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Abstract

Objective: The purpose of this study was to assess the
mode of inheritance for obsessive-compulsive disorder
(OCD) in families ascertained through pediatric pro-
bands. Methods: We ascertained 52 families (35 case and
17 control families) through probands between the ages
of 10 and 17 years. Direct interviews were completed
with 215 individuals. Family informant data were col-
lected on another 450 individuals without direct inter-
views, forming two data sets with one contained within
the other. Complex segregation analyses were per-
formed using regressive models as programmed in
REGTL in the S.A.G.E. package. All models used in the
analyses included sex-specific age and type parameters.
Results: All models that excluded a residual effect of an
affected parent were rejected. With that parameter in-
cluded, the environmental and sporadic models were re-
jected in comparisons with the most general model in
both data sets (all p < 0.005). With the direct interview

data, the general codominant Mendelian model was not
rejected when compared with the most general model
(p =0.140). We could not distinguish between any of the
simple Mendelian models using either data set. How-
ever, the dominant Mendelian model provided a some-
what better fit than the other Mendelian models to the
direct interview data. Conclusions: The results provide
evidence for a major susceptibility locus in families with
OCD when age at onset is incorporated into the model.
Mendelian factors at most partially explained the familial
aggregation of the phenotype, and residual familial ef-
fects were necessary to fit the data adequately. The re-
sults support the importance of linkage efforts by sug-
gesting that a major locus is segregating within a
proportion of families with OCD ascertained through pe-
diatric probands.

Copyright © 2005 S. Karger AG, Basel

Introduction

Obsessive-compulsive disorder (OCD [MIM 164230])
is a heterogeneous psychiatric disorder that is considered
a complex genetic trait. Estimates of the lifetime preva-
lence of OCD in adolescents and adults range from 1 to
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3% [1-4]. The average age at onset in epidemiological
studies of OCD is in early adulthood [3, 5]. Males gener-
ally have earlier onset than females, contributing to a pre-
ponderance of males in most pediatric samples [5, 6]. In
contrast, there is a slight preponderance of females in
most adult samples [3, 7]. Although obsessive-compul-
sive (OC) symptoms are virtually identical in children
and adults, there are important clinical differences be-
tween early- and late-onset OCD. Early-onset OCD is as-
sociated with greater symptom severity, higher rates of
compulsions without obsessions, a broader range of OC
symptoms unrelated to duration of illness, and comorbid
tic disorders [8-11].

Twin and family studies provide substantial evidence
that genetic factors are involved in the transmission and
expression of OCD. Concordance rates for monozygotic
twins range from 80 to 87% for monozygotic twins and
from 47 to 50% for dizygotic twins, depending on the
sample and diagnostic criteria [12, 13]. Estimates of the
heritability of OC symptoms range from 26 to 47% [14,
15]. Controlled family studies using adult probands found
that the lifetime prevalence of OCD is significantly high-
er in case relatives compared with control relatives, and
that an early age at onset of OC symptoms in case pro-
bands is strongly associated with a more familial form of
the disorder [16, 17]. A recent controlled family study us-
ing pediatric probands confirmed that early-onset OCD
is highly familial [18].

Four complex segregation analyses, conducted with
families mainly ascertained through adult probands, have
implicated a major locus in a proportion of families with
OCD [19-22]. Two studies provided evidence for a major
gene in OCD without establishing a mode of inheritance
[19, 20]. Another study determined in a subset of families
with higher symptom-based factor scores for symmetry
and ordering that the polygenic model could be rejected,
indicating the involvement of a major locus in OCD [21].
However, analysis of the entire sample allowed rejection
of only the no transmission model. The most recent seg-
regation analysis of OCD supported an autosomal domi-
nant or codominant model and rejected a recessive mod-
el [22]. Nonetheless, Mendelian factors only partially ex-
plained the familial aggregation of the phenotype, and
residual familial effects were necessary to adequately fit
the data. The four studies together indicate that genes of
major effect are important in the transmission of OCD.
However, differences in the likelihoods of alternative
models of transmission are not large, indicating that it is
difficult to distinguish between transmission models of
OCD in families.
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Our initial genome scan of families with early-onset
OCD found suggestive evidence for genetic linkage on
chromosome 9 using a dominant Mendelian model [23].
The finding on 9p24 was replicated by another research
group using the same genetic model [24]. However, the
model used in those parametric analyses had no empiri-
cal basis. Further molecular genetic studies of early-onset
OCD are likely to be done because that form of OCD is
more familial with possibly less etiological heterogeneity
[16-18, 25]. Because of uncertainty about the mode of
inheritance in early-onset OCD, a complex segregation
analysis of that form of the disorder is warranted. Hence,
this study was done to assess the mode of inheritance for
OCD in families ascertained through pediatric probands.
The results provide evidence for a major susceptibility
locus in OCD when age at onset is incorporated into the
model.

