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Obsessive—compulsive disorder: subclassification
based on co-morbidity
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Background. Obsessive—compulsive disorder (OCD) is probably an etiologically heterogeneous condition. Many
patients manifest other psychiatric syndromes. This study investigated the relationship between OCD and co-morbid
conditions to identify subtypes.

Method. Seven hundred and six individuals with OCD were assessed in the OCD Collaborative Genetics Study
(OCGS). Multi-level latent class analysis was conducted based on the presence of eight co-morbid psychiatric
conditions [generalized anxiety disorder (GAD), major depression, panic disorder (PD), separation anxiety disorder
(SAD), tics, mania, somatization disorders (Som) and grooming disorders (GrD)]. The relationship of the derived
classes to specific clinical characteristics was investigated.

Results. Two and three classes of OCD syndromes emerge from the analyses. The two-class solution describes lesser
and greater co-morbidity classes and the more descriptive three-class solution is characterized by: (1) an OCD
simplex class, in which major depressive disorder (MDD) is the most frequent additional disorder; (2) an OCD
co-morbid tic-related class, in which tics are prominent and affective syndromes are considerably rarer; and (3) an
OCD co-morbid affective-related class in which PD and affective syndromes are highly represented. The OCD
co-morbid tic-related class is predominantly male and characterized by high conscientiousness. The OCD co-morbid
affective-related class is predominantly female, has a young age at onset, obsessive-compulsive personality disorder
(OCPD) features, high scores on the “taboo” factor of OCD symptoms, and low conscientiousness.

Conclusions. OCD can be classified into three classes based on co-morbidity. Membership within a class is differen-
tially associated with other clinical characteristics. These classes, if replicated, should have important implications
for research and clinical endeavors.
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Introduction disorders concomitantly or at some time during their
lifetime (Angst et al. 2005), although not unique to
OCD (Brown et al. 2001). It is useful to understand the
relationship between the co-morbid conditions.

There are several explanations. First, OCD could
increase the vulnerability to other disorders, similar to
the way that immune deficiency syndromes increase

vulnerability to illnesses. Second, there could be a

Obsessive—compulsive disorder (OCD) is common,
with a prevalence of 1-3% (Karno et al. 1988;
Fontenelle et al. 2006; Ruscio et al. 2008). Individuals
with OCD frequently have additional psychiatric
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smoking results in lung carcinoma and cardiovascu-
lar disease although the two are unrelated. Third,
these conditions may be epiphenomena of the same
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condition, with the same etiology, only with diverse
expression (Hettema, 2008).

The explanation of the relationship between OCD
and its co-morbid conditions requires identification
of an etiological agent(s) and/or underlying patho-
physiological process(es). In this study we contribute
to the explanatory process by investigating the hy-
pothesis that co-morbid disorders are expressions of
one or more latent classes, identification of which will
reduce OCD heterogeneity and provide parsimonious
phenotypic classes. We recognize that this approach
assumes a categorical structure for the phenotype
and that a dimensional structure is equally feasible
(cf. Olatunji et al. 2007). We conducted multi-level
latent class analysis of cases from the OCD Collab-
orative Genetic Study (OCGS). The relationship of the
derived classes to specific clinical characteristics was
investigated.

Method
Sample and diagnostic assessment

The OCGS is a collaboration among six US sites:
Brown University; Columbia University; Johns Hop-
kins University (JHU) (coordinating center); Massa-
chusetts General Hospital (MGH); The National
Institute of Mental Health (NIMH); and the University
of California at Los Angeles (UCLA). The details of the
study are described elsewhere (Samuels et al. 2006).
In brief, 999 subjects in 238 families were enrolled and
are the focus of this paper.

Families with two or more members with DSM-IV
OCD and symptom onset before age 18 years were
assessed. Probands with schizophrenia, severe mental
retardation, Tourette syndrome (TS) or OCD occurring
exclusively during depression were excluded. Subjects
were at least 7 years old. Written, informed consent
(or assent, for children), approved by the institutional
review boards, was obtained.

The Structured Clinical Interview for DSM-IV
(SCID; Spitzer et al. 1992) was used for assessing Axis I
diagnoses; amended for additional diagnoses (patho-
logical nail biting, pathological skin picking, tricho-
tillomania). The OCD section was adapted from the
Schedule for Affective Disorders and Schizophrenia —
Lifetime Anxiety Version Revised (SADS-LA-R;
Mannuzza et al. 1986; Fyer et al. 1990). Inter-rater
reliability (x) was: 0.81 obsessions, 0.88 compulsions,
0.81 OCD, 0.77 separation anxiety disorder (SAD), 1.00
panic disorder (PD), 0.60 generalized anxiety disorder
(GAD), and 0.82 major depressive disorder (MDD).

