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Abstract

Despite progress in identifying homogeneous subphenotypes of obsessive-compulsive disorder (OCD) through factor
analysis of the Yale Brown Obsessive-Compulsive Scale Symptom Checklist (YBOCS-SC), prior solutions have been limited by
a reliance on presupposed symptom categories rather than discrete symptoms. Furthermore, there have been few attempts to
evaluate the familiality of OCD symptom dimensions. The purpose of this study was to extend prior work by this collaborative
group in category-based dimensions by conducting the first-ever exploratory dichotomous factor analysis using individual OCD
symptoms, comparing these results to a refined category-level solution, and testing the familiality of derived factors. Participants
were 485 adults in the six-site OCD Collaborative Genetics Study, diagnosed with lifetime OCD using semi-structured
interviews. YBOCS-SC data were factor analyzed at both the individual item and symptom category levels. Factor score
intraclass correlations were calculated using a subsample of 145 independent affected sib pairs. The item- and category-level
factor analyses yielded nearly identical 5-factor solutions. While significant sib–sib associations were found for four of the five
factors, Hoarding and Taboo Thoughts were the most robustly familial (rICC≥0.2). This report presents considerable converging
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evidence for a five-factor structural model of OCD symptoms, including separate factor analyses employing individual
symptoms and symptom categories, as well as sibling concordance. The results support investigation of this multidimensional
model in OCD genetic linkage studies.
© 2007 Elsevier Ireland Ltd. All rights reserved.
Keywords: Obsessive compulsive disorder; Symptoms; Factors; Familial; Genetics
1. Introduction

Obsessive-compulsive disorder (OCD) is a chronic
illness associated with substantial distress and func-
tional impairment. Twin studies suggest OCD is heri-
table, with concordance rates higher in monozygotic
(80–87%) than dizygotic twins (47–50%) (Carey and
Gottesman, 1981). Family studies find relatives of
cases affected substantially more often than relatives of
controls (Pauls et al., 1995; Nestadt et al., 2000). Ob-
sessions and compulsions are remarkably diverse and
are expressed with great variability across patients with
OCD (Rasmussen and Eisen, 1988). Phenotypic het-
erogeneity significantly complicates research on OCD
pathophysiology and etiology, including the search for
vulnerability genes.

Factor-analytic approaches have been used to derive
useful phenotypic dimensions in other heterogeneous
conditions, including schizophrenia (Liddle et al., 1992;
Andreasen et al., 1995) and bipolar disorder (Cassidy
et al., 1998). Similarly, in the last decade, at least 10
factor analyses (total N N 2000) have delineated clin-
ically meaningful OCD symptom dimensions (see
Mataix-Cols et al., 2005). While fairly similar in con-
tent, the number of factors reported ranges from three
to six.

A major weakness of existing factor-analytically-
derived OCD dimensions is that they depend on the a
priori structure of the field's primary symptom measure,
the Yale Brown Obsessive-Compulsive Scale Symptom
Checklist (YBOCS-SC) (Goodman et al., 1989). This
comprehensive list classifies obsessions and compul-
sions into 13 categories, based on the symptoms' overt
similarities. Most factorial studies to date, including a
recent report from this collaborative group (Hasler et al.,
2007), have used composite scores on these a priori
categories rather than individual symptoms (Mataix-
Cols et al., 2005). However, category-level factor ana-
lyses are biased since they assume the validity of these
symptom groupings (Summerfeldt et al., 1999), restrict
the number of items available for analysis, and limit the
symptom dimensions that can emerge (Denys et al.,
2004). It is not surprising that an item-level confirma-
tory factor analysis (Summerfeldt et al., 1999) failed to
empirically support the YBOCS-SC categories. More-
over, the published three-factor (Baer, 1994) and four-
factor (Leckman et al., 1997) models, both derived
from these categories, were not confirmed at the item-
level. While adequate fit was found for the four-factor
model at the second-order (or category) level,
parameter estimates showed within-factor heterogene-
ity and overlap between factors (Summerfeldt et al.,
1999). Despite these significant weaknesses, category-
level factor analyses have been applied to the YBOCS-
SC for practical reasons (e.g., fewer variables to
manage; smaller samples required for power than in
item-level analyses).

A comprehensive model of OCD symptom structure
requires exploratory factor analysis of individual
YBOCS-SC items to identify symptom clusters empir-
ically. Three such item-level analyses have been re-
ported (Hantouche and Lancrenon, 1996; Feinstein
et al., 2003; Denys et al., 2004). All were limited by
low subjects-to-items ratios (4–9 subjects per item) and
the use of principal components analysis. When used
with dichotomous (present versus absent), non-normally
distributed data, as are obtained with the YBOCS-SC,
traditional factor analysis procedures, like principal
components analysis, can be misleading since common-
ly endorsed items cluster separately from less common-
ly endorsed items, even when all measure the same
latent variable, yielding factors that reflect similarity in
item prevalence rather than strength of association
(Nunnally and Bernstein, 1994). An appropriate statis-
tical alternative is dichotomous factor analysis (DFA)
(Christoffersen, 1975), which explicitly accounts for the
dichotomous, non-normal distribution of these data.
Only one study (Cullen et al., 2007) has applied DFA to
YBOCS-SC data but that attempt was at the category-
level.

