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Discussion & Summary

This thesis describes the study of genetic and environmental influences on individual differences in Obsessive-Com-
pulsive Symptoms (OCS) across a large part of the lifespan. In this last chapter, the findings that have resulted from 
this project are summarised, discussed and some directions for future studies are considered.

Part I. IntroDuctIon to ocD, ocS anD 
twIn StuDIeS

 
 chapter 2 provided a brief overview of Obses-
sive-Compulsive Disorder (OCD). OCD is a complex 
psychiatric disorder characterized by obsessions and/or 
compulsions. Obsessive-compulsive disorder has a rela-
tively high prevalence of roughly 1% and is a highly dis-
abling disease. the disorder is associated with shame, 
which causes long delays in accessing treatment. Differ-
ences between people in the liability to develop OCD are 
caused by a combination of genetic and environmental 
factors. effective treatments exist, either pharmaco-
therapy or cognitive behavior therapy. In chapter 3, all 
known published twin studies on OCD/OCS have been 
described and over 70 years of twin research of OCD/
OCS was presented. Four different approaches to twin 
studies of OCD/OCS were recognized. these approach-
es include (1) case-studies of twins with OCD from the 
old literature, (2) twin studies of OCD using Diagnos-
tic and Statistical Manual of Mental Disorders (DSM) 
criteria, (3) twin studies of OCD using a dimensional 
approach, comparing resemblances in monozygotic and 
dizygotic twins, and (4) twin studies of OCD using a di-
mensional approach, analyzing the data with Structural 
equation Modeling. It was concluded that only the stud-
ies using the last method have convincingly shown that 
obsessive-compulsive symptoms are heritable with ge-
netic influences in children in the range of 45% to 65%. 
In adults, studies are suggestive for a genetic influence 
on obsessive-compulsive symptoms, ranging from 27% 
to 47%, but a large twin study using a biometrical ap-
proach with continuous data is still needed to provide 
conclusive evidence, including a closer look at sex-dif-
ferences, issues of phenotypic assortment and cultural 
transmission in genetic architectures. that is exactly 
what I have done in this thesis.
 

Part II. HerItabIlIty, aSSortatIve 
matIng anD cultural tranSmISSIon 
of ocS

In chapter 4 the genetic and environmental in-
fluences on OC symptoms were investigated in a large 
population based twin-family study. the OC scale of the 

YaSr, based on the CBCL-OCS, developed by the group 
of hudziak (Nelson et al., 2001; hudziak et al., 2006) 
was used. the YaSr-OCS contains the same 8 items as 
the CBCL-OCS, except that items are worded in the first 
person. at the best cut-off point of 7, the sensitivity and 
specificity of the YaSr-OCS was 82.4% and 69.7% re-
spectively, when compared to clinical controls, with a 
Cronbach’s α coefficient of .69. YaSr-OCS data were 
available in 5893 mono -and dizygotic twins, and 1304 
additional siblings. there was no evidence for a special 
twin environment as familial resemblance was the same 
for DZ twins and non-twin siblings. the same genetic 
risk factors for OC behavior were expressed in men and 
women. Depending on the choice of fit-index we found 
small (heritability of 39% for men and 50% for women) 
or no sex-differences (heritability of 47% for both men 
and women) in heritability. the remaining variance in 
OC liability was due to non-shared environment. thus, 
in the largest study to date, we found that OC symptoms 
showed a moderate heritability with no qualitative and, 
at most, small quantitative differences in genetic archi-
tecture. 

