed bipolar disorder; those between the lower and
upper thresholds developed unipolar disorder; those below the low-
est threshold remained normal. These three models were tested with
and without the gender effect. The gender effect was modeled by
including separate thresholds for males and females. Thus, models
[ and II become two-threshold models, whereas III becomes a four-
threshold model. These models were applied to three data sets: Wi-
nokur and Pitts, 1965, Gershon et al. 1965, and Mendlewicz and
Rainer, 1974.

For the data of Winokur and Pitts, none of these models could
be rejected. There was consistency between models in indicating the
pathogenic gene to be dominant, with incomplete penetrance and a
low gene frequency (0.02). The models incorporating sex-specific
thresholds gave a slightly better fit to the data, but this was not
statistically significant. For the data of Gershon et al. (1965), models
IT and III could be rejected. The addition of sex-specific thresholds
did not significantly improve or worsen the fit of model I. The results
suggested a dominant pathogenic gene with low penetrance and a
relatively high gene frequency (0.19). The Mendlewicz and Rainer
(1974) data were only adequate for a test of model II. This model
was statistically rejected both with and without sex-specific thresh-
olds. Overall, the results of Van Eerdewegh, Gershon, and Van
Eerdewegh (1980) indicated substantial heterogeneity between data
sets. Sex-specific thresholds do not appear to improve substantially
the fit of genetic models to the data sets examined. Similarly, the
hypothesis of unique thresholds for unipolar and bipolar disorders
was not strongly supported.

Baron (1981) applied the two-threshold model of the gender
effect to the combined data from four family studies (Gershon et al.,
1965; Marten et al., 1972; Winokur and Cadoret, 1967, 1971). These
analyses were able to reject the autosomal, SML model with sex-
specific thresholds. Baron (1983) applied a four-threshold model to
the family data of Baron (1981). This model allowed unique thres-
holds for unipolar and bipolar disorders, along with unique thresh-
olds for males and females. The statistical analysis indicated that the
four-threshold model could not account for the observed data.
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The two-threshold model of the gender effect was used by Smer-
aldi et al. (1984a) on a data set consisting of 94 bipolar probands,
51 unipolar probands, and their 864 first-degree relatives. The single
major autosomal locus model with sex-specific thresholds could not
be rejected. The gene frequency of the pathogenic gene was esti-
mated to be very low (0.005) and the mode of inheritance was close
to codominance.

Price et al. (1985) analyzed the data of Weissman et al. (1984)
using the four-threshold model with sex- and polarity-specific thresh-
olds. Although the statistical fit of this autosomal model to the data
was acceptable, the result was biologically uninteresting. As the au-
thors noted, the best-fitting model predicted most cases of unipolar
and bipolar disorders to be phenocopies—that is, under this model,
most ill individuals do not carry the pathogenic gene.

Overall, the SML prevalence analyses outlined in table 5.1 pro-
vide inconsistent evidence regarding the genetic transmission of
mood disorders. Four of five relevant studies suggested that models
with sex-specific thresholds are not superior to models that assume
the location of thresholds to be independent of sex. Multiple thres-
hold modeling of the effects of polarity has resulted in less straight-
forward results. Some data sets support the hypothesis that bipolar

Table 5.1.
Study

Mendlewicz and Rainer, 1974

Single Major Locus Prevalence Analyses

Conclusion

Best-fitting single-threshold model for UP and
BP suggests involvement of dominant gene
Multiple-threshold models of UP, BP, and re-
lated disorders not rejected

Two-threshold model of UP and BP not rejected
for data of Angst (1966) and Gershon (1975),
but rejected for data of Perris (1966)

Gershon et al., 1975

Gershon et al., 1976

Leckman and Gershon, 1977

Van Eerdewegh, Gershon, and
Van Eerdewegh. 1980

Baron. 1981
Baron, 1983

Smeraldi, et al.. 1981

Price et al.. 1985

Two-threshold model of gender effect fits 3 of 5
data sets

X-chromosome threshold models do not consist-
ently describe the families of BP probands
from 3 data sets

Two-threshold model of gender effect rejected

Four-threshold model of UP, BP with gender ef-
fect rejected

Two-threshold model of gender effect not re-
jected

Four-threshold model of UP, BP with gender ef-
fect rejected

Note: UP = unipolar disorder, BP = bipolar disorder.
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and unipolar disorders are severe and mild forms, respectively, of
the same SML disorder. Other studies have failed to support this
hypothesis.

Pedigree Segregation Analyses

A summary of SML pedigree segregation analyses is given in
table 5.2. Crowe and Smouse (1977) analyzed the data of Winokur,
Clayton, and Reich (1969), which consisted of a series of families
ascertained through 61 bipolar probands. Diagnoses were based on
a blind structured interview with patients and their relatives. Rela-
tives were considered to be ill if they exhibited either bipolar or
unipolar illness. The autosomal recessive model provided a poor fit
to the Winokur, Clayton, and Reich data. Both the X-linked dom-
inant and the autosomal dominant model could adequately predict
the observed morbidity risks of first-degree relatives. However, the
X-linked dominant model provided more accurate predictions and
was estimated to be approximately 89 times more likely than the
autosomal dominant hypothesis. An examination of the likelihoods
for individual families indicated that, of the 55 informative families,
19 favored the X-linked dominant hypothesis, 10 favored the auto-
somal dominant hypothesis, and 26 were equivocal. Thus, although
in the aggregate these results are more suggestive of X-linked n-
heritance than of autosomal inheritance, they are also consistent with
the hypothesis of genetic heterogeneity.

Tanna et al. (1979) examined 111 individuals from families ex-
hibiting depression spectrum disease, defined as a unipolar disorder
in which at least one member of the family is ill with unipolar depres-

Table 5.2.  Single Major Locus Pedigree Segregation Analyses

Study Conclusion

Crowe and Smouse, 1977 X-linked dominant more likely than autosomal
models

Tanna et al., 1979 Autosomal models rejected; environmental
transmission not rejected

Bucher et al., 1981 X-linked and autosomal models rejected; envi-
ronmental transmission rejected

Crowe et al., 1981 MNeither autosomal nor environmental transmis-
sion rejected

Goldin et al., 1983 X-linked, autosomal, and environmental trans-
mission rejected under several phenotypic
maodels

Tsuang, Bucher, Fleming. and Autosomal model rejected; environmental trans-

Faraone 1985 mission not rejected
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sion and at least one other first-degree relative has alcoholism and/
or antisocial personality. Families with bipolar disorder were ex-
cluded from these analyses. The initial series of analyses rejected
autosomal dominant and recessive models allowing for incomplete
penetrance and corrections for ascertainment bias. In contrast, the
hypothesis of “‘environmental” transmission could not be rejected.
The environmental model assumes that familial transmission is in-
dependent of genotype. Thus, these results suggest that the familial
transmission of depressive spectrum disorder is primarily due to en-
vironmental influences.

Bucher et al. (1981) applied pedigree segregation analysis to
three sets of family data (Goetzl et al., 1974; Helzer and Winokur,
1974; Winokur, Clayton, and Reich, 1969). The Helzer and Winokur
families were selected through 30 bipolar probands. Diagnoses were
based on personal interviews with probands and all available first-
degree relatives. The Washington University diagnostic criteria were
used. The Winokur, Clayton, and Reich data consisted of families
selected through 62 bipolar probands. Personal interviews were used
to diagnose probands and all available first-degree relatives with the
Washington University criteria. The Goetzl et al. data consisted of
the families of 39 bipolar probands. Diagnostic information for pro-
bands was obtained from personal interviews. Diagnostic information
for relatives was obtained from a mailed questionnaire.

The conclusions drawn from separate analyses of these three
data sets were consistent with one another. It was possible statistically
to reject X-linkage along with dominant, recessive, and codominant
autosomal models. Furthermore, the hypothesis of environmental
transmission was also rejected. Thus, although several SML models
could be rejected, the results suggest that the transmission of bipolar
related mood disorders cannot be primarily attributed to environ-
mental factors.

Crowe et al. (1981) analyzed a single large pedigree ascertained
through a unipolar depressive male. The pedigree included 98 family
members who were interviewed with a structured psychiatric inter-
view. Diagnoses were based on the Washington University diagnostic
criteria. In addition to the proband, the pedigree contained cases of
unipolar depression, bipolar disorder, alcoholism, drug dependency,
schizophrenia, and “undiagnosed illness.” The single schizophrenia
case was considered to be unaffected in all analyses. The definition
of the ill phenotype always included unipolar depression; the inclu-
sion of other disorders varied across eight different analyses. None
of these analyses could reject the hypothesis of autosomal SML in-
heritance, nor could they reject the hypothesis of environmental
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transmission. Although the different phenotypic models produced
essentially similar results, the best-fitting model included unipolar
depression, alcoholism, and drug dependency.

Goldin et al. (1983) examined the distribution of affective illness
in the 4,179 relatives of 11 schizoaffective, 96 bipolar I, 34 bipolar
I1, 31 unipolar, and 43 normal controls. Probands were diagnosed
using the Research Diagnostic Criteria based on a structured personal
interview. Approximately 25 percent of the relatives were personally
interviewed; additional information on relatives was obtained
through medical records and interviews with informants. The family
data were analyzed according to four phenotypic models, which var-
ied the definitions of normal, mildly affected, and severely affected
phenotypes. The four phenotypic models were applied to seven sub-
samples of the data according to the diagnosis and/or biological char-
acteristics of the proband. These subsamples were schizoaffective
proband families, bipolar I proband families, bipolar II proband
families, unipolar probands families, *‘low™ MAQO bipolar probands
and their families, “low” 5-HIAA bipolar probands and their fam-
ilies, and lithium-responsive bipolar probands and their families.
These analyses could not produce evidence supportive of either a
single autosomal or a single X-chromosome locus. For the smaller
subsamples, both the genetic and the environmental hypotheses
could not be rejected; for the larger samples both the genetic and
the environmental hypotheses were rejected. Thus, this study’s
attempts to reduce genetic heterogeneity by studying subsamples
and to model within family heterogeneity with different phenotypic
models could not differentiate genetic and environmental
hypotheses.

Tsuang, Faraone, and Fleming (1985) examined autosomal
SML hypotheses based on the family data of Tsuang, Winokur, and
Crowe (1980). The probands from this study consisted of 100 bipolar
and 225 unipolar patients diagnosed according to Washington Uni-
versity diagnostic criteria based on semistructured interviews. Sur-
gical patients matched on sex, pay status (private and public), and
age were used as controls. More than 70 percent of the ill and control
patients’ relatives were personally interviewed with structured psy-
chiatric interviews that were blind to the diagnostic status of the
proband. The SML model applied to these data assumed that, within
the same family, unipolar and bipolar illnesses are caused by the
same autosomal gene having a different penetrance for each disorder.
To reduce between-family heterogeneity, unipolar and bipolar pro-
bands were analyzed separately. For both sets of families, dominant
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and recessive models could be statistically rejected; the environ-
mental hypothesis could not be rejected.

Overall, SML pedigree segregation analyses are not consistent
with the hypothesis that a majority of mood disorders are caused by
the same single gene. The conclusions to be drawn from these studies
do not differ greatly from those drawn from SML prevalence anal-
yses. Both methods fail to find substantial evidence for autosomal
or X-chromosomal inheritance. Since the pedigree segregation analy-
sis studies tend to reject the hypothesis of environmental transmis-
sion, an alternative genetic explanation is required. The presence of
substantial genetic heterogeneity always remains a possibility, but
becomes less tenable as one considers the various studies that have
attempted to reduce such heterogeneity by proband stratification or
phenotypic modeling.

MULTIFACTORIAL POLYGENIC MODELS

The failure to find an SML model that accounts for the familial
transmission of mood disorders suggests the examination of multi-
factorial polygenic models. The MFP model, as originally formulated
by Falconer (1965), makes the assumption that all individuals have
some unmeasurable liability or predisposition to become ill. Greater
amounts of liability increase the likelihood that an individual will
develop the disorder. If an individual’s liability value is greater than
a certain threshold value, the individual will become ill. Liability
values lower than the threshold correspond to well individuals. As
parameterized in the studies to be described, the MFP model is,
strictly speaking, a familial model, not a genetic model. That is, it
assumes that liability is composed of both genetic and environmental
components. Many genetic and environmental factors are presumed
to exist and each is assumed to have a small additive effect on liability.
The resulting liability is assumed to have a normal distribution (fig.
5.2). The MFP model in figure 5.2 can be generalized to include
multiple thresholds placed along the liability scale (Reich et al., 1972,
Reich, James, and Morris, 1979). As previously described for the
SML liability-threshold models, the use of multiple thresholds allows
for the incorporation of related phenotypes into the genetic model.

The earliest application of the MFP model to mood disorders
is found in the work of Slater and Tsuang (1968) using a computa-
tional model developed by Slater (1966). This model examines the
distribution of illness in the maternal and paternal ancestors of ill
probands. If a proband’s illness is due to a rare, dominant gene, then
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—»> Liability +
Threshold
Figure 5.2.  Multifactorial polygenic liability threshold model

one would expect a unilateral distribution of ill relatives. That is,
since the pathogenic gene is transmitted from either the mother or
the father, only the maternal or paternal ancestors should be affected.
In contrast, the polygenic hypothesis suggests that both parents can
contribute pathogenic genes to the proband. Thus, one would expect
a bilateral distribution of ill relatives. That is, both maternal and
paternal relatives of the proband should be affected. Slater and
Tsuang examined the 75 maternal and paternal relatives of 24 mood-
disordered probands. The distribution of ill relatives on maternal
and paternal sides did not differ significantly from the polygenic
expectation.

Perris (1971) applied Slater’s model to 138 bipolar and 139 uni-
polar probands. For both groups, results were compatible with the
polygenic hypothesis. Slater, Maxwell, and Price (1971) studied 68
ancestors of 26 bipolar probands. Mood disorders were found on both
maternal and paternal sides supporting the polygenic hypothesis.

Baker et al. (1972) sampled unipolar probands from 100 con-
secutive admissions to an inpatient psychiatric service. Diagnoses of
depression, alcoholism, and sociopathy were based on the Washing-
ton University criteria. Slater’s computational model was applied to
several diagnostic subsets of the sample. There were 17 “pure de-
pressive disease” families. These families exhibited at least three
cases of unipolar depression and no alcoholism or sociopathy. The
results clearly favored polygenic inheritance, even when the 17 fam-
ilies were subdivided according to early versus late onset and male
versus female proband. Another subsample consisting of families
exhibiting both unipolar depression and alcoholism was analyzed.
Again, results favored polygenic inheritance. Additional analyses,
stratifying the sample by the age of onset and sex, were also consistent
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with polygenic inheritance. Thirty families exhibited unipolar dis-
order, alcoholism, and sociopathy. The observed distribution of ma-
ternal and paternal cases did not differ from the polygenic expec-
tation and was not affected by either sex or age of onset.

Mendlewicz et al. (1973) applied the Slater model to subgroups
of bipolar proband families. The positive family history probands
had at least one relative with bipolar disorder; the negative family
history group had no relatives with bipolar disorder. For the Slater
analyses, bipolar disorder, unipolar disorder, and alcoholism were
considered to be phenotypically equivalent. The involvement of a
single dominant gene was suggested by the analysis of the patients
with a positive family history. For the subgroup with a negative family
history, the results were consistent with polygenic inheritance. James
and Chapman (1975) examined 26 bipolar probands and their first-
degree relatives. Probands and all first-degree relatives were inter-
viewed and diagnosed based on a method similar to the Washington
University criteria. Unipolar and bipolar disorders were considered
phenotypic equivalents. Nine probands and 26 of their first-degree
relatives were informative for the Slater analysis, which indicated
that the polygenic hypothesis could not be rejected.

In contrast to previous studies, Trzebiatowska-Trzeciak (1977)
rejected the polygenic hypothesis in her applications of the Slater
model to unipolar and bipolar proband famihies. The 53 unipolar and
69 bipolar probands were diagnosed according to the criteria of Perris
(1966); similar criteria were used with the relatives, except three
consecutive episodes of depression were not needed for a diagnosis
of unipolar disorder among relatives. Suicide in a relative was con-
sidered evidence of the ill phenotype.

The polygenic model was not rejected in an application of Sla-
ter’s model to the family study of James (1977). All of the 46 probands
had bipolar disorder as diagnosed by structured interviews. A ma-
jority of their first-degree relatives were personally interviewed and
diagnosed with criteria similar to the Washington University criteria.
Another failure to reject the polygenic hypothesis was reported by
Smeraldi, Negri, and Melica (1977). They diagnosed 49 unipolar and
55 bipolar probands according to the criteria of Perris (1966). These
same criteria were applied to personal interview data collected on
the 624 available first-degree relatives.

Overall, applications of the Slater computational model to
mood disorders have failed to reject the polygenic hypothesis. How-
ever, these results must be considered suggestive, not conclusive. As
Slater, Maxwell, and Price (1971) indicated, the model is subject to
several biases that could favor the polygenic hypothesis. Most im-
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portant, if assortative mating is present, one would expect to observe
ill individuals in both the maternal and the paternal ancestries under
any genetic hypothesis. Also, since the polygenic hypothesis is the
null hypothesis, conditions of low statistical power would favor the
polygenic hypothesis. These potential biases are also, to varying
degrees, applicable to the more sophisticated prevalence and pedi-
gree segregation analysis approaches.