Despite prior findings of OCD's heritability, there
have been few attempts to evaluate the familiality of
OCD symptom dimensions. The first two such studies
used the four-factor model developed by Leckman et al.
(1997). Alsobrook et al. (1999) reported that the
recurrence risk of OCD among first-degree relatives of
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probands with high scores on either the obsessions/
checking or symmetry/ordering factors was much higher
than the recurrence risk among relatives of probands
with low scores on these factors. A segregation analysis
by Leckman et al. (2003) yielded significant correlations
between siblings and mother–child pairs for the same
two factors in a sample of Tourette Syndrome affected
sibpairs and relatives. Cullen et al. (2007) examined
affected sibling similarity on four DFA-derived catego-
ry-based factors in the Johns Hopkins OCD Family
Study. Significant intrafamilial sib–sib correlations
were found for the symmetry/ordering and hoarding
factors despite limited power. Finally, in a category-
based principal components analysis of affected sibling
pairs from the OCD Collaborative Genetics Study
(OCGS), Hasler et al. (2007) derived the same factor
structure as in Leckman et al. (1997). All four factors
showed statistically significant sib–sib correlations,
with hoarding and obsessions/checking demonstrating
the strongest familiality. Further and more consistent
evidence of the familiality of symptom dimensions is
needed to support the use of factor scores as quantitative
traits in genetic linkage studies (Baer, 1994; Miguel et
al., 2005).

The present study extends the work of Hasler et al.
(2007) by re-analyzingYBOCS-SCdata in theOCGS and
applying the first-ever exploratory DFA of individual
OCD symptoms. Results of this item-level analysis were
compared to a refined category-level solution (see Section
2.3) from the same sample. We also examined affected
sibling similarity on the derived symptom dimensions
via intraclass sibling correlations as in Korszun et al.
(2004). We expected the highest familial correlation for
the hoarding factor based on clinical impressions, prior
analyses by this group in the OCGS (Hasler et al., 2007),
and findings from the Johns Hopkins OCD Family Study
(Samuels et al., 2002; Cullen et al., 2007), a precursor to
the OCGS.

2. Method

2.1. Subjects

Data were collected between 2001 and 2004 as part
of the OCGS (Samuels et al., 2006). The OCGS is a
federally-funded collaboration among six sites in the
United States: Johns Hopkins University (JHU) School
of Medicine [lead site], Butler Hospital/Brown Univer-
sity, Columbia University, Massachusetts General
Hospital/Harvard Medical School, National Institute of
Mental Health (NIMH), and University of California—
Los Angeles. The study targeted families with OCD-
affected sibling pairs, and extended these when possible
through affected first- and second-degree relatives. Pro-
bands were included if their first onset of obsessions
and/or compulsions occurred before the age of 18 years
because of the greater familial risk in early-onset cases
(Nestadt et al., 2000). Exclusion criteria for probands,
intended to reduce the heterogeneity of the sample,
included lifetime schizophrenia, severe mental retarda-
tion, Tourette Syndrome, or OCD which occurred
exclusively in the context of depression (“secondary
OCD”).

While the overall OCGS sample included both
children and adults with lifetime DSM-IV OCD (n=
624), the current sample is restricted to the 485 adult
participants (age N18 years) with lifetime OCD because it
is not clear, at present, whether the symptom structure of
child/adolescent OCD is comparable to adult OCD. Two
recent category-based principal components analyses
(McKay et al., 2006; Stewart et al., 2007) and an item-
based cluster analysis (Ivarsson and Valderhaug, 2006),
suggest some differences in the content of OCD symptom
factors in affected children/adolescents as compared to
adults. While McKay et al. (2006) was likely underpow-
ered (n=137), Stewart et al. (2007) (n=231) still derived
somewhat different factors than previous adult category-
level analyses, including a factor in which contamination/
cleaning loaded with the aggressive and somatic
categories. Despite similarities to adult cluster analyses
of OCD symptoms (Calamari et al., 1999, 2004),
Ivarsson and Valderhaug (2006) (n=213) noted impor-
tant differences in their child/adolescent cluster analysis
such as the absence of subgroups for hoarding and
symmetry/ordering. The authors speculated that these
discrepancies might be due to developmental differences
in OCD phenomenology and clinical course in children/
adolescents as compared with adults (Jaisoorya et al.,
2003; Stewart et al., 2004).