the fifth chapter explored the existence and 
causes of marital resemblance for obsessive-compul-
sive, anxious and depressive symptoms in a population-
based sample of around 1400 twin-spouse and over 850 
parent pairs. resemblance between spouses can be due 
to phenotypic assortment, social homogamy or marital 
interaction. phenotypic assortment means that partner 
selection is based directly on the partner’s phenotype; 
there is a preference for a phenotype like one’s own, re-
sulting in marital resemblance. Social homogamy refers 
to the tendency for individuals to have partners with 
similar social background, e.g. coming from the same 
religious background. Under social homogamy partner 
selection takes place within social strata, which are cor-
related with the phenotype under study. Marital inter-
action or shared influences after marriage refers to a 
process of mutual influences between spouses living 
together. In addition to the process of initial assortment, 
spouses may become more similar the longer they are 
married due to mutual influence between spouses or by 
sharing the same pathological factors. a significant de-
gree of assortment, if it is due to phenotypic assortment, 
has consequences for the genetic architecture of a popu-
lation. We found small but significant within-trait corre-
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lations between .1 and .2 for spouse similarity in obses-
sive, anxious and depressive behavior as measured by 
the YaSr-OCS, YaSr anxious-depressed subscale and 
the StaI. Cross-trait correlations were also significant 
but lower. there was no correlation between length of 
relationship and marital resemblance, indicating that re-
semblance between spouses does not increase as a func-
tion of duration of marriage. Marital correlations were 
small, which makes it difficult to distinguish between 
social homogamy and phenotypic assortment, but as 
shared environmental influences explaining individual 
differences in OC symptoms have hardly been found in 
adults, it seems likely that phenotypic assortment is the 
main process. It is unlikely that correlations of this size 
will have a large impact on genetic studies. the pur-
pose of chapter 6 was to examine the role of genetic 
and environmental factors to variation in OC symptoms 
using an extended twin design, including 4408 twins, 
1309 siblings, and 2305 parents. this design allows us 
to test for genetic and environmental factors, while tak-
ing phenotypic assortment and cultural transmission, 
the influence of the parental phenotype on shared en-
vironmental factors of the children, into account. the 
12-item padua Inventory revised abbreviated was used 
to measure OC symptoms. We found that both additive 
genetic and non-shared environmental factors contrib-
uted significantly to the variance of OC symptoms in 
men and women. In males, shared environmental influ-
ences played a relative large role (27%) with a small 
role for genetic factors (1%). Significant influence of 
cultural transmission was only found for men, but was 
minimal (<1%). Non-shared factors explained 71% of 
the variance of OC symptoms. For women, the heritabil-
ity was estimated at 37% and non-shared environment 
explained 63% of the total variance in individual differ-
ences in OC symptoms. No evidence for a special twin 
environment was seen, cultural transmission, from par-
ent to son, was small, suggesting that the effect of the 
shared environment in men mainly has a non-parental 
origin and is primarily due to within generational influ-
ences.

 

We concluded from part I that a large twin study 
on OC symptoms was lacking. part II fills up this gap 
with two large twin studies using two different OC ques-
tionnaires. One may conclude that OC symptoms are 
heritable in women, independent of the measurement 
instrument , with roughly a heritability of 40-45%. For 
men, we found an similar heritability using the YaSr-
OCS, but also an influence of shared environment when 
OC was assessed with the padua-aBBr. the results of 
the YaSr-OCS for both men and women are in line with 
the results found in children and adolescents, so it seems 
that the shared environmental influences found for the 

padua-aBBr are the exception. the padua showed 
also low heritabilities in the Jonnal et al. study (2000) 
and has low correlations with for example the YBOCS  
(Denys et al., 2004). the largest differences between 
YaSr-OC and padua-OC were seen for the DZM-correla-
tions, which are quite high for padua-OC in comparison 
with the DZM-correlations in the YaSr-OCS study. the 
MZM correlations of the padua-aBBr are in the same 
range as in the YaSr-OCS study (chapter 4).  Future 
research must establish whether the shared influences 
in men for the padua-aBBr is a coincidental finding or 
that it was “real” shared environment (C). earlier, C had 
not been detected in twin studies of OC symptoms, ex-
cept in children at the age of 12 years (chapter 7). Fur-
thermore, when YaSr-OCS and padua-aBBr data were 
used  together in longitudinal analyses, no significant 
shared environmental factors were found (chapter 9). 

