
 
 

 
 
 
 
 
 

Genetic and Environmental Risk factors 
associated with Obsessive-Compulsive Disorder 

and its symptom dimensions: A twin study 
 

Clara López Solà 
 
 
 
 
 
 
 
 
 
 

 
ADVERTIMENT. La consulta d’aquesta tesi queda condicionada a l’acceptació de les següents condicions d'ús: La difusió 
d’aquesta tesi per mitjà del servei TDX (www.tdx.cat) i a través del Dipòsit Digital de la UB (diposit.ub.edu) ha estat 
autoritzada pels titulars dels drets de propietat intel·lectual únicament per a usos privats emmarcats en activitats 
d’investigació i docència. No s’autoritza la seva reproducció amb finalitats de lucre ni la seva difusió i posada a disposició 
des d’un lloc aliè al servei TDX ni al Dipòsit Digital de la UB. No s’autoritza la presentació del seu contingut en una finestra 
o marc aliè a TDX o al Dipòsit Digital de la UB (framing). Aquesta reserva de drets afecta tant al resum de presentació de 
la tesi com als seus continguts. En la utilització o cita de parts de la tesi és obligat indicar el nom de la persona autora. 
 
 
ADVERTENCIA. La consulta de esta tesis queda condicionada a la aceptación de las siguientes condiciones de uso: La 
difusión de esta tesis por medio del servicio TDR (www.tdx.cat) y a través del Repositorio Digital de la UB 
(diposit.ub.edu) ha sido autorizada por los titulares de los derechos de propiedad intelectual únicamente para usos 
privados enmarcados en actividades de investigación y docencia. No se autoriza su reproducción con finalidades de lucro 
ni su difusión y puesta a disposición desde un sitio ajeno al servicio TDR o al Repositorio Digital de la UB. No se autoriza 
la presentación de su contenido en una ventana o marco ajeno a TDR o al Repositorio Digital de la UB (framing). Esta 
reserva de derechos afecta tanto al resumen de presentación de la tesis como a sus contenidos. En la utilización o cita de 
partes de la tesis es obligado indicar el nombre de la persona autora. 
 
 
WARNING. On having consulted this thesis you’re accepting the following use conditions:  Spreading this thesis by the 
TDX (www.tdx.cat) service and by the UB Digital Repository (diposit.ub.edu) has been authorized by the titular of the 
intellectual property rights only for private uses placed in investigation and teaching activities. Reproduction with lucrative 
aims is not authorized nor its spreading and availability from a site foreign to the TDX service or to the UB Digital 
Repository. Introducing its content in a window or frame foreign to the TDX service or to the UB Digital Repository is not 
authorized (framing). Those rights affect to the presentation summary of the thesis as well as to its contents. In the using or 
citation of parts of the thesis it’s obliged to indicate the name of the author. 



Doctorate in Medicine

Research Line: Clinical and Experimental Neuroscience

Research Group: Psychiatry and Mental Health

School of Medicine

 University of Barcelona 

Department of Clinical Sciences

G
E
N

E
T
IC

 A
N

D
 E

N
V
IR

O
N

M
E
N

T
A
L 

R
IS

K
 F

A
C
T
O

R
S
 A

S
S
O

C
IA

T
E
D

 W
IT

H
 

O
B
S
E
S
S
IV

E
-C

O
M

P
U

LS
IV

E
  

D
IS

O
R
D

E
R
 A

N
D

 I
T
S
 S

Y
M

P
T
O

M
 D

IM
E
N

S
IO

N
S
: 

A
 T

W
IN

 S
T
U

D
Y

C
la
ra
	

L
ó
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L'ignorance affirme ou nie; Sciences doute  

 (“La ignorancia afirma o niega rotundamente; La ciencia duda” 
François Marie Arouet (Voltaire) 

 

 

 

 

It would be possible to describe everything scientifically, but it would 

make no sense; it would be without meaning, as if you described a 

Beethoven symphony as a variation of wave pressure. 
(“Sería posible describir todo científicamente, pero no tendría ningún sentido; 

Carecería de significado describir la sinfonía de Beethoven 
 como una variación de la presión de la onda auditiva”) 

Albert Einstein 
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Carles Soriano-Mas,1,3 José M. Menchón,1,2,3 and Ben J. Harrison9*
1Bellvitge Biomedical Research Institute-IDIBELL, Department of Psychiatry, Hospital de Bellvitge, Barcelona, Spain
2Department of Clinical Sciences, Bellvitge Campus, University of Barcelona, Barcelona, Spain
3CIBERSAM (Centro de Investigación en Red de Salud Mental), Carlos III Health Institute, Madrid, Spain
4Programa de Ansiedade e Depressão, Instituto de Psiquiatria, Universidade Federal do Rio de Janeiro (UFRJ), Rio de Janeiro, Brazil
5Instituto D’Or de Pesquisa e Ensino (IDOR), Rio de Janeiro, Brazil
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While past twin studies indicatemoderate levels of heritability of

“obsessive-compulsive related” and anxiety disorder symptoms,

no single study has reported such estimates in the same twin

population nor examined potential genetic sex differences.

We assessed symptoms of obsessive-compulsive disorder,

body dysmorphic disorder, hoarding disorder, hypochondriasis,

panic disorder, social phobia and generalized anxiety disorder in

2,495 adult twins (1,468 female). Prevalence estimates for the

corresponding symptom measures were determined using em-

pirically derived cut-off scores. Twin resemblance was assessed

by Pearson correlations and biometrical model-fitting analyses,

incorporating sex-specific effects, using OpenMx. Prevalence

estimates ranged from 1.6% in the symptoms of generalized

anxiety to 16.9% for social phobia. Female twins demonstrated

significantly higher prevalence rates across all domains with the

exception of obsessive-compulsive symptoms. Additive genetic

factors accounted for amoderate proportion of the total liability

to each symptom domain. Evidence suggesting qualitative
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genetic sex differences (i.e., distinct genetic influences between

genders) was observed for body dysmorphic concern and panic

symptoms, while quantitative differences were observed for

hoarding and social phobia symptoms, indicating stronger

heritability in females. Novel findings in this study include

the observation of probable genetic sex differences in liability

towards hoarding symptoms and dysmorphic concern, as well as

the lack of such differences in hypochondriasis. The trend

towards qualitative sex differences in panic symptoms has

some intuitive appeal with regard to biological-experimental

models of panic. � 2014 Wiley Periodicals, Inc.

Key words: obsessive-compulsive related disorders; anxiety

disorders; twins; genetic sex differences; heritability

INTRODUCTION

Introduction of the Diagnostic and Statistical Manual of Mental

Disorders (DSM-5)has seen obsessive-compulsive disorder (OCD)

reclassified from the anxiety disorders category into a newgrouping

of “OC-related” disorders, including body dysmorphic disorder,

trichotillomania (hair-pulling disorder); as well as excoriation

(skin picking) disorder and hoarding disorder as a new diagnosis.

Separately, each of these disorders appears to have a clear familial

aggregation [Bienvenu et al., 2000; Hettema et al., 2001; Chacon

et al., 2007; Pertusa et al., 2008] aswell as a higher prevalence rates in

females—at least in relation to the anxiety disorders category.Much

less is known about the influence of gender on the prevalence and

heritability of OC-related disorders and whether there may exist

potential genetic sex differences in terms of current estimated

heritability rates. Because of the historical link between OCD

and other anxiety disorders, there are actually very few studies to

have assessed both categories of disorders in the same population at

the same period of time. Epidemiological twin studies represent

one such example, whereby the majority of published studies

correspond to either the former (DSM-IV) conceptualization of

anxiety disorders or the recently adopted conceptualization of

“OC-related disorders” [Monzani et al., 2014]. Given the ongoing

debate that surrounds the DSM-5 revisions, there appears to be

merit in the completion of studies that assess both groups of

disorders in the same population.

Twin studies represent an important research platform in psy-

chiatry that allows estimation of the relative importance of genetic

(i.e., heritable) and environmental influences on complex traits

[Neale and Cardon, 1992]. Previous twin studies of anxiety symp-

toms anddisorders have confirmed that additive genetic risk factors

are important to their etiology with the estimated heritability of

anxiety disorders ranging between 23% and 40% [Hettema

et al., 2001; Mosing et al., 2009; Tambs et al., 2009]. With regard

to OCD, the heritability of diagnosable cases has been estimated at

29% [Tambs et al., 2009], with higher rates (48%) estimated in

relation to the experience of obsessive-compulsive symptoms

[Clifford et al., 1984; Iervolino et al., 2011]. In the latter instance,

the heritability of obsessive-compulsive symptoms has been

reported as stable over time and mostly equivalent across genders

in non-clinical samples [van Grootheest et al., 2009]. Regarding

“OC-related disorders,” heritability rates have also been estimated

for compulsive hoarding symptoms (50%), body dysmorphic

concern (44%), and skin picking (40%). This latter evidence has

been marshalled from a single study of adult female twins from

the “TwinsUK” registry [Iervolino et al., 2009; Monzani et al.,

2012a,b].