The 485 participants comprised 218 multiply affected
OCD families; no sporadic (i.e., nonfamilial) cases were
included. The sample (69.7% female; 97.1% Caucasian)
was recruited from psychiatric treatment settings, re-
ferrals from clinicians in the community, web sites,
advertisements, self-help groups, and the Obsessive
Compulsive Foundation. Mean age for this sample at
assessment was 41.8 years (range=19–95; S.D.=14.5)
and mean age at OCD onset was 14.0 years (range=3–
58; S.D.=9.2). The protocol was approved by the
institutional review board at each site. After complete
description of the study to the subjects, written informed
consent was obtained. For more information on OCGS
procedures and site-specific recruitment strategies, see
Samuels et al. (2006).



86 A. Pinto et al. / Psychiatry Research 160 (2008) 83–93
2.2. Clinical assessment

Experienced doctoral-level interviewers conducted
diagnostic assessments and participated in regular case
conferences under the supervising clinician at each
site. OCD was diagnosed using an adaptation of the
Schedule for Affective Disorders and Schizophrenia-
LifetimeVersionModified for Anxiety Disorders (SADS-
LA-R) (Mannuzza et al., 1986). Interviewers adminis-
tered the YBOCS-SC to enumerate participants' lifetime
obsessive compulsive symptoms. Additional clinical in-
formation was obtained from informant interviews, using
the Family Informant Schedule and Criteria (Mannuzza
et al., 1985), and review of previous psychiatric treat-
ment records, if available. Interviewers created a nar-
rative formulation for each case and completed the JHU
Diagnostic Assignment Checklist to indicate the pres-
ence/absence of specific diagnostic criteria. The diag-
nostic checklist presents logical algorithms with
specified rules, allowing assignment of definite, proba-
ble, absent, or unknown for each disorder. (Only definite
OCD-affected adults and sib pairs were included in the
current sample.) Two expert diagnosticians reviewed
cases independently at each site, followed by review of
diagnostic assignment at JHU. The inter-rater reliability
(kappa) values for OCD and its clinical symptoms were:
0.81 for OCD, 0.81 for obsessions, and 0.88 for com-
pulsions (Samuels et al., 2006).

2.3. Data analysis

For the item-level analysis, an exploratory DFA was
conducted using Mplus Version 3 (Muthén and Muthén,
1998-2004). To maximize the subjects-to-items ratio, the
10 open-ended (i.e., ‘other’) items and 20 miscellaneous
items were excluded, leaving a total of 44 specified
YBOCS-SC items. Symptoms present at the time of
interview and/or in the past (i.e., lifetime symptoms) were
coded 1; those never present as 0. The inputs for the DFA
are tetrachoric inter-item correlations (rather than Pearson
correlations), which assume normally distributed latent
response variables. Criteria for retention of factors were
Cattell's scree test, pattern of factor loadings, and factor
interpretability. Kaiser's criterion (eigenvalues greater
than 1) was not used because of the large number of
variables involved. Mplus also provides estimates of the
Root Mean Square Error of Approximation (RMSEA) fit
index (Steiger and Lind, 1980), which has been
recommended as a reliable criterion for determining the
number of factors to include in a model (Fabrigar et al.,
1999). RMSEA values less than 0.05 constitute good fit
(Browne and Cudeck, 1992). A factor rotation that
required the resultant solutions to be orthogonal (vari-
max) was selected. An oblique (promax) rotation yielded
the same solution. Loadings ≥0.45 were considered
statistically significant.

As a comparison to the item-level solution, an ex-
ploratory factor analysis of the YBOCS-SC categories
was conducted using the SPSS statistical package,
version 11.0 (SPSS, Inc., Chicago). The a priori cate-
gories were adjusted according to a method tested by
Pinto et al. (2007). Specifically, two of the aggressive
obsession items, “fear will harm others because not
careful enough” and “fear will be responsible for
something terrible happening,” were treated as a
separate category (overresponsibility for harm), be-
cause these symptoms appear phenomenologically
distinct from items targeting fear of aggressive
impulses (e.g., “I have violent or horrific images
in my mind”) and, in fact, did not correlate with the
other aggressive obsessions in two prior item-level
factor analyses (Summerfeldt et al., 1997; Denys et al.,
2004). When these adjusted categories were sub-
jected to principal components analysis in Pinto et al.
(2007), the resulting factor structure corresponded to
that of prior item-level analyses. To maximize
comparability to prior category-level factorial studies
(e.g., Leckman et al., 1997; Mataix-Cols et al., 1999;
Pinto et al., 2007), the two “miscellaneous” categories
were excluded from the present category-level analy-
sis. Scores were computed for each of 14 categories as
the number of symptoms endorsed divided by the
number of symptoms in that category, as in Pinto et al.
(2007). We used an interval scoring system for the
categories, rather than a dichotomous (present/absent)
(Cullen et al., 2007) or a three-point ordinal rating
(Mataix-Cols et al., 1999), to increase the range of
category scores and to maximize the variance in our
dataset. Proportions, unlike the symptom counts used
in Leckman et al. (1997), do not give undue weight to
categories composed of numerous items. Criteria for
retention of factors were Kaiser's criterion, Cattell's
scree test, pattern of factor loadings, and factor inter-
pretability. For consistency with all prior category-
level analyses, the initial factors were extracted using
the principal components method, followed by varimax
rotation. Promax rotation yielded the same solution.
Loadings ≥0.45 were considered statistically signifi-
cant. Category-level factor scores were standardized,
with mean 0 and standard deviation 1.