Materials and Methods

Subject Ascertainment

We ascertained 35 case and 17 control families through single
probands between the ages of 10 and 17 years. The ascertainment
and diagnostic procedures used in the study have been described
previously [18, 23]. The case probands were 25 boys and 10 girls
with a current diagnosis of OCD who were recruited from clinics
in the University of Michigan Health System and local chapters of
the Obsessive-Compulsive Foundation. Age at onset of OC symp-
toms in the case probands ranged from 4 to 14 years (8.9 = 3.0
years, mean * SD). Furthermore, 31 (89%) of the case probands
had a lifetime history of at least one other psychiatric disorder. In
particular, 14 (40%) had a history of Tourette’s disorder or another
chronic tic disorder. The control probands were 10 boys and 7 girls
recruited from clinics in the University of Michigan Health System
and local advertisements.

All probands were directly interviewed to determine whether
they met DSM-III-R criteria for OCD [26]. Exclusion criteria for
the case probands were (1) lifetime DSM-III-R diagnosis of mental
retardation, autistic disorder, schizophrenia, or bipolar disorder;
(2) currently living away from both biological parents, and (3) adop-
tion. Exclusion criteria for the control probands were (1) any life-
time DSM-III-R Axis I disorder as well as (2) and (3) as above.
Written informed consent was obtained from both parents and in-
formed assent from each proband. The study was approved by the
Institutional Review Board of the University of Michigan Medical
School.

After completing the proband diagnostic evaluation, permis-
sion to contact other relatives was requested from the parents. Di-
rect structured diagnostic interviews were completed with 215 in-
dividuals (all 52 probands, 136 first-degree relatives, 15 second-de-
gree relatives, and 12 other relatives). Diagnostic information was
also collected from parents or spouses on 657 individuals (all 52
probands, 133 first-degree relatives, 459 second-degree relatives,
and 13 third-degree relatives). The maternal grandmother provided
diagnostic information for the 13 third-degree relatives in the larg-
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est family. This process provided diagnostic information on five
first-degree relatives without direct interviews and 445 second-de-
gree relatives without direct interviews.

Diagnostic Procedures

After informed consent and assent were obtained, probands and
siblings between 10 and 17 years of age were interviewed with the
Schedule for Affective Disorders and Schizophrenia for School Age
Children-Epidemiologic Version [27]. Individuals less than 10
years were not included in the study. The interview was completed
independently with a parent of the subject as well as with the sub-
ject. Relatives 18 years and older were interviewed with the Struc-
tured Clinical Interview for DSM-III-R [28]. Both interviews were
supplemented with sections on OCD and tic disorders from the
Schedule for Tourette and Other Behavioral Syndromes [16, 29].
The OCD section included a series of screening questions designed
to cover all criteria for a DSM-III-R diagnosis of OCD [16] and a
checklist from the Yale-Brown Obsessive Compulsive Scale (Y-
BOCS) [30] modified to obtain information about the lifetime oc-
currence and age at onset of OC symptoms.

Further information on relatives 18 years and older was ob-
tained with the Family Informant Schedule and Criteria (FISC)
[31]. The mother of each affected offspring was interviewed with
the FISC regarding her spouse, adult offspring, parents, and sib-
lings. The father of each affected offspring was interviewed with
the FISC regarding his spouse, parents, and siblings. Thus, two
types of data were obtained on directly interviewed adult subjects:
(1) information from structured interviews, and (2) personal his-
tory information from a biological relative and/or spouse.