another focus of part I was testing of several 
assumptions of twin studies like the absence of assor-
tative mating or gene-environment correlation induced 
by simultaneous cultural and genetic transmission. as-
sortative mating exists for OC symptoms, but it is small, 
so that the bias in estimates for a, C and e is minimal. 
Gene-environmental correlations induced by genetic 
and cultural transmission were significant only for men, 
but explained only a small part of the variation in OC 
symptoms. Consistent with earlier findings (e.g. Jonnal 
et al., 2000) no evidence was found for a special twin-
environment (chapters four and five).  
 One assumption which was not tested in this 
thesis is whether OCD reflects the extreme of a normal 
distribution, while OC symptoms represent a milder 
form of the latter. there is indirect evidence that this is 
the case, but it is not explicitly tested yet, for example 
by fitting item-response models, as van den Oord et al. 
(2003) did for depression. the indirect evidence lies in 
the fact that family studies (pauls et al., 1995, Nestadt 
et al., 2000) show that family members of OC patients 
have fewer OC symptoms than the proband with OCD, 
but more than controls and their families. however, 
without directly proving this assumption, one should 
be careful with conclusions that extend findings in the 
general population to a specific disease.
 Part II of this thesis (heritability, assortative 
mating and cultural transmission of OCS) has important 
clinical consequences. It is not long ago that parents 
of patients with psychiatric disorders,  such as schizo-
phrenia, were blamed for the disease of their offspring. 
twin studies can be particularly effective in disentan-
gling myths from facts, thus providing a tool for health 
care workers to inform patients and their families on the 
etiology of the disease, which often is mainly caused 
by genetic factors and individual experiences, instead 
of adverse family environment. thus our research on 
OC symptoms might provide an opportunity to relieve 
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the feelings of guilt and shame that patients and their 
families meet. 
 the results from part II have enabled us to an-
swer some advanced genetic epidemiological questions, 
with respect to sex differences in genetic architecture 
of OC symptoms, and influences of phenotypic assort-
ment, marital interaction, cultural transmission and so-
cial homogamy. however, several questions need to be 
addressed in future research. as OCD is not a discrete 
diagnostic entity with sharp external boundaries (De-
nys, 2004), potential research questions include: are the 
genetic risk factors specific to OC symptoms or shared 
with other psychiatric disorders? to what extent are the 
effects of these genetic risk factors mediated through 
intermediate phenotypes such as personality or neuro-
psychological processes? Do genetic risk factors moder-
ate the effect of environmental risk factors on disease 
liability, e.g., genetic control of sensitivity to the envi-
ronment? are these moderating effects of genes on spe-
cific environmental risk factors conditional on age? and 
if so, what are specific age periods that make persons 
particularly vulnerable for gene x environment interac-
tion?  how can environmental and genetic risk factors 
be better characterized? We hope to answer some of 
these questions in the following years using data of the 
Netherlands twin register.
 

Part III. genetIc anD envIronmental 
InfluenceS on ocS over tIme

the objective of chapter 7 was to assess genetic 
and environmental contributions underlying stability in 
childhood obsessive-compulsive symptoms. the use of 
both maternal and paternal ratings is unique. an ad-
vantage of a design in which multiple raters assess the 
behavior of genetically related subjects (i.e., twins) is 
that a distinction can be made between variance that is 
explained by a common perception of the parents (i.e., 
common phenotype) and variance that is explained by 
a unique perception of each parent on the behavior of 
their child (i.e. unique or rater specific phenotype). the 
common perception is not confounded by rater bias or 
measurement error (hewitt et al., 1992). the unique 
phenotype leaves room for specific views of a certain 
rater, but may include both rater bias and measurement 
error. 

Maternal and paternal ratings on the 8-item Ob-
sessive Compulsive Scale of the Child Behavior Check-
list (CBCL-OCS) in Dutch mono- and dizygotic twin 
pairs from 8083 families were collected longitudinally, 
at ages 7, 10, and 12 years. 

OC behavior assessed by the CBCL-OCS showed 
a moderate stability with phenotypic correlations of 
around .50 for boys and for girls. Stability of OC be-

havior was influenced mainly by genetic factors, but 
environmental factors shared by children growing up 
in the same family and by non-shared environmental 
factors also played a substantial role. Stability for OCS 
was lower when data were analyzed using cut-points, 
than when quantitative definitions were used. 

chapter 8 described a cross-sectional study of 
genetic and environmental contributions to self-report 
obsessive-compulsive symptoms, the 8-item Obsessive-
Compulsive Scale of the Youth Self report (YSr-OCS), 
in Dutch adolescents at ages 12, 14, and 16 years. at age 
12 no difference in prevalence was found for OC symp-
toms in boys and girls. at age 14 and 16, the prevalence 
was higher in girls. at all ages, genetic factors contrib-
uted significantly to OCS variation; 27% at age 12, 57% 
at age 14 and 54% at age 16. there were no sex-dif-
ferences in heritability. Only at the age of 12, environ-
mental factors shared by children from the same family 
explained part (16%) of the individual differences in OC 
symptom scores. at ages 14 and 16 years no contribu-
tion was observed of shared environment.