In adults, the Structured Instrument for the Diag-
nosis of DSM-IV Personality Disorders (SIDP-IV; Pfohl
et al. 1989) was used to assess obsessive—compulsive
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personality disorder (OCPD). Individual OCPD cri-
teria were summed to operationalize an OCPD score.
Adult subjects self-completed the Revised NEO Per-
sonality Inventory (NEO-PI-R) questionnaire, a five-
factor model of personality; T scores were used (Costa
& McCrae, 1992).

Two expert research psychiatrists reviewed all di-
agnostic material independently to reach consensus on
diagnoses and age at onset. All diagnostic assessments
were reviewed at JHU to ensure inter-site compar-
ability.

Five OCD symptom dimensions (symmetry/
ordering, hoarding, doubt/checking, contamination/
cleaning, and taboo thoughts) were developed from
the Yale-Brown Obsessive-Compulsive Scale (YBOCS)
symptoms (Pinto et al. 2008). A unit-based scoring
method was developed by summing items with a
factor loading >0.30. Correlation of these scales with
the corresponding factor dimensions was excellent
(Pearson’s r): symmetry/ordering (0.89); taboo
thoughts (0.90); hoarding (0.99) ; doubt/ checking (0.92);
contamination/cleaning (0.98).

Both ‘definite diagnoses’ (all criteria met) and
‘probable diagnoses’ (most criteria met and no re-
quired criterion absent) of the eight disorders were
used except for MDD and tics, which required a defi-
nite diagnosis.

Statistical methods

We used multi-level latent class analysis (MLCA) to
explain associations among disorders by categorical
latent class variables in multi-level or clustered sam-
ples. The latent class component describes the overall
prevalence of each ‘class’ and the prevalence of each
disorder within each class. The multi-level component
characterizes strength of association between class
memberships of family members by assuming that
subjects from the same family share cluster-specific
class prevalences that vary as ‘random effects’ from
family to family. Vermunt (2003) described a model
linking family-wise variation in class prevalences
to normally distributed random effects. We used an
alternative model assuming a Dirichlet distribution
for the family-wise prevalences because it describes
heterogeneity on the prevalence scale rather than
transformation, complicating interpretation, and pro-
vides a convenient measure of heritability as the
correlation between indicators of family members
belonging to the same class.

Here we present a brief description of our multi-
level model; a paper providing more details is avail-
able on request. Suppose that Yj; indicates whether
the jth individual from the ith family has the kth
disorder (1 if so, 0 otherwise), k=1, ..., 8; 171-]- is the
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‘pattern’ (vector) of 0/1 indicators across all dis-
orders; and #; denotes the subtype membership,
among M types. A first-level equation describes the
probabilities of all possible patterns in which disorder
occurs, exactly like a standard latent class model:

M K
Pr(Y=9)= > Priyy=m) [ [ Pr(Yi=yeln;=m). (1)
m=1 k=1

The second-level equation allows the probabilities of
class membership to vary from family to family, as
Dirichlet-distributed random effects u;=(uy, i, -..,
Uim):

Pr(nij = m‘ui) = Uim,

2
ul-:(uil, Ui, .. .,u,-M)zDirichlet (al, g, .. .,aM)‘ } ( )

As in the model of Vermunt, the assumption is that
all correlation can be described by associations in
true class memberships, and not in the occurrence of
individual disorders once class membership is ac-
counted for (Vermunt, 2003). As in traditional latent
class analysis (LCA), the assumption is that all inter-
disorder associations are accounted for by class mem-
berships. If we take ag=o0;+as+--- +ay,, the average
prevalence of class m in the population is given by
o/, and the correlation between variables indi-
cating same-class membership among relatives can be
calculated as

p=Corr{I(n; =m), (7, =m)} = ®)

a+1°
This quantity is a discrete-class analog of a heritability,
or intra-class correlation (ICC), coefficient.

MLC models were fitted, by maximum likelihood
estimation, to the binary diagnostic data, where sub-
jects were assessed to be either ‘affected” or ‘not af-
fected’. Eight disorders were included: GAD; MDD;
SAD; PD; grooming disorders (GrD: trichotillomania,
pathological skin picking); somatization disorders
[Som; body dysmorphic disorder (BDD) and hypo-
chondriasis] ; bipolar disorder (Mania), and tics. Two-,
three- and four-class models were fitted. The Bayes-
ian Information Criterion (BIC; Schwartz, 1978) and
residual checking (Hagenaars, 1988) were used to
guide our choice among models with different num-
bers of classes. A lower BIC value implies a superior
trade-off between model fit and model complexity,
and thus is preferred. Multi-level structure compli-
cates the interpretation of BIC; to overcome this, we
evaluated the number of classes in a subset into which
one subject per family was randomly selected, a valid
approach by equation (1), and the reduction to a single
level by the randomization procedure.