Prevalence Analyses

Gershon, Baron, and Leckman (1975) applied multiple-thresh-
old MFP models to unipolar, bipolar, and related disorders. This
last group included cyclothymic personality, undiagnosed major psy-
chiatric disturbance, and neurotic depression. In the two-threshold
model, the related disorders were considered phenotypically normal.
In the three-threshold model, they were considered to be the mildly
affected phenotype. None of the two- or three-threshold models
could be rejected. Gershon et al. (1976) applied the two-threshold
MFP model of unipolar and bipolar disorder to three independent
data sets (Angst, 1966; Gershon et al., 1965; Perris, 1966). The model
was statistically rejected for the data of Perris but not for the other
data sets. If the MFP model is correct, these results suggest the
heritability to be approximately 0.70-0.94. Leckman and Gershon
(1977) applied the two-threshold MFP model of the gender effect to
five different data sets (Gershon et al., 1965; Goetzl et al., 1974;
James and Chapman, 1975; Mendlewicz and Rainer, 1974; Winokur
and Clayton, 1967). The model was rejected for two of the five data
sets. For two of the three data sets that provided a satisfactory fit,
sex-specific thresholds were not necessary to predict adequately the
observed prevalences. Thus, although all of these analyses provide
some support of the MFP hypothesis, they do not strongly indicate
the need for sex-specific thresholds. These results suggest that the
heritability of mood disorders ranges from (.80 to 1.0.

Smeraldi, Negri, and Melica (1977) could not reject a two-
threshold model of unipolar and bipolar disorder. The estimated
heritability for these disorders ranged from 0.77 to 0.96. Baron (1981)
used the two-threshold MFP model to examine the gender effect in
affective disorders. The model was statistically rejected.

Gershon et al. (1982) applied a three-threshold model of uni-
polar, bipolar, and schizoaffective disorders to their family data set.
Their model assumed that schizoaffective disorder resulted when
individuals exceed the highest threshold on the liability scale. Those
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between the second and third thresholds were assumed to develop
bipolar disorder, those between the first and second, unipolar dis-
order, and those below the first threshold were assumed to remain
normal. This model could not be statistically rejected. The estimated
heritability was approximately 0.78. Smeraldi et al. (1984a) studied
the 164 first-degree relatives of 94 bipolar and 51 unipolar probands.
The MFP model with sex-specific thresholds could not be rejected.
The results suggested that the heritability of mood disorders ranged
from 0.52 to 0.88.

Tsuang, Faraone, and Fleming (1985) applied the two-threshold
model of unipolar and bipolar disorders to Tsuang, Winokur, and
Crowe’s (1980) case-controlled, double-blind family study. The re-
sults could not statistically reject this version of the MFP model,
suggesting that the two disorders share a common genetic liability.
Price et al. (1985) combined the unipolar/bipolar distinction and the
gender effect in a four-threshold MFP model. They examined the
family data set of the Yale-NIMH collaborative study (Gershon et
al., 1982; Weissman, Kidd, and Prusoff, 1982). The model was sta-
tistically rejected, indicating that multiple-threshold MFP models
cannot account for both the unipolar/bipolar distinction and the gen-
der effect. Similar results for the gender effect were reported by
Merikangas, Weissman, and Pauls (1985) using the family data of
Weissman, Kidd, and Prusoff (1982), a subset of the data used by
Price et al. Merikangas, Weissman, and Pauls rejected the two-
threshold model of the gender effect because the risk of depression
among relatives was independent of the sex of the proband, contrary
to the prediction of the two-threshold MFP model.

Reich et al. (1987) examined the transmission of unipolar dis-
order among families ascertained through the NIMH Collaborative
Depression Program. Their model allowed for sex-specific secular
trends in lifetime population prevalence, correlations between non-
transmissible etiologic factors in siblings, and the transmissibility of
the liability to depression. Although there was a trend for the familial
transmission of unipolar disorder to be greater in more recently born
birth cohorts, this was not statistically significant. Thus, the birth
cohort effect observed in these data cannot be attributed to an in-
creased prevalence of nonfamilial, sporadic cases in younger cohorts.
However, the degree of transmissability was greater for females
(0.62) than for males (0.28). These transmissability estimates are the
equivalent of heritability when there are no familial, environmental
factors. There was no evidence for nontransmissable environmental
factors common to siblings. That is, the degree of concordance be-
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Table 5.3.

Multifactorial Polygenic Prevalence Analyses

Study
Gershon et al., 1975

Gershon et al., 1976

Leckman and Gershon, 1977

Smeraldi, Negri, and Melica,
1977

Baron, 1981

Gershon et al., 1982

Smeraldi et al., 1981

Tsuang, Faraone, and Fleming,

Conclusion

Multiple threshold models of UP, BP, and re-
lated disorders not rejected

Two-threshold models of UP and BP not rejected
for data of Angst (1966) and Gershon et al.
(1975) but rejected for data of Perris (1966)

Two-threshold model of sex effect fits 3 of 5 data
sets

Two-threshold model of UP and BP not rejected

Two-threshold model of gender effect rejected

Three-threshold model of UP, BP, and SA not
rejected

Two-threshold model of gender effect not re-
jected

Two-threshold model of UP and BP not rejected

1985

Price et al., 1985 Four-threshold model of UP, BP with gender ef-
fect rejected

Two-threshold model of gender effect rejected

MEP model of UP not rejected. Birth cohort not
related to transmissibility. Transmissibility

greater for females than for males.

Merikangas et al., 1985
Reich et al., 1987

Note: UP = unipolar disorder, BP = bipolar disorder, SA = schizoaffective dis-
order.

tween siblings for depression could be accounted for by transmissable
factors. The degree of transmission from mothers to offspring did
not differ from that observed between fathers and offspring. Thus,
neither maternal nor paternal effects can account for gender differ-
ence in this data.

The MFP prevalence analyses listed in table 5.3 can be sum-
marized as follows. Six of seven studies cannot reject the hypothesis
that unipolar and bipolar disorders share a common multifactorial
liability. Results for the gender effect are more equivocal; four of
nine studies reject the two-threshold model of sex differences. Six
of the papers that presented MFP prevalence analyses also presented
results for SML prevalence analyses (table 5.1). These six studies
analyzed a total of 12 data sets. For six of these data sets, both the
MFP and SML models could be rejected. For seven of these data
sets, neither model could be rejected. Thus, prevalence analyses have
not provided strong evidence favoring a specific mode of inheritance.
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MixeEp MoODELS

The mixed model provides a more complicated but perhaps
more reasonable alternative to the hypotheses of SML and MFP
inheritance (Morton and MacLean, 1974). As the name suggests,
the mixed model allows the genetic etiology of a disorder to include
both an SML and an MFP component. A major advantage of this
approach is that a single model can test both the null hypothesis of
no MFP effect and the null hypothesis of no SML effect. These
hypotheses cannot be directly compared, but each can be compared
with a model including both components. That 1s, a mixed-model
analysis can determine if one of the two components can provide an
adequate fit to the data without including the presence of the other
component.

The lack of clear-cut results favoring either SML or MFP in-
heritance in mood disorders suggests that the mixed model may be
an appropriate method of analysis. Shaughnessy et al. (1985) ex-
amined a 28-member three-generation pedigree selected through a
bipolar proband. Family members who had a history of a major or
minor mood disorder were considered to be affected. The mixed-
model analysis could reject the hypothesis of no familial transmission.
However, it could not distinguish between SML and MFP models
of transmission. Similar results were obtained when the definition of
affected was changed to include only individuals who had been hos-
pitalized for a mood disorder. These mixed model results are very
preliminary for two reasons. First, the sample size was relatively
small, suggesting that tests of hypotheses were not very powerful.
In addition, the analytic model used by these authors did not allow
them to correct the data for the variable age of onset of mood dis-
orders.

Rice et al. (1987b) applied the mixed model to 187 families of
bipolar patients from the NIMH Collaborative Study of the Psycho-
biology of Depression. Diagnoses were made according to Research
Diagnostic Criteria (RDC) derived from structured psychiatric in-
terviews. All available first-degree relatives were interviewed. Those
who were unavailable were diagnosed according to the Family His-
tory RDC based on information from an informant. Only bipolar
relatives were considered to be ill in these analyses. Bipolar disorder
was defined as meeting criteria for bipolar I disorder (149 probands)
or schizoaffective disorder-manic subtype (38 probands). The schizo-
affective subgroup was included because it was found that schizo-
affective-manic and bipolar I probands had the highest rates of bi-



120 The Genetics of Mood Disorders

polar I disorder among their first-degree relatives as compared to
probands with schizoaffective disorder-depressed type, bipolar II dis-
order, or unipolar disorder. Moreover, relatives of probands with
schizoaffective disorder-depressed type had higher rates of schizo-
phrenia than relatives of unipolar probands. The rates of schizo-
phrenia did not differ for relatives of schizoaffective-manic and uni-
polar probands.

The mixed model was examined both with and without different
liability classes that would allow the age of onset to reflect severity.
The hypothesis of no familial transmission could be rejected. Support
for the MFP model did not differ whether or not liability was dif-
ferentiated on the basis of the age of onset. This was not the case
for the SML model. In the analysis without hability classes deter-
mined by the age of onset, the SML model was not supported;
however, with the inclusion of these lability classes in the mixed
model, there was evidence for an SML. There was little support for
multifactorial inheritance in this latter mixed model because the poly-
genic background was quite low.

Consistent with other reports (see chap. 2) indicating that the
age of onset reflects the degree of liability, these results suggest that
the model using age-of-onset—based liability classes is more mean-
ingful. However, the investigators noted that the results were not
conclusive because the estimated transmission probabilities were sig-
nificantly different from Mendelian expectations. That is, the trans-
mission probabilities differed from their expected values under the
Mendelian hypothesis. The expected probabilities of transmitting the
normal allele A, for genotypes AA, Aa, and aa are 1.0, 0.5, and 0.0,
respectively.

In an effort to reduce heterogeneity and to allow for more
complex models of transmission, Price, Kidd, and Weissman (1987)
applied mixed-model analysis to subgroups of individuals from the
Yale Family Study (Gershon et al., 1982; Weissman, Kidd, and Pru-
soff, 1982). This data set was discussed above in regard to multiple-
threshold SML and MFP analyses of bipolar and unipolar disorders.
In those analyses (Price et al., 1985), it was found that the SML
model with the gender effect could be fit to the data but most of the
unipolar and bipolar cases were phenocopies. The MFP model was
rejected. This more recent analysis (Price, Kidd, and Weissman,
1987) included only families of unipolar probands and considered
only relatives with unipolar disorder to be affected. The gender effect
was modeled in terms of sex-specific penetrances for unipolar dis-
order. In addition, the authors incorporated into the analyses the
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presence or absence of early onset (under age 30) and panic disorder
in probands as potential etiologic markers.

Three overlapping subsets of families were examined: (1) 105
families selected through 64 early-onset probands; (2) 50 families of
28 unipolar probands with secondary panic disorder (24 families of
early-onset probands and 7 families of late-onset probands); and (3)
38 families of 21 probands with both early onset of unipolar disorder
and secondary panic disorder. Diagnoses were made according to
modified RDC based on direct interview. Different thresholds for
unipolar disorder were assumed for men and women and for different
age cohorts. Age cohorts were modeled on differences in thresholds
because recent evidence indicates that lifetime rates have significantly
increased in more recent cohorts (see chap. 2).

Pedigree segregation analyses rejected a model of no familial
transmission for all three subgroups. For the early-onset group the
best-fitting mixed model indicated a dominant major gene with 1n-
complete penetrance. The frequency of the pathogenic gene was
about 4 percent. A large proportion of cases (40 percent) were phe-
nocopies according to the model. Polygenic heritability in the best-
fitting mixed model approached (0, making it equivalent to an SML
model. These data strongly suggest the presence of a major gene
and clearly reject the pure MFP model. On the other hand, the
estimated probabilities of transmission were significantly different
from expected Mendelian values under the SML model.

In the panic subgroup the best-fitting mixed model was that of
a dominant gene with a low gene frequency (0.03) and polygenic
heritability (0.25). For the early onset with panic disorder subgroup,
the mixed model suggested a partially dominant gene with a gene
frequency of 0.03 and no polygenic background. In these subgroups
the transmission probabilities were again non-Mendelian.

The authors noted that the age cohort—effect makes the inter-
pretation of the results difficult. The inconsistency of estimated trans-
mission probabilities with Mendelian expectations could have re-
sulted if the cohort effect were due to nongenetic factors, as the work
of Lavori et al. (1986) suggests. If so, modeling cohort differences
as differences in thresholds would be inaccurate. Conclusions re-
garding the panic disorder and early onset with panic disorder sub-
groups are limited by the small sample sizes involved. Overall, there
is stronger evidence for an SML as opposed to an MFP process.
Because of the inconsistencies noted, findings should be considered
suggestive, but not conclusive, of a predominantly SML mode of
inheritance for individuals with early-onset unipolar disorder.
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SUMMARY

The results of analyses incorporating the unipolar-bipolar dis-
tinction are summarized as follows. Of five data sets in which the
SML model was examined, two failed to reject the model, two re-
jected it, and one had equivocal results. The ambiguous results were
for the data of Gershon et al. (1965), in which an X-chromosomal
model was rejected but an autosomal model was not. There are not
enough such comparisons, however, to draw any firm conclusions
about the adequacy of the autosomal model versus the X-chromo-
somal model. The MFP model received stronger support from the
six data sets in which it was examined. Five of those six failed to
reject the MFP model.

The only study incorporating the unipolar-bipolar distinction
that rejects the MFP model is an analysis of the data of Perris (1966)
by Gershon et al. (1976). Perris limited the definition of unipolar
disorder to recurrent forms. Thus, the rejection of the model 1s
consistent with family studies using the recurrent criteria; such studies
have tended to find no familial relationship between bipolar and
unipolar disorder (see chap. 2). On the other hand, if one looks at
the five instances in which both autosomal SML and MFP models
are tested on the same data set, the results suggest that there is a
lack of strong evidence favoring a specific model. For only one of
these data sets (Tsuang, Winokur, and Crowe, 1980) did the results
differ between the SML and MFP models; the former was rejected,
whereas the latter was not. For three of the data sets both models
could not be rejected and for one of them both models were rejected.

Whereas the results of analyses using polarity-specific thresh-
olds are equivocal, the majority of studies without such thresholds
reject the SML model. The autosomal model was rejected for five
of seven data sets. The X-chromosomal model was also rejected for
five of seven data sets; one failed to reject it and one provided mixed
results. There are five data sets in which both the autosomal and X-
chromosomal models were tested. In four of these, both models were
rejected; in one of them the autosomal model was not rejected but
the X-chromosomal model was rejected. Either of these SML models
is thus only very weakly supported.

Analyses of the gender effect using polarity-specific thresholds
were conducted on only three data sets. Because there are so few
of these studies and the results are variable, no firm conclusions can
be drawn. Many more studies have been performed in which the
gender effect was applied without the use of polarity-specific thresh-
olds. The results of these studies are inconsistent for both SML and
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MFP models. Out of 13 data sets in which the SML model with the
gender effect was tested, 7 failed to reject the model, 5 rejected it,
and 1 had ambiguous results. The MFP model with the gender effect
was rejected for 4 out of 8 data sets. Moreover, studies that examined
the same data set both with and without the gender effect found
little or no differences. Testing these models with the gender effect
also failed to produce evidence that would favor a specific model.
For 7 out of 8 data sets, either the SML and MFP models were both
rejected or were both supported. Regardless of whether or not po-
larity-specific thresholds are used, neither SML nor MFP models
with the gender effect have been superior to the models without it.

For the two studies that applied mixed-model analysis and ex-
amined the gender effect, the pure MFP model was not supported
(Price, Kidd, and Weissman, 1987; Rice et al., 1987b). Unfortu-
nately, support for the SMLL. model was ambiguous in both studies.
Price, Kidd, and Weissman studied only unipolar disorders and in-
cluded the gender effect in their analyses. On the other hand, Rice
et al. studied only bipolar disorders but did not include the gender
effect in their tests of the models because there was little support
for sex differences in their data. Almost all of the analyses before
these two recent studies have applied the gender effect to data sets
including both bipolar and unipolar subjects. The use of different
thresholds for men and women across both diagnostic categories may
have been problematic. Based on the findings of epidemiologic stud-
ies, this approach is clearly justifiable for unipolar disorders. But,
epidemiologic studies do not tend to find a gender effect for bipolar
disorders. At least with regard to gender effects, the results of these
two mixed-model analyses are consistent with the epidemiologic
findings.

In two of three mixed-model pedigree segregation analyses
(Price, Kidd, and Weissman, 1987; Rice et al., 1987b), the pure MFP
model was not supported but results for the SML model were am-
biguous. The lack of conformation to Mendelian expectations in the
two mixed-model pedigree segregation analyses is consistent with the
conclusion that alternative genetic explanations are needed because
these analyses reject the hypothesis of environmental transmission.

The lack of consistent or definitive results suggests that math-
ematical genetic modeling studies have reached a limit in their utility
for understanding the transmission of major mood disorders. While
methodologic improvements in terms of the collection of family data
have strengthened this approach, they do not directly address what
is perhaps the most important issue, the problem of determining
what is the appropriate specification of the phenotype.



124 The Genetics of Mood Disorders

One approach to this dilemma is to conduct multiple analyses
for the same data sets using different criteria for defining the phe-
notype. Of course, those groups of disorders for which results were
significant would need to be cross-validated on other samples. This
type of exploratory strategy has been used in a few studies but the
“right” group of disorders has still not clearly emerged. It may be
that mathematical modeling studies will not be conclusive until a
highly reliable and valid diagnosis of mood disorders becomes avail-
able.

[t is crucial to remember that modeling studies are limited by
the assumption that all families examined exhibit the same genetic
disorder. If mood disorders are genetically heterogeneous, then the
results of modeling studies are meaningless. Fortunately, the prob-
lem of heterogeneity can be somewhat mitigated by studies of genetic
linkage.



Chapter Six

Linkage and Association Studies

The structure of human chromosomes and the well-described
series of genetic events involved in human reproduction have enabled
geneticists to develop experimental tests to detect the single genes
that contribute to psychiatric and other disorders. To understand
fully how tests of linkage and association can detect major genes, it
1s necessary to review basic facts of human cytogenetics.

