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Summary

Major depression is a relatively common psychiatric dis-
order that can be quite debilitating. Family, twin, and
adoption studies indicate that unipolar depression has
both genetic and environmental components. Early age
at onset and recurrent episodes in the proband each in-
crease the familiality of the illness. To investigate the
potential genetic underpinnings of the disease, we have
performed a complex segregation analysis on 832 indi-
viduals from 50 multigenerational families ascertained
through a proband with early-onset recurrent unipolar
major depression. The analysis was conducted by use of
regressive models, to test a variety of hypotheses to ex-
plain the familial aggregation of recurrent unipolar de-
pression. Analyses were conducted under two alternative
definitions of affection status for the relatives of pro-
bands: (1) “narrow,” in which relatives were assumed
to be affected only if they were diagnosed with recurrent
unipolar depression; and (2) “broad,” in which relatives
were assumed to be affected if diagnosed with any major
affective illness. Under the narrow-definition assump-
tion, the model that best explains these family data is a
transmitted (although non-Mendelian) recessive major
effect with significant residual parental effects on affec-
tion status. Under the broad-definition assumption, the
best-fitting model is a Mendelian codominant major lo-
cus with significant residual parental and spousal effects.
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Introduction

The fourth edition of the Diagnostic and Statistical Man-
ual of Mental Disorders, or DSM-IV (American Psy-
chiatric Association 1994, pp. 317–391), includes a wide
variety of mood disorders. The severity of these condi-
tions ranges widely, from normal affective responses to
stressful life events that are typically transient (e.g., be-
reavement) to chronic or recurrent mood disorders
whose natural histories are associated with lifelong dis-
ability and increased mortality from both natural causes
and suicide. The challenge of disentangling these man-
ifold mood disorders so that etiologically distinct pic-
tures can be drawn is formidable, requiring the efforts
of many different scientific disciplines, including human
genetics.

An important clinical distinction has been made be-
tween bipolar I disorder (BPI) and unipolar major de-
pression (UPD). The essential feature of BPI is the oc-
currence of manic episodes, whereas only major
depressive episodes occur in UPD. Several lines of evi-
dence suggest that these two affective disorders have
different etiologic underpinnings as well. Lifetime prev-
alence rates for BPI are 0.3%–1.3%, whereas for UPD
the lifetime prevalence rates are higher, at 5%–17%
(Boyd and Weissman 1981; Weissman et al. 1991; Kes-
sler et al. 1994). Rates of BPI are equal in males and
females, whereas females are more than twice as likely
as males to become affected with UPD (Boyd and Weiss-
man 1981; Weissman et al. 1991; Kessler et al. 1994).
In addition, the average age at onset is earlier in BPI
than in UPD.

Family studies have demonstrated a significant famil-
ial disposition to UPD. For example, first-degree relatives
of UPD probands have a 15%–25% lifetime risk of be-
coming affected (Gershon et al. 1982; Weissman et al.
1984a; Bland et al. 1986; Kupfer et al. 1989). Impor-
tantly, early age at onset and recurrent major depressive
episodes in probands each increase the morbid risk of
major depression in first-degree relatives (Weissman et
al. 1984b, 1986; Bland et al. 1986; Price et al. 1987;
Kupfer et al. 1989). Twin and adoption studies suggest
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both genetic and environmental contributions to the de-
velopment of UPD (Cadoret 1978; Torgersen 1986;
Wender et al. 1986; Englund and Klein 1990).