To identify the significance of the familial effect,
SPSS 11.0 was used to calculate intraclass correlations
(rICC) between the category-level factor scores of
affected adult siblings (both individuals in each pair



Table 1
Frequency of individual YBOCS-SC items and varimax rotated factor structure using dichotomous factor analysis (n=485)

YBOCS-SC items Frequency Factor loading

% Taboo
Thoughts

Symmetry/
Ordering

Hoarding Contam/
Cleaning

Doubt/
Checking

Forbidden sexual thoughts, images or impulses 20.5 0.832 0.047 0.024 0.092 −0.058
Obsessions re: homosexuality 9.9 0.813 0.123 0.005 0.053 −0.064
Obsessions re: incest 8.2 0.782 0.055 0.042 0.144 −0.056
Obsessions re: aggressive sexual behavior 6.7 0.716 0.019 0.134 0.035 −0.015
Fear will act on unwanted impulse 18.7 0.655 0.079 0.064 −0.131 0.269
Fear might harm self 18.2 0.646 0.151 0.083 0.027 0.229
Fear might harm others 30.6 0.577 0.120 0.126 −0.064 0.412
Violent or horrific images 26.4 0.562 0.162 0.013 0.065 0.186
Fear of blurting out obscenities 10.7 0.552 0.120 0.147 −0.027 0.303
Fear doing something embarrassing 10.5 0.518 0.118 0.092 0.033 0.169
Concerned with sacrilege 18.4 0.467 0.010 0.065 0.197 0.219
Excess concern with morality 17.0 0.452 0.055 0.060 0.255 0.216
Ordering/arranging compulsions 50.1 0.024 1.000 0.141 0.053 −0.025
Symmetry or exactness without magical thinking 31.9 0.025 0.590 0.044 0.059 −0.145
Hoarding/collecting compulsions 36.4 −0.058 0.129 −0.980 −0.031 −0.030
Hoarding/saving obsessions 34.1 0.080 0.142 −0.907 0.038 −0.024
Concern with dirt or germs 43.4 0.033 0.105 0.001 0.881 0.088
Handwashing rituals 37.7 0.053 0.070 0.096 0.865 0.166
Excessive concerns with animals 13.4 0.051 0.083 0.097 0.680 0.122
Excessive concerns with environmental contaminants 13.2 0.089 0.161 0.222 0.667 0.239
Concerns or disgust with bodily waste or secretions 21.6 0.219 0.168 0.057 0.658 0.129
Concerned will get ill because of contaminant 21.2 0.116 0.136 0.140 0.650 0.224
Bothered by sticky substances 14.7 0.012 0.139 0.035 0.645 −0.047
Measures to prevent or remove contact with contaminants 19.5 0.014 0.088 0.008 0.640 −0.087
Concern with household cleaners 12.2 0.213 0.134 0.104 0.600 0.301
No concern with consequence of contamination other than

how it might feel
10.9 0.065 0.330 0.074 0.577 −0.137

Concerned will get others ill by spreading contaminant 15.5 0.138 0.174 0.011 0.555 0.429
Showering or grooming rituals 26.0 0.027 0.270 0.058 0.532 0.138
Household cleaning 27.7 −0.156 0.450 0.121 0.503 0.065
Checking that did not harm others 16.8 0.162 0.119 0.055 0.187 0.823
Fear will harm others because not careful enough 26.8 0.376 0.112 0.059 0.054 0.758
Checking locks or appliances 56.4 −0.007 0.241 0.009 0.047 0.703
Checking did not harm self 2.1 0.387 0.035 0.072 0.084 0.697
Fear will be responsible for something terrible happening 30.8 0.082 0.007 0.030 0.138 0.643
Checking that nothing terrible happened 16.6 0.148 0.182 0.007 0.081 0.615
Checking that did not make mistake 38.6 0.141 0.322 0.144 0.275 0.432
Checking tied to somatic obsessions 16.8 0.391 0.099 0.274 0.177 0.256
Excessive concern with body part or aspect of appearance 15.5 0.368 0.075 0.232 0.112 0.100
Concern with illness or disease 28.7 0.323 0.078 0.201 0.305 0.284
Rereading or rewriting 44.9 0.074 0.403 0.133 0.073 0.270
Counting compulsions 33.5 0.127 0.373 0.084 0.135 0.256
Symmetry or exactness with magical thinking 20.8 0.059 0.355 0.055 0.072 0.278
Need to repeat routine activities 17.4 0.116 0.263 0.022 0.212 0.325
Fear will steal things 4.2 0.187 0.109 0.203 0.133 0.244
Percentage of variance explained – 22.4 11.6 6.9 6.6 4.9