Once latent classes were specified, we determined
relationships between class memberships and age
at OCD symptom onset, gender, OCPD counts,
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NEO-PI-R factor scores, and unit-weighted OCD
symptom factor scores. We conceptualized this as a
latent polytomous logistic regression of class member-
ship on the covariates. As memberships are not
observed, we approximated this regression by first
estimating each subject’s ‘posterior’ probability of
belonging to each class implied by equations (1) and
(2) above; applying a generalized logit transform-
ation; and regressing the transformed probabilities
(henceforth, “membership scores’) on the covariates.
Because the probability for the first class is determined
by knowing the remaining probabilities, the number
of independent membership scores is one less than the
number of probabilities. We took the first class as the
reference; then, membership scores are log odds of
membership in each jth class as opposed to the first
class, with j running from 2 to the number of classes,
and exponentiated covariate coefficients are inter-
preted as odds ratios (ORs). Regression models were
fitted by generalized estimating equations (GEEs;
Liang & Zeger, 1986) to account for correlations be-
tween membership scores in the same subject and
family. ‘Robust” variance estimators were used to ob-
tain standard errors; these are valid even if the analy-
sis does not specify the correct correlation structure.
Fitting was applied with both independence and ex-
changeable working correlation structures; the two
methods yielded similar results.

Results

Seven hundred and six subjects (624 with definite
OCD and 82 with probable OCD) of the 999 partici-
pants in the OCGS are included. Table 1 reports sam-
ple characteristics. There is missing information for
most diagnoses (range 1.4-8.9%); most of these miss-
ing data are due to inconclusive information regarding
diagnoses, an unfortunate consequence of limitations
of a “one-occasion’ diagnostic assessment.

Model fitting

The BIC values for the two-, three- and four-class
solutions were 1031, 1062 and 1093 respectively. Taken
in isolation, these statistics suggest selection of the
two-class model. Residual checking also suggested
adequacy for describing the empirical data. However,
sample sizes such as ours have limited statistical
power to detect the need for expanded class structure,
and the BIC is well known to underestimate the
number of classes in such cases (Yang, 2006). In ad-
dition, as described later, the three-class model lends
itself to better differentiation of major clinical charac-
teristics of OCD. Therefore, we report both two-
and three-class models. The former model found less
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Table 1. Obsessive—compulsive clinical features in subjects with
OCD? in the OCD Collaborative Genetics Study sample

Table 2. Model fitting from the two-class multi-level latent
class model

Number of subjects with OCD 706
Gender, n (%)
Men 249 (35)
Women 457 (65)
Age at interview (years), mean (range)  36.3 (7-96)
Age at onset of OC symptoms® (years),  10.5 (5-70)
mean (range)
Co-morbid disorders, n (%)
Generalized anxiety disorder (GAD) 289 (43.1)
Separation anxiety disorder (SAD) 161 (24.7)
Panic disorder (PD) 132 (19.2)

Tics 176 (26.2)

Major depressive disorder (MDD) 243 (37.7)
Bipolar disorder, mania (Mania) 47 (6.8)
Grooming disorders (GrD) 256 (39.3)
Somatic disorders (Som) 148 (23.0)
Obsessive-compulsive personality 91 (16.4)
disorder (OCPD)
YBOCS severity score, mean (range) 24.4 (3-40)
OCD factor scores?, mean (range)
Taboo thoughts 2.44 (0-14)
Symmetry/ordering 2.31 (0-7)
Hoarding 0.66 (0-2)
Doubt/checking 2.27 (0-12)
Contamination/cleaning 2.76 (0-13)

NEO-PI-R factor scores®, mean (range)

Neuroticism 62.4 (25.8-97.6)
Extraversion 46.3 (9.62-81.4)
Openness 51.8 (19.8-86.0)
Agreeableness 48.6 (-2.33 to 87.2)
Conscientiousness 45.5 (8.85-77.8)

Ever treated for OCD symptoms,
n (%) of subjects

489 (73)

OCD, Obsessive-compulsive disorder; YBOCS,
Yale-Brown Obsessive-Compulsive Scale; NEO-PI-R,
Revised NEO Personality Inventory.

2 Definite and probable OCD.

b Age at onset of obsessive-compulsive symptoms.

¢ Worst-ever episode.

d Unit-based scores.