At the molecular level, a gene is a sequence of the deoxyri-
bonucleic acids (DNA). DNA consists of a sequence of deoxyribose
sugar-phosphate groups each attached to one of four nitrogen bases:
adenine (A), thymine (T), guanine (G), and cytosine (C). The se-
quence of base pairs in a gene determines the sequence of amino
acids and hence the protein it will create. Although gene size is highly
variable, the number of bases contained in a single gene is of the
order of 1,000 for a typical gene (Morton, 1982). Individual genes
are arranged sequentially on linear structures called chromosomes.
Thus, a chromosome is a large strand of DNA containing many
individual genes. Humans have 23 pairs of chromosomes. One pair
consists of sex chromosomes. For females, this pair contains two X
chromosomes, and for males, one X and one Y chromosome. The
other 22 pairs are called autosomes. The location of a gene on a
chromosome is called its locus. The different variants of a gene that
may be found at that locus are called alleles.

Genetic transmission occurs because all individuals inherit one
member of each pair of chromosomes from their father and one from
their mother. However, the inherited chromosomes are not identical
to any of the original parental chromosomes. This is due to the
phenomenon known as crossing over, which occurs during meiosis.
Meiosis is the process whereby gametes (sperm and egg) are created.
Unlike other cells, gametes contain single chromosomes, not pairs.
These single chromosomes are not simply one of the chromosomes
from the original pair. Each chromosome in a gamete consists of a
combination of genes, some from one member of the original pair,
others from the other member of the original pair. This is the result
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of crossing over between the original pair during meiosis. We rep-
resent crossing over schematically in figure 6.1.

In the figure, the original pair of chromosomes is represented
as one dark strand and one light strand. Three different genes are
highlighted with uppercase and lowercase letters signifying different
alleles at the same locus. During meiosis these two chromosomes
will literally cross over each other and exchange portions of their
DNA. In figure 6.1 we demonstrate the result of a single crossover.
In reality, multiple crossovers will occur, resulting in a new pair of
chromosomes in which each member of the pair i1s a complicated
combination of genes from the original pair. This phenomenon we
show schematically in figure 6.2.

When meiosis is complete, one chromosome from each new
pair will be found in each gamete. Thus, the chromosome transmitted
from parent to child contains a mixture of genes from the parents’
original pair.

LINKAGE STUDIES

With figures 6.1 and 6.2 we illustrate genetic linkage and its
relationship to crossing over. Linkage occurs when two loci on the
same original chromosome are so close to each other that crossing
over rarely occurs between them. Closely linked genes usually remain
together on the same chromosome, in the same gamete, after meiosis
has been completed. In figures 6.1 and 6.2, the A (or @) and the B

Figure 6.1. Schematic representation of a single crossover
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Figure 6.2. New chromosome pair created by multiple crossovers

(or b) locus are close to each other but distant from the C (or ¢)
locus. Crossing over is unlikely to occur between the A and B loci.
Therefore, it is very likely that, after meiosis, the rearranged chro-
mosomes will contain either alleles A and B or alleles @ and b. It is
highly unlikely that a child will receive a chromosome containing
either A and b or a and B. In contrast, because the C locus is far
from the A locus, it is more possible that these two loci will exhibit
recombination. That is, one would expect crossing over to occur
between the C and A loci, resulting in new, recombinant chromo-
somes containing the pairs Ac and aC. Two loci will recombine if an
odd number of crossovers occur between them, otherwise they will
not recombine. If two loci are very far apart, the probability of an
odd number of crossovers is equal to that for an even number, so
the probability of recombination is 50 percent. Thus, genes on the
same chromosome that are distant from one another are transmitted
independently, as is the case for genes on different chromosomes.
To demonstrate that a single gene is involved in the etiology
of a disease, one can show that the putative disease locus is linked
to a known genetic marker. To be useful for linkage analysis, a
genetic marker must be a measurable human trait controlled by a
single gene with a known chromosomal location. In addition, the
mode of inheritance of the marker must be known and the marker
must be polymorphic (i.e., more than one version of the gene exists
with a substantial frequency). Commonly used marker loci include
blood groups, enzymes, proteins, and systems that control immune
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response. Linkage between a disease locus and a marker locus is
demonstrated by showing that the genes at the two loci are not
transmitted independently. This is done by estimating the recom-
bination fraction, the probability that the disease and marker genes
will recombine during meiosis.

Consider a hypothetical genetic marker locus such that individ-
uals with genotypes Mm and mm are marker positive, whereas in-
dividuals with genotype MM are marker negative—that is, individ-
uals with at least one m gene exhibit the trait. Next, consider a disease
that is assumed to be autosomal dominant such that individuals with
genotypes Dd and dd become ill, whereas those with the genotype
DD are healthy. To demonstrate linkage between the marker locus
and the disease locus, the investigator collects a series of families
where one parent is marker negative (MM) and healthy (DD) while
the other parent is a double heterozygote and therefore is marker
positive (Mm) and is afflicted with the disease (Dd). If the afflicted
parent is known to have genotype MD/md (i.e., M and D are on
the same chromosome and m and d are on the other chromosome),
then the expected distribution of children is given in table 6.1.

As column 1 indicates, the child always inherits an MD hap-
lotype from the doubly homozygous parent. Four possible haplotypes
can be inherited from the doubly heterozygous parent. The first two
child genotypes will occur when the marker and disease loci do not
recombine and are therefore called nonrecombinants. The last two
genotypes in the table are recombinants; their second haplotype is
a recombination of the ill parent’s original haplotypes. Column 2
gives the probability of observing each genotype expressed in terms
of the recombination fraction, 6. The recombination fraction ranges
from 0 to 0.5. Low values indicate that the disease and marker loci

Table 6.1. The Distribution of Child Genotypes from MD/md = MD/MD Mating

Child Probability of Marker Disease
Genotype Genotype Status Status
MDIMD =10 negative well
2

MD/md 1=18 positive ill
2

MDIMd ) negative ill
2

MD/mD i positive well
2

Note: 8 = recombination fraction.
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are tightly linked together on the same chromosome. A value of 0.5
means that the two loci either are on different chromosomes or are
very distant on the same chromosome. When the two loci are tightly
linked (1.e., 8 = 0), the two recombinant genotypes should be very
rare in matings of the type given in table 6.1. The two nonrecom-
binant genotypes should be equally common. In this example, non-
recombinants can be distinguished from recombinants at the pheno-
typic level; nonrecombinants will be either marker negative and well
or marker positive and ill, whereas recombinants will be either
marker negative and ill or marker positive and well. Thus, in this
example, hnkage means that positive marker status and affliction
with the disease will tend to travel together within a given family.

In practice, the detection of linkage is more complicated than
the preceding example, because the genotypes and haplotypes at
relevant loci may not be known with complete certainty. Thus, it is
often not possible to determine from direct observation which chil-
dren are recombinants and which are nonrecombinants. Fortunately,
statistical techniques have been developed that allow one to estimate
the recombination fraction in situations when genotypes and hap-
lotypes are not well specified. A comprehensive and excellent review
of these techniques is given by Ott (1985). The most common method
of reporting linkage results is to compute a maximum likelihood
estimate of the recombination fraction, the probability of observing
an informative data set under the assumption that the recombination
fraction is equal to the estimate and the probability of observing the
data set under the assumption that the recombination fraction is
equal to 0.5. The ratio of the second quantity to the third quantity
is an odds ratio. It compares the probability that linkage is present
(6 < 0.5) with the probability of no linkage (6 = 0.5). It has been
customary for linkage results to be reported in terms of the logarithm
to the base 10 of the odds ratio. The log of the odds ratio is called
the lod score. Lod scores greater than 3 are considered to be evidence
favoring linkage; lod scores less than —2 are considered to be evi-
dence against linkage; lod scores greater than 2 but less than 3 are
suggestive of linkage; lod scores in between —2 and 2 are considered
to be uninformative (Ott, 1985). Thus, a linkage analysis will support
the hypothesis of linkage if the statistical computations indicate that
the odds favoring linkage are 1,000 to 1.

Although methods of linkage analysis have been available for
some time, the ability to perform a linkage study has, until recently,
been limited by the availability of genetic markers. Measurable traits,
such as blood groups that are polymorphic enough to be suitable
markers, are rare. That is, they cover only a very small proportion
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of the genome, making it, a priori, very unlikely that a known genetic
trait could be mapped to a chromosomal locus. Fortunately, nature,
in conjunction with the diligent and brilliant work of molecular ge-
neticists, has provided a simple but powerful solution to this problem.

During evolution, bacteria developed a mechanism to protect
themselves from the invasion of foreign DNA. At the core of this
mechanism is a group of enzymes called restriction endonucleases.
These enzymes neutralize foreign DNA by literally cutting it into
pieces. The locations of the cuts are determined by the sequence of
nucleotides in the foreign DNA. For example, the restriction en-
donuclease called Alul will cut DNA between nucleotides containing
guanine and cytosine wherever the nucleotide sequence AGCT (i.e.,
four nucleotides sequentially containing the bases adenine, guanine,
cytosine, and thymine) occurs. The enzyme EcoRI cleaves DNA
between G and A within the nucleotide sequence GAATTC. Thus,
if Alul is applied to the DNA sequence:

TACGGCCAGCTCGAAGT (1)
two fragments are produced:
TACGGCCAG CTCGAAGT (2)

The application of EcoRI would not cut this sequence because it
does not contain the recognition site GAATTC. If the DNA se-
quence given in (1) were to undergo a mutation deleting the nu-
cleotides CAG, then the mutated sequence would be

TACGGCCTCGAAGT (3)

Alul would not cut this sequence because the recognition site AGCT
no longer exists. The mutation is detected experimentally because
Alul produces two short restriction fragments from the first DNA
and one long restriction fragment from the second DNA.

For a variety of reasons, a large proportion of human DNA is
highly polymorphic as regards the lengths of fragments produced by
restriction enzymes. That is, if one extracts the same chromosomal
segment from different individuals, the length and number of frag-
ments produced from this segment by one or more restriction en-
zymes will vary substantially among individuals. Since restriction
fragment lengths are highly polymorphic, they are known as restric-
tion fragment length polymorphisms, or RFLPs (pronounced *‘rif-
lips™). As of November 1988, 1,450 RFLP loci had been identified
along the human genome (Howard Hughes Medical Institute, 1988).
It is expected that most, if not all, genes will be within linkage
distance of RFLP loci in the near future.
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X-Linkage

In the previous chapter we showed that segregation analyses of
large family-study data sets have failed to support the hypothesis of
X-linked inheritance for bipolar disorder. However, these studies
cannot rule out the involvement of an X-chromosomal locus for a
subset of mood disorders, since the segregation analyses do not allow
for genetic heterogeneity. Epidemiologic and family-study data are
consistent with the hypothesis of X-linkage for some mood disorders.
As Weissman and Boyd’s (1984) comprehensive review indicates,
epidemiologic studies have consistently found women to be at greater
risk than men for mood disorders. The difference is primarily due
to an excess of unipolar cases among women. For example, Robins
et al. (1984) found women to be twice as likely to experience a major
depressive episode but equally likely to have experienced a manic
episode as men. The difference was consistent across three large
samples from different American cities. Winokur and Crowe (1983)
reviewed 14 family studies of bipolar probands and reported that
among affected female relatives, the ratio of unipolar to bipolar
disorder is approximately 2, whereas among affected male relatives,
the ratio is approximately 1. An excess of mood disorder among
women would be expected for a dominant, X-linked trait.

Also consistent with the X-linkage hypothesis is Winokur’s
(1970) report on the parent-child transmission of bipolar disorder in
the families of 89 bipolar probands. He found 13 cases of father-
daughter transmission, 17 cases of mother-daughter transmission,
and 17 cases of mother-son transmission. No cases of father-son
transmission were found. This is consistent with X-linkage, since
fathers cannot transmit an X chromosome to their sons. Although
father-son transmission has been reported in other studies, it is usu-
ally less than mother-son transmission. For example, Zerbin-Rudin
(1982) reviewed 11 family studies of mood disorders and found 73
cases of father-son transmission. Mother-son transmission was twice
as likely as father-son transmission. It is reasonable to hypothesize
that the dearth of father-son transmission in family studies is due to
the presence of an X-linked variant of mood disorder.

As we show in table 6.2, studies that have examined linkage
between bipolar disorder and known X-chromosomal markers have
been inconsistent. Mendlewicz, Fleiss, and Fieve (1972) studied nine
pedigrees informative for mood disorder and color blindness. Both
protan and deutan color blindness are recessive X-linked traits with
known chromosomal location. All probands had bipolar disorder but
relatives were considered ill if they had either unipolar or bipolar
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Table 6.2. Studies of X Linkage In Bipolar Disorder

Lod
Study Marker Brax Score
Mendlewicz et al., 1972
Winokur, Clayton, and Reich,
1969 Protan CB 0.11 -
Reich, Clayton, and Winokur,
1969 Deutan CB 0.19 —
Fieve, Mendlewicz, and
Fleiss, 1973 Xg 0.19 1.12
Winokur and Tanna, 1969
Mendlewicz and Fleiss, 1974 Deutan CB 0.07 4.50
Protan CB (.10 3.73
Xg 0.19 1.82
Mendlewicz et al., 1975 Xg 0.19 1.82
Winokur and Tanna, 1969
Johnson and Leeman, 1977 Deutan CB 0.5 0.0
Baron, 1977 Deutan CB .09 2.33
Leckman et al., 1979 Xg 0.5 0.0
CGershon et al., 1980
(**Genetics of Plasma’™) and Protan CB and
Gershon et al., 1979 Deutan CB 0.25 1.00
Mendlewicz et al., 1979
Mendlewicz et al., 1980 GoPD 0.05 4,32
Del Zompo et al., 1984 G6PD 0.0 0.97
Protan CH (0.0 0.50
Kidd et al., 1984 CB 0.0 0.27
Xg 0.0 0.36
Baron et al., 1987 Protan CB and
Deutan CB 0.04 4.75
G6PD 0.0 2.94
Mendlewicz et al., 1987 FY 0.11 3.10

Note: B,,,. = recombination fraction at maximum lod score; CB = color blindness.

disorder. In addition to their own pedigrees, these authors used data
from Winokur, Clayton, and Reich (1969) and Reich, Clayton, and
Winokur (1969). Although they did not present a lod score analysis,
their interpretation of the pedigrees suggested that among the five
families informative for protan color blindness, there was one re-
combinant offspring and eight nonrecombinants, yielding a recom-
bination fraction of 0.11. Among the four families informative for
deutan color blindness, there were 3 recombinants and 14 nonre-
combinants, suggesting a recombination fraction of 0.19. Since the
estimates of the recombination fraction were less than 0.5, the au-
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thors concluded that their data supported the presence of a dominant
X-linked gene in the transmission of mood disorders.

Fieve, Mendlewicz, and Fleiss (1973) tested for genetic linkage
between mood disorder and the Xg blood group. This blood group
is known to be controlled by a gene on the X chromosome. Six
pedigrees ascertained through bipolar probands were studied; two
of these had been previously described by Winokur and Tanna
(1969). Their estimate of the recombination fraction, 0.19, was sig-
nificantly less than 0.5. However, the associated lod score was 1.12,
less than the score of 3 needed to assert linkage definitely. That is,
the odds favoring linkage were only 13 to 1, as compared to the
acceptance criterion of 1,000 to 1. Mendlewicz and Fleiss (1974)
added six additional families to four previously studied pedigrees
informative for deutan color blindness. The estimated recombination
fraction was 0.07; this corresponded to a lod score of approximately
4.5, indicating the odds favoring linkage to be more than 30,000 to
l. An analysis of 15 bipolar pedigrees informative for protan color
blindness produced similar results. Close linkage (68 = 0.10) was
supported with an odds ratio of 5,000 to 1. An analysis of 25 families
informative for Xg-linkage was less conclusive. Although the odds
favoring linkage were 920 to 1 for 8 = 0.19, the lod score of 2.96
fell short of the accepted threshold for statistical significance. The
results for bipolar families differed markedly from studies of pedi-
grees containing unipolar, but no bipolar illness. In these latter pe-
digrees, linkage to protan color blindness was excluded with lod
scores less than —2.3 for 0 values less than 0.15. Linkage to Xg was
excluded with lod scores less than — 2.6 for 6 values less than 0.20.
Mendlewicz, Fleiss, and Fieve (1975) reported a linkage analysis
using the Xg blood group that included some of the pedigrees studied
by Fieve, Mendlewicz, and Fleiss (1973). A total of 12 families were
studied. All probands were suffering from bipolar disorder and rel-
atives were considered afflicted if they had either bipolar or unipolar
disorders. The estimated recombination fraction of (.19 was identical
to that reported by Fieve, Mendlewicz, and Fleiss. This was signif-
icantly less than 0.5 but the lod score did not exceed 3.

Gershon and Bunney (1976) criticized the above-cited linkage
analyses for several reasons. All the linkage studies used an analysis
method that assumed the mood disorder phenotype to be unambig-
uously observable. The method did not take into account the issues
of variable age of onset and incomplete penetrance. In addition,
these authors pointed out that the assertion of linkage with both
color blindness and Xg loci was inconsistent with the known chro-
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mosomal distance between Xg and color blindness on the X chro-
mosome. That is, the Xg locus and the color blindness loci are so
far apart that it would be impossible for any one gene to be linked
to both Xg and color blindness.

A subsequent linkage analysis by Johnson and Leeman (1977)
examined linkage to deutan color blindness in two pedigrees ascer-
tained through bipolar probands. Relatives were considered ill if they
had either unipolar or bipolar disorder. The linkage analysis, which
did not correct for variable age of onset and incomplete penetrance,
estimated the recombination fraction to be 0.5, suggesting no linkage.
Linkage with deutan color blindness was studied by Baron (1977) in
one large pedigree ascertained through a schizoaffective proband.
Relatives were considered ill if they had either bipolar or unipolar
disorder. The linkage analysis did not adjust for variable age of onset
and incomplete penetrance. The recombination fraction, (.09, was
associated with a lod score of 2.33. Thus, the odds were more than
200 to 1 in favor of linkage. Leckman et al. (1979) examined linkage
with Xg in six families ascertained through bipolar probands. Rel-
atives were considered affected if they had either bipolar disorder,
unipolar disorder, cyclothymic disorder, minor depression, or acute
psychoses. Their analytic method, which corrected for variable age
of onset and incomplete penetrance, estimated the recombination
fraction to be 0.5. Therefore, the hypothesis of close linkage was not
supported. Close linkage was definitively rejected because the lod
scores for recombination fraction values lower than 0.1 were less
than —2.