To investigate the mode of transmission of the major
affective disorders, genetic segregation analyses have
been performed for families ascertained through UPD
probands and for families ascertained through BPI pro-
bands (Crowe et al. 1981; Goldin et al. 1983; Price et
al. 1985; Tsuang et al. 1985; Rice et al. 1987; Cox et
al. 1989; Sham et al. 1991; Pauls et al. 1995; Spence et
al. 1995). These studies have generally yielded incon-
clusive results, and the mode of inheritance, both for
UPD and for BPI, is still unclear. For example, although
the segregation analysis performed by Price et al. (1987)
demonstrated that UPD is familial, it was not possible
to discriminate between single-major-locus models and
multifactorial models of inheritance. In an analysis of
BPI, evidence was found for a single major effect, but
the transmission probabilities were non-Mendelian (Rice
et al. 1987). However, reanalysis of the same BPI data
by use of liability classes that were more appropriate
showed that the single major effect did not fit the data
better than a polygenic model (Sham et al. 1991). The
results of Cox et al. (1989) suggested single-major-locus
inheritance both for UPD and for BPI, but only over a
narrow range of population prevalences and only for a
restricted definition of affection status. Pauls et al.
(1995) presented evidence for a single major effect in a
series of Old Order Amish BPI families, but the results
were dependent on the diagnostic categories used and
on the subset of families analyzed. Spence et al. (1995)
also reported some evidence for a single major locus in
families ascertained through probands with BPI.

We have performed a complex segregation analysis of
multigenerational families ascertained through probands
with early-onset recurrent UPD. This severe form of uni-
polar depression in the probands was chosen to increase
familial aggregation, potentially increasing the genetic
loading for severe depression in these families as well.
The analysis was performed by use of regressive models,
as programmed in Statistical Analysis for Genetic Epi-
demiology (SAGE 1994), to estimate parameters and to
calculate the likelihoods of a variety of hypotheses to
explain the familiality of recurrent unipolar depression.

Subjects and Methods

Family Acquisition

Fifty multigenerational families (832 family members)
were each ascertained through one proband with early-
onset (age at onset X25 years) recurrent (two or more
episodes) nonpsychotic UPD. Furthermore, each pro-
band’s family was included in this study, regardless of
wheth-

er there were additional affected relatives. Therefore,
the data were collected under single incomplete
ascertainment.

Families were ascertained through two sources at the
Western Psychiatric Institute and Clinic, Pittsburgh: 32
families were collected as part of the Molecular Genetics
of Affective Disorders Project (B.B.K., principal inves-
tigator), and 18 families were recruited from the Sleep
and Family Evaluation Study (D.E.G., principal inves-
tigator). The sleep study recruited probands with UPD,
first episode or recurrent, with onset at age !40 years.
However, only those sleep-study probands meeting the
same inclusion and exclusion criteria as those in the
affective-disorders study (i.e., nonpsychotic recurrent
UPD and age at first onset !25 years) were included in
this analysis.

The major difference between the two studies was that
families with a first-degree relative with BPI were ex-
cluded from the sleep study but not from the affective-
disorders study. In practice, very few early-onset recur-
rent-UPD probands were excluded from the sleep study
for this reason, whereas only 2 (6%) of the 32 affective-
disorders families had a first-degree relative with BPI. In
addition, probands in the sleep study were required to
have four available first-degree relatives, whereas pro-
bands in the affective-disorders study were only required
to have three. Because these differences in selection cri-
teria were minor, families from the two studies were
combined to create a data set with power to address the
research question.

Probands meeting the inclusion criteria were recruited
into both studies by a screening of consecutive admis-
sions to the adult-mood-disorder services at the Western
Psychiatric Institute and Clinic. Probands from four of
the sleep-study families were also recruited from out-
patient clinics of the Affective Disorders Unit at the Uni-
versity of Texas Southwestern Medical Center, Dallas.

Diagnostic Methods

Available probands and first-degree relatives were in-
terviewed by experienced clinicians using the Schedule
for Affective Disorders and Schizophrenia (SADS-L)
semistructured interview (Spitzer and Endicott 1975).
The SADS-LB, a version of the SADS-L modified to as-
certain �soft signs� of bipolarity, was used for seven re-
cently collected families. Children ages 6–17 years were
interviewed by use of the K-SADS-E (Puig-Antich et al.
1980). In addition, family-history diagnostic informa-
tion was collected on all first- and second-degree rela-
tives, from multiple informants. The family-history in-
terview was modified to identify recurrent major
depressive episodes, as well as to differentiate between
BPI and bipolar II disorders (BPII), although these dis-
tinctions were not possible in all cases. Personal-inter-
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Table 1