All interviews were audiotaped and coded on paper. All inter-
viewers had at least a master’s degree and clinical training in either
child or adult psychopathology; they were trained to at least 90%
diagnostic agreement with the individual instruments. The inter-
viewers were confined to interviewing either probands and their
relatives between 10 and 17 years of age or adult relatives. The in-
terviewer for a given proband was not involved with the interviews
of other family members. Because control probands and their rela-
tives were included in a family study of pediatric OCD, the inter-
viewers were blind to proband status.

After completion of all interviews for an individual, all available
materials (personal interview data, family history data, and clinical
records) were collated. All information identifying or describing the
proband was removed so that diagnostic ratings could be complet-
ed by raters blind to proband diagnosis. The blinded diagnosticians
were never given a complete family to evaluate at one time, and all
proband diagnostic evaluations were done separately from those of
their relatives.

Best-estimate lifetime diagnoses were made independently for
directly interviewed subjects by two investigators using DSM-III-R
criteria. Definite OCD was diagnosed only if a directly interviewed
subject met all diagnostic criteria. Subthreshold OCD was diag-
nosed if a directly interviewed subject met criteria for obsessions
and/or compulsions, but lacked compelling evidence for any of the
following criteria: (1) marked distress; (2) duration of obsessive-
compulsive symptoms for more than one hour a day, or (3) signifi-
cant interference in the person’s normal routine, occupational (or
academic) functioning, or usual social activities or relationships
with others. To avoid forcing closure on inadequate diagnostic in-
formation, subjects were reinterviewed if necessary to clarify in-
complete or contradictory information. When disagreements oc-
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curred between two diagnosticians, consensus diagnoses were
reached with the assistance of a third diagnostician following es-
tablished procedures developed for the diagnosis of other psychi-
atric disorders [32].

Directly interviewed individuals with a lifetime diagnosis of
definite OCD were considered affected. Directly interviewed rela-
tives with either a lifetime diagnosis of subthreshold OCD or a his-
tory of probable obsessions or compulsions were considered un-
known. Subjects assessed by the FISC but not by direct interviews
were considered affected if they met FISC criteria for definite or
probable OCD. This broader definition of OCD was used because
individuals with OCD are often secretive about their symptoms
and a relatively low rate of definite OCD was reported by family
informants.

After single ascertainment, nuclear families found to have at
least two affected individuals were extended by sequential sam-
pling using a nuclear family sequential sampling rule [33, 34].
(1) All first-degree relatives and spouses of the proband were sam-
pled with the assessment and diagnostic procedures outlined above.
(2) If any sampled individual was affected, all first-degree relatives
and spouses of that individual who had not already been sampled
were sampled with the same assessment and diagnostic procedures.
(3) We returned to step 2 until no further such relatives and
spouses remained. The advantage of a sequential approach is that
it results in a more detailed consideration of families with substan-
tial numbers of affected individuals while still permitting appropri-
ate ascertainment correction for segregation analysis [33]. It also
ascertains families for genetic linkage studies in which the disorder
has occurred in at least three generations [23].

Statistical Analyses
Complex segregation analyses were performed with the REGTL
program in the S.A.G.E computer package (version 3.1) [35]. The

REGTL program uses a regressive logistic model developed by

Bonney [36] that was modified to incorporate age at onset informa-

tion [37]. The model assumes that (1) age at onset follows a logistic

distribution; (2) the parameters of the age at onset distribution do
not depend on an individual’s type, and (3) susceptibility to OCD
is a function of an individual’s type. The model tests for the pres-
ence of a major susceptibility locus, residual correlations in risk
among related individuals, and the effect of measured risk fac-
tors.

In this logistic regressive model, the likelihood of the data is
modeled as a function of the following parameters:

1 Each person can be one of three types, AA, BB, or BB, with
population frequencies Yiaa, Yap, Up.

2 Each type is associated with a probability that expresses suscep-
tibility to become ill: yaa, YaB, YeB- Under a genetic model these
are termed the penetrance of each genotype.