Robust loadings (≥0.45) are printed in bold underline. Taboo Thoughts: aggressive, sexual, and religious obsessions; Symmetry/Ordering:
obsessions of symmetry, and ordering/arranging compulsions; Hoarding: hoarding obsessions and compulsions; Contamination/Cleaning: contami-
nation obsessions and cleaning compulsions; Doubt/Checking: overresponsibility for harm obsessions and checking compulsions. YBOCS-SC =
Yale-Brown Obsessive Compulsive Scale Symptom Checklist.
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were adults and met criteria for definite lifetime DSM-
IV OCD), with one sib pair chosen randomly from each
OCGS family with siblings who met the age and definite
status criteria (n=145 independent sib pairs). An rICC
provides a ratio of between versus within sib pair
variance (Haggard, 1958), with a statistically significant



Fig. 1. Scree plot of dichotomous factor analysis of 44 YBOCS-SC
items (n=485).
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rICC indicating sibling resemblance (Rovine, 1994).
Significance level was set at Pb0.05.

3. Results

3.1. Dichotomous factor analysis of YBOCS-SC items

Table 1 displays frequencies of the 44 individual
YBOCS-SC items (lifetime). The most frequently en-
dorsed items were concern with dirt or germs, checking
locks or appliances, ordering/arranging compulsions,
and rereading or rewriting. Inspection of the scree plot
Table 2
Frequency of OCD symptoms by YBOCS-SC category and varimax rotated

YBOCS-SC categories Frequency Factor loading

% Symmetry/Ordering T

Ordering and arranging 50.0 0.839 −
Obsessions of symmetry 50.4 0.823 −
Repeating rituals 51.5 0.502
Counting compulsions 33.5 0.476
Sexual obsessions 25.9 −0.035
Religious obsessions 30.8 0.094
Aggressive obsessions 57.9 0.114
Hoarding obsessions 34.1 0.087
Hoarding compulsions 36.4 0.097 −
Overresponsibility for harm 42.5 −0.050
Checking compulsions 72.8 0.261
Contamination obsessions 59.4 0.042
Cleaning compulsions 59.2 0.194 −
Somatic obsessions 40.0 0.168
Percentage of variance explained – 22.5 1

Robust loadings (≥0.45) are printed in bold underline. Symmetry/Ordering: o
compulsions; Taboo Thoughts: aggressive, sexual, and religious obsessions
overresponsibility for harm obsessions and checking compulsions; Contami
YBOCS-SC = Yale-Brown Obsessive-Compulsive Scale Symptom Checklis
(see Fig. 1) generated by DFA indicated four to seven
possible factors. These factor solutions were compared
for optimal interpretability, pattern of loadings, and
model fit. While the RMSEA for the four-factor model
(0.052) did not reach the usual threshold for good fit,
the overall fit for the other models was quite good (5-
factor: 0.042; 6-factor: 0.033; 7-factor: 0.024). OCD
phenotypic experts within the OCGS concluded that
the five-factor model, accounting for 52.5% of the
variance, was clinically the most compelling (see
Table 1) since it comprises the most phenomenologi-
cally homogeneous symptom clusters. The symptom
factors include: (1) Taboo Thoughts; (2) Symmetry/
Ordering; (3) Hoarding; (4) Contamination/Cleaning;
and (5) Doubt/Checking. For the most part, individual
symptoms loaded highly on only one of the factors.
Items pertaining to somatic obsessions, somatic
checking, symmetry or exactness obsessions with mag-
ical thinking, repeating routine activities, rereading/
rewriting, counting compulsions, checking that one did
not make a mistake, and fear of stealing did not load on
any of the factors. There was also cross-loading of
household cleaning between the Contamination/Clean-
ing and Symmetry/Ordering factors.

3.2. Principal components factor analysis of YBOCS-
SC categories

Table 2 presents frequencies of the 14 lifetime
YBOCS-SC categories; contamination obsessions,
factor structure using principal components factor analysis (n=485)

aboo Thoughts Hoarding Doubt/Checking Contam/Cleaning

0.048 0.094 −0.074 0.033
0.073 0.022 0.070 0.020
0.188 0.023 0.090 0.147
0.143 0.072 0.148 0.088
0.808 0.040 0.021 −0.016
0.737 −0.061 0.043 0.146
0.588 −0.003 0.438 −0.069
0.043 0.923 0.049 0.030
0.041 0.921 −0.004 −0.011
0.088 0.051 0.859 0.075
0.114 −0.019 0.781 0.181
0.174 0.034 0.164 0.877
0.030 −0.022 0.055 0.873
0.380 0.064 0.286 0.258
3.7 11.1 9.2 7.6

bsessions of symmetry, and repeating, counting and ordering/arranging
; Hoarding: hoarding obsessions and compulsions; Doubt/Checking:
nation/Cleaning: contamination obsessions and cleaning compulsions.
t.