Numbers of Individuals, by Affection Status, in 50 Families
Ascertained through Probands with Recurrent Unipolar Depression

AFFECTION

STATUS AND

GENDER

NO. OF INDIVIDUALS

Narrow Definition Broad Definition

Affected:
Probands:

Male 15 15
Female 35 35

Relatives:
Male 25 77
Female 45 109

Unaffected:
Male 301 264
Female 271 220

Unknown:
Male 75 60
Female 65

——
52

——
Total 832 832

view data were available for 74% of the probands and
first-degree relatives, whereas second-degree relatives
and spouses were diagnosed primarily on the basis of
family-history interviews (86% by family history only).
Consensus Research Diagnostic Criteria (RDC; Spitzer
et al. 1978) diagnoses were generated from a best esti-
mate derived from the personal interviews, family his-
tories, and available medical records. Family-history
RDC diagnoses (Endicott et al. 1975) were assigned to
those individuals who did not receive a personal inter-
view. The best-estimate diagnoses were established sep-
arately by the clinical-assessment teams of each study.

The diagnostic methods differed between first- and
second- degree relatives. Thus, differences in reliability
between family-history and personal-interview data
could perhaps have biased the results of this analysis.
To evaluate the significance of this potential problem, a
reliability study was conducted on four large families
ascertained through the affective-disorders study. RDC
diagnoses were established for 54 family members by
use of SADS-L interviews conducted by experienced cli-
nicians. Family-history RDC diagnoses were generated
for the same individuals by clinicians who were blind to
the RDC diagnoses.

Eight of the 54 individuals had RDC diagnoses of
minor affective or nonaffective illnesses. These individ-
uals were excluded, leaving a total of 46 family members
for the reliability study. By use of the SADS-L interview,
21 individuals were diagnosed with the following RDC
diagnoses: major depressive disorder (single-episode or
recurrent UPD), BPI, or BPII disorder. The family-history
method diagnosed 16 of these people as having RDC
diagnoses of either UPD (single episode or recurrent,
when known) or bipolar disorder. When these diagnoses
were combined into the general category of major af-

fective illness (the “broad” definition given below), the
sensitivity of the family-history method was 76%, rel-
ative to the SADS-L interview; sensitivity was lower
(59%) when the diagnoses of minor affective illnesses
were compared. With regard to specificity, 25 of the 46
individuals were determined, by SADS-L interview, not
to have any RDC diagnosis; 24 of these 25 were also
found to have no family-history RDC diagnosis. Thus,
the specificity of the family-history method was 96%,
relative to the SADS-L interview. The segregation anal-
yses were conducted only on major affective illnesses,
since the reliability of family-history data was not ad-
equate for minor affective illnesses.

Affection Status

Two separate analyses were performed with different
definitions of affection status for the relatives of the
early-onset recurrent-UPD probands. In the first analy-
sis, relatives were considered affected only if they had
been diagnosed with recurrent unipolar depression. For
this “narrow” phenotype, the only difference between
the affection-status definition for the proband and that
for the family members was that probands had to have
an age at onset of X25 years, whereas the age at onset
for family members was not restricted. In the second
analysis, family members with BPI or BPII, as well as
family members with recurrent or single-episode UPD
were all considered affected. The second analysis there-
fore employed a “broad” definition of affection status,
hypothesizing the presence of genes that predispose to
a range of severe mood disorders. Individuals diagnosed
with minor affective illness or other nonaffective psy-
chiatric disturbances were considered unaffected in these
analyses. The status of individuals whose diagnoses
could not be established with certainty was considered
unknown. Table 1 presents the numbers of unaffected,
affected, and unknown individuals in the 50 families,
under the narrow and broad definitions of affection
status.