Gershon et al. (1980b) reported results from an international
collaborative study of X-linkage under the auspices of the World
Health Organization. Sixteen pedigrees ascertained through bipolar
probands in the United States, Belgium, Switzerland, and Denmark
were studied for linkage between color blindness and bipolar dis-
order. The method of analysis allowed for variable age of onset and
incomplete penetrance. When all pedigrees were analyzed together,
the recombination fraction was 0.25 at a lod score of 1.0. Thus, the
overall sample could not definitively provide evidence for linkage.
However, more detailed analyses indicated substantial differences
between two large subsamples, six pedigrees from the United States
and eight pedigrees from Belgium. The American data could defin-
itively exclude close linkage because recombination fraction values
less than 0.09 were associated with lod scores less than —2. In con-
trast, the Belgian data were more suggestive of linkage with a max-
imum lod score of 1.55 at 6 = 0.15. As these differing results would
suggest, the entire sernies of pedigrees demonstrated significant lin-
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kage heterogeneity. The American subsample did not demonstrate
linkage heterogeneity, but the Belgian subsample was significantly
heterogeneous. This heterogeneity was accounted for by one Belgian
tamily that had very high lod scores. The recombination fraction for
this family was estimated to be 0, with a lod score of 2.3. Thus, for
this family the odds favoring linkage were nearly 200 to 1. The
authors concluded that one pedigree strongly suggested linkage,
seven suggested nonlinkage, and eight were indeterminant. Their
demonstration of linkage heterogeneity supported the hypothesis
that mood disorders may be genetically heterogeneous.

More convincing evidence for X-linkage was provided by Men-
dlewicz, Linkowski, and Wilmotte (1980a), who examined one ped-
igree ascertained through a unipolar proband. The family was
informative for both mood disorder and glucose-6-phosphate-dehy-
drogenase (G6PD) deficiency. Relatives were considered ill if they
had either unipolar or bipolar disorder. G6PD is an enzyme known
to be controlled by a gene on the X chromosome. Their method of
analysis allowed for variable age of onset and incomplete penetrance.
The estimated recombination fraction, 0.05, was highly significant
with a lod score of 4.32. The odds favoring linkage were greater than
20,000 to 1. Linkage between G6PD and mood disorders was weakly
suggested in a pedigree examined by Del Zompo et al. (1984). They
used appropriate analytic techniques and estimated a recombination
fraction of 0.0. However, the lod score was only 0.97. They also
examined a second family that was informative for protan color blind-
ness. Again, the estimated recombination fraction was 0.0 but the
lod score was fairly low, 0.50.

Kidd et al. (1984a) examined one bipolar family informative
for color blindness and three families informative for the Xg blood
group. For color blindness, the linkage analysis was performed eight
times, corresponding to four different definitions of color blindness
and two different definitions of illness. The color blindness definitions
varied the method of classification and the decision rules for classi-
fying questionable subjects. The diagnostic definitions either in-
cluded or excluded unipolar disorder as a variant of bipolar disorder.
From these analyses, the only suggestion of linkage was an estimated
recombination fraction of 0.0 associated with a lod score of only
0.27. Three Xg-linkage analyses were performed corresponding to
three definitions of illness. The maximum lod scores from these anal-
yses indicated a recombination fraction estimate of 0.0 associated
with a lod score of (.36,

Overall, the X-linkage studies discussed to this point provide
weak evidence for X-chromosomal involvement in mood disorders.
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The only study to find a statistically significant lod score was that of
Mendlewicz, Linkowski, and Wilmotte (1980a), which found a close
linkage between mood disorders and G6PD deficiency. The remain-
ing studies are either weakly or not supportive of the X-linkage
hypothesis. Fortunately, many of these studies have been reanalyzed
in a single analysis using appropriate statistical methods. Risch and
Baron (1982) reanalyzed data from Baron (1977), Gershon et al.
(1979), Leckman et al. (1979), Mendlewicz and Fleiss (1974), Men-
dlewicz, Fleiss, and Fieve (1972), Mendlewicz et al. (1979), and
Mendlewicz, Linkowski, and Wilmotte (1980a). The reanalysis as-
sumed that bipolar disorder, unipolar disorder, and cyclothymic per-
sonality were phenotypic variants of the X-linked genotype. The 15
pedigrees informative for protan color blindness demonstrated close
linkage (6 = 0.1) with a statistically significant lod score of 3.74
(table 6.3).

Similarly, the 14 pedigrees displaying deutan color blindness
yielded a recombination fraction estimate of (0.1 with a statistically
significant lod score of 5.37. There was only one pedigree available
for G6PD deficiency. The reanalysis of this pedigree supported the
results of Mendlewicz, Linkowski, and Wilmotte (1980a) in finding
close linkage (6 = 0 at a lod score of 5.11). The reanalysis of 28
pedigrees informative for linkage with the Xg blood group could not
demonstrate strong evidence for or against linkage (6 = 0.3 at a lod
score of 0.33).

Risch and Baron further clarified the controversial and incon-
sistent results of previous studies by demonstrating that the color
blindness pedigrees exhibited significant linkage heterogeneity. That
1s, they estimated that approximately 60 percent of the pedigrees
could be inferred to have an X-linked variant of mood disorder. This
does not indicate the true proportion of the X-linked variant in the
population because investigators exclude pedigrees with father-son
transmission. Unfortunately, most of the positive linkage results are
from pedigrees reported by one group of investigators (Mendlewicz
et al.). Although Gershon et al. (1979) suggested that this may be
due to systematic procedural errors on the part of these investigators,
Risch and Baron argued that they are very likely due to genetic
heterogeneity. Their heterogeneity hypothesis is supported by their
analysis indicating that linkage heterogeneity is found even when
analyses are limited to the pedigrees published by Mendlewicz et al.

Perhaps the most notable aspect of the reanalyses reported by
Risch and Baron 1s that the results are consistent with current knowl-
edge regarding the X-chromosome map. As Gershon and Bunney
(1976) argued, mood disorders could not be linked to both the color
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blindness loci and the Xg locus. Xg and color blindness are at op-
posite ends of the X chromosome and therefore should exhibit in-
dependent assortment (i.e., 8 = 0.5). These known chromosomal
locations are consistent with the results in table 6.3, indicating close
linkage to color blindness but no linkage to Xg. The two color blind-
ness loci (protan and deutan) are known to be close to one another
and to the locus for G6PD deficiency. The results in table 6.3 are
consistent with this known clustering of genes, since each of the three
loci exhibit statistically significant linkage with mood disorder.

Risch and Baron found further support for their assertion of
X-linkage in an analysis of four Israeli families informative for color
blindness (Baron et al., 1987). All of the families were selected
through bipolar probands. Relatives were considered ill if they had
one of the following diagnoses: bipolar I, bipolar II, unipolar, schizo-
affective (mainly affective), or cyclothymic disorder. The maximal
lod score of 4.75 for a recombination fraction of .04 indicates strong
support for X-linkage. Using similar diagnostic criteria, Baron et al.
(1987) examined one large Israeli pedigree informative for G6PD
deficiency. The maximal lod score was 2.94 at a recombination frac-
tion of 0.0. Although the lod score falls short of the 3.0 significance
level, the results are strongly supportive of X-linkage.

The two families informative for protan color blindness had
maximal lod scores of 2.69 and 1.34, respectively; both were asso-
ciated with a recombination fraction of 0.0. The two families in-
formative for deutan color blindness had maximal lod scores of 0.0
at a recombination fraction of 0.5, and 2.31 at a recombination frac-
tion of 0.0. Close linkage was definitively excluded in the latter
pedigree; lod scores fell well below —2 for very low recombination
fraction values (e.g., the lod score was —4.19 at 8 = 0.0). This
pedigree was also the only Ashkenazi pedigree. Linkage analysis of
the three non-Ashkenazi pedigrees resulted in a maximal lod score
of 6.34 at a recombination fraction of 0.0. The strong evidence for

Table 6.3. Reanalysis of Pooled Linkage Data

MNumber of
Marker Pedigrees T Lod Score
Protan CB 15 0.1 3.74
Deutan CB 14 0.1 5.37
GaPD 1 0.0 5.11
Xg 28 0.3 0.35

Source: Risch and Baron, 1982,
Note: 8_.. = recombination fraction at maximum lod score: CB = color blindness.
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linkage in the non-Ashkenazi families, but not in the Ashkenazi, led
the authors to speculate that X-linked inheritance of bipolar-related
disorders could be more pronounced in this, and possibly other re-
lated ethnic groups. As they noted, however, rigorous comparison
is not possible because there was only one Ashkenazi pedigree. Tests
for linkage heterogeneity among the four pedigrees were, in fact,
only marginally significant (p < 0.10). Nevertheless, these findings
provide further support for the viability of the hypothesis of genetic
heterogeneity among the mood disorders.

The results of Baron et al. supported the hypothesis of linkage
for color blindness markers and G6PD deficiency. In addition to the
analyses described above, they performed a multipoint analysis for
the combined lod scores of both color blindness and G6PD. When
only the non-Ashkenazi families were included in the analysis, the
results suggested that the bipolar locus is extremely close to the color
blindness locus. The maximal lod score of 9.17 occurred at the color
blindness locus, indicating odds in favor of linkage of 10’ to 1. The
odds decreased rapidly as the distance from the color blindness locus
increased in either direction. At 10 map units (equivalent to 10 per-
cent recombination; 6 = 0.1, for example, there was a greater than
tenfold reduction of the odds in favor of linkage.

When the Ashkenazi pedigree was included in the analysis, the
maximal lod score occurred 5 map units from the color blindness
locus, which was also 3 map units from the G6PD locus. The lod
score was 7.52, indicating odds in favor of linkage of 3 x 107 to 1.
Additional analyses using a more narrow definition of the phenotype
in which relatives with cyclothymic disorder were considered to be
unaffected resulted in smaller lod scores. These lod scores of 4.37
for color blindness and 2.02 for G6PD still are supportive of linkage.
The authors concluded that the disease locus may be between these
two marker loci.

Mendlewicz et al. (1987) used a DNA probe to demonstrate
linkage between mood disorder and the F9 X-chromosomal locus in
10 Belgian pedigrees. The maximal lod score was 3.10 at a recom-
bination fraction of 0.11. Since the F9 locus is itself closely linked
to the G6PD deficiency and color blindness loci, these results are
consistent with previous reports of X-linkage.

HLA-Linkage

On the short arm of chromosome 6 there is a tightly clustered
group of genes known as the major histocompatibility complex
(MHC). The MHC contains many genes involved in controlling the
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immune response to foreign antibodies. The MHC is often called
the HLA region due to the role that human leukocyte antigens have
played in establishing the chromosomal map of this area. Since the
HLA loci control the immune response of leukocytes, it is relatively
easy, via blood samples, to establish HLA antigen types in humans.
Extensive international research has indicated that the antigens of
the HLA system are primarily controlled by four genetic loci: HLA-
A, HLA-B, HLA-C, and HLA-D.

The HLA system provides a very useful genetic marker for
linkage studies. As previously noted, a genetic marker will be most
useful for linkage analysis when it is easily measured, has a known
mode of genetic transmission, and is highly polymorphic (i.e., more
than one version of the gene exists with a substantial frequency).
HLA antigens are easily measured and their mode of inheritance is
well described. Furthermore, the A, B, C, and D loci are closely
linked; recombination between any pair occurs less than 1 percent
of the time. Additionally, each HLA locus is highly polymorphic.
Thus, the HLA system should be a useful hinkage marker for most
families.

We have summarized studies of HLA linkage to mood disorders
in table 6.4. The studies of Smeraldi et al. suggested linkage using
the method of sibling pair analysis (Smeraldi et al., 1978a; Smeraldi
and Bellodi, 1981). The sib pair method examines the distribution
of HLA types among pairs of ill siblings. If the illness is not linked
to HLA, this distribution should be significantly different from that
predicted by simple Mendelian segregation. If the illness and HLA
are linked, the observed distribution will deviate from the predicted
such that pairs of ill siblings will be more likely than expected to
have common HLA haplotypes. An HLA haplotype consists of the
HLA genotypes at each HLA locus. Since the HLA loci are closely
linked, the parental haplotypes are usually transmitted to the oft-
spring without recombination. The high level of polymorphism at
each HLA locus usually results in four unique parental haplotypes
identifiable among the offspring.

The Smeraldi et al. studies examined 26 families with multiple
cases of mood disorder among siblings. Illness was defined by the
Research Diagnostic Criteria for unipolar disorder or bipolar dis-
order. Siblings concordant for mood disorder exhibited an excess of
HLA similarity, whereas siblings discordant for mood disorder did
not. This supports the hypothesis that a gene in the HLA region is
mediating genetic susceptibility to mood disorders.

Targum et al. (1979) applied the lod score method to nine
families of bipolar probands. Family members were considered ill if
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they exhibited either bipolar, unipolar, schizoaffective, or cyclo-
thymic personality disorders. Lod scores were less than or equal to
— 2 for values of the recombination fraction, 6, less than (0.15. Thus,
close linkage to the HLA region was significantly unlikely.

Different results for unipolar and bipolar disorders have been
reported by Weitkamp and colleagues. Weitkamp, Pardue, and
Huntzinger (1980) ascertained one large pedigree through a unipolar
proband. Nineteen of the 36 pedigree members had a unipolar or
schizoaffective disorder. Lod scores were less than — 2 for values of
the recombination fraction, 0, less than 0.20. Therefore, linkage
between unipolar illness and the HLA region could be excluded in
this pedigree. In contrast, Weitkamp et al. (1981) reported positive
linkage results from a sib pair analysis of 30 sibships. Diagnoses were
based on the Washington University criteria. Sibs were considered
ill if they exhibited either unipolar, bipolar, or schizoaffective dis-
order. A sib pair analysis suggested linkage when these new data
were pooled with the data from the three previously reported studies.
However, linkage was indicated only by an analysis of sibships having
only two affected members. The analysis of sibships having three or
more ill members did not find evidence of linkage.

Johnson et al. (1981) studied seven families with a two-gener-
ational history of mood disorder. Psychiatric diagnoses were based
upon the Washington University criteria. Four families were suitable
for HLA linkage analysis. Family members were considered ill if
they had either unipolar or cyclothymic disorder or if they were
alcoholic. Lod scores were less than or equal to —1.9 for 8 values
less than 0.05. Thus, close linkage between mood disorder and the
HLA system could be excluded in these families.

Goldin, Clergex-Darpoux, and Gershon (1982) expanded the
sample of Targum et al. (1979) by adding 18 new families of bipolar
probands. Relatives were considered ill if they exhibited either bi-
polar, unipolar, or schizoaffective disorder. A sib pair analysis of 21
sib pairs was not supportive of linkage. Similarly, a lod score analysis
found lod scores less than — 2 for values of 6 close to zero, excluding
close linkage to the HLA system.

Suarez and Croughan (1982) applied the sib pair method to 26
ill siblings from 10 families. The Research Diagnostic Criteria di-
agnoses of these siblings were either unipolar, bipolar, or schizoaf-
fective disorder. The sib pair analysis could find no evidence for
linkage. However, when their data were combined with those of
Weitkamp, Targum, and Smeraldi (see table 6.4), the sib pair analysis
did detect linkage at a statistically significant level. This reanalysis
of previously collected data is particularly important because it used
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Table 6.4.  Studies of HLA Linkage

Study

Smeraldi et al., 1978 (HLA
System)

Smeraldi and Bellodi, 1981

Targum et al., 1979

Weirtkamp, Pardue, and
Huntzinger, 1980

Weitkamp et al., 1981

Johnson et al., 1981

Goldin, Clergex-Darpoux, and
Gershon, 1982

Eesults

Sib pair analysis suggests linkage

Lod scores = =2 for 8 < 0.15, exclude close
linkage

Lod scores = —2 for 8 < 0.020, exclude close
linkage

5ib pair analysis suggests linkage

Lod scores = — 1.9 for 8 < 0.05 exclude close
linkage

S5ib pair analysis rejects linkage and lod scores <
— 2 for 8 close to 0 exclude linkage

Suarez and Croughan, 1982 Sib pair analysis of new data rejects linkage, but
pooling with old data suggests linkage
Lod score of 8.02 for 8 = (.15 suggests linkage

Sib pair analysis rejects linkage

Turner and King, 1981, 1983
Suarez and Reich, 1984

Campbell et al., 1984 Lod scores = —2 for 6 < 0.10 exclude close
linkage
Kidd et al.. 1984 Lod score of — 2.6 for 8 = 0 excludes close link-

age

a more appropriate analytic method. That is, the analysis of Suarez
and Croughan accounted for the fact that many of the sib pairs in
previous analyses came from the same family. Since previous studies
had not accounted for this, the results may be called into question.
Interestingly, although the pooled data were significant for linkage,
none of the individual studies themselves exhibited significant linkage
when the more appropriate method was applied. Thus, the authors
conservatively concluded that their analyses could neither confirm
nor reject linkage of mood disorder to the HLA region.

The strongest evidence supporting linkage between mood dis-
order and HLA was reported by Turner and King (1983). They
examined seven pedigrees obtained through bipolar probands. Rel-
atives were considered ill if they met DSM [II criteria for major
mood disorders, atypical major mood disorders, cyclothymic disor-
ders, dysthymic disorders, agoraphobia, borderline personality, an-
orexia nervosa, hypochondria, psychogenic pain disorder, obses-
sionalism, schizotypal personality with depressive component, or
childhood psychosis. A lod score analysis found a maximal lod score
of 8.02 at the recombination fraction value of (.15, highly suggestive
of linkage between mood disorders and the HLA region. A sib pair
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analysis of these data also produced statistically significant results in
favor of linkage.