¢NEO-PI-R T scores: average scores in the population are
50 (s.0.=10).

and more highly co-morbid classes with respective
estimated prevalences of 0.665 and 0.335 (Table 2).
Disorder prevalences in the less co-morbid class
ranged from <0.1 (Mania, PD, Som) to 0.16 (SAD) to
approximately 0.25 (Tics, MDD, GrD, GAD); and in
the more highly co-morbid class, from 0.17 (Mania)
and 0.31 (Tics) to approximately 0.4 (PD, SAD) to
0.5-0.7 (Som, GrD, MDD, GAD). Tics were least dis-
tinguishing, and Som, MDD and GAD were most dis-
tinguishing. Table 3 presents the three-class solution.
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Class 1 Class 2

Disorder Prob 95% CI Prob 95% CI
GAD 0.30 0.24-0.36 0.69 0.59-0.77*
SAD 0.16 0.11-0.21 0.42 0.34-0.51*
PD 0.07 0.05-0.16 0.42 0.32-0.52%
Tics 0.24 0.20-0.29 0.31 0.24-0.39
MDD 0.25 0.20-0.32 0.63 0.52-0.72*
Mania 0.02 0.005-0.05 0.17 0.12-0.24*
GrD 0.28 0.23-0.34 0.60 0.51-0.69*
Som 0.08 0.05-0.14 0.52 0.41-0.62*
Average 0.67 0.56-0.76 0.34 0.24-0.44

prevalence
Intra-cluster 0.35 (0.21-0.53)

correlation

Prob, Probability ; CI, confidence interval; GAD, general-
ized anxiety disorder; SAD, separation anxiety disorder; PD,
panic disorder; MDD, major depressive disorder; GrD,
grooming disorders (trichotillomania, pathological skin
picking) ; Mania, bipolar disorder, mania; Som, somatic
disorders (body dysmorphic disorder and hypochondriasis).

*p <0.001.

The prevalences of GAD (0.56 v. 0.12), Tics (0.41 v.
0.13) and GrD (0.48 v. 0.06) distinguish class 2 from
class 1. Class 3 is different from class 1 in all eight of
the disorder categories. Only Tics (0.41 v. 0.27) has
higher loadings in class 2 compared to class 3
(p=0.07), whereas the loadings for PD (0.48 v. 0.03),
MDD (0.68 v. 0.24), Mania (0.19 v. 0.00) and Som (0.53
v. 0.16) are greater in class 3 than in class 2. The most
parsimonious construal of this class structure is that
class 1 represents a ‘simple OCD’ class with limited or
no co-morbidity; class 2 represents a class with greater
co-morbidity than class 1, driven predominantly by
Tics, GrD and GAD; and class 3 has a high level of
co-morbidity with a substantial affective component
(the term “affective’ is used in this paper to indicate
emotional features that include anxiety and de-
pression). Figure 1 illustrates the three-class structure.
Each class is prevalent in one-third of the sample;
thus, the three-class model divides the first class, in the
two-class model, in half.

Estimated heritabilities were 0.35 for the two-class
model [with 95% confidence interval (CI) 0.21-0.52]
and 0.44 for the three-class model (with 95% CI 0.30—
0.59).

Relationship of the classes to the additional clinical
characteristics

Four regression models were fit, in which clinical
variables were added sequentially. We report models
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Table 3. Model fitting from the three-class multi-level latent class model

Class 1 Class 2 Class 3
Disorder Prob 95% CI Prob 95% CI Prob 95% CI
GAD 0.12 0.05-0.25 0.56 0.42-0.69¢ 0.67 0.58-0.76*
SAD 0.11 0.05-0.20 0.26 0.17-0.374 0.41 0.33-0.50*
PD 0.10 0.06-0.17 0.03 0.00-0.21 0.48 0.38-0.592f
Tics 0.13 0.07-0.23 041 0.30-0.52¢ 0.27 0.20-0.35°
MDD 0.27 0.20-0.36 0.24 0.15-0.35 0.68 0.56-0.772¢
Mania 0.03 0.01-0.09 0.00 0.00-1.00 0.19 0.13-0.272
GrD 0.16 0.08-0.28 0.48 0.37-0.59¢ 0.59 0.50-0.68*
Som 0.06 0.02-0.13 0.16 0.09-0.26 0.53 0.43-0.63%f
Average prevalence 0.34 0.27-0.52 0.32 0.20-0.46 0.30 0.22-0.39

Intra-cluster correlation 0.44 (0.30-0.59)

Prob, Probability ; CI, confidence interval; GAD, generalized anxiety disorder; SAD, separation anxiety disorder; PD, panic
disorder; MDD, major depressive disorder; GrD, grooming disorders (trichotillomania, pathological skin picking); Mania,
bipolar disorder (mania); Som, somatic disorders (body dysmorphic disorder and hypochondriasis).