chapter 9 presented the first estimates of genet-
ic and environmental contributions underlying stabil-
ity in adult obsessive-compulsive behavior. the YaSr-
OCS was obtained from a group of mono -and dizygotic 
twins in 1991, 1995 and 1997 and the padua Inventory 
revised abbreviated (pI-r aBBr) in 2002 with a mean 
age in 1991 of roughly 18 years till a mean age of 33 in 
2002. Stability over time of obsessive-compulsive (OC) 
symptoms was examined and analyzed as a function of 
genetic and environmental components. 

heritability of OC behavior was around 40% at 
each time-point, independent of the instrument used. 
OC behavior was moderately stable with correlations 
between .39 and .61 for subsequent time-points. Vari-
ance in stability of OC behavior is influenced for 70% by 
additive genetic factors. Genetic correlations over time 
of roughly .8 were found for both men and women be-
tween the first three time-points with somewhat lower 
correlations of .6 between the first three time-points and 
the last time-point. although the pI-r aBBr introduced 
new genetic influence, it seems in general that the same 
genes play a role in OC behavior over time. this implies 
that OC data of different ages can be pooled together in 
gene-finding studies. 

 

Part III has focused on heritability of OC symp-
toms over time and underscored the justification of a 
lifetime approach to behavior and disease. the same 8 
items regarding OC behavior were assessed in children, 
adolescents and adults. the longitudinal study in chil-
dren simultaneously analysed ratings of OC symptoms 
of both fathers and mothers, trying to get a reliable mea-
sure. the study clearly shows that genetic factors are 
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indeed important in stability of OC symptoms, but that 
shared and non-shared environmental factors also play 
a role. this mix of factors is absent in adults, for whom 
we found that genetic factors explain the majority of the 
covariance of OC symptoms between time-points. the 
longitudinal study of OC symptoms in adults has used 
a simplex model, which can disentangle stable genetic 
factors from new genetic factors. In general, stable ge-
netic influences seem to be responsible for the stability 
of OC symptoms. Interestingly, for stability in children, 
environmental factors are more important than in adults. 
this may indicate that how earlier treatment starts, the 
better environmental factors can be influenced.   

the study in adolescents showed three cross-
sectional analyses at three different ages in adolescence. 
the finding of shared environmental at the age of 12 is 
striking, as it is found independent of the rater, in this 
case mother, father and self reports. however, in general 
we found stable heritabilities of around 55% from child-
hood to adolescence, with only a small decline to rough-
ly 45% in adults. Stability in OC symptoms in children 
is caused by the same genes over time. this seems also 
the case for adults. We do not yet know if the genetic 
factors that are expressed in children are the same as 
in adults. therefore, the results of this part of the the-
sis raise important questions. For example: what is the 
stability of OC behavior in adolescence and are the ge-
netic factors the same over time in adolescence? are the 
genes responsible for OC symptoms in childhood the 
same as in adolescence, or even in adulthood? as the 
children are growing older and the sample is growing 
larger, we hope to publish longitudinal research on OC 
symptoms from childhood till adulthood, to solve these 
questions. 

the longitudinal study in adults, using two dif-
ferent questionnaires to detect OC symptoms, raises 
the question if these two measurements measure the 
same trait, as genetic innovations were seen for the pI-r 
aBBr. the items of the YaSr-OCS measure the exis-
tence of OC symptoms in general, while the pI-r aBBr 
measures more specific OC symptoms. Interestingly, 
this study also puts the findings of shared environment 
in men in chapter 6 in perspective. In this study we 
not only model the cross-sectional covariance between 
twins, but also the cross-twin cross-time correlations. 
Note that the same data (without the parents) were used 
for time-point 2002 as in chapter 6. Used in a longitudi-
nal design with different OC questionnaires, shared en-
vironment could easily be dropped. as a consequence, 
the estimation of genetic factors in men is quite higher 
than in chapter 6. 