Suarez and Reich (1984) studied 15 families each containing
two or more siblings with a diagnosis of a major mood disorder.
Relatives were considered ill if they exhibited either bipolar or uni-
polar disorder. A sib pair analysis, corrected for the presence of
more than one sib pair from a single family, provided no evidence
of linkage. Subsequent analyses redefined the illness by removing
bipolar and alcoholic subjects; these also provided no evidence for
linkage. Campbell et al. (1984) reported negative linkage results from
a 37-member, five-generation family. Illness was defined as the pres-
ence of unipolar, bipolar, schizoaffective, or minor depressive dis-
order according to Research Diagnostic Criteria diagnoses. Lod
scores less than —2 for 6 values less than 0.10 indicated statistically
significant evidence against close linkage. Kidd et al. (1984a) ex-
amined 59 individuals in two pedigrees. Individuals were considered
ill if they had either unipolar, bipolar, or minor mood disorders based
on Research Diagnostic Criteria diagnoses. The lod scores became
increasingly negative with decreasing values of 0, with lod scores less
than —2 for 0 values close to 0. Thus, close linkage to the HLA
region could be excluded in these pedigrees.

In summary, 11 studies have examined the hypothesis of linkage
between mood disorder and the HLA region. Four of these provide
statistically significant evidence for the presence of linkage; seven
find no such evidence. There is no simple methodologic explanation
for why some studies are positive and others negative. Although
there are more negative results, the positive ones cannot be dis-
counted. In particular, the large lod score of Turner and King (1983)
is particularly impressive. Their results were further strengthened by
a reanalysis (Kruger, Turner, and Kidd, 1982) using DSM [ criteria
and a more appropriate analytic method that allowed for corrections
due to variable age of onset. This reanalysis, which included only
two of seven pedigrees, found a significant maximal lod score of 3.9
at the recombination fraction value of 0.10. The variable results
between the HLA studies are consistent with genetic heterogeneity
with some cases of mood disorder being linked to HLA and others
being unlinked. A more detailed examination of HLA-linked pedi-
grees is needed to determine how this possible form of mood disorder
may differ from others.

Other Linkage Results

Fourteen research reports have studied a total of 47 other chro-
mosomal markers. We have summarized these in table 6.5. Equivocal
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Table 6.5. The Number of Positive ( + ), Negative ( — ), and Equivocal (7) Linkage
Results for Forty-Seven Chromosomal Markers

Marker 2 ? Marker i ? Marker + = 2
ACP 0 3 0 GPT [ 1 Fy (1 i
JK (B sgeig Se ] ) 1 Or o1 0
Gm 0 1 1 Inv 0 0 1 H6PD 0o o 1
Db o 0 1 Pr I =2 1] Pg 0. 1 1
Bf [ [ ABO 0 & 2 COMT [ O | T |
Eh 1 TR INS* 1 0 0 HRAS1* 0 2 1
MNS 0 4 1 P-1 e, 2 Le (P00
Yk 0 0 | Cs 0 0 l MeC o 0o i
Kn [ R TR GLO 0 2 2 MN O e
HBBC* O 0 1 PTH* | ] Hp IR (R
B[ a 4 2 C3 2 | 3 ESD [ I .
PGM-1 IR e 58 0 1 0 Lu o 1 1
PGD (S e ADA L T 2 AK )z
Pep-A | JREE ] PTC 0 0 2 AMY-2 0 2 0
GALT | TR ) Te e 0 Lp | R |
TF 0o 1 0 [ 0 4 1

* Restriction fragment length polymorphism.

evidence for linkage has been found for three of these 47 markers.
These markers are Hp, C3, and HRASI. Only 2 of 7 studies report
linkage between mood disorder and Hp (Tanna et al., 1976, 1977).
Three studies could statistically reject linkage to Hp (Goldin et al.,
1983; Johnson et al., 1981; Weitkamp, Pardue, and Huntzinger,
1980) and 2 were equivocal (Crowe et al., 1981; Tanna et al., 1979).
A similar pattern of results is observed for linkage to C3. Two studies
statistically support linkage (Tanna et al., 1976, 1977), one rejects
linkage (Weitkamp, Pardue, and Huntzinger, 1980), and three are
equivocal (Crowe et al., 1981; Goldin et al., 1983; Tanna et al.,
1979). A further difficulty in interpreting these results is that the
positive linkage findings for C3 and Hp were found in the same
samples. That is, the sample of Tanna et al. (1976) was positive for
both linkages, as was the sample of Tanna et al. (1977). These authors
did note that linkage between Hp and C3 was unlikely. In fact,
subsequent work has demonstrated them to be located on different
chromosomes (McKusick, 1986). To complicate matters further, one
of the studies that produced equivocal Hp and C3 results was based,
in part, on the same sample as the positive results (Tanna et al.,
1979). Whereas the two positive studies used the method of sib pair
analysis, this latter, equivocal study applied the method of lod scores
to 14 two-generation pedigrees overlapping with the original data
sets. For C3, the maximal lod score was (.06 for a recombination
fraction of 0.33. For Hp, the maximal lod score was 1.03 for a re-
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combination fraction of (0.15. Thus, although linkage to either C3 or
Hp is possible, the available data are, as Tanna et al. (1976, 1977)
indicated, only suggestive.

The linkage evidence for the HRASI locus on chromosome 11
was initially impressive. Egeland et al. (1987) examined a large pe-
digree from a study of the genetically isolated Old Order Amish
population in Pennsylvania. All 12,000 members of this population
are descended from 30 individuals who arrived in the United States
from Europe in the eighteenth century. Since alcohol and drug use
are strictly forbidden among the Amish, the ascertainment and di-
agnosis of mood disorders is facilitated in this population. In the 81-
member pedigree examined, 14 were considered affected. The spe-
cific diagnoses were: bipolar I disorder (11), bipolar II disorder (1),
schizoaffective-manic (1), atypical psychosis with prominent affective
features (1), and major depression (5). The linkage analysis for
HRASI reported maximal lod scores ranging from 3.07 to 4.32 for
a recombination fraction of 0.0. The range of lod scores corresponded
to genotype penetrances ranging from 0.55 to 0.95. A multipoint
linkage analysis using both HRASI and the nearby INS locus pro-
duced a lod score of 4.90. Overall, the results of Egeland et al.
initially suggested that a gene on chromosome 11 close to HRASI
is involved in the etiology of bipolar disorders.

Unfortunately, a follow-up study of Egeland et al.’s Amish
pedigree has rendered the original results more difficult to interpret
(Kelsoe et al., 1989). This study extended the data from the original
pedigree in several ways: (1) diagnoses of two members who had
had an onset of mood disorder subsequent to the Egeland et al.
report were updated; (2) additional genotypic data were collected
from members of the original pedigree; (3) the pedigree was extended
in one direction to include six additional subjects; and (4) the ped-
igree was extended in another direction to include thirty-one ad-
ditional subjects. The net effect of items 1, 2, and 3 above was to
reduce the evidence for linkage to a nonsignificant level. The effect
of item 4 was to significantly exclude linkage to both the HRASI
and INS loa with respective lod scores of —9.31 and —7.75 for
6 = 0.0. Tight linkage to these loci was also excluded when the
additional thirty-one subjects were analyzed separately. As Kelsoe
et al. remark, if mood disorders among the Amish are genetically
homogeneous, then these results provide strong evidence against
linkage to the HRASI/INS region of chromosome 11. However,
these investigators also leave open the possibility that this large ped-
igree may itself be genetically heterogeneous. Clearly, further work
is needed to clarify the genetic etiology of mood disorders in this ped-
igree. The originally implicated regionof chromosome 11 remains of in-
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terest, given the observed cosegregation of mood disorder and thal-
assemia 1n a single pedigree since the latter disorder is due to a
mutation in the nearby beta-globin gene cluster of chromosome 11
(Joffe et al., 1986).

Linkage between HRASI and bipolar disorder has been ruled
out for six other bipolar pedigrees. Detera-Wadleigh et al. (1987)
reported lod scores less than — 2.0 for each of three North American
pedigrees. Family members were considered ill if they were diag-
nosed with any of the following disorders: bipolar I, bipolar I1, major
depression, schizoaffective, and anorexia. Close linkage between bi-
polar disorder and HRAS1 was also ruled out in three Icelandic
pedigrees (Hodgkinson et al., 1987). Lod scores were consistently
less than — 2.0 for recombination fraction values less than 0.10 under
a variety of genetic assumptions.

Although 44 of the 47 markers listed in table 6.5 have provided
no positive evidence of linkage to mood disorder, linkage cannot be
definitively excluded. Most of these markers have been examined in
only one or two studies and, very often, results have been equivocal.
Thus, further research is necessary to establish more definitively that
no linkage exists. Six of the markers in table 6.5 are probably not
linked to mood disorder, because linkage has been rejected by at
least four studies. Five of these markers are blood groups (JK, Fy,
Rh, MNS, and ABO). One is a serum protein group (Gc). The
overrepresentation of blood groups here is probably due to method-
ologic reasons. The blood groups are highly polymorphic and easily
measured. Therefore, they have received more intensive study than
other genetic markers.

ASSOCIATION STUDIES

We have seen in figures 6.1 and 6.2 how crossing over and
recombination result in the linkage of chromosomal loci within fam-
ilies. Although positive linkage results within families indicate that
two genetic loci are linked, they do not indicate that the phenotypes
produced by these loci are associated at the population level. For
example, bipolar disorder may be linked to the X-chromosomal locus
for color blindness. This does not mean that bipolar patients are
more or less likely to be colorblind than healthy individuals. It only
means that a colorblind bipolar mother is much more likely to have
a colorblind bipolar son than a bipolar son with normal vision. Thus,
although chromosomal linkage will produce phenotypic associations
within families, these associations are not likely to be observed at
the population level. However, there are three important exceptions
to this conclusion.
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First, if the same gene causes color blindness and bipolar dis-
order, one would expect to see a strong association between bipolar
illness and color blindness in the general population. Second, a pop-
ulation association will occur between two phenotypes when they
are mediated by genetic loci that are closely linked and are in linkage
disequilibrium. Two loci are in linkage disequilibrium when the pres-
ence of a specific allele at one locus increases the likelihood a specific
allele at the second locus. As Vogel and Motulsky (1979) indicated,
linkage disequilibrium will occur if certain combinations of alleles at
two closely linked loci offer a selective advantage to individuals (i.e.,
individuals with two loci are more likely to survive and reproduce
than other individuals). Also linkage disequilibrium will occur when
two loci are tightly linked but the relevant phenotypes have only
recently been associated with one another. For example, if a mutation
in the color blindness region of the X chromosome produced bipolar
disorder in a colorblind individual 1,000 years ago, it is conceivable
that the low rate of crossing over expected between two closely linked
loci would not be sufficient to remove a population-level association
by the twentieth century. In fact, it has been estimated that a pop-
ulation association due to this type of linkage disequilibrium could
take as long as 5,000 years to disappear.

A third reason for an observed population level association is
a methodologic artifact. Genetic markers are likely to have different
frequencies among different racial and ethnic groups. For example,
HLA antigen frequencies are known to differ between American
Caucasians, American blacks, and African blacks (Payne, 1977).
Such results are probably due to reduced mating between racial and
ethnic populations. They can, however, lead to incorrect conclusions
regarding disease associations with genetic markers. For instance,
the HLA allele Bwl7 is nearly four times more common among
American blacks than among American Caucasians. If one compared
HLA antigens between a group of bipolars and a healthy comparison
group, an artifactual relationship between Bwl7 and bipolar disorder
would emerge if the proportion of black individuals in the two sam-
ples were substantially different.

HLA Associations

The HLA antigens have received considerable attention in ge-
netic marker association studies for both empirical and theoretical
reasons. From an empirical perspective, the HLA region has dem-
onstrated numerous associations with a variety of diseases. Thomson
(1981) listed 46 diseases known to be associated with specific HLA
antigens. The most remarkable of these is ankylosing spondylitis.
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The HLA B27 antigen is found in 90 percent of the patients with
this disease but in only 8 percent of healthy individuals. The Bw2
antigen i1s found in 70 percent of patients with multiple sclerosis;
only 16 percent of healthy individuals have this antigen (Thomson,
1981).

Several theoretical reasons have been given to explain why so
many disease genes may be linked to the HLA region (Amos and
Ward, 1977). As discussed previously, the HLA region or major
histocompatibility complex is believed to contain many immune re-
sponse (Ir) genes. The Ir genes are probably responsible for me-
diating a variety of disease processes either through regulatory con-
trol of antibody synthesis or by coding for structural properties of
receptors that mediate the antibody-antigen response. Structural
properties of receptors may mediate the susceptibility of individuals
to viral diseases due to the potential role of such receptors in trans-
porting the virus across the cell membrane. Amos and Ward also
discussed the possibility that specific antigens may produce abnormal
differentiation during embryogenesis leading to disease. Thus, there
are a number of theoretical reasons why genes in the HLA region
could be responsible for a variety of diseases.

In table 6.6 we summarize studies that have looked for HLA

Table 6.6. Increased or Decreased HLA Antigens among Patients with Mood
Disorder

HLA Antigens

Study Increased Decreased
Shapiro et al., 1977 Bw 16 None
Govaerts, Mendlewicz, and

Verbanck, 1977 None None
Stember and Fieve, 1977 A5, Al3 Al2
Bennahum et al.. 1977 Mone Mone
Johnson, 1978 MNone MNone
Beckman, Perris, et al., 1978 Al, AlD B7
Majsky. Zvolsky, and Dvovakova,

1978 Bwd, Cwd Mone
Smeraldi et al., 1978 (HLA Typing) A29 Bw22 Al10, Aw30
Temple et al., 1979 Bw22 A9
James et al., 1979 Mone None
Targum et al., 1979 None MNone
Johnson, 1978 None None
Mendlewicz et al., 1981 None None
Propert, Tait, and Davies, 1981 A28, Bwlb None
Wentzel, Roberts, and Whalley, 1982 AlD, A3l B27. Cw5
Rosler et al., 1983 None None
Maj et al., 1983 All, A29 B18
Bersani et al., 1985 All, B5, B37 Al
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associations between mood disorder and HLA antigens. Out of 18
available studies, 8 report no evidence for an association. Studies
providing some evidence for an association are inconsistent with one
another. Three antigens have been shown to be increased among
mood-disordered patients in two studies (Bwl6, A29, Bw22); one
antigen, Al0, was elevated among patients in three different studies.
However, this antigen was reported to be significantly decreased
among patients in another study. These inconsistent results could be
due to the fact that the reported investigations were performed in a
variety of different countries with different ethnic groups. However,
a closer examination of these studies suggests that this is not the
case. For example, one of the studies finding a positive association
with Bwl6 (Shapiro et al., 1977) was performed in Denmark, whereas
the other (Propert, Tait, and Davies, 1981) used an Australian sam-
ple. The Swedish sample of Beckman et al. (1978c) and the Austra-
lian samples of Johnson (1978) and Johnson et al. (1981) found no
such association. Similarly, the Bw22 antigen was associated with
mood disorder in an Ashkenazi Jewish sample (Temple, Dupont,
and Shopsin, 1979) and in an [talian sample (Smeraldi et al., 1978b)
but not in other Italian samples (Bersani et al., 1985; Maj et al.,
1983). Thus, it does not appear that differences in ethnicity can
explain the conflicting pattern of results in table 6.6. The most con-
servative interpretation of these results is that mood disorder is not
associated with HLA. If such an association exists, it is either very
weak or limited to a subset of patients.

ABO Association

Like the HLA antigens, the ABO blood groups have been
found to be associated with a variety of different diseases. There is
a small but significant increase in the likelihood of developing a
number of malignant diseases for individuals with blood group A.
In contrast, blood group () appears to be associated with less serious
diseases such as gastric and duodenal ulcers. As one would expect
from these relationships, there is an increased frequency of blood
group 0 among healthy, elderly people (Vogel and Motulsky, 1979).

In table 6.7 we summarize studies that have compared ABO
blood groups between patients with mood disorders and healthy
individuals. Nine of 16 studies found a significant increase in blood
type O; one reported a significant decrease of blood type O among
mood-disordered patients. Two studies found a significant increase
in blood type B and one study found a significant increase in blood
type A. Three studies found a significant decrease in blood type A.
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The primary inference from these studies is the fairly strong
suggestion that blood type O is found with greater frequency among
patients with mood disorders in comparison to individuals from the
general population. Lavori, Keller, and Roth (1984) reanalyzed data
from nine individual studies. They concluded that there was over-
whelming evidence for an increase in blood type O among bipolar
patients as compared to controls. There was a smaller but statistically
significant increase in type O in bipolar compared to unipolar pa-
tients. The comparison between unipolar patients and controls did
not reach statistical significance. The association with type O is fur-
ther strengthened by two observations. First, three of the studies
that did not find increased type O (Johnson et al., 1981; Tanna and
Winokur, 1968; Tanna et al., 1977) used the well relatives of ill
probands as controls; the other studies used large samples from the
general population as controls. The differences in methodology may
account for the differences in findings, especially since the two neg-
ative studies had very small control groups. If these studies are dis-
counted, only three of nine studies do not find an association between
blood type O and affective disorders. There appears to be no simple
way to account for these other discordant results except for noting
that Beckman et al. (1978c) used a Swedish sample and Flemenbaum
and Larson (1976) used a sample from Minnesota, a state known to
have a high percentage of individuals with Scandinavian ancestry.
None of the O-positive studies were from Scandinavian samples.
Since genetic marker—disease associations are known to differ be-
tween ethnic groups, this may explain these discordant results
(Thomson, 1981).