Population Prevalence Rates

In order to adjust for age and gender differences in
the prevalence of early-onset recurrent UPD, population
prevalence estimates were incorporated into the analysis
(for details, see below). Prevalence rates were estimated
separately for men and women in two age categories
(0–44 years and x45 years) and were derived from the
affective-disorders rates determined by the Epidemio-
logical Catchment Area Study (table 2; Weissman et al.
1991). To our knowledge, the population prevalence
rates for recurrent UPD have not been reported. There-
fore, the prevalence rates for recurrent major depression
(narrow definition) were estimated by multiplying the
reported rates for UPD by 2/3. This estimate was based
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Table 2

Population Prevalences for Narrow and Broad
Definitions of Affection Status

AGE

PREVALENCE OF AFFECTION

(%)

Narrow Definition Broad Definition

0–44 Years:
Male 2.4 5.4
Female 6.6 12.2

x45 Years:
Male 1.1 2.0
Female 2.8 4.6

on our clinical experience of the percentage of early-
onset single-episode unipolar-depression patients in
which a second major depressive episode occurs. The
rates for major affective disorders (broad definition)
were determined by summing the reported rates for BP
disorder and UPD.

Statistical-Analysis Methods

Major-locus segregation analysis of the narrow- and
broad-definition phenotypes was accomplished by fitting
the class A regressive model of Bonney (1986) by use of
the REGD routine (Sorant et al. 1994) in the software
package SAGE (1994). REGD is a program for segre-
gation analysis of dichotomous traits under regressive
models and can incorporate residual non-Mendelian fa-
milial effects and covariates into the analysis model (Sor-
ant et al. 1994). The analysis tested whether the pattern
of depression in the data could be explained by the seg-
regation of alleles at a single Mendelian locus, by a single
transmitted factor that does not follow Mendelian seg-
regation, or by a nontransmitted factor, with and with-
out additional non-Mendelian familial effects.

In regressive models as proposed by Bonney (1984),
the statistical dependency among family members is
modeled as a Markovian process, in which each indi-
vidual’s trait is influenced by his or her own covariates,
as well as by the observed traits of preceding family
members (Bonney 1984; also see Demenais 1991). In
REGD, there are assumed to be three possible “types”
(AA, AB, and BB). Two individuals have the same type
if and only if the expected phenotypic distributions of
their offspring by a mate of a given type are identical
(e.g., see Cannings et al. 1978; Go et al. 1978). Geno-
types are the special case of types (or ousiotypes, to
follow Cannings et al. 1978) that transmit to offspring
in a Mendelian fashion. When there is no transmission
from one generation to the next, the model allows for
only a single type. The parameters of the model are (1)
the baseline regression coefficients for the three possible
genotypes under a two-allele (N � unaffected allele; and
D � depression allele), Mendelian single-major-locus

model; (2) the frequency of the D (“affected”) allele (qD)
and corresponding genotypic frequencies; (3) transmis-
sion probabilities (t’s) for the three types; (4) the re-
gression coefficients for any covariates included in the
model; and (5) residual familial effects that are not trans-
mitted in a Mendelian fashion.

Because population prevalence figures cannot be au-
tomatically incorporated into the current version of
REGD, parameter estimation may be biased, especially
in small sample sizes. Following Lustbader et al. (1992),
we therefore constructed a covariate for the regression
analysis, consisting of the natural logarithm of [rk/(1 �
rk)], where rk is the prevalence of the kth combination
of age category and gender. Table 2 summarizes the prev-
alences for the narrow and broad definitions of affection
status. The final regression equation was therefore

, where yiy � b � dZ � log[r /(1 � r )] � b (covariates )i g k k ii

is the log of the odds of being affected for individual i
with type gi, is the baseline regression coefficient forbgi

type gi, d is the vector of residual family effects, Z is the
vector of dummy variables depending on the family ef-
fects in a particular model, is the covariatelog[r /(1 � r )]k k

to adjust for population prevalence for the kth age and
sex category, and b is vector of regression coefficients
for any covariates, and covariatesi are the covariate val-
ues for individual i.

Ascertainment was through probands and was a single
incomplete ascertainment scheme. An ascertainment cor-
rection was applied by conditioning the likelihood on
the probands.