the longitudinal study in adults also empha-
sizes the need to use more measurements at once, to 
capture all the information and not missing important 
aspects of the phenotype. It is notable that the well-

known clinician administered Y-BOCS (Goodman et al., 
1989) and the self report pI-(r) (Sanavio, 1988; Van 
Oppen et al., 1995) contain different symptom dimen-
sions and have a correlation of only .27 (Denys et al., 
2004). this means that in clinical practice it is recom-
mended to use both questionnaires to capture the entire 
spectrum of symptoms. For research, the ideal situation 
within the large scale of twin studies would be to have 
a relative compact self report scale, still capturing all 
the information, including the several important symp-
tom dimensions within OCD. It would be worthwhile to 
have an internationally accepted short screener, devel-
oped in such a way that the scale is normally distrib-
uted, preventing statistical complications. the recently 
developed DY-BOCS (rosario-Campos et al., 2006) is too 
long and time consuming to use in a large-scale epide-
miological studies. the 18-item OCI-r (Foa et al., 2002) 
is promising with a recent study indicate that the sub-
scales of the OCI-r are valid measures of symptom di-
mensions of OCD (huppert et al., 2007).
 

Part Iv. envIronmental factorS anD 
SymPtom DImenSIonS In ocS

chapter 10 focused on environmental factors 
that protect or exacerbate obsessive-compulsive behav-
ior using a special twin design of discordant and concor-
dant monozygotic twins. Since the pI-r aBBr was used 
to select the MZ pairs for the study, the use of the padua 
Inventory revised aBBr was evaluated. to investigate 
whether the pI-r aBBr can accurately screen for OCD, 
and to establish cut-points of OC behavior, receiver Op-
erating Characteristic (rOC) analyses were carried out. 
at the best cut point of 16, the sensitivity was .74 with 
a specificity of .72, when compared to clinical controls. 
Cronbachs’ α of the scale was .73. From the 2002 wave 
of data collection in the Ntr, we selected 25 monozy-
gotic (MZ) twin pairs who were discordant (high-low) 
on the pI-r aBBr, 17 MZ twin pairs concordant high 
and 34 MZ pairs concordant low. Within-discordant MZ 
pair comparisons were used to investigate environmen-
tal factors unique to the individual, whereas between-
concordant pair comparisons were used to study envi-
ronmental factors shared by both twins of a pair. 

the high scoring MZ twins of the discordant 
group reported more life events, especially sexual abuse, 
than lower scoring twins. the between-pair comparisons 
showed lower birth weight in the discordant MZ pairs 
than in the concordant MZ pairs. the discordant pairs 
revealed lowest birth weight compared to the concor-
dant pairs. Further, the concordant high scoring twins 
tended to report in fewer instances to have a religious 
background, and tended to be less active in church. Fi-
nally, the concordant high scoring twins as well as their 
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partners and fathers had the lowest educational level 
when compared to the other groups. Longitudinal data 
on OC symptoms, anxiety and depressive symptoms in 
the concordant and discordant groups revealed an ear-
lier age at onset of OC and related symptoms in the con-
cordant high group (from 1991 on) than in the discor-
dant group (mostly from 1997 on), confirming previous 
reports of an association of early-onset OC symptoms 
with higher genetic load. parent scores of OC symptoms 
and anxious-depression suggested intermediate genetic 
load in the discordant group. 

chapter 11 described the first attempt to esti-
mate a heritability of obsessive-compulsive symptom 
dimensions. as recent research has shown that Obses-
sive-Compulsive Symptoms differ remarkably between 
patients and can be divided into several symptom di-
mensions, the objective was to examine to what extent 
these symptom dimensions are heritable. We studied a 
population sample of 1383 female twins from the Vir-
ginia twin registry. OCS was measured by a question-
naire with 20 items from the padua Inventory. after 
factor analysis, three reliable OC symptom dimensions 
were retained: rumination, Contamination, and Check-
ing. these OC dimensions were analyzed with multivar-
iate genetic models to investigate both the overlap and 
uniqueness of genetic and environmental contributions 
underlying OC symptom dimensions. 

the multivariate common pathway model pro-
vided the best description of the data. all symptom di-
mensions share variation with a latent common factor, 
i.e., OC behavior. Variation in this common factor was 
explained by both genes (36%) and environmental fac-
tors (64%). Only the Contamination dimension was 
influenced by specific genes and seemed to be a rela-
tively independent dimension. the results suggest that 
a broad OC behavioral phenotype exists, influenced by 
both genes and non-shared environment. In addition, 
we found evidence for specific genetic and environmen-
tal factors underlying the Contamination dimension. 