3 Since the trait has a variable age at onset, the probability of be-
coming ill is also a function of two age distribution parameters,
B (the baseline effect) and a (the age adjustment coefficient),
which determine the mean and variance of the logistic distribu-
tion of the age at onset.

4 Residual familial effects: Sparent.

Each type is associated with a probability that an individual of

the type will transmit the ‘A’ factor to a child. These are the

transmission probabilities: Taa, TAB, TBB-

w
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Define y = 1 if affected, 0 if unaffected, a = age of onset of OCD,
and a’ = age at examination. The likelihood is formulated as [36]:
L(y,alage at exam, type, sex, affection status of parents)

Vsex, typeXsex {eXp (Bsex T Qex@ + 8(I(parent affected) ))}

L(y=La)= 3
{1 + exp(Bsex + o a Tt S(I(paremaffecled)))}
if affected
Vsex, typeVsex {CXP (Bscx + (xscxa’ + B(I(parem affected)))}
Liy=0)=1- 3
{1 + exD(Bscx + otscxa’ + 5(I<paremaffecled)))}
if unaffected.

The likelihoods for each case are similar; the differences reflect both
the law of total probability and the fact that unaffected individuals
may become affected after the age at examination. Age of onset and
age at exam were transformed to the natural log scale. A single as-
certainment correction was applied by conditioning on the affec-
tion status and age of onset of the proband (age at examination if
unaffected) [33].

Seven models were fit to the data: (1) a general model assuming
arbitrary transmission and type-specific susceptibility parameters;
(2) a general codominant Mendelian model assuming arbitrary
type-specific susceptibility parameters but Mendelian inheritance;
(3) aMendelian dominant model; (4) a Mendelian recessive model;
(5) a Mendelian additive model; (6) an environmental model as-
suming no genetic transmission, and (7) a sporadic model assuming
no major gene. Nested models were compared using chi-square
likelihood ratio tests. The number of degrees of freedom is approx-
imate for some tests for two reasons. First, in two instances, one or
more parameters are fixed at a boundary of the parameter space
under the reduced model (reduced codominant Mendelian and spo-
radic models compared to full general model). Second, for some
models, some parameters converged to boundary values during
maximization. We note in the Results the one case in which these
conditions might change the interpretation of a test.

The analyses were carried out using two nested samples. The
first sample consisted of the 215 directly interviewed individuals
(all 52 probands, 136 first-degree relatives, 15 second-degree rela-
tives, and 12 other relatives). The second sample also included the
five first-degree relatives and 445 second-degree relatives for whom
information was obtained only by interviews of first-degree rela-
tives (family informant-only data in addition to direct interview
data). Other statistical comparisons were done using Student’s t test
and Pearson x2 as appropriate. Data are reported as mean * stan-
dard deviation. Statistical significance was stipulated as p <
0.05.

Results

Demographic and Clinical Characteristics

There were no significant differences between the case
and control families in gender distribution or age at the
time of interview. As expected, the prevalence of definite
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OCD assessed by direct interview was significantly great-
er among case families than among control families
(42.1% case subjects vs. 1.8% control subjects; p<0.0001).
Similarly, the prevalence of definite OCD assessed by ei-
ther direct or family history interview was significantly
greater among case families than among control families
(15.2% case subjects vs. 1.0% control subjects, p <
0.0001). As described in a previous report, the lifetime
prevalence of definite OCD was significantly higher in
case than in control first-degree relatives (22.5 vs. 2.6%,
p < 0.05) [18]. Of the 35 case probands in the study, 19
(54%) had at least one first-degree relative with definite
OCD. In contrast, the lifetime prevalence of definite
OCD was not significantly increased in the case second-
degree relatives compared to controls (1.6 vs. 0.7%, p =
0.42). The lifetime prevalence of definite OCD was sig-
nificantly higher in case first-degree relatives with a his-
tory of tics than in case first-degree relatives without a tic
history (57.1 vs. 20.9%, p < 0.01). However, the lifetime
prevalence of chronic tic disorders (Tourette’s disorder
and chronic motor or vocal tic disorder) and tic disorders
altogether was only slightly higher in case than in control
first-degree relatives (4.1% vs. 2.6 and 7.1 vs. 5.3%, re-
spectively).