For hypothesis tests, parameter estimates and likeli-
hoods were obtained by use of REGD for each model
of interest corresponding to various restrictions on the
parameters. Hypothesis tests were based on the likeli-
hood-ratio criterion comparing each restricted model to
the general, unrestricted model. In addition, the Akaike
(1974) information criterion (AIC) was used to select
the most parsimonious model among equally likely mod-
els for the data. The AIC for any model is
[�2(lnLikelihood) � 2
(number of estimated parameters. The model with the
smallest AIC is the most parsimonious.

Results

All analyses were done twice in the entire data set of
50 families—once with the narrow definition of affection
status and once with the broad definition. Results are
presented separately for each definition.

Narrow Definition: Recurrent Unipolar Depression

Table 3 presents the results of analysis of the 50 fam-
ilies under the narrow definition of affection status for
probands’ relatives. Hypothesis tests were performed
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Table 3

Narrow-Definition Phenotype: Segregation-Analysis Results for 50 Families

NO TRANSMISSION MENDELIAN TRANSMISSION NON-MENDELIAN TRANSMISSION

No
Parental
Effects

(Model I)

Parental
Effects

(Model II)
Codominant
(Model III)

Dominant
(Model IV)

Recessive
(Model V)

t � q
(Model VI)

tND Arbitrary

Recessive
(Model VII)

Codominant
(Model VIII)

qD [1.0] [1.0] .22 .07 .24 .45 .12 .22
bNN 1.96 1.02 �.29 .02 �.003 �.35 .40 .43
bND �bNN �bNN .46 �bDD �bNN �bNN �bNN .34
bDD �bNN �bNN 4.24 2.66 4.07 2.56 4.58 4.56
tNN ) ) [1.0] [1.0] [1.0] �q [1.0] [1.0]
tND ) ) [.5] [.5] [.5] �q .20 .19
tDD ) ) [.0] [.0] [.0] �q [.0] [.0]
dunaffected parent [.0] .60 1.03 .93 1.00 .88 .78 .78
daffected parent [.0] .90 1.13 .84 1.27 1.37 1.18 1.19

No.a 1 3 6 5 5 5 6 7
�2lnL 579.42 557.40 549.42 550.28 549.75 555.32 542.77 542.77
AIC 581.42 563.40 561.42 560.28 559.75 565.32 554.77 556.77
x2 (df) 36.65 (6) 14.63 (4) 6.65 (1) 7.51 (2) 6.98 (2) 12.55 (2) .0 (1) )
P K.0001 .006 .01 .02 .03 .002 1.0 )

NOTE.—Square brackets denote that parameter was fixed to the value shown.
a No. of independent parameters estimated: (no. of parameters in model) � (no. of fixed parameters) � (no. of dependent parameters) �

(no. of parameters that converged to a boundary).

versus model VIII, the most general model. Models I and
II in table 3 are models of a single type—that is, there
is no transmission of a major effect. In addition, model
I has no familial effects, whereas model II incorporates
nontransmissible parental effects (i.e., d). Both “no-
transmission” models could be rejected ( ). Mod-P ! .01
els III–V represent codominant, dominant, and recessive
Mendelian transmission of a major effect plus residual
parental effects. These models have approximately equal
likelihoods. Model V (recessive) has the smallest AIC
and is therefore the best-fitting of the Mendelian hy-
potheses. To test type-specific transmission, model VI set
all transmission probabilities equal to the gene fre-
quency. Model VI could be rejected ( ), indi-P � .002
cating that there was type-specific transmission. To test
the Mendelian transmission of the major effect, model
VIII estimated tND and significantly improved the fit to
the data. That is, models III–V could be rejected (P !

), implying that the major effect does not fully con-.05
form to Mendelian transmission.

A large number of potential hypotheses were tested,
but only one subset of the results is presented here, be-
cause certain combinations did not improve the fit to
these data—for example, age and sex covariates, major-
locus parameters estimated separately by gender, resid-
ual spouse effects, and separate parental effects for
mothers and fathers. In testing Mendelian transmission
of the major effect, only tND was successfully estimated
in these data, as reported above. tNN and tDD converged
to their respective boundary values of 1.0 and .0 (con-
sistent with the Mendelian expectations) when estimated

separately; the data set was not sufficient to estimate all
three t’s jointly.