430.1;p<0.001; b3, 1;p<0.05;°20.1; p<0.001; 420, 1;p<0.05;¢30.2;p<0.001; f30. 2;p<0.05.

(1) The results in Table 3 are exponentiated coefficients. The interpretation for 0.517 in Table 1 model 1 is: Pr(C =2|female)/

Pr(C=1|female) =0.52 x Pr(C =2|male)/Pr(C =1|male).

(2) The model only includes 2 v. 1, 3 v. 1 parts. The 3 v. 2 results were calculated after fitting the models.

(3) Male is the reference group for gender.

(4) The number of subjects in the various models changes depending upon the subjects, with available clinical data for the

variables entered into the model.

0.8 1
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0.6 1
0.5 1
0.4 1
0.3 1

Disorder prevalence
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OCD Comorbid -
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Fig. 1. Prevalence of eight co-morbid disorders in three
obsessive—compulsive disorder (OCD) classes. MDD, Major
depressive disorder; GAD, generalized anxiety disorder;
GrD, grooming disorders (trichotillomania, pathological skin
picking); Som, somatic disorders; PD, panic disorder; SAD,
separation anxiety disorder.

predicting three-class memberships (Table 4); findings
for the two-class models were very similar to those
between classes 3 and 1 in what now follows.
Comparing classes 2 and 1 in the three-class model,
the sole significant finding is that subjects in class 2 are
more likely to be male (OR for being female 0.48,
p <0.05). Heightened risk for membership in this class
was observed among subjects with a younger age at

https://doi.org/10.1017/50033291708004753 Published online by Cambridge University Press

onset, less OCPD features, more symmetry/ordering
and contamination/cleaning features and less doubt/
checking, taboo thoughts, and hoarding, but none
were significant. Membership in class 3 was associated
with being female (OR 2.8, p<0.001), a younger age
at onset (OR 0.96, p <0.05), greater OCPD features (OR
1.27, p<0.01), and greater symmetry/ordering (OR
1.27, p<0.01), taboo thoughts (OR 1.33, p <0.001), and
hoarding symptoms (OR 1.40, N.s.), compared to
class 1.

There was a similar, though even stronger, profile
when comparing classes 3 and 2. Relative risk for
class 3 subjects compared to class 2 subjects was much
higher among females (OR 5.94, p<0.001), higher
OCPD scores (OR 1.29, p<0.05), greater symmetry/
ordering (OR 1.29, N.s.), taboo thoughts (OR 1.40,
p<0.01), and hoarding symptoms (OR 1.53, N.s.). It
should be noted that the ORs for both the hoarding
factor and OCPD declined marginally in the model in
which they are both included, reinforcing previous
findings of a strong relationship between these two
characteristics (Samuels et al. 2007). It should be borne
in mind that for OCPD scores and OCD symptom
factor scores, the ORs indicate the odds of an increase
in one unit on the relevant scale.

The same four regression models were computed
comparing the different classes but substituting the
NEO-PI-R domains for the OCD symptom factors.
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Table 4. The results from regression of posterior class membership probabilities on
covariates and OCD symptom factor scores

Model 1 Model 2 Model 3 Model 4
(n=691) (n=546) (n=691) (n=546)
Class 2 versus class 1
Gender (female) 0.52* 0.49* 0.52* 0.48*
Age of onset 0.99 0.99 0.99 0.99
OCPD count 0.99 0.99
Unit-weighted factor scores
Symmetry/ordering 0.96 1.02
Taboo thoughts 0.98 0.95
Hoarding 0.92 0.92
Doubt/checking 091 0.92
Contamination/cleaning 1.06 1.06
Class 3 versus class 1
Gender (female) 2.69*** 2.78** 2.65%** 2.84%**
Age of onset 0.94%** 0.93*** 0.97* 0.96*
OCPD count 1.38*** 1.27**
OCD symptom factor scores
Symmetry/ordering 1.27+%* 1.27**
Taboo thoughts 1.32%* 1.33%**
Hoarding 1.48** 1.40
Doubt/checking 0.99 0.94
Contamination/cleaning 1.04 1.06
Class 3 versus class 2
Gender (female) 5.20%** 5.66*** 5.06*** 5.94%*
Age of onset 0.95* 0.94* 0.99 0.98
OCPD count 1.39** 1.29*
OCD symptom factor scores
Symmetry/ordering 1.32* 1.25
Taboo thoughts 1.34** 1.40%*
Hoarding 1.61* 153
Doubt/checking 1.09 1.01
Contamination/cleaning 0.97 1.00

OCD, Obsessive-compulsive disorder; OCPD, obsessive-compulsive personality
disorder.
*p<0.05, ** p<0.01, *** p<0.001.