Table 3
Intraclass correlations of YBOCS-SC category-level factor scores
between affected siblings (n=145 independent sib pairs)

Factor rICC P

Symmetry/Ordering 0.098 0.120
Taboo Thoughts 0.218 0.004⁎

Hoarding 0.236 0.002⁎

Doubt/Checking 0.165 0.023⁎

Contamination/Cleaning 0.169 0.020⁎

Symmetry/Ordering: obsessions of symmetry, and repeating, counting
and ordering/arranging compulsions; Taboo Thoughts: aggressive,
sexual, and religious obsessions; Hoarding: hoarding obsessions and
compulsions; Doubt/Checking: overresponsibility for harm obsessions
and checking compulsions; Contamination/Cleaning: contamination
obsessions and cleaning compulsions. YBOCS-SC = Yale-Brown
Obsessive-Compulsive Scale Symptom Checklist. ⁎Pb0.05.
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aggressive obsessions, checking compulsions, and clean-
ing compulsions were the most frequently endorsed. The
principal components factor analysis with varimax rota-
tion resulted in a five-factor solution (see Table 2), ac-
counting for 64.1% of the total variance: (1) Symmetry/
Ordering; (2) Taboo Thoughts; (3) Hoarding; (4) Doubt/
Checking; and (5) Contamination/Cleaning. All symp-
tom categories, except somatic obsessions, loaded highly
on their respective factors.

3.3. Familiality of OCD symptom dimensions

Table 3 shows the sib–sib correlation for each factor
score. While significant sib–sib associations were found
for four of the five factors, Hoarding (rICC=0.236) was
most familial, followed byTabooThoughts (rICC=0.218).
Symmetry/Ordering (rICC=0.098) showed a relatively
weak (nonsignificant) association between affected
siblings.

4. Discussion

The aim of the present study was to empirically
derive a multidimensional model of OCD symptom
structure by applying exploratory DFA to individual
YBOCS-SC items, extending previous work by this
collaborative group using YBOCS-SC a priori catego-
ries (Hasler et al., 2007). The new item-based model was
then compared with a factor solution based on a
traditional principal components analysis of YBOCS-
SC categories, adjusted according to a method devel-
oped by Pinto et al. (2007). Data were collected from a
large (n=485), well-defined sample of adults with
lifetime OCD, from 218 multiply affected OCD
families, recruited as part of the OCGS. To our
knowledge, this is the first exploratory DFA of
individual OCD symptoms, sensitive to the dichoto-
mous, non-normal nature of these data.

The results provide compelling evidence for a mul-
tidimensional model of OCD. The item- and category-
level analyses yielded nearly identical five-factor
solutions, consisting of Symmetry/Ordering, Taboo
Thoughts, Hoarding, Doubt/Checking, and Contamina-
tion/Cleaning. These homogeneous symptom clusters
correspond to widely accepted and long-held themes of
OCD. There were few differences between the two
solutions. While counting and repeating compulsions
loaded on Symmetry/Ordering in the category-level
analysis, items pertaining to counting and repeating
routine activities did not load on any of the factors in the
item-level analysis. The item that deals with symmetry
obsessions with magical thinking also did not load on
any factor in the item-level analysis, unlike its coun-
terpart without magical thinking (which loaded on
Symmetry/Ordering). In the item-level analysis, the
household cleaning item loaded on both Contamination/
Cleaning and Symmetry/Ordering, likely due to the
clinical impression that this item is endorsed both by
patients with contamination/harm avoidant concerns
and those with “incompleteness.” Meanwhile, in the
category-level analysis, the cleaning compulsions cate-
gory loaded strongly on Contamination/Cleaning.

Our item-level analysis yielded a five-factor solution,
as compared with the four factors derived in our previous
category-level analysis in the OCGS sample (Hasler
et al., 2007). The key difference in the solutions is the
separation at the item level of “taboo” (aggressive,
sexual, religious) obsessions from “overresponsibility
for harm” obsessions, which have traditionally been
lumped in the a priori aggressive obsessions category in
category-level analyses. Over the years, the placement of
aggressive, sexual, and religious obsessions in category-
level factorial studies has been quite variable, likely due
to the heterogeneity of the a priori aggressive obsessions
category, which contains both items targeting fear of
aggressive impulses and overresponsibility for harm.
Two category-level analyses (Baer, 1994; Hantouche
and Lancrenon, 1996) reported a “pure obsessions”
factor that is consistent with Taboo Thoughts. However,
in both the studies of Leckman et al. (1997) and Hasler et
al. (2007), aggressive, sexual, and religious obsessions
load with somatic obsessions and checking compulsions.
Cullen et al. (2007) reported an obsessions factor that
consists of aggressive, sexual, religious, and somatic
obsessions. Mataix-Cols et al. (1999) reported separate
aggressive/checking and sexual/religious dimensions in
their five-factor solution. When symptoms are factor-
analyzed at the item level, as in the present study and two
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others (Summerfeldt et al., 1997; Denys et al., 2004), the
fear of aggressive impulse items load with the other
“taboo” obsessions (Taboo Thoughts) while the over-
responsiblity for harm items load with checking com-
pulsions (Doubt/Checking). Taboo Thoughts and Doubt/
Checking are phenomenologically more homogeneous
than the corresponding combined aggressive/sexual/
religious/somatic/checking factor derived in Hasler et al.
(2007) and previously in Leckman et al. (1997).