Broad Definition: Any Major Affective Illness

Table 4 presents the results of analysis of the 50 fam-
ilies under the broad definition of affection status for
the probands’ relatives. As in the narrow definition, hy-
pothesis tests were performed versus model VIII, the
most general model. Again both no-transmission models
(models I and II) could be rejected ( ). ModelP ! .0001
I includes no familial effects, whereas model II incor-
porates nontransmissible parental and spousal effects.
As in the case of the results under the narrow definition,
models III–V had approximately equal likelihoods.
Model III (codominant) had the smallest AIC and is
therefore the best-fitting of the Mendelian hypotheses.
To test type-specific transmission, model VI set all trans-
mission probabilities equal to gene frequency. Model VI
could be rejected ( ), indicating that there wasP � .003
type-specific transmission. To test the Mendelian trans-
mission of the major effect, model VIII estimated tND.
Models III—V could not be rejected versus model VIII
( ). Therefore, there was no significant departureP 1 .05
from Mendelian transmission for the broad definition of
affection status. Because model VII was the best-fitting
model for the narrow definition of affected status, Men-
delian transmission under a recessive model was also
tested for the broad definition (model VII), and again
there was no significant departure from Mendelian
transmission.
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Table 4

Broad-Definition Phenotype: Segregation-Analysis Results for 50 Families

NO TRANSMISSION MENDELIAN TRANSMISSION NON-MENDELIAN TRANSMISSION

No
Parental
Effects

(Model I)

Parental
Effects

(Model II)
Codominant
(Model III)

Dominant
(Model IV)

Recessive
(Model V)

t � q
(Model VI)

tND Arbitrary

Recessive
(Model VII)

Codominant
(Model VIII)

qD [1.0] [1.0] .44 .16 .49 .36 .45 .45
bNN 2.24 1.69 .14 .0 �.11 �45.35 .05 .07
bND �bNN �bNN �3.10 �bDD �bNN .72 �bNN �3.22
bDD �bNN �bNN 4.36 3.29 3.67 20.96 3.74 4.29
tNN ) ) [1.0] [1.0] [1.0] �q [1.0] [1.0]
tND ) ) [.5] [.5] [.5] �q .40 .51
tDD ) ) [.0] [.0] [.0] �q [.0] [.0]
dunaffected spouse [.0] .58 1.97 .82 1.05 1.75 1.11 1.99
daffected spouse [.0] .89 2.51 1.56 1.86 2.56 1.87 2.53
dunaffected parent [.0] .13 1.08 .63 .66 .74 .48 1.12
daffected parent [.0] .69 2.36 .62 .84 2.52 .64 2.43

No. 1 5 8 7 7 8 8 9
�2lnL 879.61 858.22 824.93 830.06 829.67 833.67 828.07 824.93
AIC 881.61 868.22 840.93 844.06 843.67 849.67 844.07 842.93
x2 (df) 54.68 (8) 33.29 (4) .0 (1) 5.13 (2) 4.74 (2) 8.74 (1) 3.14 (1) )

P K.0001 K.0001 1.0 .08 .09 .003 .08 )

NOTE.—See footnotes to table 3.

Table 5

Predicted Risks of Recurrent Unipolar Depression Calculated from
the Best-Fitting Narrow-Definition Model (Model VII in Table 3),
by Age, Gender, Genotype at Major Locus, and Affection Status of
Parents

PREDICTED RISK OF RECURRENT

UNIPOLAR DEPRESSION

(%)

AGE AND

GENOTYPE

Neither Parent
Affected

One Parent
Affected

0–44 Years:
Male:

NN, ND 14.80 20.49
DD 91.96 94.43

Female:
NN, ND 33.40 42.65
DD 97.06 98.00

x45 Years:
Male:

NN, ND 7.31 10.47
DD 83.84 88.50

Female:
NN, ND 16.94 23.22
DD 93.06 95.21

In testing Mendelian transmission of the major effect,
only tND was successfully estimated in these data, as
reported above. tNN could not be estimated, and tDD

converged to its boundary value .0 when evaluated sep-
arately; the data set was not sufficient to estimate all
three t’s jointly. Furthermore, none of the following im-
proved the fit to the data: age and sex covariates, major-

locus parameters estimated separately by gender, and
separate parental effects for mothers and fathers.