(These were not included in the same models because
sparse data precluded those analyses.) Controlling for
the same variables as in Table 4, relative risk for
membership in class 2 versus class 1 was heightened
among subjects higher in neuroticism (OR 1.04,
p<0.05) and conscientiousness (OR 1.03, p<0.05).
Relative risk for membership in class 3 versus class 2
was heightened among subjects who were higher in
neuroticism (OR 1.04, n.s.) and lower in conscien-
tiousness (OR 0.944, p <0.001).

Age at interview

Age at interview could potentially affect the findings
because participants may not have passed through the
age of risk for a given disorder; retrospective recall
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bias; or different syndromes in children and adults.
We therefore repeated the regression analyses, adding
age at interview to the models. Exploratory plots sug-
gested a linear relationship with this variable for the
class 2 wversus class 1 comparison but showed clear
curvature for the class 3 versus class 1 comparison. To
capture the curvature we modeled the latter compari-
son with a linear spline with a knot at 40 years of age
(i.e. two lines constrained to connect at age 40), com-
mensurate with the exploratory plot. In the analog of
model 2, older age at interview was associated with
reduced relative risk of class 2 type, as opposed to
class 1 type OCD (yearly OR 0.977, 95% CI 0.959-
0.996). There was a trivial relationship of age with the
relative risk of class 3 type as opposed to class 1 type
OCD among younger individuals but a tendency to
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decreased relative risk after age 40 (OR decreased by
5.82% per year, 95% CI 0.2-11.2). Including NEO
scores, the association with the class 2 versus class 1
comparison was attenuated well below statistical sig-
nificance, but the class 3 versus class 1 association was
exacerbated. With factor scores included, both age re-
lationships were attenuated to marginal significance.
This suggests that younger individuals are more likely
to be in class 2, and the much older individuals (>40)
are likely to exhibit fewer co-morbid conditions.

Discussion
Class structure

The MLCA found co-morbidity occurrence to be
consistent with the presence of OCD classes, that is
subtypes. Two classes distinguished less, and more,
co-morbidity, (respectively two-thirds, and one-third,
of the cases). Being more highly co-morbid was as-
sociated with female sex, younger age at onset, more
OCPD features, symmetry/ordering, taboo thoughts
and hoarding symptoms, and greater neuroticism and
less conscientiousness; consistent with prior reports
(Hasler et al. 2007 ; Samuels et al. 2007 ; de Mathis et al.
2008). An analysis distinguishing subtypes essentially
split the less co-morbid class into an “OCD Simplex”
group and an ‘OCD Co-morbid tic-related” group,
with significantly higher loadings than the OCD
Simplex group for GAD, Tics and GrD, and the highest
Tic loading of any class. This group was significantly
distinguished from the OCD Simplex group by
2:1 odds among men as compared to women and
heightened occurrence among highly neurotic, and
highly conscientious, persons. These distinctions indi-
cate a different patient profile, one that appears
meaningful in distinguishing the two classes.

In the OCD Simplex group, the disorder with the
highest loading was MDD. This could suggest that
MDD is an exceptionally common accompaniment of
OCD. We would assert that it is a secondary event and
not necessarily part of the syndrome in the OCD
Simplex case (Nestadt et al. 2001).

The classes could be construed as having increasing
co-morbidity on moving from class 1 to class 3; this
may suggest increasing severity, and may even be
seen as a dimension of severity. Class 3 would be
construed as a “highly co-morbid’ class (on average,
participants in this class have about five additional
psychiatric diagnoses) or as an ‘affective OCD’ class.

Alternatively, class 2 could be seen as a group of
cases primarily marked by the presence of tics. The
higher loading for the GrDs in this case may support
the hypothesis that these impulse control disorders are
indeed a part of the tic/TS family as proposed by
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Lochner et al. (2005). Furthermore, it is reasonably well
established that anxiety is a common accompaniment
of tic disorders (Swain et al. 2007). There has been in-
terest in the relationship between TS and OCD; OCD
and tic disorders ‘run’ in the same families (Pauls et al.
1995). Findings from this study may suggest a discrete
OCD subtype related to tic disorders (class 2 OCD
Co-morbid tic-related). Against this interpretation is
the relatively high loading of lifetime tics in class 3; the
difference between the probabilities of tics in class 2
versus class 3 is marginal (p =0.07).

It is of note that the heritability estimates of the class
structures ranged from 0.37 to 0.49. These estimates
are consistent with heritability estimates of OCD in the
literature. This also provides support for the utility of
these disorder classes in future genetic studies.