The present category-level analysis (adjusted to in-
clude a category for overresponsibility for harm obses-
sions) yielded a solution that matches almost exactly the
category-level factors retained by Pinto et al. (2007), using
the same statistical methods, in a separate nonfamilial
sample of 293 individuals with OCD from the Brown
Longitudinal Obsessive-Compulsive Study (Pinto et al.,
2006). The only differences between the solutions are the
order of the factors in each solution and the lack of a robust
loading for the somatic obsessions category in the current
study. Replicating the results of previous factor analyses is
important in demonstrating the generalizability of dimen-
sions across samples (Gorsuch, 1983). This replication
suggests that the same underlying structure of OCD
symptoms holds in both familial and nonfamilial affected
samples, despite differences in study recruitment. Specif-
ically, in Pinto et al. (2007), the sample was nonfamilial
and collected at a single site, participants reported a
“primary” diagnosis of DSM-IV OCD (defined as their
biggest lifetime psychiatric problem), and they had sought
treatment for OCD. In contrast, the current familial sample
was collected at six sites, affected participants all had
lifetime DSM-IV OCD but the disorder was not
necessarily “primary,” and they may or may not have
sought treatment. While early symptom onset was a
requirement for probands in the current sample, this was
not the case in Pinto et al. (2007). Furthermore, YBOCS-
SC data consisted of lifetime symptoms in the present
study and current symptoms in Pinto et al. (2007).

Like replication, familiality also affirms the validity
(Robins and Guze, 1970) of the distinctive components
that make up the complex clinical presentation of OCD
and supports their use in genetic studies. Access to a
family sample afforded the opportunity to test the
familiality of our symptom dimensions in 145 inde-
pendent affected sib pairs. Significant sib–sib associa-
tions for four of the five factors provided evidence for a
considerable familial effect. Hoarding (hoarding obses-
sions and compulsions) and Taboo Thoughts (aggres-
sive, sexual, and religious obsessions) were the most
robustly familial. These findings suggest that our factor
solution describes familial components of the disorder
but does not allow us to draw any conclusions about
whether the source of this familiality is genetic or
environmental.

Hoarding has emerged as an independent factor in most
factorial studies (see Mataix-Cols et al., 2005). The
familiality of hoarding has been previously demonstrated
using data from the OCGS and the Johns Hopkins OCD
Family Study, which predated the OCGS. Samuels et al.
(2002) reported that the first-degree relatives of hoarding
probands had a greater prevalence of hoarding behavior
than the relatives of non-hoarding probands, and both
Hasler et al. (2007) and Cullen et al. (2007) noted a
significant intrafamilial sib–sib correlation for the hoard-
ing factor. When used as a predictor in treatment studies,
the hoarding factor also stands out as being associated with
poorer response to selective serotonin reuptake inhibitors
(SSRIs) (Black et al., 1998; Mataix-Cols et al., 1999;
Saxena et al., 2002) and greater likelihood of drop out from
cognitive behavior therapy (Mataix-Cols et al., 2002),
although a recent study found that hoarding and non-
hoarding OCD patients responded equally well to
paroxetine (Saxena et al., 2007). Neuroimaging results
indicate that the severity of hoarding is negatively
correlated with glucose metabolism in the dorsal anterior
cingulate cortex (Saxena et al., 2004). In addition, hoard-
ing is the only subphenotype for which genetic linkage
results have been reported. In a Tourette Syndrome sibpair
sample, Zhang et al. (2002) noted significant allele sharing
for hoarding for loci at 4q, 5q, and 17q. Using the OCGS
sample, Samuels et al. (2007) reported significant linkage
to hoarding on chromosome 14 in families with OCD.

The significant sib–sib association for the Taboo
Thoughts factor is consistent with the findings of two
prior segregation analyses (Alsobrook et al., 1999;
Leckman et al., 2003), though those studies used the
Leckman et al. (1997) factor which also includes
somatic obsessions and checking compulsions. As com-
pared to the rICC for Taboo Thoughts in the present
study, Hasler et al. (2007) reported a lower, yet still
statistically significant, sib–sib correlation for their
more heterogeneous obsessions/checking factor (same
as the Leckman et al. (1997) factor). Cullen et al. (2007)
reported a sib–sib association of 0.215 for their ob-
sessions factor (which also included somatic obses-
sions), comparable to the rICC for Taboo Thoughts in the
present study, but the correlation was not statistically
significant due to limited power (analyses based on only
35 independently affected sib pairs). Further support for
this subphenotype comes from studies of treatment
response. According to Alonso et al. (2001), high scores
on a sexual/religious dimension were associated with
poorer long-term outcome with SSRIs and behavior
therapy. Similarly, Mataix-Cols et al. (2002) reported
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that high scores on this dimension were associated with
poorer behavior therapy response.