In the 35 case families, males and females did not dif-
fer significantly with respect to their mean age at direct
interview (~33 years) or the proportion diagnosed with
definite OCD by direct interview (43.5% males vs. 40.5%
females, p = 0.85). However, the mean age at onset of OC
symptoms in case subjects with either definite OCD or
subthreshold OCD diagnosed by direct interview was sig-
nificantly lower in males than in females (9.4 vs. 12.2
years, p < 0.03). Directly interviewed case relatives ascer-
tained through either a male or female proband had sim-
ilar mean age at interview (~39 years), age at onset of OC
symptoms (~12 years), and proportion diagnosed with
definite OCD (~26%). Neither gender of the proband nor
of the first-degree relative was predictive of definite OCD
in case first-degree relatives [18].

Complex Segregation Analyses

All models that excluded gender effects were consid-
ered implausible and not tested. All models that excluded
a residual effect of an affected parent were rejected (all
p < 0.005).

For both samples, we rejected the environmental and
sporadic models when compared to the most general
model (all p<0.005). With the direct interview data, the
general codominant Mendelian model was not rejected
when compared with the most general model (p = 0.14);

Hanna/Fingerlin/Himle/Boehnke



Table 1. Segregation analysis of OCD using only directly interviewed subjects

Parameter General Sporadic Environ- Mendelian models

mental codominant dominant  additive recessive
da 0.007 (1.0) NR 0.031 0.029 0.055 0.289
TAA 0.766 - da (1.00) (1.00) (1.00) (1.00)
TAB 0.896 - aa (0.50) (0.50) (0.50) (0.50)
TBB 0.007 - da (0.00) (0.00) (0.00) (0.00)
dparent -1.431 -1.105 NR -1.328 -1.327 -1.304 —1.348
OlFemale 4.135 4.012 NR 4.112 4.112 4.121 4.122
OMale 8.504 8.859 NR 8.743 8.757 8.765 8.717
BEemate -11.566 -10.964 NR -11.364 -11.362 -11.355 -11.429
Buale -23.586 -23.790 NR -23.919 -23.950 -23.924 -23.916
YAA - Female 1.000* 0.264 NR 1.000* 0.723 1.000* 1.000*
YAB - Female 0.721 YAA - Female NR 0.685 YAA - Female 0.506? YBB - Female
VBB—Female 0020 'YAA—Female NR 0015 0016 001 1 0008
YAA - Male 0.001* 0.170 NR 1.000* 0.527 0.859 0.768
YAB - Male 0.576 YAA - Male NR 0.502 YAA - Male 0.430° YBB - Male
YBB—Male 0010 ’YAA—Male N/A 0007 0008 0001* 0001*
-2InL 84.198 108.391 108.391 89.668 89.897 90.538 92.044
X2 - 24.193 24.193 5.47 0.229 0.870 2.376
N 15 7 12 12 10 10 10
d.f. - 8 3 3 2 2 2
p - 0.002° <0.001° 0.140° 0.892¢ 0.647°¢ 0.305¢

NR = not reported (see results); N = number of independent parameters. * Parameter converged to preset

bound.

a (1/2)(YAA —Female T 'YBB - Female)~
b Compared to general model.

¢ Compared to codominant Mendelian model.

however, with the combined direct interview and family
informant-only data, that model was rejected in compar-
ison with the most general model (p <0.001). Because the
number of degrees of freedom may be overestimated for
this test (see Statistical Analyses), it is possible that the
most general model is a better fit to the data than the gen-
eral codominant Mendelian model even with the direct
interview data. We were unable to distinguish between
any of the simple Mendelian models using either data set.
Nonetheless, we note that the parameter estimates for the
dominant Mendelian model are closest to those of the
general codominant Mendelian model.

For each model including a residual effect of an af-
fected parent, table 1 presents the parameter estimates
derived using only the direct interview data. Parameter
estimates for the environmental model are not included
since models with virtually identical likelihoods had quite
disparate parameter estimates, indicating that the likeli-
hood surface is quite flat. Table 1 also provides the likeli-
hood ratio tests comparing (1) the sporadic, environmen-
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tal, and general Mendelian models to the most general
model, and (2) the three simple Mendelian models to the
general Mendelian model.