To extend such recent findings, we performed the current study

to compare prevalence and heritability rates for OC-related and

anxiety disorder symptoms in an adult twin population, including

male and female twin pair combinations, and with the intention of

testing the influence of gender on estimated heritability. While the

“TwinsUK” sample included females twins aged up to 86 years, we

restricted the recruitment of twins to between 18 and 45 years; that

is, approximating the age range atwhich the onset of these disorders

ismost prevalent in the general population [Kessler et al., 2012].We

also extended the current survey to examine hypochondriasis

symptoms given parallel debate regarding its optimal classification

in relation to anxiety and OC-related disorders [Phillips

et al., 2010]. Thus, the primary objective of the current study

was to examine the prevalence and heritability of OC-related

and anxiety disorder symptoms together in a twin population,

as well as the potential influence of genetic sex differences in

explaining these heritability rates.

MATERIALS AND METHODS

Participants
Twins were recruited from the Australian Twin Registry (ATR)—a

large national voluntary twin registry [overviewed in Hopper

et al., 2013]. A total of 6,950 participants (3,475 twin pairs) were

emailed by the ATR on our behalf to participate in an online survey

of their experience of OC-related and anxiety symptoms. Twins

were selected nation-wide according to age (18–45 years), zygosity,

and gender combination, and a minimum duration of 6 months

since having participated in an ATR-affiliated research study. Twin

pairs were randomly selected to receive the study approach email—

averaging 112 twin pairs/per week. After 2 weeks, non-responding

twinswere followed upwith a reminder email, followed by a further

telephone reminder 2 weeks later. A second phone follow up was

performed for all remaining non-responders. This data collection

phase ran for approximately 1 year between June 2011 and

May 2012 with an overall response rate of 35.9%. We obtained a

final sample of 2,495 twins (1,468 females and 1,027 males; Fig. 1).

Psychometric Measures
After providing informed consent and responding to a small

number of sociodemographic factors twins completed the follow-

ing self-report measures in this order: (1) Obsessive Compulsive

Inventory-Revised (OCI-R) [Foa et al., 2002]; (2) Hoarding Rating

Scale-Self Report (HRS-SR) [Tolin et al., 2010]; (3) Social Phobia

Inventory (SPIN) [Connor et al., 2000]; (4) Anxiety Sensitivity

Index (ASI) for panic symptoms [Reiss et al., 1986]; (5) Dys-

morphic Concern Questionnaire (DCQ) [Oosthuizen et al.,

1998]; (6) Skin-Picking Scale (SPS) [Keuthen et al., 2001]; (7)

Whiteley Index (WI) to assess hypochondriasis symptoms

[Pilowsky, 1967]; (8) Depression, Anxiety, and Stress Scale-21
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(DASS-21) [Antony et al., 1998]; (9) Massachusetts General Hos-

pital-Hair Pulling Scale (MGH-HPS) [O’Sullivan et al., 1995]. The

DASS-21 “Stress” subscale was chosen as a proxy measure of

generalized anxiety symptoms. This subscale measures persistent

arousal, tension, irritability, and tendency to overreact to stressful

events. Previous studies endorse its utility differentiating general-

ized anxiety disorder (GAD) from other anxiety disorders [Brown

et al., 1992] as well as being strongly correlated with othermeasures

of worry [Brown et al., 1995]. Cut-off scores were used to classify

“clinical levels” of symptom ratings on each scale (see “supplemen-

tary online material”). The SPS was completed if participants first

answered “yes” to one screening question: “Do you often feel the

urge to pick your skin?” Similarly, four screening questions were

completed for theMGH-HPS derived from the Structured Clinical

Interview for DSM-Research Version (SCID-I/P). These screening

questions were included in recognition of the likely low prevalence

of symptoms and to reduce the general time burden of the survey as

a whole.

Statistical Analysis
Estimation of prevalence. Prevalence estimates for each ques-

tionnairewere performed toquantify howmany twins scored above

the proposed cut-offs on each measure putatively distinguishing

between “non-clinical” and“probable clinical” cases.A comparison

of the prevalence rates between genders for each measure was

evaluated using the Chi-square (x2) statistic.
Data normality. All questionnaire responses demonstrated

varying degrees of skewness in their distributions. In order to

improve the normality of our data Box–Cox transformations

were applied [Box and Cox, 1964]. Box–Cox represents a family

of power transformations that extend traditional methods in order

to identify the optimal normalizing transformation regardless of

whether the variable is negatively or positively skewed. In Box–Cox

transformation [ylt¼ (yl� 1)/l] lambda (l) can adopt an almost

infinite number of values to calibrate a transformation to be

maximally effective in moving a variable toward normality. We

therefore estimated the best l for each variable, separately. Only

with regard to the DCQ was the estimated l statistic equal to 0. In

this case, a log transformation was applied to normalize the data.

Maximum likelihood model fitting analyses were then conducted

on transformed continuous variables.

Estimation of cross-twin–within-trait correlations. The Box–

Cox transformeddatawasused to estimate cross twin—within-trait

correlations. Comparing cross-twin (MZ vs. DZ) within-trait

correlations provides a first impression of the contribution of

genetic and environmental influences on a trait [Neale and

Cardon, 1992]. To investigate sex differences, twin correlations

were calculated separately for the five zygosity groups: MZ males,

DZ males, MZ females, DZ females, and DZ opposite-sex.

Estimation of heritability. All twin analyseswere carried out in

both genders using the OpenMx package for RStudio (“http://

openmx.psyc.virginia.edu/getOpenMx.R”). Structural equation

modeling is an analysis tool where putative genetic and environ-

mental influences aremodelled toquantify their contribution to the

estimated phenotypic variance for each trait measured in a popu-

lation [Neale and Cardon, 1992]. An individual’s phenotype is

decomposed into A (additive genetic factors), C (shared environ-

ment, shared by twins), and E (non-shared environment plus mea-

surement error). In addition, fourmodels were performed to test for

potential sexdifferences: “qualitative,” “quantitative,” “scalar,” and

“null” models. Qualitative sex differences refer to the estimation of

distinct genetic and/or environmental influences for males and

females, which is implied if the correlation for DZ opposite-sex is

significantly less than the correlation for the same-sex DZ twins

[Haworth et al., 2008]. In other words, is there evidence of distinct

genetic and/or environmental influences on a given trait in males

versus females? Quantitative sex differences, by comparison, refer

to differences in the magnitude of common genetic and environ-

mental influenceswhen comparingMZmale andDZmalewith that

of MZ female and DZ female. In other words, is there evidence of

stronger heritability of a given trait in males versus females?” In

addition, we tested the fit of a “scalar model” whereby the genetic

and environmental parameters are constrained to be equal in both

sexes but allowing for a different variance in each trait formales and

females. Finally, we refer to the “null model” as one that equates the

genetic and environmental parameters and phenotypic variance to

be equal in both sexes, allowing males and females to differ in their

mean scores on each scale. Reduced qualitative and quantitative

submodels, where the shared environmental parameter is removed,

were tested to explain the observed datamost parsimoniously, thus

optimizing model fit. The qualitative ACE models were compared

with a saturated model imposing equal means and variance restric-

tion across twins andzygosity tomaximize information.TheAkaike

information criterion (AIC) statistic [Akaike, 1987] [x2� 2(df)]

and the difference in the x2 value relative to the chance in degrees of

FIG. 1. Flow of the eligible twins through the study. The

following zygosity and gender combinations were approached:

795 male monozygotic (MZ) pairs; 666 male dizygotic (DZ)

pairs; 755 female MZ pairs; 666 female DZ pairs, and 583 male/

female pairs.
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freedom provided an indication of the models’ goodness of fit

[Neale and Cardon, 1992].

RESULTS

Sociodemographic Measures
Table I provides a comparison of the demographic composition

of the MZ and DZ twin pair combinations. A total of 503 MZ and

445 DZ twin pairs as well as 275 MZ and 324 DZ singleton twins

completed the survey (1,468 females and 1,027 males). The mean

(SD) age was 34.5 (7.8) and 33.9 (8) years for MZ and DZ,

respectively. With regard to demographic indices, no significant

differences were observed between MZ and DZ twins (Table I).

Estimation of Prevalence
Table II reports the mean scores for each scale in the total sample

and the number of twins scoring above the proposed cut-offs on

each scale indicating probable “case level” symptoms. Across the

entire sample, these prevalence estimates ranged from 1.6% in

relation to GAD symptoms (DASS-Stress subscale) to 16.9% in

social phobia symptoms. Female twins had a significantly higher

prevalence than males across all scales, except for the OCI-R.

Because two cut-off scores have been proposed for the DCQ

(�11 and�17) and DASS-21 (between 13 and 16, and�17) scales,

we only report prevalence estimates for the highest proposed cut-

offs in Table II in order to classify more clinically symptomatic

levels. With regard to the DCQ, 8.8% of the entire sample (6.6%

female and 2.2% male) scored above the lower proposed cut-off

(�11) while almost 2% of the sample demonstrated probably case-

level symptoms when using the higher cut-off (�17). With regard

to the Stress subscale 5.2% (3.8% female and 1.4% male) reported

severe symptoms of persistent arousal, tension and irritability

(cut-off range 13–16), whereas only 1.6% of the sample reported

extremely severe symptoms (�17) (Fig. 2).