Risk Estimates and Conclusions

Tables 5 and 6 show the predicted risk of affection,
by genotype, age, gender, and parental and spousal af-
fection status. As can be seen from these tables, an in-
dividual’s genotype makes the largest contribution to his
or her risk of becoming affected, for each affection-status
definition. Then, for recurrent unipolar depression (nar-
row definition), if a parent is affected, the risk of be-
coming affected increases by 1%–9%, depending on the
age/gender/genotype category. The risk of affection for
any major affective disorder (broad definition) increases
by 1%–19%, depending on category, if a parent is af-
fected, and by an additional amount (X5%) if a spouse
is affected.

In summary, under the narrow-definition phenotype
of recurrent unipolar depression, the model that best fits
these family data is a transmitted major effect with two
types, as in a recessive mode of inheritance (table 3;
model VII). However, the transmitted effect is non-Men-
delian in that the maximum-likelihood estimate of tND

is .20—significantly less than the expected value of .50.
Moreover, there are significant residual parental effects
on risk of affection. Under the broad-definition phe-
notype of any major affective illness, the codominant
model is the best-fitting model (table 4; model III), and
Mendelian transmission cannot be rejected. Mendelian
transmission can also not be rejected for a recessive
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Table 6

Predicted Risks of Any Major Affective Disorder, Calculated from
the Best-Fitting Broad-Definition Model (Model V in Table 4), by
Age, Gender, Genotype at Major Locus, Affection Status of
Parents, and Affection Status of Spouse

PREDICTED RISK OF MAJOR

AFFECTIVE DISORDER

(%)

Neither Parent
Affected

One Parent
Affected

AGE AND

GENOTYPE

Spouse
Unaffected

Spouse
Affected

Spouse
Unaffected

Spouse
Affected

0–44 Years:
Male:

NN, ND 35.40 54.98 39.71 59.47
DD 96.01 98.17 96.66 98.47

Female:
NN, ND 57.17 74.83 61.59 78.13
DD 98.32 99.24 98.60 99.37

x45 Years:
Male:

NN, ND 16.36 30.36 19.04 34.38
DD 89.58 95.04 91.18 95.84

Female:
NN, ND 31.62 50.74 35.72 55.32
DD 95.31 97.84 96.07 98.20

model (table 4; model V) under the broad definition
(note that the recessive is the best-fitting model under
the narrow definition). Furthermore, there are significant
residual parental and spousal effects on risk of affection.

Discussion

We have detected evidence of transmission of a major
effect in unipolar depression, using families ascertained
through probands with early-onset recurrent unipolar
depression. Our data set (50 families, with 832 individ-
uals) was adequate for detection of substantial effects,
since the REGD module converged and generated pa-
rameter estimates for both the narrow- and the broad-
definition phenotypes, under a range of hypothesis tests.
Limiting probands to those with early-onset recurrent
UPD may have contributed to our ability to detect trans-
mission of a major effect, because of the high recurrence
risk of affective illness in relatives of probands with
early-onset and/or recurrent UPD (Weissman et al.
1984b, 1986; Bland et al. 1986; Price et al. 1987; Kupfer
et al. 1989). Except for the BPI exclusion criteria used
in the sleep study, which in practice had only a minor
effect on the ascertainment of families, we did not recruit
families on the basis of the phenotypes of the family
members. This simplified the determination of the as-
certainment correction and may also have increased our
ability to detect the presence of a major transmissible
effect in a relatively small sample size.

The narrow- and broad-definition analyses each fit the
data better when nontransmissible parental and/or spou-
sal effects were incorporated into the analysis along with
the major transmissible effect. For both phenotype def-
initions, the effect of an individual’s genotype was most
important in the determination of the risk of illness.
Then, the presence of an affected parent raised one’s risk
of developing depression, presumably through a change
in the parent/offspring environment. For any major af-
fective illness (broad definition), additional nontrans-
missible effects—that is, the presence of an affected
spouse—further increased risk, beyond that ascribed to
the affected parent alone. Sample-size limitations pre-
vented us from dissecting these effects further by gender
or age.