Estimates from the dominant model using only the
direct interview data indicated that 0.08% of subjects
were homozygous for the high-risk genotype (AA), 5.7%
were heterozygous carriers (AB), and 94.2% had the low-
risk genotype (BB). With the dominant model, as depict-
ed in figures 1a and b, the genetic penetrance approached
53% by age 31 years in heterozygous males without an
affected parent and reached 72% by 60 years in heterozy-
gous females without an affected parent. In contrast, as
shown in figures 2a and b, the genetic penetrance ap-
proached 53% by age 36 years in heterozygous males with
one affected parent and reached 72% by age 83 years in
heterozygous females with an affected parent. The pen-
etrance models suggest that age at onset is delayed in sus-
ceptible individuals by having an affected parent; how-
ever, the apparent difference is within statistical error.

Hum Hered 2005;60:1-9 5
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Fig. 1. a Penetrance of OCD in a heterozygous male without an
affected parent. b Penetrance of OCD in a heterozygous female
without an affected parent.

Discussion

Major Locus and Other Effects

The results from our complex segregation analysis pro-
vide further evidence for a major susceptibility locus or
other transmissible effect in families with OCD when age
at onset 1s incorporated into the model. Previous segrega-
tion analyses of OCD have not explicitly incorporated age
at onset information [19-22]. All models in our analysis
that excluded the residual effect of an affected parent were
rejected. Hence, Mendelian factors at most partially ex-
plained the familial aggregation of the phenotype, and re-
sidual familial effects were necessary to fit the data ade-
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Fig. 2. a Penetrance of OCD in a heterozygous male with one af-
fected parent. b Penetrance of OCD in a heterozygous female with

one affected parent.

quately. A previous segregation analysis of OCD also re-
jected all models omitting residual familial effects [22].
The use of pediatric probands may have contributed
to our ability to detect transmission of a major effect, be-
cause of the high recurrence risk of OCD in relatives of
probands with early-onset OCD [16-18]. It is important
tonote, however, that the results cannot determine wheth-
er the same genetic locus is segregating across families in
our data set. Furthermore, the results cannot be used to
assess the number of genetic loci segregating in OCD or
the extent to which genetic heterogeneity is present in the
disorder[38]. Nonetheless, the results provide support for
linkage efforts in that they indicate that a major locus is
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segregating within a proportion of families with OCD as-
certained through pediatric probands.

Mendelian Models

We rejected the general codominant Mendelian mod-
el with the combined data set but not with the direct in-
terview data set, although it should be noted that the p
values for those tests are approximate (see Statistical
Analyses). Our diagnoses were almost certainly more reli-
able and valid for the directly interviewed subjects than
for the subjects with only family informant information,
so that the rejection of the codominant model in the ex-
tended data set may be due to diagnostic misclassification
(see Limitations). However, the codominant model may
have been rejected with a larger sample of directly inter-
viewed subjects. Furthermore, there was a trend to reject
that model in the study by Nestadt et al. [22] and that
model was rejected when the affected phenotype was ex-
panded to include chronic tics in the study by Cavallini
et al. [20].

In the analyses with the direct interview data, the dom-
inant model provided a marginally better fit to the data
than did the other models. Our initial genome scan of
early-onset OCD found suggestive evidence for genetic
linkage on 9p24 with a dominant Mendelian model [23]
that was replicated in a subsequent linkage analysis using
the same genetic model [24]. The results from our segre-
gation and linkage analyses, as well as from other segrega-
tion and linkage analyses, suggest that a dominant model
be considered in future linkage studies of early-onset
OCD [20, 22-24].

The mode of inheritance suggested by our study is gen-
erally consistent with a previous segregation analysis that
found that neither the dominant nor the codominant
model could be rejected, but that the recessive model
could be rejected along with the sporadic and environ-
mental models [22]. The dominant model was the most
parsimonious explanation for the inheritance of OCD in
the total sample of that study. However, there was strong
evidence for etiologic heterogeneity between families as-
certained through female probands and male probands,
and only families ascertained through female probands
allowed rejection of the recessive model. Other previous
segregation analyses of OCD have not rejected a simple
Mendelian model [19-21].