Prevalence estimates for the SPS andMGH-HPSwere not as well

estimated compared to other measures, primarily due to the use of

initial screening questions for these scales.With regard to SPS, only

52 twinpairs (33MZand19DZ)and8MZand4DZsingleton twins

screened positive and completed all items, whereas no complete

pairs answered the full MGH-HPS. For the SPS, 24% of these

participants scored above the proposed cut-off (17.8% females;

6.3% males). Due to the low response rate for skin picking and

trichotillomania it was not possible to estimate their heritability

in further analyses.

Estimation of Cross-Twin—Within-Trait
Correlations
For all measures, cross-twin—within-trait Pearson’s correlations

for male and female twins were double in magnitude in the MZ

compared to DZ pairs (Table III), consistent with a genetic influ-

ence across symptom domains. Correlations for opposite-sex

DZ twins were similar for same-sex DZ twins in SPIN and

TABLE I. Demographic Characteristics of the Female and Male Twin Sample

Sociodemographic (N¼ 2,495 twins) Monozygotic (N¼ 1,281) Dizygotic (N¼ 1,214) t-Student/x2 (P-value bilateral)

Gender

Male/male 204 pairs/125 singleton 111 pairs/132 singleton

Female/female 299 pairs/150 singleton 194 pairs/192 singleton —

Male/female — 140 pairs

Age

Mean (SD) 34.5 (7.8) 33.9 (8) 1.98 (0.05)

Marital status

Married/partner (%) 44% 47% 3.15 (0.53)

Girlfriend/boyfriend (%) 12.1% 10.6%

Divorced/separate (%) 33.7% 33.6%

Single (%) 10.2% 8.6%

Widowed (%) 0% 0.1%

Education

Primary/secondary school 59.1% 56.2% 3.97 (0.27)

TAFE qualification 28.1% 28.3%

Undergraduate 7.8% 9.4%

Post-graduate 4.9% 6.2%

Employment

Student (%) 43.6% 39.9% 7.12 (0.21)

Unemployed (%) 8.4% 7%

Self-employed (%) 18% 19.1%

Part/time employed (%) 12.5% 14.3%

Full/time employed (%) 17.6% 19.7%

OCD, obsessive-compulsive disorder; TAFE, technical and further education.
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hypochondriasis. However, opposite-sex DZ twins correlations

were lower compare to same-sex correlations for panic (ASI),

obsessive-compulsive (OCI-R), generalized anxiety (Stress sub-

scale), dysmorphic concern (DCQ), andhoarding (HRS-SR) symp-

toms, suggesting that qualitative sex differences might be expected

in the latter domains.

Estimation of Heritability
The results of our model-fitting analyses are summarized in

Tables IV and V. Consistent with the pattern of observed cross-

twin—within-trait correlations, additive genetic factors (A)

accounted for a moderate proportion of the total variation in

liability to each symptom domain. However, we observed no

genetic sex differences in OCI-R, hypochondriasis (WI) and

generalized anxiety (DASS-Stress) symptoms. In relation to

hypochondriasis and generalized anxiety symptoms, the scalar

model demonstrated best fit, indicating a significant difference

in phenotypic sex variance.

For OC-related symptoms, we found a tendency for hoarding

symptoms (HRS-SR) and DCQ to demonstrate genetic sex differ-

ences (Table IV). Thequantitativemodel demonstrated best fitwith

regard to hoarding after removing the influence of shared environ-

ment (C), which significantly improved fit (P¼ 0.90) compared to

the quantitative ACE model (P¼ 0.63). Specifically, we identified

a tendency towards greater heritability of hoarding symptoms in

females (38%) versus males (25%). For DCQ, the qualitative AE

model demonstrated best-fit compared to the saturated model,

after removing the influence of C (P¼ 0.12). Although this result

can only be described as a trend level effect, it was more parsimo-

nious than the fullACEqualitativemodel (P¼ 0.06).Other reduced

models testing quantitative sex differences and non-genetic sex

differences did not improve the fit of the data. Therefore, in relation

to DCQ, potentially distinct genetic influences occur in this

domain between males and females (genetic correlation between

both sexes; rG¼ 3.58�13).

In relation to the anxiety traits (TableV), evidence for genetic sex

differences was identified in relation to panic (ASI) and social

phobia (SPIN) symptoms. For panic symptoms, the qualitative AE

model demonstrated best fit when compared with the saturated

TABLE II. Means and Standard Deviation (SD) of the Total Scores in Each Scale By Sex and By Zygosity

Variables

(cut-off)

Mean (SD) total score Prevalence

Sex Zygosity

Total Sample

(N¼ 2,495)

Female Twins

(N¼ 1,468)

Male Twins

(N¼ 1,027)

Compare

between gender

Male Female MZ DZ N % N % N % x2 (P-value)

OCI-R (�21) 8.3 (7.8) 8.8 (8.6) 8.6 (8.6) 8.6 (8) 218 8.7 139 9.5 79 7.7 2.4 (0.12)

HRS-RS (�17) 2.7 (4) 2.8 (4.8) 2.7 (4.5) 2.9 (4.6) 64 2.6 48 3.3 16 1.6 7.1 (0.008)

DCQ (�17) 3.6 (3.3) 4.9 (4.4) 4.2 (3.9) 4.5 (4.1) 47 1.9 41 2.8 6 0.6 15.95 (<0.001)

WI (�8) 2.3 (2.4) 2.8 (2.7) 2.6 (2.7) 2.6 (2.6) 170 6.8 116 7.9 54 5.3 6.65 (0.01)

ASI (�30) 7.3 (7.3) 9.1 (9.4) 8.3 (8.7) 8.5 (8.7) 87 3.5 69 4.7 18 1.8 15.6 (<0.001)

SPIN (�21) 9.9 (9.7) 12.6 (12.1) 11.5 (11.5) 11.5 (10.9) 421 16.9 298 20.3 123 12 29.8 (<0.001)

DASS.Stress

(�17)

3.3 (3.6) 4.5 (4.3) 4.1 (4.2) 3.9 (3.9) 40 1.6 30 2 10 1 4.39 (0.04)

MZ, monozygotic; DZ, dizygotic; OCI-R, obsessive-compulsive inventory–revised; HRS-SR, hoarding rating scale-self report; DCQ, dysmorphic concern questionnaire; WI, Whiteley index; ASI, anxiety
sensitivity index; SPIN, social phobia inventory; DASS.Stress, stress subscale of the depression, anxiety, and stress scale.
Prevalence for total sample and separated by gender of problematic symptoms based on empirically defined cut-off scores on each scale.

FIG. 2. Percentage of problematic symptoms for male and

female based on empirically defined cut-off scores on each

scale. OCI-R, Obsessive-Compulsive Inventory–Revised; HRS-SR,

Hoarding Rating Scale-Self Report; DCQ, Dysmorphic Concern

Questionnaire; WI, Whiteley Index; ASI, Anxiety Sensitivity Index;

SPIN, Social Phobia Inventory; DASS.Stress, Depression, Anxiety

and Stress Scale-Stress Subscale. ns, Non-significant differences

between gender.
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model (P¼ 1). The full ACE quantitative model did not signifi-

cantly improve fit (P¼ 0.13), while other submodels showed a

significant loss of fit: quantitative AE (P¼ 0.09), scalar (P¼ 0.08),

and null (P¼ 0.01). We therefore interpret parameters offered by

the qualitative AE model indicating a tendency towards distinct

genetic influences between males and females. Finally, for social

phobia, females (47%) demonstrated a greater heritability of

symptoms compared to males (34%) in the form of a significant

quantitative sex difference.

DISCUSSION

This study has examined for the first time the prevalence and

heritability of both OC-related and anxiety disorder symptoms

in the same twin population of male and female twin pairs.

Moreover, this population was particularly well balanced in terms

of the age, gender, and sociodemographic characteristics ofMZand

DZ twins. As a further novelty, no previous study has investigated

the existence of potential genetic sex differences—either due to a

lack of male twins or small overall sample size—in relation to

hoarding, body-dysmorphic and hypochondriasis symptoms. To

summarize, our findings endorse existing evidence for moderate

rates of heritability across all of the assessed symptom domains.

Significant or trend-level genetic sex differences were detected for

hoarding, DCQ, panic, and social phobia symptoms.

Prevalence
Almost nine percent of the overall sample reported OCI-R symp-

toms thatwere severe enough to causedistress (OCI-R� 21).This is

consistent with a recent report of experiencing subclinical OCI-R

symptoms (8.3%) in the general population [Adam et al., 2012].

Our estimates support the idea that significant OCI-R symptoms

are experienced at a much greater rate in the community than is

implied by assessment of diagnostic prevalence alone.