The reported ABO associations in table 6.7 are inconsistent
with the negative ABO linkage results (table 6.5) of eight ABO
linkage studies: six rejected linkage and two were equivocal. The
association and linkage results are difficult to reconcile. If mood
disorder is truly linked to the ABO locus, positive linkage results
should be forthcoming. It is tempting to appeal to genetic hetero-
geneity to explain the negative linkage results. However, it seems
unlikely that such heterogeneity would obscure the linkage analyses
and not the association analyses. Since positive association results
can be due to differential ethnicity in comparison samples, the pos-
itive association results must be seen as suggestive but not conclusive.
It is, however, notable that the gene for dopamine-beta-hydroxylase
(DBH) is strongly suspected to be closely linked to the ABO locus
on chromosome 9 (Goldin et al., 1982; McKusick, 1986; Wilson et
al., 1988). Since DBH is critical to the synthesis of catecholamines,
it is a reasonable candidate as an etiologic gene for bipolar disorders.
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Table 6.7. Increased or Decreased ABO Blood Types among Patients with Mood
Disorder

Blood Types
Study Increased Decreased
Parker, Theilie, and Spielberger,

1961 0 None
Irvine and Miyashita, 1965 0 None
Masters. 1967 W] Mone
Tanna and Winokur, 1968 B None
Mendlewicz et al., 1974 0 A
Flemenbaum and Larson, 1976 A O
Tanna et al., 1977 MNone MNone
Shapiro et al., 1977 0 None
Beckman, Beckman, Cedergren, et

al., 1978 B None
Retezeanu and Chnstodorescu, 1978 0 None
DelVecchio et al., 1979 MNone MNone
James et al., 1979 None None
Rinieris et al., 1979 0 A
Rihmer and Arato, 1981 0 A
Johnson et al., 1981 Mone None
Lavori, Keller, and Roth, 1984 0 MNone

SUMMARY

In the near future most of the human genome will be mapped
with RFLP markers. Thus, it will soon be possible to search ex-
haustively the chromosomes for single major genes responsible for
mood disorders. Linkage studies to date have examined relatively
few genetic loci. Specific locations on the X chromosome, chromo-
some 6, and chromosome 11 have been implicated in different stud-
ies. Only the X-linkage results have been replicated by different
investigators. In other investigations, however, linkage to these chro-
mosomal locations has been clearly rejected. One possibility is that
varying assumptions in different linkage analyses result in different
outcomes. Kruger, Turner, and Kidd (1982) showed that changing
the assumptions for a given analysis can indeed change the results.
In most cases, it does not appear that the inconsistencies can be
explained simply on the basis of methodologic differences. Some
investigators have, in fact, made a point of testing for linkage under
a wide variety of assumptions to show that the results were not solely
dependent upon a single set of prespecified parameters.

Nevertheless, the inconsistency does call for explanation. One
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can appeal to the notion of genetic heterogeneity, yet attempts to
reduce heterogeneity have not resulted in greater consistency. In
addition, there is a perplexing logical problem in the interpretation
of results of multiple investigations of linkage. In some cases, the
majority of studies reject linkage to a given locus. On the other
hand, what is to be made of the few studies with positive linkage
results showing odds so highly in favor of linkage that it would be
extremely unlikely that these are chance findings? Take, for example,
the findings of studies of HLA linkage. While the majority of studies
exclude linkage, the lod score of 8.02 found by Turner and King
(1981, 1983) suggests odds in favor of linkage that are so great as to
make it unreasonable to consider this result to be a chance finding.
Consequently, the hypothesis that major mood disorders are genet-
ically heterogeneous is probably the most reasonable assumption
under which to operate at the present time. The analyses of Risch
and Baron (1982) strongly supported the heterogeneity hypothesis
when studies from different investigators are pooled and when anal-
yses are limited to a single investigator. Heterogeneity of linkage
within a single study has also been demonstrated (Baron et al., 1987).
Since genetic heterogeneity 1s known to exist for certain dis-
orders, it remains a viable hypothesis with regard to the variable
results of genetic studies of mood disorders. Another clue tc the
genetic heterogeneity of mood disorders stems from the reasoning
of Eliot Slater regarding the genetics of schizophrenia. Slater (1947/
1971) argued that genetic heterogeneity was highly probable for
schizophrenia because it is a disorder that is far more common than
most single-gene disorders. The same reasoning is equally applicable
to major mood disorders, which are even more common than schizo-
phrenia. The point here is that all known single-gene disorders are
exceedingly rare. The combined incidence of all known single-gene
disorders is only 1 for every 100 live births (Emery, 1984). This is
approximately the same as the population rate of bipolar disorder
and is much lower than the population rate for unipolar disorder.
Propping and Friedl (1988) delineated the basic differences be-
tween single-gene and complex, common disorders in which there is
genetic involvement (e.g., diabetes mellitus, atherosclerosis). The
lifetime risk of single-gene disorders ranges from 1 in 500 to less than
1 in 1 million, whereas it may be as high as 20 percent for the more
common disorders. These latter disorders may be caused by a mul-
tifactorial process and/or several distinct single-gene abnormalities.
Small percentages of cases of a common disorder may be due pri-
marily to specific, single-gene defects even if most cases are multi-
factorially determined. In either case, for complex common disorders
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the risks to relatives frequently do not follow Mendelian expecta-
tions. These and other differences enumerated by Propping and
Friedl suggest that the patterns observed in major mood disorders
are very likely to be indicative of genetic heterogeneity.

Another potentially significant dimension of the method of link-
age analysis is the potential for dramatic improvement in our ability
to make specific predictions regarding mood disorders. Linkage
analysis would allow for positive identification of individuals within
a pedigree who are marker positive and disease negative, but who
have not yet passed through the period of risk for the illness. It would
be predicted that these individuals would later manifest the disorder.
If these predictors showed a high level of accuracy, the significance
of the marker determined on the basis of linkage analysis would be
strongly supported. Moreover, the ability to make such predictions
would enable investigators to study the developmental and/or en-
vironmental factors that contribute to the onset of mood disorders.
Thus, linkage analysis carries with it the promise of substantially
increasing our understanding of etiology with hopes of providing
leads toward primary prevention.



Chapter Seven

Biological Markers

To fully understand the genetics of mood disorders, we will
need to develop a complete description of the chain of events that
links the pathogenic genotype with the observed, psychiatric phe-
notype. As Cloninger, Reich, and Yokoyama (1983) noted, this chain
may be long and complex for psychiatric disorders. In this chapter
we consider studies that have attempted to delineate biological mark-
ers associated with links in the etiologic chain for mood disorders.

A biological marker is a measurable biological characteristic
that meets the following criteria (Gershon and Goldin, 1986): (1) it
is more prevalent among individuals with the disorder than among
those without the disorder; (2) it is heritable; (3) it is observed in ill
individuals whether or not the illness is in remission; and (4) within
families, ill family members are more likely to manifest the marker
than are well members. In practice, candidates for genetic marker
studies are chosen based on previous research indicating that a bi-
ological factor meets criterion 1. This method of screening candidate
markers is convenient in that it allows the psychiatric geneticist to
develop a genetic hypothesis based on the nongenetic scientific lit-
erature. The demonstration of heritability (criterion 2) is straight-
forward; this can be accomplished through the traditional psychiatric
methods of family, twin, and adoption studies. Criterion 3 requires
the marker to be a trait, not a state phenomenon. This is accom-
plished most effectively by studying patients in both the active and
remitted phases of their illness. The determination of criterion 4 is
more complex and has led to the development of the four major
psychiatric genetic experimental strategies (Gershon and Goldin,
1986).

)Thﬁ cosegregation strategy of Rieder and Gershon (1978) uses
families ascertained through probands who exhibit both the illness
and the genetic marker. Relatives of probands are examined both
psychiatrically and biologically. Increased prevalence of the biolog-
ical marker among ill relatives in comparison to well relatives pro-
vides support for cosegregation of the marker and the illness—that

153
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is, the biological marker and the psychiatric illness co-occur within
families. The familiallnonfamilial strategy begins with a family study
defining probands with and without a family history of the psychiatric
illness under study. Since patients with a family history are more
likely to have a genetic predisposition than are patients without a
family history, one can compare the family history positive and family
history negative proband groups with the biological marker. If these
two groups differ on the biological marker, this can be interpreted
as being indirectly supportive of criterion 4. This method is often
easier to use, but is less definitive than the cosegregation strategy,
since it 1s more sensitive to heterogeneity. In addition, negative re-
sults are difficult to interpret due to the difficulty in defining non-
familial cases. The high-risk strategy compares the well relatives of
ill probands with the well relatives of psychiatric and/or normal con-
trol probands. If a disorder is genetically mediated, then relatives of
ill probands should be more likely to carry the pathogenic genotype
than are relatives of control probands. Thus, the prevalence of a
biological marker should be greater among relatives of ill probands.
Since the high-risk approach studies well relatives, measurement of
the biological marker cannot be biased in any way by effects that
are secondary to the manifestation of the phenotype (e.g., side effects
of medication). Thus, high-risk studies provide further support for
criterion 3—that is, that the biological marker is a trait phenomenon.
The high-risk method does not directly demonstrate cosegregation
(criterion 4) because only the well relatives are examined. However,
the method can be utilized prospectively to determine whether well
relatives who carry the biological marker will eventually become ill.

Biological marker studies can be conveniently divided into two
major categories. Neurobiological studies focus on markers whose
biological functions are either directly or indirectly related to central
nervous system functioning. Such markers are clearly of interest
inasmuch as the etiology of mood disorders undoubtedly includes
abnormalities in central nervous system functioning. Pharmacoge-
netic studies use drug response as a biological marker. The mea-
surement of drug response may be either behavioral (e.g., symp-
tomatic improvement with treatment) or biological (e.g., changes in
a biological measure subsequent to drug administration).

NEUROBIOLOGICAL STUDIES

Neurobiological studies have focused primarily on neurochem-
ical factors involved in the synthesis and degradation of neurotrans-
mitters. Since neurotransmitters mediate neuron-to-neuron com-
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munication in the central nervous system, they are promising
candidates for biological markers. To date, most studies of such
markers have examined aspects of catecholaminergic or cholinergic
pathways because both have been implicated in the etiology of mood
disorders. Given the lack of direct access to the human central ner-
vous system, measures of neurochemical functioning are necessarily
indirect. That is, measures from blood and other peripheral samples
are used to infer central nervous system activity. Thus, results must
be interpreted with caution.

The most extensively studied neurobiological factor is mono-
amine oxidase (MAQ), an enzyme involved in the metabolism of
neurotransmitters. Twin studies indicate MAO to be under a sub-
stantial degree of genetic control (Nies et al., 1973; Sedvall et al.,
1984; Winter et al., 1978). Leckman et al. (1977) studied platelet
MAO activity in 32 bipolar probands and 89 of their first-degree
relatives. The bipolar probands had significantly lower MAO activity
in comparison to a normal control sample. The relatives of bipolar
probands also had significantly lower MAO activity in comparison
to controls. However, platelet MAO activity did not distinguish
mood-disordered relatives and well relatives. These results suggest
that platelet MAO is under genetic control within bipolar families.
However, the association of low MAQO and bipolar disorder is evident
only for between-family comparisons.

Gershon et al. (1980a) performed a segregation analysis of
platelet MAO in pedigrees of patients with mood disorders. Al-
though no specific autosomal model could be fitted to these data,
the hypothesis of no genetic transmission was rejected. MAO activity
in bipolar and unipolar patients was significantly lower than MAO
activity among normal controls. However, within the mood disorder
pedigrees, MAO activity did not discriminate between ill and well
relatives, consistent with the results of Leckman et al. (1977). Pandey
et al. (1980) assessed platelet MAQO activity in 31 bipolar probands
and their 61 first-degree relatives. Control values from psychiatrically
normal families were also obtained. The relatives of bipolar probands
were divided into three categories: those with a history of bipolar
disorder or alcoholism, those with a history of major or minor mood
disorders, and those with no history of mood disorder. Relatives with
a history of bipolar disorder or alcoholism had significantly lower
MAO activity than did the other two relative groups. The bipolar/
alcoholic relatives also had lower MAO activity than did the normal
controls. These results are consistent with previous studies in sug-
gesting an association between bipolar disorder and low MAO ac-
tivity. However, they are somewhat discrepant in suggesting that low
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MAO activity cosegregated with bipolar disorder and alcoholism
within pedigrees of mood-disordered ill patients.

Further negative results were reported by Maubach et al. (1981)
in their study of 26 psychotic mood-disordered probands and their
102 first-degree relatives. Each patient’s relative was matched with
a normal control subject based on sex and age. There were no dif-
ferences in MAO activity between patients and normal controls or
between relatives of patients and relatives of normal controls. These
results are not consistent with the suggestion that MAO is a biological
marker for mood disorders.

Buchsbaum, Coursey, and Murphy (1976) reversed the usual
high-risk paradigm by defining risk groups based on MAQO activity
instead of psychiatric diagnosis. MAO activity was measured in 375
college students. Psychiatric interviews and family history data were
obtained from individuals whose MAOQO activity was in the upper or
lower 10 percent of this sample. The low-MAO probands had more
psychiatric hospitalizations, suicide attempts, and problems with the
law than did high-MAQO probands. Furthermore, an increased prev-
alence of psychiatric hospitalization, suicide, and problems with the
law were observed in relatives of the low-MAO probands in com-
parison to relatives of high-MAO probands. A two-year follow-up
found that low-MAO students reported more job instability than did
high-MAQO students. The low-MAQ subjects reported more medical
problems and smoked significantly more than the high-MAO sub-
jects. Although there was no apparent decline in the mental health
status of the low-MAO probands during the two-year follow-up, they
did report more mental health problems and mental health inter-
ventions among family members.

Another enzyme involved in neurotransmitter biosynthesis and
degradation having a substantial degree of genetic determination is
catechol-O-methyltransferase (COMT). The COMT correlation be-
tween monozygotic twins 1s significantly greater than the correlation
between dizygotic twins (Winter et al., 1978), and the distribution
of red blood cell COMT levels within pedigrees is consistent with
autosomal models of genetic transmission (Goldin, 1985; Weinshil-
boum, 1979). The results of linkage analysis are supportive of the
presence of a gene influencing COMT on chromosome 1 (Wilson et
al., 1987). Gershon and Jonas (1975) examined red blood cell COMT
levels in 53 unipolar and bipolar probands, their first-degree relatives,
and 38 nonpsychiatric controls. Relative to the control group, pa-
tients had increased levels of COMT. Relatives with mood-related
disorders had higher COMT levels than did relatives who were not
ill. Thus, cosegregation of mood disorders and COMT was dem-
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onstrated in these families. Gershon et al. (1980a) examined COMT
in 162 patients with mood disorder and their 1,125 first-degree rel-
atives. A segregation analysis of COMT levels indicated that an
autosomal codominant genetic hypothesis fit the data; all other ge-
netic hypotheses could be rejected. However, the model predicted
no significant differences in COMT genotypes between individuals
with and without mood disorders. COMT levels did not differentiate
patients with mood disorders from the control group. Egeland et al.
(1984) examined COMT in the Amish pedigrees of bipolar probands.
Four large pedigrees including 87 individuals were examined. COMT
levels did not differentiate well and ill individuals.

Dopamine-beta-hydroxylase (DBH) is an enzyme involved in
the biosynthesis of norepinephrine from dopamine. Correlations of
secrum DBH are consistently greater between monozygotic than di-
zygotic twins, suggesting a substantial degree of genetic control (Ross
etal., 1973; Sedvall et al., 1984; Winter et al., 1978). The distribution
of serum DBH within families is consistent with autosomal models
of inheritance (Goldin, 1985; Weinshilboum, 1979) and linkage anal-
yses indicate a locus of DBH near the ABO locus on chromosome
9. Levitt and Mendlewicz (1975) examined plasma DBH activity in
15 twin pairs and 21 sibling pairs. There were no differences in DBH
activity between same-sex siblings discordant for mood disorder and
between twins discordant for mood disorder. Four pairs of mono-
zygotic twins discordant for mood disorder were concordant for DBH
activity. Thus, no cosegregation of DBH activity and mood disorder
was observed. Gershon et al. (1980a) studied plasma DBH activity
in the pedigrees previously examined for MAO and COMT. Seg-
regation analysis indicated that the hypothesis of nongenetic trans-
mission could be rejected. Dominant and recessive autosomal trans-
missions were rejected, but codominant autosomal transmission
could not be rejected. Predictions from the genetic model indicated
that DBH genotypes were not differentially associated with mood
disorders. The DBH measures did not differentiate patients from
controls.

Sedvall et al. (1980) examined concentrations of monoamine
metabolites in the cerebral spinal fluid of 60 mentally healthy indi-
viduals. Those with a family history of major depression exhibited
a trend toward lower levels of 5-hydroxyindoleactic acid (5-HIAA)
and homovanillic acid (HVA). These are metabolites of the neu-
rotransmitters serotonin and dopamine, respectively. The number of
individuals with a family history of depression was too small for
meaningful statistical analyses.

It is possible to examine peripheral neurotransmitter receptors
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that are likely to have a genetic relationship to receptors in the central
nervous system. Nadi, Nurnberger, and Gershon (1984) examined
muscarinic cholinergic receptors from human skin fibroblasts of 18
unipolar and bipolar patients, their first-degree relatives, and 12
normal controls. All patients had a family history of major mood
disorder and all unipolar patients had at least one bipolar relative.
The 18 probands demonstrated increased receptor density in com-
parison to controls. Increased receptor density was also found for
the ill relatives of probands but not for their well relatives. Thus,
abnormal receptor density was shown to cosegregate with bipolar
related mood disorders in these pedigrees.

Cholinergic mechanisms were examined by Sitaram et al. (1987)
in a study of 34 depressed probands, 35 ill relatives, and 31 well
relatives. In addition to their history of depression, probands were
required to exhibit fast rapid eye movement (REM) sleep induction
in response to the cholinergic agonist arecoline. This effect is con-
sistent with the presence of increased cholinergic receptor density or
other mechanisms that would produce a “‘supersensitive” cholinergic
response.

The rate of fast REM sleep induction in response to arecoline
was 63 percent among ill relatives and 22 percent among well rela-
tives. These results suggest that this putative marker of cholinergic
supersensitivity cosegregates with mood disorder in families known
to have a depressed member who exhibits a positive response.