Sex differences

The strongest finding is that males are over-
represented in class 2, whereas class 3 has an over-
representation of females. This is consistent with
construing class 2 as a “tic’ class, typically male, and
class 3 as an “affective’ class, typically female. This
construal would suggest that “‘maleness” increased the
likelihood of one set of disorders and ‘femaleness’
another, a potential example of sexual dimorphism.
Neither is etiologically distinct from the other, this
being exclusively an epiphenomenon. However, it is
plausible that there are etiologically distinct forms
of ‘male-related OCD’ and ’female-related OCD’. In
support of this latter hypothesis are certain genetic
studies that have found a differential association with
respect to specific candidate genes and OCD (Arnold
et al. 2006; Dickel et al. 2006). Our own work has
identified significant linkage findings to chromosome
11 exclusively among male probands’ families (Wang
et al. 2008).

Age at onset

The three classes have progressively earlier ages at
onset. Studies have consistently found a higher degree
of familiality in younger age-at-onset cases (Pauls et al.
1995; Nestadt et al. 2000; Hanna et al. 2005). There are
also reports that tic-related OCD has a younger age
at onset and a higher level of co-morbidity in the
younger age-at-onset patients (Diniz et al. 2006). Carter
et al. (2004) showed that OCD, PD, GAD and MDD
co-occurred frequently, particularly in early-onset
OCD cases.

Obsessive—compulsive personality

A relationship between OCD and OCPD has been
described since Pierre Janet’s original description of
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psychaesthenia (Janet, 1903). In this study we treated
OCPD as the raw score of a dimension of the DSM-IV
criteria rather than a DSM-IV diagnosis (Nestadt et al.
2006). OCPD features were significantly associated
with elevated risk for membership in class 3. This
suggests that the relationship of OCPD features to
OCD is most strongly linked to that subgroup with a
greater affective disorder component. This is compat-
ible with work by Coles et al. (2008), who reported that
OCPD in conjunction with OCD indicated a potential
OCD subtype; finding, as we have, younger age at
onset and a higher frequency of anxiety disorders.
Two groups (Eisen et al. 2006; Fineberg et al. 2007)
have proposed the importance of an OCPD-OCD
subgroup as well as including OCPD within the pur-
view of OCD.

OCD symptom factors

There is substantial agreement between studies to
classify OCD symptoms into four or five dimensions.
In this study we investigated the relationship between
five symptom factor dimensions (as a unit-based
dimensional score; Pinto et al. 2008) and the disorder
classes. The dimensions “taboo thoughts’ and, to a
lesser extent, ‘hoarding” were strongly related to class
3. “Taboo thoughts’, which include obsessions of an
aggressive, religious and sexual nature, include the
symptoms most likely to be related to affective syn-
dromes. The expected positive relationship between
hoarding and OCPD is borne out in these analyses.
Hoarding is related strongly to class 3, but with OCPD
in the same model this relationship weakens. It is a
surprise that ‘symmetry/order’, which is typically
associated with tics (Leckman ef al. 2003), shows a
stronger relationship to class 3 than class 2. However,
the symmetry/ordering category was strongly related
to OCPD in an OCD sample (Coles et al. 2008); this is
also consistent with the report by Hasler et al. (2005),
who found a strong relationship between symmetry/
ordering and bipolar disorder.

The five-factor model of personality

Samuels et al. (2000) have shown a strong relationship
between both neuroticism and conscientiousness and
OCD. This is borne out in this study in which neuro-
ticism scores are extremely high for OCD subjects, and
tend to be even higher for both class 2 and class 3, the
highly co-morbid classes. This suggests that the like-
lihood of additional psychiatric syndromes increases
with increasing neuroticism.

A more interesting, and potentially more useful,
finding is that higher conscientiousness scores are
associated with elevated risk for class 2 type co-
morbidity, whereas lower conscientiousness scores
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are associated with elevated risk for class 3 type co-
morbidity. It might be anticipated that the prototypical
‘compulsive’ individual would score high on con-
scientiousness and, by extension, individuals with
OCD. However, Samuels et al. (2000) have shown
that the opposite is true; that individuals with OCD
typically score low on this personality dimension.
The finding that class 2 patients score high on con-
scientiousness may suggest that this personality trait
may be useful in distinguishing the classes (adding to
the utility of having three as opposed to two classes),
and could represent an important element of an
endophenotype of these potential OCD syndromes.