With regard to compulsive hoarding symptoms, we have char-

acterized a similar prevalence rate (2.6%) to the only other twin

study utilizing theHRS-SR [2.3%; Iervolino et al., 2009]. For DCQ,

we observed a similar prevalence (2%) compared to studies based

on the full diagnostic assessment of community-based samples

ranging from 0.7% to 2.4% [Faravelli et al., 1997; Otto et al., 2001;

Koran et al., 2008].

In relation to anxiety symptoms, 3.5% reported panic-related

symptoms, which is consistent with other studies of general com-

munity samples reporting a prevalence between 2.5% and 3.4%

based on the assessment of diagnostic criteria [Wittchen et al., 2008;

Mosing et al., 2009]. In our cohort, social phobia symptoms were

slightly higher (16.9%) than in previous epidemiological surveys

where diagnostic prevalence rates have been estimated between 7%

and 13% [Furmark, 2002; Kessler et al., 2005]. However, as previ-

ously emphasized, our study provides symptom-level as opposed to

diagnostic-level prevalence estimates. In relation to our measure of

generalized anxiety, 5% of individuals reported significant and

persistent arousal, tension, and irritability with 1.6% reporting

extremely severe of these symptoms that would be considered in

the range of other population-based estimates of GAD: 1.9% to

5.1% [Wittchen, 2002]. Lastly, the prevalence of hypochondriasis
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LÓPEZ-SOLÀ ET AL. 319

60 Clara López-Solà



TA
B
LE

IV
.
M
od
el
-F
it
ti
n
g
An
al
y
se
s
to

Te
st

Se
x
D
if
fe
re
n
ce
s
fo
r
O
bs
es
si
ve
-C
om

pu
ls
iv
e
Sp
ec
tr
um

Tr
ai
ts

an
d
th
ei
r
P
ar
am

et
er

E
st
im
at
es

M
od
el
s
(S

2
m
/S

2
f)

M
od
el

fi
tt
in
g
re
su
lt
s

Pa
ra
m
et
er
s
of

th
e
m
od
el
s
(9
5
%
CI
)

�2
LL

df
D
x
2
(D

df
)

AI
C

P

M
od
el

co
m
pa
re
d

w
it
h

A
C

E

M
al
e/
fe
m
al
e

M
al
e/
fe
m
al
e

M
al
e/
fe
m
al
e

O
CI
-R

(O
bs
es
si
ve
-C
om

pu
ls
iv
e
In
ve
n
to
ry
-R
ev
is
ed
)

1
.
Sa
tu
ra
te
d

7
,6
8
8

2
,4
8
4

�
�

�
�

�
�

�
2
.
Q
ua
lit
at
iv
e
AC
E
(r
G
¼
FR
EE
)

7
,6
9
1

2
,4
8
6

3
.5
4
(2
)

2
,7
1
9

0
.1
7

1
�

�
�

3
.
Q
ua
lit
at
iv
e
AC
E
(r
C
¼
FR
EE
)

7
,6
9
1

2
,4
8
6

3
.7
8
(2
)

2
,7
1
9

0
.1
5

1
�

�
�

4
.
Q
ua
n
ti
ta
ti
ve

AC
E
(r
G
¼
0
.5
;
rC
¼
1
)

7
,6
9
1

2
,4
8
7

0
.2
4
(1
)

2
,7
1
7

0
.6
3

2
�

�
�

5
.
Q
ua
n
ti
ta
ti
ve

AE
(r
G
¼
0
.5
;
rC
¼
1
)

7
,6
9
8

2
,4
8
9

6
.8
9
(3
)

2
,7
2
0

0
.0
8

2
�

�
�

6
.
Sc
al
ar

(1
.3
/1
.4
)

7
,6
9
4

2
,4
8
9

2
.5
1
(2
)

2
,7
1
6

0
.2
9

4
�

�
�

7
.
N
ul
l
(1
.3
)

7
,6
9
4

2
,4
9
0

2
.8

(3
)

2
,7
1
4

0
.4
2

4
0
.3
9
(0
.1
8
–
0
.4
5
)

0
.0
0
(0
.0
0
–
0
.1
8
)

0
.6
1
(0
.5
5
–
0
.6
8
)

H
R
S-
SR

(H
oa
rd
in
g
R
at
in
g
Sc
al
e–

Se
lf
R
ep
or
t)

1
.
Sa
tu
ra
te
d

4
,0
4
7

2
,4
8
4

�
�

�
�

�
�

�
2
.
Q
ua
lit
at
iv
e
AC
E
(r
G
¼
FR
EE
)

4
,0
4
7

2
,4
8
6

0
.0
3
(2
)

�9
2
5

0
.9
9

1
�

�
�

3
.
Q
ua
lit
at
iv
e
AC
E
(r
C
¼
FR
EE
)

4
,0
4
7

2
,4
8
6

0
.0
7
(2
)

�9
2
5

0
.9
7

1
�

�
�

4
.
Q
ua
n
ti
ta
ti
ve

AC
E
(r
G
¼
0
.5
;
rC
¼
1
)

4
,0
4
7

2
,4
8
7

0
.2
3
(1
)

�9
2
7

0
.6
3

2
0
.0
7
(0
.0
0
–
0
.2
3
)/
0
.3
8

(0
.0
8
–
0
.4
7
)

0
.1
7
(0
.0
5
–
0
.2
7
)/
0
.0
0

(0
.0
0
–
0
.2
5
)

0
.7
6
(0
.6
5
–
0
.8
8
)/
0
.6
2

(0
.5
3
–
0
.7
1
)

5
.
Q
ua
n
ti
ta
ti
ve

AE
(r
G
¼
0
.5
;
rC
¼
1
)

4
,0
4
7

2
,4
8
9

0
.6

(3
)

�9
3
0

0
.9
0

2
0
.2
5
(0
.1
3
–
3
7
)/
0
.3
8

(0
.2
9
–
0
.4
7
)

�/
�

0
.7
5
(0
.6
3
–
0
.8
7
)/
0
.6
2

(0
.5
3
–
0
.7
1
)

6
.
Sc
al
ar

(0
.3
/0
.3
1
)

4
,0
5
0

2
,4
8
9

2
.8

(0
)

�9
2
8

<
0
.0
0
1

5
�

�
�

7
.
N
ul
l
(0
.3
1
)

4
,0
5
0

2
,4
9
0

3
.4

(2
)

�9
2
9

0
.0
7

5
�

�
�

D
CQ

(D
ys
m
or
ph
ic
Co
n
ce
rn

Q
ue
st
io
n
n
ai
re
)

1
.
Sa
tu
ra
te
d
a

1
,0
4
6

2
,4
7
7

�
�

�
�

�
�

�
2
.
Q
ua
lit
at
iv
e
AC
E
(r
G
¼
FR
EE
)

1
,0
6
3

2
,4
8
6

1
6
.6

(9
)

�3
,9
0
9

0
.0
6

1
0
.4
2
(0
.2
0
–
0
.5
2
)/
0
.3
8

(0
.1
7
–
0
.4
7
)

0
.0
0
(0
.0
0
–
0
.1
8
)/
0
.0
0

(0
.0
0
–
0
.1
7
)

0
.5
8
(0
.4
8
–
0
.7
0
)/
0
.6
2

(0
.5
3
–
0
.7
1
)

3
.
Q
ua
lit
at
iv
e
AC
E
(r
C
¼
FR
EE
)

1
,0
6
7

2
,4
8
6

2
0
.8

(9
)

�3
,9
0
5

0
.0
1

1
�

�
�

4
.
Q
ua
lit
at
iv
e
AE

(r
G
¼
FR
EE
)

1
,0
6
3

2
,4
8
8

1
6
.6
(1
1
)

�3
,9
1
3

0
.1
2

1
0
.4
2
(0
.3
0
–
0
.5
2
)/
0
.3
8

(0
.2
8
–
0
.4
7
)

�/
�

0
.5
8
(0
.4
8
–
0
.7
0
)/
0
.6
2

(0
.5
3
–
0
.7
1
)

5
.
Q
ua
n
ti
ta
ti
ve

AC
E
(r
G
¼
0
.5
;
rC
¼
1
)

1
,0
6
6

2
,4
8
7

3
.2

(1
)

�3
,9
0
8

0
.0
7

2
�

�
�

6
.
Q
ua
n
ti
ta
ti
ve

AE
(r
G
¼
0
.5
;
rC
¼
1
)

1
,0
7
0

2
,4
8
9

7
.0
6
(1
)

�3
,9
0
8

0
.0
1

4
�

�
�

7
.
Sc
al
ar

(0
.0
9
/0
.1
0
)

1
,0
6
6

2
,4
8
9

3
.6
9
(1
)

�3
,9
1
2

0
.0
5

4
�

�
�

8
.
N
ul
l
(.
0
9
)

1
,0
7
4

2
,4
9
0

1
1
.2

(2
)

�3
,9
0
6

<
0
.0
0
1

4
�

�
�

W
I
(W

hi
te
le
y
In
de
x)