The low sib–sib association for Symmetry/Ordering,
the only factor with a nonsignificant rICC, contrasts the
substantial familiality of this factor in two prior seg-
regation analyses (Alsobrook et al., 1999; Leckman et al.,
2003). However, unlike these other studies, the OCGS
excluded probands with Tourette Syndrome. Leckman
et al. (2003), on the other hand, focused on affected
sibling pairs with Tourette Syndrome and included
children/adolescents. Therefore the relatively weak asso-
ciation for Symmetry/Ordering in the present study, and
in Hasler et al. (2007) (also based on the OCGS sample),
is likely due to our exclusion criteria since symmetry/
ordering symptoms are a prominent feature of the fami-
liality of Tourette Syndrome (Leckman et al., 2003). The
low sib–sib association for Symmetry/Ordering in the
present study also contradicts the significant rICC found
for this factor in Cullen et al. (2007). Since the authors of
that study included two symptoms from themiscellaneous
compulsions category – sensory compulsions (touch, tap,
rub) and motor compulsions (rituals involving blinking or
staring) – in their symmetry factor, the higher sib–sib
association for this dimension may have been due to the
familiality associated with the added tic-like sensorimotor
behaviors.

The present study overcomes many of the limita-
tions of prior factorial studies with its large cohort of
extensively characterized OCD patients, novel statis-
tical methods, use of individual YBOCS-SC items, and
the collaborative involvement of expert investigators.
However, the study also has several limitations of its
own. Factor analyses were conducted on a sample of
485 adults recruited as part of a family study of OCD
that targeted affected sibling pairs and their first- and
second-degree relatives. While the potential limitations
of deriving factors from affected relatives were con-
sidered, the factor analyses were not corrected for
nonindependence because when dealing with correlat-
ed data (e.g., family data, longitudinal data, etc.) that
are large in number of clusters (or families) and small
in cluster sizes, it is generally the case that ignoring the
dependence will yield valid estimates of parameters (in
this case, factor loadings) but incorrect standard error
estimates. Since the standard error estimates were not
of particular interest given the aims of this project, the
consequences of not correcting for nonindependence in
this case are expected to be minimal. The a priori
exclusion of open-ended and miscellaneous YBOCS-
SC items in the factor analysis may have led to a biased
representation of OCD symptoms. The proposed latent
symptom groupings are limited to the manifest items
available on the YBOCS-SC, though the checklist
is the most comprehensive measure of OC symptoms
to date and remains the standard in the field. New
instruments, like the new edition of the YBOCS
(YBOCS-II) and the Dimensional YBOCS (DY-
BOCS) (Rosario-Campos et al., 2006), will allow
collection of symptom data in a dimensional manner,
better facilitating the development of quantitative traits
for genetic analyses. Though higher than previous
item-level analyses, our subjects-to-items ratio limited
power for the DFA. Despite the wide use of principal
components analysis (applied here in the category-
level analysis), this approach is sensitive to scaling and
lacks a probability model. The variable decision rules
for retaining factors and scoring the YBOCS-SC cate-
gories have led to discrepancies in the number of fac-
tors reported across prior studies. In addition, our
sample was recruited from a variety of sources,
including treatment settings and support groups, and
was predominantly female (69.7%) and almost entirely
Caucasian (97.1%). Therefore, the results may not
generalize to community samples or more diverse
groups. Finally, the retrospective assessment approach
used, with an emphasis on lifetime OCD symptoms, is
vulnerable to memory bias and may be confounded by
age at OCD onset. However, the retrospective nature of
data collection may not have been a problem con-
sidering that our findings replicated a factor structure
(Pinto et al., 2007), collected from a separate sample,
that was based on current symptoms.

As this is the first item-level DFA for OCD symp-
toms, replication is required in a larger sample utilizing
all YBOCS-SC items, including miscellaneous symp-
toms and open-ended items. Replication of affected sib
pair associations for the five-factor model is also strong-
ly recommended. Further research on the temporal sta-
bility of these factors, currently under way, would
be another important indicator of the validity of these
symptom dimensions. Our sample was restricted to af-
fected adults in the OCGS; upcoming studies should
extend these findings to child/adolescent samples as
well as individuals with subclinical symptoms.

In summary, based on the consistency between the
item- and category-level analyses, as well as the sig-
nificant familiality demonstrated for four of the symptom
dimensions, our results represent a logical phenotypic
starting point for future genetic studies of OCD. In fact,
linkage analyses incorporating these dimensions are
forthcoming from collaborators within the OCGS. The
use of homogeneous, replicable, and familial subpheno-
types will considerably increase the power of such
genetic analyses.
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