 

In Part IV we focused both on the environmen-
tal factors which play a role in Obsessive Compulsive 
symptoms and on symptom dimensions within OC 
symptoms. 
the discordant MZ twin design is intriguing. Why is 
there a difference in a trait, while we know that the ge-
nome sequence is in general the same within a MZ twin 
pair? that this last conclusion is not always the case 
proves a recent publication of Bruder et al. (2008). they 
found clear differences in copy-number variation (CNV) 
between monozygotic twins, indicating that subtle dif-
ferences exist between the genome of MZ twins. how-
ever, in general the discordant MZ twin design, with 
variants like comparing high-scoring and low-scoring 

twins, is especially suitable to unravel environmental 
causes to symptoms or diseases for example by chang-
ing gene-expression. We found a general risk factor like 
sexual abuse, but also a possible protective factor like 
a higher level of education. In addition to the small 
sample size, we were confronted in this study with a 
major problem which many studies face: how does one 
measure environmental factors in a precise and reliable 
manner? although genetic factors play a role in many 
disorders and traits, the role of environmental factors 
and, more specifically, the interaction between both is 
in many cases at least as important. I predict that we 
will refocus on environment in the next decade, follow-
ing large groups over time, while precisely registering 
environment, for example by computerized diaries. this 
type of research in combination with genetic data like 
for example gene expression profiles could give us fur-
ther clues in unravelling the causes of OCS/OCD. at this 
moment, there is paucity within the OCD literature of 
statistical sound studies of environmental factors in OC 
phenomenology.

In addition to the study of chapter ten, we re-
cently conducted an fMrI study with a subgroup of the 
MZ twin pairs discordant for OC symptoms described in 
chapter ten (den Braber et al., 2008). Using a tower of 
London planning paradigm twins with OCS showed sig-
nificantly decreased brain activation during planning in 
dorsolateral prefrontal cortex, thalamus pulvinar, and in-
ferior parietal cortex. these findings are consistent with 
the hypothesis of disturbed cortico-striato-thalamo-corti-
cal (CStC) circuitry underlying OCS and show the power 
and possibilities of the discordant twin design.

the study in collaboration with the group of 
Kendler focused on the fact that OCD is a heterogeneous 
disease with many faces. a general obsessionality factor 
exists influenced by genetic and environmental factors. 
however, besides a general factor there is evidence for 
specific genes and environment for the contamination 
dimension. Speculating on these results, it would imply 
that common genes and environment will make you ob-
sessed, but that specific genes and environment deter-
mine which kind of symptoms you will have. the results 
are intriguing, but, more research is needed. In an ideal 
situation, data of a large group of male and female twins, 
who filled in two complete OC symptom measurements 
(for example a self report version of the Y-BOCS and the 
padua Inventory), would be analysed in the same man-
ner as described in our study to answer questions like: 
Which dimensions have specific genes and environment? 
are there any sex differences? Is there any difference in 
heritabilities of specific symptom dimensions? When we 
are able to follow this group of twins in a longitudinal 
way, we also can answer questions like: are dimensions 
stable over time? are there sex-differences in stability? Is 
stability caused by genes or environment? 
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 Part IV showed two studies with different ap-
proaches: a categorical one and a more continuous ap-
proach. each approach has its merits and both show 
additional value, although within the psychiatric disci-
pline, research, especially in the clinical field, seems to 
stick to category-based DSM-IV approaches. It would be 
a good step forward if researchers also underscore the 
value of the more continuous approaches and facilitate 
publishing of this type of research. On the other hand, 
thus taking a more categorical viewpoint, it would be 
a step forward if we could start a twin register with 
psychiatric patients in the Netherlands. at the moment, 
I don’t know of any psychiatrist who asks his patient if 
he or she has a twin brother or sister. a clinical data-
base of “psychiatric” twin pairs could provide us with 
an overwhelming source of information. We would be 
able to have a closer look at environmental factors and 
to estimate heritabilities of diagnoses. a twin register 
like this can only be started with cooperation of all re-
searchers in this field and with enough funds, but it is 
an idea well worth trying. If we don’t ask patients if 
they are twins, the remark of Lewis (1935) in the intro-
duction of this thesis will remain true: it is a pity that 
twins are so rare.
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