1
.S
at
ur
at
ed

4
,2
6
2

2
,4
8
4

�
�

�
�

�
�

�
2
.
Q
ua
lit
at
iv
e
AC
E
(r
G
¼
FR
EE
)

4
,2
6
2

2
,4
8
6

�0
.3
7
(2
)

�7
1
0

1
1

�
�

�
3
.
Q
ua
lit
at
iv
e
AC
E
(r
C
¼
FR
EE
)

4
,2
6
2

2
,4
8
6

�0
.3
7
(2
)

�7
1
0

1
1

�
�

�
4
.
Q
ua
n
ti
ta
ti
ve

AC
E
(r
G
¼
0
.5
;
rC
¼
1
)

4
,2
6
2

2
,4
8
7

0
(1
)

�7
1
2

1
2

�
�

�
5
.
Q
ua
n
ti
ta
ti
ve

AE
(r
G
¼
0
.5
;
rC
¼
1
)

4
,2
6
2

2
,4
8
9

0
.0
5
(3
)

�7
1
6

1
2

�
�

�
6
.
Sc
al
ar

(0
.3
1
/0
.3
5
)

4
,2
6
2

2
,4
8
9

0
.2

(2
)

�7
1
6

0
.9
0

4
0
.2
9
(0
.0
6
–
0
.3
9
)

0
.0
3
(0
.0
0
–
0
.2
2
)

0
.6
8
(0
.6
1
–
0
.7
6
)

7
.
N
ul
l
(0
.3
3
)

4
,2
6
5

2
,4
9
0

3
.1

(3
)

�7
1
5

0
.3
8

4
0
.3
0
(0
.0
6
–
0
.3
9
)

0
.0
2
(0
.0
0
–
0
.2
1
)

0
.6
8
(0
.6
1
–
0
.7
6
)

S2
m
,p
re
di
ct
ed

va
ri
an
ce

in
m
al
es
;S

2
f,
pr
ed
ic
te
d
va
ri
an
ce

in
fe
m
al
es
;r
G
,g
en
et
ic
co
rr
el
at
io
n
fo
r
op
po
si
te
-s
ex

D
Z
tw
in
s;
rC
,e
n
vi
ro
n
m
en
ta
lc
or
re
la
ti
on

fo
r
op
po
si
te
-s
ex

tw
in
s;
�2

LL
,m

in
us

tw
ic
e
th
e
lo
g-
lik
el
ih
oo
d;
df
,d
eg
re
es

of
fr
ee
do
m
;D

x
2
,d
iff
er
en
ce

in
go
od
n
es
s-
of
-fi
ts
ta
ti
st
ic
b
et
w
ee
n
th
e
su
bm

od
el
an
d
th
e
sp
ec
ifi
ed

“m
od
el
co
m
pa
re
d
w
it
h”
;D

df
,c
ha
n
ge

in
de
gr
ee
s
of
fr
ee
do
m
be
tw
ee
n
th
e
su
bm

od
el
an
d
th
e
sp
ec
ifi
ed

m
od
el
;A
IC
,A
ka
ik
e
in
fo
rm

at
io
n
cr
it
er
io
n
[x

2
�
2
(d
f)
];
P,
pr
ob
ab
ili
ty
;A
,a
dd
it
iv
e
ge
n
et
ic
ef
fe
ct
s;

C,
sh
ar
ed

en
vi
ro
n
m
en
ta
l
ef
fe
ct
s;
E,
n
on
-s
ha
re
d
en
vi
ro
n
m
en
ta
l
ef
fe
ct
s;
CI
,
co
n
fi
de
n
ce

In
te
rv
al
.

Th
e
be
st

fi
tt
in
g
m
od
el
s
ba
se
d
in
AI
C
ar
e
re
pr
es
en
te
d
in
bo
ld
te
xt
.

a
Sa
tu
ra
te
d
w
it
h
eq
ua
l
m
ea
n
s
ac
ro
ss

zy
go
si
ty
.
Th
e
re
st

of
th
e
sc
al
es

ar
e
co
m
pa
re
d
w
it
h
a
Sa
tu
ra
te
d
w
it
h
eq
ua
l
m
ea
n
s
an
d
va
ri
an
ce

ac
ro
ss

zy
go
si
ty
.

320 AMERICAN JOURNAL OF MEDICAL GENETICS PART B

61Clara López-Solà



TA
B
LE

V.
M
od
el
-F
it
ti
n
g
An
al
ys
es

to
Te
st

Se
x
D
if
fe
re
n
ce
s
fo
r
An
xi
et
y
Tr
ai
ts

an
d
th
ei
r
Pa
ra
m
et
er

E
st
im
at
es

M
od
el
s
(S

2
m
/S

2
f)

M
od
el

fi
tt
in
g
re
su
lt
s

P
ar
am

et
er
s
of

th
e
m
od
el
s
(9
5
%
C
I)

�2
LL

df
D
x
2
(D

df
)

AI
C

P

M
od
el

co
m
pa
re
d

w
it
h

A
C

E

M
al
e/
fe
m
al
e

M
al
e/
fe
m
al
e

M
al
e/
fe
m
al
e

AS
I
(A
n
xi
et
y
Se
n
si
ti
vi
ty

In
de
x)

1
.S
at
ur
at
ed

7
,8
8
6

2
,4
8
4

�
�

�
�

�
�

�
2
.
Q
ua
lit
at
iv
e
AC
E
(r
G
¼
FR
EE
)

7
,8
8
5

2
,4
8
6

�0
.8
8
(2
)

2
,9
1
3

1
1

0
.2
7
(0
.0
5
–
0
.4
1
)/
0
.2
9

(0
.0
0
–
0
.4
2
)

0
.0
3
(0
.0
0
–
0
.2
0
)/
0
.0
4

(0
.0
0
–
0
.3
1
)

0
.7
0
(0
.5
9
–
0
.8
2
)/
0
.6
7

(0
.5
8
–
0
.7
7
)

3
.
Q
ua
lit
at
iv
e
AC
E
(r
C
¼
FR
EE
)

7
,8
8
4

2
,4
8
6

�0
.1
5
(2
)

2
,9
1
2

1
1

�
�

�
4
.
Q
ua
lit
at
iv
e
AE

(r
G
¼
FR
EE
)

7
,8
8
5

2
,4
8
8

�0
.7

(4
)

2
,9
0
9

1
1

0
.3
0
(0
.1
8
–
0
.4
1
)/
0
.3
4

(0
.2
4
–
0
.4
2
)

�/
�

0
.7
0
(0
.5
9
–
0
.8
2
)/
0
.6
6

(0
.5
8
–
0
.7
6
)

5
.
Q
ua
n
ti
ta
ti
ve

AC
E
(r
G
¼
0
.5
;
rC
¼
1
)

7
,8
8
7

2
,4
8
7

2
.2
5
(1
)

2
,9
1
3

0
.1
3

2
0
.2
9
(0
.0
7
–
0
.4
0
)/
0
.1
7

(0
.0
0
–
0
.4
0
)

0
.0
0
(0
.0
0
–
0
.1
6
)/
0
.1
4

(0
.0
0
–
0
.3
4
)

0
.7
1
(0
.6
0
–
0
.8
3
)/
0
.6
9

(0
.5
9
–
0
.8
0
)

6
.
Q
ua
n
ti
ta
ti
ve

AE
(r
G
¼
0
.5
;
rC
¼
1
)

7
,8
8
8

2
,4
8
9

2
.8
5
(1
)

2
,9
1
0

0
.0
9

4
0
.2
8
(0
.1
6
–
0
.4
0
)/
0
.3
3

(0
.2
3
–
0
.4
2
)

�/
�

0
.7
2
(0
.6
0
–
0
.8
4
)/
0
.6
7

(0
.5
8
–
0
.7
6
)

7
.
Sc
al
ar

(1
.3
/1
.5
)

7
,8
8
8

2
,4
8
9

3
.0
5
(1
)

2
,9
1
0

0
.0
8

4
�

�
�

8
.
N
ul
l
(1
.4
)

7
,8
9
4

2
,4
9
0

9
.4
4
(2
)

2
,9
1
5

0
.0
1

4
�

�
�

SP
IN

(S
oc
ia
l
Ph
ob
ia

In
ve
n
to
ry
)

1
.S
at
ur
at
ed

8
,8
0
3

2
,4
8
4

�
�

�
�

�
�

�
2
.
Q
ua
lit
at
iv
e
AC
E
(r
G
¼
FR
EE
)

8
,8
0
4

2
,4
8
6

1
.0
9
(2
)

3
,8
3
2

0
.6
0

1
�

�
�

3
.
Q
ua
lit
at
iv
e
AC
E
(r
C
¼
FR
EE
)

8
,8
0
4

2
,4
8
6

1
.3
0
(2
)

3
,8
3
3

0
.5
2

1
�

�
�

4
.
Q
ua
n
ti
ta
ti
ve

AC
E
(r
G
¼
0
.5
;
rC
¼
1
)

8
8
0
4
.4

2
,4
8
7

0
.2
0
(1
)

