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This study investigates the relative contribution of genetic and environmental factors to the stability of
obsessive-compulsive (OC) symptoms in an adult population-based sample. We collected data from twin
pairs and their siblings, using the Padua Inventory Revised Abbreviated, from the population-based Nether-
lands Twin Register (NTR) in 2002 (n = 10.134) and 2008 (n = 15.720). Multivariate twin analyses were used
to estimate the stability of OC symptoms as a function of genetic and environmental components. OC
symptoms were found to be highly stable, with a longitudinal phenotypic correlation of 0.63. Longitudinal
broad sense heritability was found to be 56.0%. Longitudinal correlations for genetic (r = 0.58 for additive,
r = 1 for non-additive genetic factors) and non-shared environment (r = 0.46) reflected stable effects,
indicating that both genes and environment are influencing the stability of OC symptoms in adults. For
the first time, evidence is reported for non-additive genetic effects on the stability of OC symptoms. In
conclusion, this study showed that OC symptoms are highly stable across time in adults, and that genetic
effects contribute mostly to this stability, both in an additive and non-additive way, besides non-shared
environmental factors. These data are informative with respect to adult sample selection for future genetic
studies, and suggest that gene—gene interaction studies are needed to further understand the dominance
effect found in this study.

m Keywords: obsessive-compulsive symptoms, obsessive compulsive disorder, stability, heritability, twin
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Obsessive-compulsive disorder (OCD) is characterized by
intrusive, unwanted thoughts, and repetitive behaviors per-
formed in a ritualized fashion (APA, 1994). It has a lifetime
prevalence of 0.5-2.0% (APA, 1994), and it is, among all
anxiety disorders, recognized by the World Health Orga-
nization (WHO) as a leading cause for non-fatal, illness-
related disability, affecting mostly individuals between 15
and 44 years of age (WHO, 2007). Quality of life is seriously
impaired in OCD, more so than, for instance, in depression
(Srivastava et al., 2011). Various longitudinal clinical stud-
ies have established that in contrast to children/adolescents
in whom OC symptoms seem to remit somewhat more
often (Fernandez de la Cruz et al., 2013; Leckman et al.,
2009; Micali et al., 2010; Stewart et al., 2004), in adults, OC
symptoms tend to be more stable with respect to symptom
dimensions, with probability estimates of full remission be-
tween 17% and 27%, and of partial remission of between
22% and 53% in the course of up to 40 years, depending

on study methodology (prospective vs. retrospective), and
country of origin (Alonso et al., 2001; Eisen et al., 2013;
Mancebo et al., 2014; Orloff et al., 1994; Reddy et al., 2005;
Skoog & Skoog, 1999; Steketee et al., 1999). Specifically, in
patients who only experience partial treatment response,
symptoms recur in up to 70% of patients within 5 years of
follow-up (Eisen et al., 2013). Longitudinal studies on OC
symptoms are far more scarce in epidemiological than in
clinical cohorts, both in children and in adults (Angst et al.,
2004; Fineberg et al., 2013).
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Only two studies examined OCD and OC symptoms
in a community cohort. The Zurich community cohort
study followed a group of adolescents for 30 years (Angst
et al., 2004; Fineberg et al., 2013). This study indicated
that over this 30-year period, at age 50 in more than
one third of the sample, OC symptoms had not remit-
ted. Fullana et al. (2007) examined the temporal stabil-
ity of OC dimensions over a period of 2 years in un-
dergraduate students, and found no significant changes
in OC symptom scores between baseline and follow-up,
except for the occurrence of obsessions (Fullana et al.,
2007). These data provide a longitudinal perspective on
OCD and OC symptoms in adults, but do not address the
etiology for the observed stability, of which still little is
known.

Several family-based studies have indicated a familial ba-
sis for OCD, with increased frequencies of OC symptoms
in first-degree relatives (Do Rosario-Campos et al., 2005;
Pauls et al., 1995). Population-based twin family studies
have shown that variation in OC symptoms is heritable
(Do Rosario-Campos et al., 2005; Hudziak et al., 2004; Ier-
volino et al., 2011; Pauls et al., 1995) with somewhat lower
heritabilities in adults (h? ranging between 0.30-0.40) than
in children (h? between 0.45-0.58 for 12-year-old twins
and 0.55 for 6-year-old twins; Hudziak et al., 2004; Bolton
et al., 2009), and little support for common environment
and non-additive genetic effects.