Several studies with adults indicate that OCD consists
of four separate symptom dimensions [39-42]. Further-
more, it is likely that several genes influence components
of OCD. A segregation analysis of OC symptom dimen-
sions in families with two affected siblings with Tourette’s

Segregation Analysis of OCD

disorder found that the transmission of two symptom-
based factor scores is consistent with a dominant mode
of inheritance and the transmission of the two other fac-
tor scores is consistent with a recessive mode of inheri-
tance [43, 44]. It is uncertain whether the OC symptom
patterns in our sample differed significantly from those
in previous segregation analyses [19-22]. Larger studies
of OCD using a dimensional characterization of OC
symptoms are necessary to determine whether symptom-
based factor scores differ in their transmission patterns
and susceptibility loci.

Our disease allele frequency estimate of 0.029 using a
dominant model is comparable to previous estimates us-
ing dominant models of 0.01 in the Cavallini et al. study
[20] and of 0.045 in the Nestadt et al. study [22]. The
penetrance estimates with our dominant model indicate
that females have a higher penetrance than males. This is
consistent with estimates from previous segregation anal-
yses [20, 22] and with the slight preponderance of females
in most epidemiological and clinical studies with adults
[3, 7]. The age at onset curves suggest that individuals
with OCD without an affected parent have an earlier on-
set than those with an affected parent. This seems coun-
terintuitive, and the apparent difference is within statisti-
cal error. This apparent difference could be attributed to
non-genetic factors or to genetic factors separate from a
major susceptibility locus. Notwithstanding, given this
trend, the data do not support the hypothesis of anticipa-
tion of age at onset as has been proposed in a previous
report on OCD [45].

Limitations

Several limitations of our segregation analysis require
consideration. The number of directly interviewed sub-
jects in our sample was low so that the statistical power
of the smaller data set was limited. The inclusion of sub-
jects with only family informant data probably underes-
timated the rate of OCD in the second-degree relatives
and lead to distortions in the segregation analysis with the
larger sample. For example, a simple Mendelian model
may have been more clearly implicated if all of our sub-
jects had been directly interviewed. The case probands
were recruited mainly through a tertiary health care cen-
ter, so that the case families in our sample may not be
representative of families with early-onset OCD in the
general population. In particular, the recruitment of case
probands with comorbid conditions may have selected
for families with a high rate of assortative mating or oth-
er etiologic factors. Only a minority of individuals in this
study were genotyped, so that it is possible that the bio-
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logical relationships of certain individuals may have been
misclassified [23].

A strength of our study is that the sample included
both case and control families. Thus, the estimates of dis-
ease frequencies and penetrances are likely to be less bi-
ased than in a study based solely on case families. An
additional strength is the use of intermediate-sized pedi-
grees spanning three generations that provide more infor-
mation on transmission parameters than nuclear fami-
lies.

OCD was the only phenotype considered in this study.
Only strict DSM-III-R criteria were used for directly in-
terviewed subjects, whereas broader FISC criteria were
used for those not directly interviewed because of the
limitations of family history data. If the susceptibility al-
leles involved in OCD have variable expression, other
disorders could be assessed in future studies. Those dis-
orders include subthreshold OCD [17, 18], Tourette’s dis-
order and other tic disorders [16, 46, 47], body dysmor-
phic disorder [48], generalized anxiety disorder and ago-

the model. The results suggest that the mode of inheri-
tance may be influenced by the residual effect of an af-
fected parent, providing further evidence for the etiolog-
ic heterogeneity of OCD. In a comparison of simple Men-
delian models, the dominant model provided a somewhat
better fit to the data than the other Mendelian models,
which is consistent with some segregation analyses that
ascertained families through adult probands[20, 22]. The
parameters derived from this segregation analysis for a
dominant Mendelian model with age- and sex-dependent
penetrance may be useful in future molecular genetic
studies of early-onset OCD.
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