3
,8
3
1

0
.6
5

2
0
.3
5
(0
.1
5
–
0
.4
5
)/
0
.4
4

(0
.1
7
–
0
.5
4
)

0
.0
0
(0
.0
0
–
0
.1
4
)/
0
.0
4

(0
.0
0
–
0
.2
7
)

0
.6
5
(0
.5
5
–
0
.7
7
)/
0
.5
3

0
.4
5
–
0
.6
2
)

5
.
Q
ua
n
ti
ta
ti
ve

AE
(r
G
¼
0
.5
;
rC
¼
1
)

8
8
0
4
.5

2
,4
8
9

0
.2
8
(3
)

3
,8
2
6

0
.9
6

2
0
.3
4
(0
.2
3
–
0
.4
5
)/
0
.4
7

(0
.3
9
–
0
.5
5
)

�/
�

0
.6
6
(0
.5
5
–
0
.7
7
)/
0
.5
3

(0
.4
5
–
0
.6
1
)

6
.
Sc
al
ar

(2
.0
6
/2
.1
1
)

8
,8
0
8

2
,4
8
9

3
.6
3
(0
)

3
,8
3
0

<
0
.0
0
1

5
�

�
�

7
.
N
ul
l
(2
.0
9
)

8
,8
0
8

2
,4
9
0

3
.8
5
(1
)

3
,8
2
8

0
.0
5

5
�

�
�

D
AS
S.
St
re
ss

(D
ep
re
ss
io
n
,
An
xi
et
y,

an
d
St
re
ss

Sc
al
e—

St
re
ss

Su
bs
ca
le
)

1
.S
at
ur
at
ed

6
,6
1
5

2
,4
8
4

�
�

�
�

�
�

�
2
.
Q
ua
lit
at
iv
e
AC
E
(r
G
¼
FR
EE
)

6
,6
1
4

2
,4
8
6

�0
.6
5
(2
)

1
,6
4
2

1
1

�
�

�
3
.
Q
ua
lit
at
iv
e
AC
E
(r
C
¼
FR
EE
)

6
,6
1
4

2
,4
8
6

�0
.3
4
(2
)

1
,6
4
2

1
1

�
�

�
4
.
Q
ua
n
ti
ta
ti
ve

AC
E
(r
G
¼
0
.5
;
rC
¼
1
)

6
,6
1
4

2
,4
8
7

0
.3
1
(1
)

1
,6
4
0

0
.6
0

2
�

�
�

5
.
Q
ua
n
ti
ta
ti
ve

AE
(r
G
¼
0
.5
;
rC
¼
1
)

6
6
1
4
.5

2
,4
8
9

0
.5
4
(3
)

1
6
3
6
.5

0
.9
2

2
�

�
�

6
.
Sc
al
ar

(0
.8
0
/0
.8
9
)

6
6
1
4
.5

2
,4
8
9

�0
.0
7
(0
)

1
6
3
6
.5

1
5

0
.3
2
(0
.0
9
–
0
.4
0
)

0
.0
0
6
(0
.0
0
–
0
.2
0
)

0
.6
7
( 0
.6
0
–
0
.7
5
)

7
.
N
ul
l
(0
.8
5
)

6
,6
1
8

2
,4
9
0

3
.7
3
(1
)

1
,6
3
8

0
.0
5

5
�

�
�

S2
m
,p
re
di
ct
ed

va
ri
an
ce

in
m
al
es
;S

2
f,
pr
ed
ic
te
d
va
ri
an
ce

in
fe
m
al
es
;r
G
,g
en
et
ic
co
rr
el
at
io
n
fo
r
op
po
si
te
-s
ex

D
Z
tw
in
s;
rC
,e
n
vi
ro
n
m
en
ta
lc
or
re
la
ti
on

fo
r
op
po
si
te
-s
ex

tw
in
s;
�2

LL
,m

in
us

tw
ic
e
th
e
lo
g-
lik
el
ih
oo
d;
df
,d
eg
re
es

of
fr
ee
do
m
;D

x
2
,d
iff
er
en
ce

in
go
od
n
es
s-
of
-fi
t
st
at
is
ti
c
be
tw
ee
n
th
e
su
b
m
od
el
an
d
th
e
sp
ec
ifi
ed

“m
od
el
co
m
pa
re
d
w
it
h”
;D

df
,c
ha
n
ge

in
de
gr
ee
s
of
fr
ee
do
m
be
tw
ee
n
th
e
su
bm

od
el
an
d
th
e
sp
ec
ifi
ed

m
od
el
;A
IC
,A
ka
ik
e
in
fo
rm

at
io
n
cr
it
er
io
n
[x

2
�
2
(d
f)
];
P,
pr
ob
ab
ili
ty
;A
,a
dd
it
iv
e
ge
n
et
ic

ef
fe
ct
s;
C,
sh
ar
ed

en
vi
ro
n
m
en
ta
l
ef
fe
ct
s;
E
,
n
on
-s
ha
re
d
en
vi
ro
n
m
en
ta
l
ef
fe
ct
s;
CI
,
co
n
fi
de
n
ce

In
te
rv
al
.

Th
e
be
st

fi
tt
in
g
m
od
el
s
ba
se
d
in
AI
C
ar
e
re
pr
es
en
te
d
in
b
ol
d
te
xt
.
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symptoms (6.8%) was similar to that reported in a recent survey

of health anxiety in Australia (6%) [Sunderland et al., 2013].

Significantly higher prevalence rates in females compared

to males were observed across all measures with the exception of

OCI-R symptoms,which taken together is generally consistentwith

prior studies in community samples [Faravelli et al., 1997; Rief

et al., 2006;Koran et al., 2008;Adamet al., 2012;Kessler et al., 2012].

The highest prevalence rate in females was in relation to social

phobia, which accords well with previous estimates [Magee

et al., 1996; Lampe et al., 2003]. More controversy surrounds

hypochondriasis and compulsive hoarding. Epidemiological stud-

ies of hypochondriasis are in fact very rare. Two initial studies found

no gender differences in hypochondriasis [Gureje et al., 1997;

Escobar et al., 1998]. However, a representative study [Rief

et al., 2001] noted significantly higher scores in women, but with

a small effect size. Least consistent have been gender-based preva-

lence estimates in compulsive hoarding [Frost et al., 2012]. Two

epidemiological studies have reported compulsive hoarding to be

more prevalent in males than females [Samuels et al., 2008; Iervo-

lino et al., 2009], although one study [Samuels et al., 2008] did not

use a standardized questionnaire to assess hoarding. In the same

direction as our results, studies of clinical samples indicate a higher

prevalence of compulsive hoarding disorder in females [Steketee

and Frost, 2003; Pertusa et al., 2008; Mataix-Cols et al., 2010].

Heritability
Our findings indicate familial aggregation in all symptoms assessed

as observed in the pattern of cross-twin—within-trait correlations.

The heritability analyses suggest that this familiarity is primarily

attributable to genetic factors and not to the shared environment.

The results of the twin analyses indicate that genetic factors account

for between 30% (i.e., hypochondriasis) and 47% (i.e., social

phobia in females), which is consistent with moderate genetic

factors contributing to the aetiology of the symptom domains

assessed.

The heritability rates for OCI-R symptoms and hypochondriasis

appear to be in line with past studies [van Grootheest et al., 2005;

Taylor et al., 2006]. Similarly, a recent study of OCI-R symptoms

did not report evidence of genetic sex differences [Mataix-Cols

et al., 2013]. Ours is the first twin study to suggest no prominent

genetic sex differences in relation to hypochondriasis symptoms in

adults, extending the only other twin study of hypochondriasis

symptoms [Taylor et al., 2006]. For hoarding symptoms we ob-

served a lower heritability rate (38%, female; 25%, males) when

compared to the recent study by Iervolino et al. (49% female only).

These rates may be explained by the prominent age differences

between studies, with the latter study including female twins who

were on average two decades older than our current sample,

inclusive of elderly twins. When comparing genders, our results

indicate a higher heritability of hoarding symptoms in females. This

result contrasts with the only other twin study of hoarding symp-

toms to formally test for genetic sex differences [Ivanov et al., 2013].

In adolescents, Ivanov et al. [2013] reported quantitative sex differ-

ences, with genetic influences in boys accounting for considerably

more phenotypic variance than in girls (32%vs. 2%). These authors

invoked the notion of dynamic developmental genetic and envi-

ronmental influences operating between adolescence and adult-

hood in order to explain the low heritability rate observed in young

female twins. By adulthood, our results suggest a reversed pattern of

heritability, although the actual rates being more similar between

females andmales.Clearly, further studies areneeded tounderstand

howgender impacts on the etiology of hoarding taking into account

developmental trajectories.

In relation to DCQ, we observed a similar rate of heritability

(42% vs. 44%) to the recent study by Monzani et al. [2012a]. Our

results extend their work by indicating a trend towards qualitative

sex differences, meaning that different biological risk factors may

underlie themanifestation of these symptoms in females andmales.