Beta-adrenoreceptor binding characteristics have been evalu-
ated in five pedigrees with a two-generation history of mood disorder.
Receptors were sampled from lymphoblast cell lines established from
lymphocytes. In two of the five families, both ill and well individuals
had no beta-adrenoreceptor binding defects. In the three other fam-
ilies, ill members manifested significant binding defects in compar-
ison to well members. These results from a relatively small sample
are equivocal but suggest that, for a subgroup of mood-disordered
patients, beta-adrenoreceptor binding defects may constitute a ge-
netic marker (Wright et al., 1984).

PHARMACOGENETIC STUDIES

The clinical use and experimental study of psychotropic med-
ication have found that the therapeutic response to antidepressant
and antimanic drugs can be highly variable, even in carefully diag-
nosed samples. The therapeutic effects of psychotropic drugs are
probably due to their effects on central nervous system neurotrans-
mitter systems. Since the enzymes and proteins involved in neuro-
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transmission are known to be under a substantial degree of genetic
control, it is reasonable to hypothesize that differential drug response
is associated with genetic heterogeneity. That is, different genetic
abnormalities are likely to correspond to different pathophysiologies,
which, in turn, may be correctable by different medications.
Pharmacogenetic studies of mood disorder fall into two main
categories, studies of the response to antidepressants in unipolar
disorder and studies of the response to lithium in bipolar disorder.
The pharmacokinetics and pharmacodynamics of these medications
have been intensively studied. A full exposition of these properties
is beyond the scope of this chapter. Pharmacogenetic studies have
tended to focus on tricyclic antidepressants, MAO inhibitors, and
lithium. The tricyclic antidepressants potentiate catecholaminergic
and serotonergic neurotransmission while inhibiting cholinergic ac-
tivity. As the name suggests, MAO inhibitors interfere with the
activity of the enzyme monoamine oxidase. Thus, like the tricyclics,
they facilitate catecholaminergic and serotonergic transmission by
slowing the degradation of neurotransmitters in these systems. In
contrast to the antidepressants, lithium has the effect of decreasing
catecholaminergic transmission and serotonergic transmission.

The Pharmacogenetics of Antidepressants

Angst (1961) studied the effects of the tricyclic antidepressant
imipramine in 105 cases of endogenous depression. The proportions
of unipolar and bipolar patients in this sample cannot be determined
from the report. The therapeutic response to imipramine did not
differentiate patients having a family history positive for endogenous
depression from those having no psychiatric family history. There
was a tendency for first-degree relatives with endogenous depression
to have an imipramine response that was similar to that of the pro-
bands. That is, probands who responded well to imipramine tended
to have relatives who responded well; probands who responded
poorly tended to have relatives who responded poorly.

Pare, Rees, and Sainsbury (1962) reported on the effects of
tricyclic antidepressants and MAQO inhibitors in seven depressed pro-
bands who had a first-degree relative treated for depression. For
each of the 12 relatives examined, the response to medication was
identical to the response in the proband. That is, the observed re-
sponses to tricyclics and MAO inhibitors were the same for probands
and relatives. This work was extended by Pare (1970; Pare and Mack,
1971) in a study of 12 depressed probands and depressed first-degree
relatives. Again, probands and relatives had significantly similar re-
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sponses to medication. Probands who responded well to MAO in-
hibitors tended to have relatives who responded well to MAO in-
hibitors but poorly to tricyclics. Probands who responded well to
tricyclics tended to have relatives who responded well to tricyclics
and poorly to MAO inhibitors.

Deykin and DiMascio (1972) examined the therapeutic re-
sponse to the tricyclic antidepressant amitriptyline in 163 depressed
females. Patients having mothers with a history of depression had a
significantly poorer response to this medication than did patients
without depressed mothers. The presence of mental illness in fathers
and siblings did not differentiate responders and nonresponders.
Fahndrich (1983) examined the response to antidepressants in 30
patients receiving clomipramine and 30 receiving maprotiline. There
were no statistically significant differences in family psychiatric his-
tory between responders and nonresponders for both drugs. How-
ever, there was a tendency for maprotiline responders to have more
relatives with psychiatric illness than did maprotiline nonresponders.
In contrast, there was a tendency for clomipramine nonresponders
to have more relatives with a history of suicide attempts than did
clomipramine responders.

The Therapeutic Response to Lithium

Mendlewicz et al. (1972) examined the response to lithium in
22 bipolar patients. Lithium responders were significantly more likely
to have a family history of bipolar disorder than were lithium non-
responders. Similar results were reported by Mendlewicz, Fieve, and
Stallone (1973) in a sample of 72 bipolar patients. Again, the pres-
ence of bipolar disorder among first-degree relatives was predictive
of a good response to lithium. However, the presence of unipolar
disorder among relatives was not predictive of lithium response.

Mendlewicz and Stallone (1975) enlarged the sample of Men-
dlewicz, Fieve, and Stallone (1973) to 89 bipolar patients. As with
their previous research, lithium responders were significantly more
likely to have a bipolar relative than were lithium nonresponders;
the presence of unipolar disorder in the family did not differentiate
responders and nonresponders.

Prien, Caffey, and Klett (1974) evaluated the results of lithium
therapy in 205 patients with bipolar disorder. The 12 patients with
a bipolar first-degree relative had a higher proportion of lithium
responders (88 percent) than did the other patients (49 percent).
However, the difference was not statistically significant probably due
to the small sample size of family history positive patients. Zvolsky
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et al. (1974) examined lithium response in 14 patients with unipolar
disorder and 26 patients with bipolar disorder. The morbidity risk
for psychiatric disorders was greater among lithium responders than
among nonresponders.

The antidepressant response to lithium was evaluated in 9 bi-
polar patients and 14 unipolar patients by Baron et al. (1975). The
presence of unipolar or bipolar disorder in the family was not pre-
dictive of the antidepressant response to lithium.

A twin study of lithium response in 25 monozygotic and 27
dizygotic twins was reported by Mendlewicz et al. (1978). Of the 14
monozygotic pairs concordant for bipolar disorder, 12 probands were
lithium responsive and two were not. Of the 11 monozygotic twins
discordant for bipolar disorder, only four of the bipolar probands
were lithium responsive. Similar results were found for the dizygotic
pairs. Thus, the twin study is consistent with other family studies
suggesting that a family history of bipolar disorder is predictive of a
good response to lithium.

The finding that lithium response in the proband is related to
increased rates of illness among relatives does not necessarily mean
that the therapeutic effect of lithium is genetically determined. This
latter issue has not been systematically studied. There has been one
report of lithium response in a single pair of monozygotic twins
concordant for bipolar disorder (Hoffman, 1987). One twin showed
a good lithium response to acute mama and the other did not, sug-
gesting that environmental factors play an important role in the re-
sponse to lithium.

The observed relationship between lithium response and family
history has led some investigators to incorporate lithium response in
attempts to model the mechanism of genetic transmission. In the
single major locus segregation analyses of Goldin et al. (1983), a
separate analysis was performed for families containing a lithium-
responsive proband. The results of this analysis could not provide
any evidence for the involvement of a single major locus. The lithium-
responsive subsample did not produce results that were substantially
different from the larger sample including nonresponsive patients.

Smeraldi et al. (1984b) applied mathematical genetic models to
family data collected from 92 lithium-responsive probands and 53
lithium-nonresponsive probands. Neither subgroup of patients pro-
duced results that could differentiate between single major locus and
multifactorial transmission models. There was no indication in these
results that lithium responders and nonresponders corresponded to
different modes of genetic transmission. Thus, although previous
reports indicate lithium responders to be more likely to have a family
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history of psychiatric illness, the lithium response/nonresponse dis-
tinction has not been useful in resolving the heterogeneity of genetic
transmission in bipolar related mood disorders.

The Transport of Lithium into Red Blood Cells

The transport of lithium into red blood cells (RBCs) has re-
ceived much attention since Mendels and Frazer (1973) reported that
the ratio of intracellular lithium to extracellular lithium was higher
in treatment-responsive depressive patients than in nonresponders.
An elevated lithium ratio has also been found in bipolar individuals
compared with normal controls (Lyttkins, Soderberg, and Wetter-
berg, 1973). Although these results have not been consistently rep-
licated (e.g., Casper et al., 1976), there is agreement that lithium
transport as measured by the lithium ratio is under a substantial
degree of genetic control. Concentrations of lithium ions in RBCs
are highly correlated among monozygotic twins and less highly cor-
related among dizygotic twins, suggesting a heritability between 0.76
and 0.85 (Dorus et al., 1974; Dorus, Pandey, and Davis, 1975). The
correlation between first-degree relatives is approximately 0.50
(Dorus et al., 1980) and segregation analyses suggest that the genetic
control of the lithium ratio is due to a single autosomal major locus
in combination with a multifactorial background—that is, the mixed
model of genetic transmission (Dorus et al., 1983).

Rybakowski (1977) examined the lithium ratio in 20 bipolar
patients and their first-degree relatives. Patients with a family history
positive for mood disorders had higher lithium ratios than did patients
with no family history. Pandey et al. (1977) examined the lithium
ratio in a bipolar patient, his nine first-degree relatives, and normal
controls. The bipolar patient and some of his relatives had an in-
creased lithium ratio. Among relatives, the increased lithium ratio
was not related to the presence of mood disorder. Thus, cosegre-
gation of the lithium ratio abnormality and mood disorder could not
be established in this small pedigree. Similar results were obtained
from a sample of five bipolar patients, two schizoaffective patients,
and one unipolar patient (Pandey et al., 1979a). As compared with
controls, bipolar patients manifested abnormally high lithium ratios.
However, abnormally high ratios were also found among the schizo-
affective and unipolar patients and some bipolar patients had normal
ratios. In all cases, patients with high lithium ratios tended to have
relatives with high lithium ratios and patients with low lithium ratios
tended to have relatives with low lithium ratios. Again, there was
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no indication that abnormality in the lithium ratio cosegregated with
mood disorder within these families.

Dorus et al. (1979) examined the lithium ratio in 31 bipolar
patients, their 66 relatives, and normal controls. Among the 66 rel-
atives, there were 16 cases of major mood disorder, 28 cases of minor
mood disorder, and 22 cases of no mood disorder. Relatives with a
history of major or minor mood disorders had significantly higher
lithium ratios than did relatives with no history of mood disorder.
The lithium ratio of ill relatives was significantly greater than values
reported for normal controls. Further evidence for such cosegrega-
tion is found in a twin study. If an abnormally high lithium ratio
indicates genetic vulnerability to mood disorder, then one would
expect to find higher ratios among concordant as compared with
discordant twin pairs. Such results have been reported by Mendlewicz
and Verbanck (1981).

Evidence against cosegregation of the lithium ratio in mood
disorder has been reported based on data from 87 individuals from
four large Amish pedigrees (Egeland et al., 1984). Within these
pedigrees, family members with and without mood disorder did not
have different lithium ratios. Since the study did not include a control
group, it is difficult to say whether or not the levels observed were
in the normal or abnormal range. However, the values reported are
consistent with normal control values reported by Pandey et al.
(1979a).

Possible biological mechanisms underlying abnormal lithium
ratios have been described (Ehrlich and Diamond, 1980). A logical
step in understanding the genetic marker status of the lithium ratio
is to examine the genetic marker status of potentially defective mech-
anisms involved in the intracellular transport of lithium. Waters,
Thakar, and Lapierre (1983) studied 73 individuals from 12 families
in which there was more than one bipolar member. Using a variety
of biochemical probes, they were able to examine the operation of
four processes involved in the transport of lithium across red blood
cell membranes: passive diffusion, Na“-Li" countertransport, anion
exchange transport, and the sodium-potassium pump. None of these
mechanisms could be implicated as a genetic marker. Thus, although
the lithium ratio has been implicated as a genetic marker for bipolar
disorder, the relationship between biological mechanisms underlying
this marker and the disorder’s pathophysiology is poorly understood.
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SUMMARY

The study of biological markers is still in its infancy. Thus, it
would be premature to conclude from the sometimes conflicting re-
search in this area that further genetic marker studies would be
unproductive. In fact, some consistencies emerge from the limited
data already available. Neurobiological studies have found platelet
monoamine oxidase to be decreased among some patients with mood
disorder. However, there is scant evidence supporting the hypothesis
that low MAO and mood disorder cosegregate within pedigrees. A
similar pattern of results has been observed for peripheral measures
of catechol-O-methyltransferase and dopamine-beta-hydroxylase. In
contrast, measures of cholinergic supersensitivity and the transport
of lithium into red blood cells have been shown to cosegregate within
families. These latter findings remain tentative pending replication
by other laboratories.

Results of pharmacogenetic studies indicate that the response
to specific antidepressants is correlated between 1ll relatives. This
suggests that the activity of these drugs at therapeutically relevant
sites in the central nervous system points to a link in the chain from
genotype to phenotype. A positive response to lithium has consis-
tently been associated with bipolar illness among first-degree rela-
tives; this suggests that lithium-nonresponsive bipolar patients may
have a nongenetic form of the disorder.

Given the likely complex etiology of mood disorders, it is likely
that future biological genetic studies will be most effective if multi-
variate strategies are employed. If the genetic etiology of mood dis-
orders involves interactions among different genotype-phenotype
pathways, then the examination of single markers may be uninfor-
mative. For example, the combination of high lithium ratio and low
MAO activity may cosegregate with mood disorder more strongly
than does either marker alone. Dorus et al. (1979) found support
for this in a study of 61 first-degree relatives of bipolar patients. All
13 relatives who had both low MAO activity and a high lithium ratio
also had a mood disorder. Biological markers will also benefit from
the new molecular genetic technologies (see Chap. 6). As these meth-
ods continue to isolate suspected genes, more appropriate neuro-
biological markers will be suggested. The discovery of biological
markers may suggest the examination of specific genes. For example,
the studies of MAO suggest that it may be fruitful to locate and
characterize the MAO gene or genes. In fact, recent work indicates
that genes controlling MAO may lie on the short arm of the X
chromosome, a vicinity already implicated in bipolar disorder






Chapter Eight

Summary and Conclusions

Any inquiry into the genetics of mood disorders would be in-
complete without some attempt to distill the basic facts that have
emerged from the scientific literature. These we present below as
empirical generalizations; although each point may have been con-
tradicted in some studies, the weight of the evidence suggests these
generalizations to be valid. Thus, they provide a firm foundation for
future research.

1. The risk for mood disorders increases with the proportion
of genes shared with a mood-disordered patient. The risk to relatives
is greater than the risk to the general population determined by
epidemiologic studies. It is also greater than the risk to relatives of
well individuals as determined by double-blind case-controlled stud-
ies.

2. The concordance rate for mood disorder among monozy-
gotic twins is approximately three times the rate observed among
dizygotic twins.

3. The monozygotic twin concordance rate is approximately
(.70 for bipolar disorder and 0.50 for unipolar disorder. Since con-
cordance is not perfect, nonfamilial environmental factors must play
a role in the etiology of mood disorders. These factors appear to be
less prominent for bipolar than for unipolar disorder.

4. The genetic relationship between unipolar and bipolar dis-
orders 1s poorly understood. Further research into this area must
distinguish recurrent unipolar cases that are not likely to have a
subsequent manic episode from nonrecurrent cases that may be bi-
polar. It is probably true that cases of unipolar disorder within fam-
ilies that manifest bipolar disorder are genetic variants of bipolar
disorder. The clearest and most consistent difference between the
two forms of mood disorder is that relatives of bipolar probands are
at greater risk for both unipolar and bipolar disorder than are rel-
atives of unipolar probands. This is supported by evidence from both
family and twin studies. Thus, it is likely that bipolar disorder has a
greater familial component than does unipolar disorder; unipolar
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disorder appears to be more greatly affected by nonfamilial, envi-
ronmental factors.

5. Women are at greater risk for unipolar disorder, and the
transmission of bipolar disorder from fathers to sons is less frequent
than expected. Both phenomena suggest that a dominant locus on
the X chromosome is involved in bipolar-related mood disorders.

6. The risk for mood disorders to siblings of the same sex as
the proband is greater than the risk to opposite-sex siblings. Such a
pattern is not consistent with X-chromosome linkage and raises the
question of cultural transmission.

7. An earlier age of onset among probands confers an increased
risk for mood disorders to their relatives. This effect is independent
of the genders of both proband and relative.

8. Two methodologically strong adoption studies suggest that
biological relationships are better predictors for the risk of mood
disorders than are adoptive relationships. However, more adoption
studies are needed to provide convergent support for these results,

9. Mathematical modeling studies do not consistently support
a specific mode of genetic transmission.

10. The results of linkage studies have been inconsistent. Spe-
cific locations on three chromosomes (the X chromosome, chro-
mosome 6, and chromosome 11) have been implicated by different
investigators. Other investigators have rejected linkage to these chro-
mosomal locations. Independent replication of the chromosome 6
and 11 linkages is required. The specific pathogenic genes and their
gene products have not yet been identified.

11. Although linkage studies have not implicated the region of
the ABO locus on chromosome 9, population studies have found an
increased prevalence of blood type O among bipolar mood-disor-
dered patients. This suggests that a disease-predisposing gene may
be in linkage disequilibrium with the ABO locus.

12. Neurobiological genetic studies have implicated measures
of cholinergic supersensitivity and the transport of lithium into red
blood cells as biological markers that cosegregate with mood dis-
orders within pedigrees. Further work is needed to confirm these
findings and establish their relationship to genetic variation.

13. Pharmacogenetic studies have uncovered two reasonably
consistent findings. First, the therapeutic response to specific anti-
depressants is correlated between ill relatives. It may be that the
activity of these drugs at therapeutically relevant sites in the central
nervous system counteracts a genetic defect that predisposes to major
depression. Second, a good therapeutic response to lithium is more
common among patients who have cases of bipolar illness among
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their biological relatives. Thus, lithium response may be a marker
of etiologic heterogeneity; poor response may indicate a nonfamilial
form of the disorder.