Prior latent class study

We previously conducted a study to identify OCD
subgroups based on co-morbid conditions that sug-
gested two OCD subclasses: one characterized by in-
creasing co-morbidity with depression, GAD, impulse
control disorders, and eating disorders; and another in
which panic disorder and tics predominated (Nestadt
et al. 2003). Reinterpreting the findings of that study, in
the light of the present study, suggests that distinc-
tions based on frequency of co-morbidity are consist-
ent between studies; however, the two studies are
inconsistent with respect to the earlier study’s identi-
fication of a tic and PD class, whereas the current
study suggests that PD be classified with other affect-
ive conditions and not with tics. In both studies tics
occurred in all classes and were not unique to any of
the classes, and may not be a particularly sensitive or
specific characteristic for classification. Moreover,
the two studies differ in important ways that may also
have influenced the results. The current study in-
cludes exclusively familial cases of OCD, whereas
the earlier study included non-familial cases of OCD
and also their relatives who were not diagnosed with
OCD. This study has a larger sample size and uses
more sophisticated statistical techniques, including
taking familial clustering into account.

Future implications

A high level of co-morbidity is a dilemma from both a
clinical and a research perspective. Although patients
do present with multiple independent disorders,
diagnosing several disorders in a single patient, if
these disorders are related, is unsatisfactory. There
may be several alternate explanations: a common risk
factor; or disorders lead to each other; or pleotropy, in
which the same condition is expressed differently.
This study approached the co-morbidity ‘head on’
and offers a particular solution offering a viable
testable hypothesis. Further studies are essential.
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These findings have a bearing on the development
of DSM-V. There is controversy as whether to include
OCD among anxiety disorders; whether to include
OCPD with OCD in the nomenclature; and whether to
include other ‘OCD spectrum’ conditions with OCD.
These findings offer a further alternative; different
subtypes of OCD may have different relationships to
other Axis I conditions, and may be more hetero-
geneous than previously recognized. Reducing het-
erogeneity has enormous implications for research
and treatment. It provides the opportunity to focus on
specific OCD subpopulations, both to identify more
specific treatment strategies and to investigate etiology
and pathology with reduced misclassification marring
the effort.

Limitations

The sample included in this study was ascertained
to conduct genetic studies and is highly familial. The
lack of independence within family members was
dealt with in the analytic procedure. Nevertheless, the
findings may be valid only in a familial sample and
may not be representative of all cases of OCD. Only
probands with age at onset <18 years were included
in the sample. This may also reduce generalizability.

We limited the number of Axis I disorders in the
analysis to facilitate the analytic strategy. We were
selective in the inclusion of disorders; increasing the
number and including different disorders may have
led to different results. The selection was based on a
subjective review of the literature; based on frequency
of co-morbidity and likelihood that the disorders may
distinguish subgroups. Eating disorders or attention
deficit hyperactivity disorder (ADHD), for instance,
could have been included had we not wanted to limit
the number of included disorders. We combined cer-
tain disorders, specifically trichotillomania and nail
biting (GrD), and hypochondriasis and BDD (Som),
into groups that we believed to be congruous, to
reduce the number of disorders. This combination
was arbitrary and could have led to unforeseen
biases. TS in probands was an exclusion criterion to
reduce the heterogeneity of the sample; it may have
led to an underestimate of the prevalence of cases in
class 2.

There was an uneven distribution of missing data
for the different variables. No imputation procedure
was used, as we expected that to be less helpful than
to use only the subjects with known data points.
However, latent class models were fit by the expec-
tation-maximization algorithm (Dempster ef al. 1977)
and thus did not exclude subjects with partial data.
Subsequent regression analyses did exclude indivi-
duals without data on the primary predictors, notably
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OCPD features and the NEO scores, and in some
circumstances this did markedly reduce the number
of subjects available. Both analyses are valid up to
missing at random (Rubin, 1976); that is, so long as
there were no systematic differences on missing re-
sponses after accounting for systematic differences in
measured responses, to the extent that the exchange-
able association analysis is reasonable.

The selection of class number is a difficult task,
particularly in samples that are moderately sized and
yet must consider a wide range of indicators (i.e. dis-
orders). However, it should be kept in mind that
‘model selection” in exploratory latent class models is
based upon the ‘conditional independence” criterion,
that is seeking the smallest number of classes that ap-
pear to account for all inter-disorder relationships.
Our formal model selection process did not strongly
support an added benefit for describing symptom co-
occurrence by splitting the lightly co-morbid class into
simplex and Tics/GAD/GrD groups. This could
reflect actual population structure or low power for
detecting an added benefit. In either case, conditional
independence is only one, and not necessarily the
most clinically relevant, criterion for distinguishing
groups. However, these classes provide a useful (and,
it is hoped, etiologically significant) solution: the one
class with conscientious males with tics, and the other
without these features. Replication should be pursued.

We used a five-factor model for the OCD symptom
factors (Pinto et al. 2008). Other investigators have
used four-factor models (Hasler et al. 2007). It should
be noted that the five-factor model is based on in-
dividual OCD symptoms rather than presupposed
symptom categories.
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