The DCQ, as used in our current study, may be considered to

represent quite a broad phenotype that captures body image

concerns also common to eating disorders, which are more preva-

lent in females [Smink et al., 2012]. Interestingly, recent studies

examining putative biological risk factors for such disorders in twin

populations have provided some evidence for distinct developmen-

tallymediated sex liability mechanisms, including levels of prenatal

testosterone exposure [Culbert et al., 2008]. It remains untested

whether suchmechanismsmay contribute to sex differences in risk

towards body DCQ in addition to eating disorders.

In relation to anxiety symptoms, we found a similar heritability

for social phobia symptoms in males compared to a recent study

basedon the full assessmentofDSMcriteria (34%vs. 39%)[Mosing

et al., 2009]. When compared to studies that have assessed social

phobia symptoms using the fear of negative evaluation scale, our

heritability estimate is closest with regard to female twins (47% vs.

48%) [Stein et al., 2002]. While some studies have reported no

heritable sex differences in fear and phobia (including social

phobia) [Hettema et al., 2005; Middeldorp et al., 2005], another

study reported that social phobia inmales was explained by genetic

risk factors and in females by familial-environmental factors [Ken-

dler et al., 2002]. However, two additional twin studies performed

separately inmales and females reported lower heritability inmales

(20%) [Kendler et al., 2001] than females (30%) [Kendler et al.,

1992a]. This latter pattern is more in agreement with our finding of

a quantitative sex difference and with a recent meta-analysis in

separation anxiety disorder (associated with social phobia in adult-

hood [Hofmann et al., 2004]), where genetic riskwas reported to be

double in females (52%) compared to males (26%) [Scaini et al.,

2012].

For panic symptoms, we estimated a similar heritability (30–

34%) compared to previous panic disorder-level estimates [33% in

Tambs et al., 2009; 38% in Mosing et al., 2009], but a lower rate as

compared to a former population-based study of the ASI (45%,

95%CI¼ 0.33–0.59) [Stein et al., 1999]. This latter difference could

be due to the reduced number of male twin pairs in the Stein et al.

study, potentially leading to an overestimation of heritability in

their case [Van Dam et al., 2009]. Regarding gender, we found a

tendency for qualitative differences, which means that a partially

different set of genes might mediate the risk towards panic-related

symptoms inmen and women. Biological sex differences have been

recently suggested in experimental studies of physical panic attack

symptoms associated with a CO2 challenge [Nillni et al., 2012]. In

this study, sex differences were related to the experience of the

physical symptoms of panic rather than its cognitive correlates.Our
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results may also be in line with animal studies reporting a role for

sex-specific hormones (i.e., progesterone) in the manifestation of

anxiety and panic [Smith et al., 2006]. Along these lines, premen-

strual distress has been shown to predict higher levels of panic

symptoms following a CO2 challenge [Nillni et al., 2010].

Lastly, our estimated heritability of 32% for the Stress subscale of

DASS-21—our proxy measure of GAD symptoms—accords with

other studies reporting the heritability of GAD [28–32.5%; Kendler

et al., 2007] and when we compare to a more broadly trait of

neuroticism [30–50%; Calboli et al., 2010]. A lack of evidence for

genetic sex differences has also been previously noted in GAD

[Hettema et al., 2005].

Limitations
Although the “dimensional liability” approach adopted here and in

other twin studies is a valid and widely employed method in

behavioural genetics [Jonnal et al., 2000; Hettema et al., 2001;

van Grootheest et al., 2005], it will nonetheless be important to

replicate these findings in clinical populations. Secondly, the use of

initial screening questions is likely to have precluded our ability to

attain a sufficient sample to estimate heritability for skin picking

and hair pulling symptoms. However, low response rates may have

beenanticipated for thesedomains compared toothers, particularly

in the case of compulsive hair-pulling symptoms. Thirdly, results

from Stress subscale of DASS-21 are interpreted as a proxymeasure

of GAD symptoms but there is reason to believe it may index a

broader vulnerability trait to anxiety and depression—the so-called

“general neurotic syndrome” [Henry and Crawford, 2005]. Never-

theless, previous twin studies that have assessed the genetic overlap

between GAD and major depressive disorder suggest that both

disorders share a strong common genetic liability [Kendler et al.,

1992b; Kendler et al., 2007]. Indeed, within our sample there was a

strong genetic correlation (rA) between the Stress and Depression

subscales of the DASS-21 rA¼ 0.84.

While it is difficult to definitively exclude potential sampling

biases in relation to surveys such as this [i.e., “accidental sampling

method”; Powell, 1997], there are reasons to believe our results are

generalizable to the population at large. For example, although our

estimate of severe OC-symptoms appears high (8.7%), this rate is

reduced to 2.7% when taking into account a personal history of

OCD. Importantly, both estimates are consistent with a recent

report of the 12-month prevalence of anxiety disorders in the

Australian population [McEvoy et al., 2011]. Furthermore, as

discussed above, other characteristics of this twin population,

such as differences in prevalence of symptoms between genders

also appears to be consistent with previous literature.

CONCLUSION

This is thefirst study to have assessed the prevalence andheritability

of OC-related and anxiety symptoms together in an adult twin

population. Novel findings include the observation of probable

genetic sex differences in liability to hoarding andDCQ symptoms,

as well as the lack of such differences in hypochondriasis. The trend

towards qualitative sex differences in relation to the heritability of

panic symptoms has some intuitive appeal with regard to

biological-experimental studies of panic.

Multivariate twin studieswill nowbe important for clarifying the

extent to which these symptom domains express common or

distinct genetic risk factors. Such studies are likely to be valuable

in addressing ongoing debate about the optimal diagnostic

classification of OCD in relation to anxiety disorders and the

contribution of anxiety more broadly to the etiology of OCD.
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OCD and AD Symptoms as Putative Causal Risk Factors 

Extending the classical modeling approach, causal pathway modeling has identified 

novel and potentially important relationships between OCD and AD symptoms. With 

this approach, the results were more consistent with OCD symptoms being a causal 

risk factor for PD and GAD symptoms (having OCD symptoms increases the 

probability of having PD and GAD symptoms, not vice versa), rather than the 

association between traits being due to unmeasured familial factors such as genes and 

shared environment. In other studies without twins, OCD checking symptoms – one 

of the most common OCD symptom dimensions – have been linked to the increased 

probability of comorbid of PD and GAD diagnoses35. It was proposed that an 

intolerance of uncertainty, which is present in OCD checking symptoms, but more 

strongly associated with general worry and anxiety, might explain the link between 

these domains. Thus, one possibility is that intolerance of uncertainty represents an 

underlying trait dimension through which OCD  etiologically enhances the risk to PD 

and GAD symptoms.

By contrast, SP symptoms emerged as a potential causal risk factor for OCD 

symptoms, although this was a more moderate finding compared to the estimated 

strength of the above associations. Nevertheless, adopting similar logic, one 

possibility is that a relevant underlying trait factor may explain these findings. In the 

case of SP symptoms, one obvious candidate would be “behavioral inhibition”. 

Although behavioral inhibition has been most strongly characterized a childhood 

predictor of SP36, it has also been linked to the development of OCD symptoms in 

adulthood37. Supporting an early etiological link between these domains, mother-

reported levels of inhibition/shyness in preschool-aged twins were reported to show 

substantial overlap with other anxiety-related behaviors, including OCD-like 
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Supplemental Information 
 
 

S1. Flowchart of twin recruitment and final sample composition  

 

S2. Expanded description of the ICE FALCON methodology 

 

S3. Principal component analysis (PCA) 

 

S4. Independent Pathway model with 2 latent common additive genetic factors. 

Model-fitting results and standardised parameters for the best-fitting model.  
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S2. Expanded description of the ICE FALCON methodology 

 
The above figure provides a step-by-step explanation of the ICE FALCON regression 

methodology. X represents the predictor variable and Y the outcome variable. Their numbering 

represents MZ twin 1 or twin 2.  

 

The following 4 conditions must be satisfied to refute the null hypothesis of no causal influence 

(X on Y):  

 

Condition 1: The predictor (trait X) or outcome (trait Y) is correlated between the twins of a 

pair (i.e., between-person correlation). 

 
Condition 2 (Model I): there is an association between the predictor (X) and the outcome (Y) 

within each twin of a pair (i.e., within person). 
 
Condition 3 (Model II): conditions (1) and (2) must be strong enough to find a detectable and 

statistically significant “cross-twin cross-trait association”; that suggests that there is a family 

factor (genetic and/or shared environmental) underneath those two traits.    

 

Condition 4 (Model III): there is a reduction in the magnitude of the cross-twin cross-trait 

regression (beta) coefficient when modeling the within-person association. If the magnitude of 

beta significantly reduces, “causation” can be inferred because it is the within-person association 

that is driving this reduction. 

 

Under the null hypothesis, if the regression coefficient for the cross-twin cross-trait association 

in Model III is the same as that of Model II, potential shared genetic and/or environmental 

mechanisms may be implicated. 