Perhaps the most basic fact of all is that what is known about
the genetics of mood disorder is far less than what is yet to be
discovered. Nevertheless, the preliminary facts that have emerged
from psychiatric genetic research are substantial enough to have
implications for future research, clinical practice, and genetic coun-
seling.

IMPLICATIONS FOR FUTURE RESEARCH

The inconsistent and sometimes conflicting results of mathe-
matical modeling, linkage analysis, and genetic marker studies have
often been interpreted to indicate that the mood disorders are ge-
netically and phenotypically heterogenous. Genetic heterogeneity
means that more than one genotype can cause mood disorder. Phe-
notypic heterogeneity suggests that a given pathogenic genotype can
be expressed as one of several phenotypes. Research methodology
must directly address these issues if future studies are to provide
insight into genetic mechanisms.

Genetic Heterogeneity

The hypothesis of genetic heterogeneity is appealing; it explains
inconsistent results with a genetic hypothesis that has been substan-
tiated in other areas of medical genetics. For example, Morton (1956)
demonstrated that linkage between elliptocytosis and the Rhesus
blood group could be conclusively demonstrated in some families
and clearly rejected in others. Ott (1985) discussed the case of
Charcot-Marie-Tooth disease, a hereditary motor and sensory neu-
ropathy. Although this disease appears clinically homogeneous, some
families demonstrate linkage to the Duffy blood group while others
do not. Glycogen storage diseases result in abnormal amounts of
glycogen deposited in one or more organs. Ten different forms of
the disease have been isolated, each corresponding to a different
enzyme defect. Although the clinical manifestations of the 10 sub-
types are similar, each can be considered to be a different single
major locus disorder (Vogel and Motulsky, 1979).

The existence of genetic heterogeneity requires research designs
capable of isolating genetically homogeneous samples. Homogeneity
of clinical symptomatology will not guarantee genetic homogeneity.
Creating samples that are homogeneous based upon biological
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marker criteria may be successful if these markers are under a sub-
stantial amount of genetic control and are known to be etiologically
involved in the disorder. For example, the heterogeneity of the gly-
cogen storage diseases is revealed if one studies the activity of rel-
evant enzymes instead of the overt clinical manifestations. A more
commonly used method to maximize genetic homogeneity is to study
ill individuals from a single large pedigree. Although genetic homo-
geneity may be compromised by assortative mating, individuals from
the same pedigree are more likely to have the same genetic disorder
than are individuals from different pedigrees. When large pedigrees
are not available, linkage studies can use statistical tests of homo-
geneity to test the hypothesis that some families demonstrate linkage
to the marker locus while others do not (Ott, 1985).

Phenotypic Heterogeneity

[t is not uncommon for a single gene to have different phe-
notypic effects in different individuals; this is known as pleiotropy.
Matthysse (1985) discussed the example of neurofibromatosis. Al-
though this autosomal dominant disease is almost completely pen-
etrant, the manifestations range from the relatively mild appearance
of café-au-lait spots to severe cases with peripheral nerve tumors,
bony deformities, and mental retardation. GM2 gangliosidosis is an
incompletely penetrant single gene disease. When the disorder is
manifest, the clinical picture may include dementia, motor neuron
disease, tremors, or psychosis (Gurling, 1985).

The combination of genetic and phenotypic heterogeneity re-
sults in the situation diagrammed in figure 8.1. This diagram indicates
that a pathogenic genotype can lead to a specific clinical phenotype
(e.g., bipolar disorder), a spectrum disorder (e.g., unipolar disor-
der), or no clinical symptomatology. Furthermore, there are indi-
viduals called phenocopies who manifest the clinical phenotype but
do not have the specific genotype. They may have another pathogenic
genotype or they may have nonfamilial forms of the disorder; both
of these situations correspond to genetic heterogeneity. Clearly, if
one studies only the clinical phenotype, many genotypically abnormal
individuals will be considered normal. This will make the mode of
inheritance more difficult to detect. In statistical analyses, this prob-
lem is accounted for by allowing genes to be incompletely penetrant.
It must be emphasized, however, that ““penetrance” is a descriptive
term, not an explanation. Studying a phenotype with very low pen-
etrance will require larger samples to discriminate between modes
of inheritance. As we suggest in figure 8.1, progress in psychiatric
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Figure 8.1. Genetic and phenotypic heterogeneity model

genetics would greatly benefit from a more rigorous and compre-
hensive description of phenotypes related to pathogenic genotypes.

The validation of spectrum disorder phenotypes is relatively
straightforward. The basic experimental designs of psychiatric ge-
netics, family, twin, and adoption studies, can indicate whether a
specific disorder is more common among relatives of probands man-
ifesting the clinical phenotype than among relatives of normal control
probands. Comprehensive examination of potential mood spectrum
disorders is beyond the scope of this volume. A number of disorders
have been implicated as potential spectrum disorders. These include
some personality disorders, cyclothymic disorder, dysthymic disor-
der, anorexia nervosa, substance abuse and dependence, chronic
pain, and anxiety disorders.

The identification of symptom-free individuals who carry the
pathogenic genotype is not an easy task. Ideally, biological marker
research will supply us with some biological abnormality that is ex-
pressed in symptom-free individuals who have the pathogenic geno-
type. Studies of discordant monozygotic twins would be most useful
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in this regard. If the afflicted member of a discordant pair is ex-
pressing a genetically determined disorder, than one would expect
that the unaffected twin might manifest an associated biological ab-
normality. The existence of symptom-free individuals with a patho-
genic genotype may be one reason why biological marker studies
have produced inconsistent results. It will be difficult to demonstrate
cosegregation between a marker and a disorder if all individuals with
the genotype display the marker but only some manifest the disorder.

Psychiatric genetics has reached a point where the sophistication
of available experimental tools such as molecular genetic technolo-
gies and statistical procedures has surpassed the ability to describe
relevant phenotypes. This would suggest that genetic analyses should
have an exploratory component in which phenotypes are redefined
according to clinical and biochemical criteria to search for a definition
that fits a genetic model. The importance of exploratory data analysis
is well recognized among statisticians (e.g., Tukey, 1978) and cannot
be ignored. Of course, the results of such analyses require cross-
validation from additional samples. The systematic application of
such an approach combined with the examination of multiple marker
loci could lead to spurious results.

For the mood disorders, polarity, gender, and age of onset
appear to be the most robust, clinically evident indices of hetero-
geneity. Furthermore, there is a large literature, beyond the scope
of this volume, that implicates familial relationships with other dis-
orders as a significant index of genetic heterogeneity (Carey, 1987,
Kendler et al., 1987; Leckman et al., 1983a). For example, it has
been suggested that early-onset cases of major depression associated
with panic disorder may define an etiologically homogeneous sub-
group (Price, Kidd, and Weissman, 1987). Familial relationships be-
tween major depression, antisocial disorders, and attention-deficit
disorders have also been reported (Biederman et al., 1986, 1989).

Perhaps the most comprehensive and heavily researched de-
scription of genetic heterogeneity for mood disorders is Winokur’s
distinction between pure depression, depressive spectrum disorders,
and nonfamilial depression (Andreason and Winokur, 1979; Wi-
nokur et al., 1971; Winokur, 1979a,b). These categories arose ini-
tially from the observation that depressives having an age of onset
less than 40 were more likely to be females. Their male relatives had
a higher risk for antisocial personality and alcoholism. On the other
hand, depressives having an age of onset greater than 40 were more
likely to be males having a family history of depression only. The
early-onset cases have been called depressive spectrum disorders.
The late-onset cases were termed pure depression. Andreason and
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Winokur (1979) suggested a third subtype, nonfamilial depression,
which includes depressives having no family history of psychotic dis-
orders. Although there is a good deal of overlap among these sub-
types in terms of the expression of clinical signs and symptoms (Behar
et al., 1981), there is some evidence, albeit equivocal, that they may
be differentiable on the basis of biological parameters such as the
electroencephalogram (Kupfer, Karg, and Stack, 1982), tritiated im-
ipramine binding (Lewis and McChesney, 1985), and the dexameth-
asone suppression test (Zimmerman, Coryell, and Pfohl, 1985).
More work is needed to establish genetic mechanisms that may ac-
count for these subgroups. Nonetheless, the approach of Winokur
and colleagues does exemplify a useful paradigm for dissecting ge-
netic and phenotypic heterogeneity.

IMPLICATIONS FOR CLINICAL PRACTICE

Meehl (1962, 1973) provided discussion of how the demonstra-
tion of a specific genetic etiology may influence perceptions of the
potential efficacy of a therapeutic procedure. The isolation of a
pathogenic gene points to the beginning of a chain of events leading
to the disease. For psychiatric disorders, this chain of events is likely
to be long and complex; the events probably include both biological
and psychosocial processes. Although the gene itself may suggest a
specific somatic therapy., its discovery does not rule out the possibility
that interventions further along the chain of events will be useful.
For example, an individual in an episode of major depression known
to carry a “depression gene” may be a good candidate for cognitive-
behavioral therapy. In Meehl’s terms, the demonstration of a specific
genetic etiology should not create an atmosphere of therapeutic nihi-
lism. Finding the beginning of a pathophysiological pathway does
not mean that interventions elsewhere along the pathway will be
useless.

It is, of course, tempting to speculate about the possibilities of
a “‘one gene, one treatment™ therapy protocol for mood disorders
in the future. For example, if future research indicates that the gene
controlling tyrosine hydroxylase on chromosome 11 is a pathogenic
bipolar gene, then some cases may respond well to treatments that
correct the relevant abnormalities. Other treatments may be appro-
priate for HLA-linked mood disorders and so forth. On the other
hand, it is also possible that genetic defects will not be easily corrected
at the early stages of the genotype-phenotype chain. It is likely that
mental health treatment in the twenty-first century will involve mul-
tiple treatments along the pathophysiologic pathway.
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The pharmacogenetic literature has more immediate implica-
tions for psychiatric treatment. Since the response to antidepressants
is similar between ill first-degree relatives, knowledge of treatment
response 1n relatives will facilitate a psychiatrist’s choice of medi-
cation for depressed patients. The use of lithium will be strongly
indicated for patients with bipolar first-degree relatives. A compre-
hensive psychiatric family history will also facilitate treatment by
improving the accuracy of diagnosis. Clinicians must deal with the
fact that many psychotic patients do not easily fit into DSM [II-R
categories. If a patient manifests signs that are suggestive of both
bipolar disorder and schizophrenia, the knowledge that the sibling
is a lithium-responsive bipolar case has obvious implications. The
field of psychopharmacogenetics is still in its infancy; more research
1s needed to discover the treatment implications of psychiatric dis-
orders among relatives of mood-disorder patients.

IMPLICATIONS FOR GENETIC COUNSELING

The overall goal of genetic counseling is to reduce the adverse
impact or possible recurrence of a genetically influenced disorder.
Depending upon the level of genetic knowledge regarding a disease,
genetic counseling may lead to medical interventions, reproductive
choices, prenatal diagnosis, or predictions about the probability of
disease onset (Fletcher, 1984). Given the current state of knowledge
for mood disorders, genetic counseling is unlikely to lead to medical
interventions or prenatal diagnosis at the present time. Patients with
mood disorders will be concerned with the health of potential chil-
dren and the well relatives of these patients will be concerned about
their probability of developing the disorder.

In preparing an individual for genetic counseling, one should
dispel common erroneous beliefs about mental disorders and genetic
etiology in general and about genetic counseling in particular. Three
points are particularly important (Tsuang, 1978). Many laypeople
believe that if a disorder is genetic it must occur in those who possess
the harmful genes. At the outset, the counselee must understand
that genetic factors do not account 100 percent for mood disorders.
The counselee may also believe that if a disorder is genetic it must
be untreatable. As we discussed in the previous section, this attitude
of therapeutic nihilism is incorrect. In practice, these two points may
be difficult to communicate because many counselees expect simple
answers to the complex problem of genetic risk prediction. A third
misconception that can create a good deal of anxiety is the association
of genetic counseling with eugenics and genocide. It is useful to clarify
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to the counselee that contemporary genetic counseling stresses au-
tonomy in decision making and is in no way coercive. By correcting
these common misconceptions, the counselor will alleviate unnec-
essary anxiety and allow the counselee to receive information in a
more realistic fashion.

The process of genetic counseling can be divided into seven
stages (Tsuang, 1978). The genetic counselee may be an identified
patient or the relative of such an individual. In either case, the first
step in the counseling process is to obtain an accurate diagnosis of
the ill individual. The diagnosis should be based on a personal in-
terview with the patient and a review of available medical records.
Information from relatives should be incorporated as well. The dif-
ficulties in obtaining diagnoses of mood disorder have been discussed
(see chap. 1) and must be rigorously taken into consideration. In
diagnosing unipolar disorder, the clinician should supplement stan-
dard DSM [IlI-R diagnoses with the recurrent/nonrecurrent classifi-
cation of Perris (1966), since this distinction is known to have genetic
implications. If the diagnostician is uncertain about the diagnosis,
this must be communicated to the counselee along with the impli-
cations for genetic risk prediction.

The second stage of counseling is the formulation of a com-
prehensive family psychiatric history. The problems of collecting
family history data from informants have been well described (see
chap. 1). When possible, personal interviews with relatives should
be used to resolve diagnostic uncertainties. Available medical records
will also facilitate this process. Although the family psychiatric his-
tory often focuses on first-degree relatives, information on more
distant relatives should be collected whenever possible. When in-
terpreting diagnostic data from informants, the diagnostician must
apply the general principle that diagnoses based on information from
informants have low sensitivity and high specificity. That is, this
method has a low probability of accurately identifying ill individuals
and a high probability of accurately identifying well individuals. The
use of relatively loose diagnostic criteria will improve the sensitivity
without greatly hurting the specificity. Data from informants will also
be more accurate if multiple informants are utilized and if at least
one informant has lived for a substantial period of time with the
individual being diagnosed.

With the information collected in steps one and two, along with
a thorough knowledge of the genetics of mood disorder, the coun-
selor can proceed to make an estimate of the risk of recurrence. In
doing so, the counselor must determine whether the situation calls
for the formulation of empirical risks or exact risks. Empirical risks
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ignore genetic mechanisms and are based solely on morbidity risks
that have been determined by psychiatric genetic research. Unfor-
tunately, as the data in tables 2.6-2.11 indicate, the variability be-
tween studies suggests that precise statements of risk will not be
possible. Instead, the range of risks suggested by previous research
must be communicated. Ideally, figures on empirical risks would take
into account the multiple occurrence of mood disorders within a
family. Such figures, however, are not available. One exception to
this is the risk for mood disorders among siblings of patients when
the status of their parents is known. Several researchers have ex-
amined this family constellation (table 8.1). All of the available stud-
ies indicate that the risk to a sibling is substantially increased if one
of the parents is also ill.

The computation of an exact risk requires unambiguous knowl-
edge of the mode of inheritance along with accurate psychiatric di-
agnoses. The precision of an exact risk can be further increased if a
chromosomal marker for the disorder is available. Given the current
state of knowledge, exact genetic risks cannot be computed for the

Table 8.1. The Risk of Major Mood Disorder among Siblings of Probands by
the Status of the Parents

Risk to Sibling
(%)
Affective
Diagnosis in
Proband Sibling rarents
Study Diagnosis Diagnosis Well 1l
Rudin (1920s)*" MD MD 7.4 23.8
Schulz (1930s)*¢ MD MD 14.3 26.1
Luxenburger (1930s)"" MDD MD 34 16.1
Pollock, Malzberg, and
Fuller, 193%* MD MD 1.3 38
Stenstedt, 1952° MD MD 13.5 17.9
Reich, Clayton, and
Winokur, 1969 BP MD 10.0 21.0
Johnson and Leeman, 1977 BP MD 18.4 23.2
Angst et al., 1980" BP BP 1.2 5.6
BF LIP 4.1 5.4

Note: MD = mood disorder, BP = bipolar disorder, UP = unipolar disorder.
*Age of onset correction not stated.

"From Rosenthal, 1970.

‘From Kallmann, 1954,

“Stromgren method of age correction,

“Weinberg method of age correction.

‘Includes risk to children of probands having ill and well parents.
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mood disorders. Before communicating results to the counselee, the
clinician must have a clear understanding of the counselee’s inten-
tions, intellectual level, and current emotional state. These factors
will determine the manner in which results can be most effectively
communicated.

After learning about risk, it is essential that the counselee un-
derstand the burdens and benefits associated with the disorder. Bur-
den includes such unquantifiable elements as the physical and emo-
tional pain caused by mental illness. Financial burdens include the
direct medical costs associated with the potential illness and indirect
costs, such as loss of employment. Benefit refers not to the benefits
of being ill but to the benefits of choosing to have a child. These
will be influenced by religious convictions, political ideology, the
current size of the family, social expectations, economic conditions,
perceptions of parenthood, and the potential joy that a child may
bring to the family. Unlike the burden of illness, which the counselor
can communicate based on a thorough understanding of the course
and outcome of mood disorders, the benefit of parenthood cannot
be scientifically formulated. The counselor must be an empathic and
sensitive listener to help the counselee understand the benefits in-
volved in choosing to have children. It is useful to conceptualize
burden and benefit as weights at the opposite end of the balance;
the recurrence risk is the fulcrum. As the risk increases from zero
to 100 percent, the fulcrum moves from the burden side of the balance
to the benefit side. With lower risks, the benefits are more heavily
weighed; as the risk increases, the burdens take on more and more
weight in arriving at a decision.

After the benefits and burdens have been considered in the
context of the recurrence risk, the counselor must help the counselee
form a reasonable plan of action if reproductive choices are involved.
The final stage of counseling is the follow-up. This is sometimes done
in person, over the telephone, or through the mail. The length of
the follow-up period will depend upon the specific circumstances of
the counselee. The goal of the counselor is to determine that the
counselee has remembered and understood the information im-
parted. The counselee is also given a second opportunity to ask
questions that may have arisen since the original visits or to discuss
new information relative to recurrence risk estimation.
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