The only phenotypic definitions employed in this anal-
ysis involved diagnoses of severe affective illnesses, in
which the sensitivity of the family-history RDC, when
compared with the SADS-L, was judged to be adequate.
Even with this restriction, it is likely that diagnosis of
major affective illness was a conservative estimate with
regard to the 62 first-degree relatives not available for
personal interview. Furthermore, second-degree relatives
may have been underdiagnosed, by X20%, for the ma-
jor affective illnesses, compared with first-degree rela-
tives. For the narrow definition of affection status, a
second source of phenotypic underestimation probably
occurred among those individuals with a single episode
of major depression. These individuals were considered
unaffected under the narrow definition, even though
some of them will, in all likelihood, develop recurrent
major depression in the future.

These underestimates could have obscured the role of
a major locus, perhaps causing the t’s to shift away from
Mendelian values. It may be one reason that Mendelian
transmission of the narrow-definition phenotype was re-
jected, with the best estimate of tND being .20. Even with
this potential bias, we were able to find evidence for the
segregation of a major effect under both the narrow-
definition phenotype and the broad-definition phenotype
and could not reject Mendelian codominant transmis-
sion for the broad-definition phenotype of any major
affective illness.

Evidence for the segregation of a major locus or major
effect has also been reported for bipolar disorder (Pauls
et al. 1995; Spence et al. 1995). Pauls et al. (1995) found
evidence of familial transmission in 42 large Old Order
Amish families ascertained through BPI probands. With
the computer program POINTER, single-locus autoso-
mal-dominant inheritance could not be rejected in a sub-
set of 19 closely related families. When the entire data
set was analyzed, Mendelian inheritance could be re-
jected for some diagnostic categories of affected relatives
(e.g., BPI only) but not for others (e.g., BPI, BPII, and
schizoaffective, manic). Thus the results were not robust
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to either the diagnostic scheme or the subset of families
tested. In a sample of 186 families ascertained through
BPI and BPII probands, Spence et al. (1995) reported
that, when bipolar disorder was used as the affected
phenotype in relatives, the best-fitting genetic model was
a dominant, Mendelian, single-major locus. However,
oligogenic and polygenic models that are more complex
were not tested. Thus, it is possible that major disease-
susceptibility loci are segregating both in families of both
bipolar-disorder probands and in families of UPD
probands.

UPD is a complex, common illness, which is likely to
arise from multiple etiologies. Efforts to determine the
biological underpinnings of UPD by use of physiological
measures that themselves show familial aggrega-
tion—measures such as serotonergic markers (Sheline et
al. 1995) or REM latency abnormalities (Giles et al.
1988, 1989)—can reduce etiologic heterogeneity, sim-
plify phenotypes, and improve detection of inheritance
patterns. Although studies of biological markers often
detect differences between patients and controls, no
marker has yet been found with discriminatory power
sufficient to be useful for diagnosis. Thus, there is no
obvious biochemical evidence to suggest that the actions
of a single major locus, even if it has pleiotropic effects,
are responsible for the majority of UPD cases. It is per-
haps surprising, then, that we observed evidence for a
single major transmissible effect in this relatively small
data set. When a broad definition is used for assigning
affection status to probands’ relatives, the transmissible
effect is consistent with Mendelian genetic transmis-
sion—that is, transmission, at a major locus, of a gene
for susceptibility to a range of severe affective disorders.

Our results suggest that, within families, a major locus
or other transmissible effect may be operating. It is im-
portant to note that our results do not determine
whether the same major effect or genetic locus is seg-
regating across families in our data set. Therefore, we
cannot address the issue of how many major loci/effects
are segregating for severe UPD—that is, we cannot de-
termine the degree to which genetic heterogeneity is pres-
ent. Nevertheless, these results provide support for link-
age efforts, in that they suggest that major genes for
UPD may be segregating within families ascertained
through severely affected UPD probands.
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