 

In our analyses, the 3 models were adjusted for age and gender. We focused on the question of 

whether OCD symptoms demonstrated evidence for potential causal relationships with the 

remaining symptom domains: OCD-HD, OCD-BDD, OCD-PD, OCD-GAD, OCD-SP. “Causality” was 

tested in both directions, that is, flipping the predictor and outcome variables, which 

corresponded to a total of 10 (5x2) regression models (Table 3).  

An expanded statistical description is provided below. 
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Description of the Statistical Analysis 
Let  denote a outcome of interest, index by j = 1, 2 (twin 1 and twin 2, respectively) and i = 

1,…, m, where m is the number of twin pairs. Associated with the outcome , let denote a 

corresponding predictor, for example OCD as Y and HD as X. For simplicity let  and 

, and similarly defined for predictor  Note that the choice of  and  

is arbitrary – data from both possibilities will be used in the analysis; see below.  

 

The first model expresses the relationship between the expected value (E) of an outcome 

variable and its own predictor to assess the within-person cross-trait association.  

                                                                                 Model I 

                                                             

where α is the intercept and  is the regression coefficient representing the within-person  

cross-trait association.  

 

 

The second model expresses the relationship between the expected value of and its co-twin 

predictor to assess the cross-twin cross-trait association.  

                                                                           Model II 

                                                             

where  is the regression coefficient representing the cross-twin cross-trait association.  

 

 

The third model expresses the relationship using both predictors by:  

                                                    Model III 

                                                   

where  is the regression coefficient representing the effect cross-twin cross-trait association 

adjusted for its own predictor (  ).  

 

The above Models can be easily extended to allow for the inclusion of multiple predictors, such as 

age and gender. Note that the intercept coefficient is excluded if we use the standardised Y and 

X values.   

 

The parameters in Models I-III were estimated using the generalised estimating equations, which 

take into account the correlation within a twin pair. Under the null hypothesis of no change in 

regression coefficients for cross-twin cross-trait in Model II and III, i.e , we 

use the t-test: , where se is the standard error and 

computes using nonparametric bootstrap method. This involved randomly sampling twin pairs 

with replacement to obtain the same sample size as the original dataset, then fitting the Models I-

III to this new data set to get a new set of estimated parameters. We then repeated the process 

1,000 times to yield a sampling distribution of the parameter estimates from which a standard 

error was estimated by computing the standard deviation. For bootstrap method, we wrote our 

own programs in R (http://www.R-project.org/). One-sided p-values were derived and 

considered nominally significant if p < 0.05. 
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S3. Principal component analysis (PCA) 

 
 

 

 

 

 

 

 

 

 

 
The PCA retained 1 phenotypic factor with eigenvalues greater than 

1, explaining 55.6% of the total variance. The PCA were forced to 

retain 2 phenotypic factor explaining 67.8% of the total variance. 

 

 

 

  

Factor Matrix Matrix forced to retain 2 factors  
 Main Factor Factor 1 Factor 2 

PD  .814 820 ** 

SP .789 785 ** 

OCD .786 678 ** 

GAD .765 734 ** 

BDD .697 718 ** 

HD .603 ** .961 
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S4. Independent Pathway model with 2 latent common additive genetic 
factors. Model-fitting results and standardized parameters for the best-
fitting model.  
 

 

  

 

Estimated Parameter Fit Statistic 

 Model Common 
Factors 

Specific 
Factors 

-2LL df AIC X2 ∆df P 
Value 

Compared 
with 

1 Cholesky 

Saturated  
ACE ACE 30357.2

5 

14901 555.25 - - - - 

2  IP ACE ACE 30390.9

9 

14925 540.99 33.74 24 .09 1 

3  CP ACE ACE 30450.4

6 

14938 574.46 93.21 37 <.0001 1 

4  IP  ACE AE 30391.4
0 

14931 529.40 .412 6 .998 2 

5  IP ACE CE 30414.7

9 

14931 552.79 23.80 6 .0005 2 

6  IP ACE E 30464.9

0 

14937 590.90 73.91 12 <.0001 2 

7  IP AE ACE 30424.3

2 

14931 562.32 33.33 6 <.0001 2 

8  IP CE ACE 30463.8

4 

14934 595.84 72.84 9 <.0001 2 

9  IP E ACE 30554.0

6 

14940 674.06 163.1 15 <.0001 2 

Standardized Parameters for Best-fitting Model 4 (95% CI) 
 Additive Genetic Factors Shared 

Environmental 
Factors 

Non-Shared Environmental 
Factors 

 Ac Ac2 As AT Cc Cs Ec Es ET 
OCD .23 

(.014-.40) 

.03 

(.00-.14) 

.06 

(.00-.13) 

.32 

(.10-.42) 

.04  

(.00-.22) 

- .27 

(.20-.35) 

.37 

(.32-.42) 

.64 

(.56-.72) 

HD .11 

(.02-.17) 

.12 

(.02-.28) 

.10 

(.00-.23) 

.32 

(.22-.39) 

.002 

(.00-.07) 

- .13 

(.08-.19) 

.55 

(.49-.61) 

.67 

(.60-.75) 

BDD .18 

(.04-.25) 

.005 

(.00-.03) 

.18 

(.12-.23) 

.36 

(.21-.43) 

.0002 

(.00-.10) 

- .19 

(.14-.27) 

.44 

(.39-.50) 

.63 

(.56-.72) 

PD .26 

(.08-.33) 

- .04 

(.00-.08) 

.30 

(.11-.37) 

.00 

(.00-.16) 

- .37 

(.30-.45) 

.33 

(.28-.38) 

.70 

(.63-.77) 

GAD .21 

(.006-.36) 

- .06 

(.00-.12) 

.27 

(.02-.39) 

.05 

(.00-.26) 

- .28 

(.21-.37) 

.40 

(.35-.45) 

.68 

(.61-.77) 

SP .30 

(.03-.44) 

- .09 

(.00-.16) 

.39 

(.11-.48) 
.02 

(.00-.24) 

- .29 

(.23-.39) 

.30 

(.25-.34) 

.59 

(.52-.67) 

-2LL, minus twice the log-likelihood; df, degrees of freedom; AIC, Akaike information criterion; X2, difference in goodness of fit statistic 

between the sub-model and the full model; ∆df, change in degrees of freedom between the sub-model and the full model; CI, Confidence 

Intervals; Ac, additive genetic factor common to all disorders; Ac2, additive genetic factor common to Obsessive-Compulsive Related 

Disorders; As, additive genetic factor specific to each disorder; AT, total additive genetic factor; Cc, shared environmental factor common 

to all disorders; Cs, shared environmental factor specific to each disorder; Ec, non-shared environmental factor common to all disorders; 

Es, non-shared environmental factor specific to each disorder; ET, total non-shared environmental factor;  IP, independent pathway; CP, 

common pathway. OCD, Obsessive-Compulsive Disorder Symptoms; HD, Hoarding Disorder Symptoms; BDD, Body Dysmorphic Disorder 

Symptoms; PD, Panic Disorder Symptoms; GAD, Generalized Anxiety Disorder Symptoms; SP, Social Phobia Symptoms.   

In boldface type the best-fitting model based on AIC.  
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model, which estimates whether the covariance among phenotypes was influenced via 

one latent factor taking into account the shared contribution of common A, C, and E 

factors. The Akaike information criterion (AIC) value was used to measure the 

relatively goodness of fit of these models; the one with the lowest AIC was taken to be

the most parsimonious. Reduced sub-models were systematically tested to derive the 

most parsimonious model fitting results. For the most parsimonious model, confidence 

intervals for the factor loadings at the path diagram were calculated to provide the best 

estimate for each parameter of the model. All analyses were carried out in R 

(http://www.R-project.org/) using the OpenMx 2.0 package27. 

Results 

Best Fitting Models & Estimated Factor Loadings 

Table 1 and Figure 1 present results for the most parsimonious model for each of the 

OC symptom dimensions. Figure 1 also displays the factor loadings (with confidence 

intervals) for common and specific genetic and environmental influences estimated for 

each dimension. With reference to Table 1, the four symptom dimensions each 

demonstrated best fit with the same single factor structure; namely, the independent 

pathway (IP) model with ACE as common factors and AE as specific factors. Estimates 

for the best fitting IP model are emphasized in bold text (Table 1). Figure 1 presents the 

values of the factor loadings for each dimension, indicating a unique pattern of genetic 

and environmental overlap with ADs and other OCRDs.   

---------- Table 1 & Figure 1 ---------- 
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Estimated Genetic Influences  

and
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---------- Tables 5 ---------- 

Estimated Environmental Influences  
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Environmental Influences  
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df X2

df
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df X2

df

.46 
(.15-.60) 

.00 
(.00 - .00) 

.46 
(.27-.60) 

.01 
(.00 - .15) 

- .01 
(.00 - .15) 

.27 
(.18-.38) 

.25 
(.16-.37) 

.52 
(.40-.67) 

.21 
(.06-.53) 

.25 
(.00 -.41) 

.46 
(.23-.61) 

.01 
(.00 -.19) 

- .01 
(.00 -.19) 

.34 
(.19-.56) 

.18 
(.00-.36) 

.52 
(.39-.68) 
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