Some recent studies have extended these findings by in-
troducing a longitudinal twin design. A first study at the
Dutch Twin register (van Grootheest et al., 2007a) longi-
tudinally examined the stability of OC symptoms in twins
aged 7, 10, and 12 years old. The twins were measured on
OC symptoms using the Obsessive Compulsive Scale of the
Child Behavior Checklist. The twin design allows stability
to be attributed to either genetic or environmental factors.
Van Grootheest et al. (2007a) reported an average pheno-
typic longitudinal correlation of 0.5 across a 5-year period
in children between ages 7, 10, and 12. Genetic factors ex-
plained a substantial part (between 35% [father ratings]
and 51% [mother ratings]) of this OC symptom stabil-
ity. Fully in line with these findings, Bolhuis et al. (2014)
used OC symptom data from a longitudinal cohort of ado-
lescent twins and siblings (n = 2,651; the Genesis 12-19
study; mean age 15 years), and a cross-sectional sample of
adult twins (n = 4,920; mean age = 55 years) to explore
genetic and environmental relationships between OC and
depressive symptoms both cross-sectionally and longitudi-
nally (Bolhuis et al., 2014). Within the adolescent sample,
covariance (88) between OC symptoms at time points 1 and
2 (with mean 25 months interval between measurements)
was 0.48 (CI between 0.42-0.56), indicating substantial sta-
bility over time.

A previous genetic epidemiological study has been con-
ducted in adult twins within the Dutch Twin Register on
OC symptoms (van Grootheest et al., 2009). Twins (av-
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erage age at baseline: 17.8 years) were measured at four
time points between 1991 and 2002, using two differ-
ent measurement scales — the YASR-OCS (Nelson et al.,
2001) at the first three time points and the Padua Inven-
tory Revised Abbreviated (PI-R ABBR; Cath et al., 2008a)
at time point 4. The correlation across time ranged be-
tween 0.39 and 0.60 between sequential measurement oc-
casions, and the longitudinal heritability was calculated to
be around 40%. However, the stability measures of OC
symptoms and the etiology of that variance may have
been obscured by the use of different measurement in-
struments at different time points. It is reasonable to ex-
pect that different scales tag different sources of variation,
thus leading to an underestimation of stability and the
proportion of that estimation to be attributed to genetic
factors.

Therefore, the aim of the present study was to extend
the findings of the van Grootheest et al. (2009) study, over-
coming the methodological weakness of the previous study
(different instruments used at different time points to mea-
sure OC symptoms); moreover, including siblings in the
analyses to explore OC symptoms over a period of 6 years,
and to determine the genetic and environmental contribu-
tions to stability of OC symptoms in a large sample of adult
twins and their siblings. OC symptoms were measured in
2002 and in 2008 at a subsequent wave of collection within
the NTR, with alarge proportion of the subjects overlapping
with the 2002 wave.

Materials and Methods

Participants and Procedure

The data for this study were collected as part of longitudi-
nal survey studies of the NTR. Since 1991, every 2-3 years,
twins and their families are assessed and receive surveys
by mail, with questionnaires about health, personality, and
lifestyle. For the present analysis, we analyzed the OC data
collected at the 2002 and 2008 wave of collection, corre-
sponding to Surveys 6 and 8. The total sample consisted of
20,376 individuals from 7,812 different families. In Survey
6, 10,134 individuals responded, and 15,720 responded to
Survey 8. Longitudinal data were available for 5,478 indi-
viduals. Twin participants with incomplete data on zygosity
(N = 41 for complete pairs, and N = 170 for incomplete
pairs) were excluded from the analysis. This study has been
approved by the Medical Ethical Committee of the VU Med-
ical Centre Amsterdam. In the genetic analysis, we included
a maximum of four siblings (two brothers and two sisters)
per family. Table 1 gives an overview of the total number of
participants. The number of complete twin pairs included
in the study by zygosity is given in Table 2. Zygosity was as-
sessed by a questionnaire using items on physical similarity,
blood group and DNA polymorphisms (Willemsen et al.,
2013).
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TABLE 1
Number of Participants Included in Genetic Analysis
Survey 6 Survey 8
Male Female Male + female Male Female Male + female

Twins

N 1,398 2,987 4,385 2,286 5,163 7,449

Age 32.27 32.46 33.65 34.05

Age SD 11.48 11.15 14.92 14.51
Siblings

N 552 843 1,395 629 1,069 1,698

Age 35.01 34.62 38.97 37.77

Age SD 13.06 11.13 14.72 13.59
TABLE 2
Number of Twins by Zygosity

Survey 6 Survey 8

Twin zygosity N twins (N complete pairs) N twins (N complete pairs) Total number of unique twins
Monozygotic males (MZM) 635 (231) 1,017 (354) 1,306
Dizygotic males (DZM) 360 (102) 623 (182) 800
Monozygotic females (MZF) 1,588 (625) 2,714 (1,047) 3,260
Dizygotic females (DZF) 847 (298) 1,412 (458) 1,763
Dizygotic opposite sex (DOS) 955 (287) 1,683 (418) 2,151

Phenotype Measures

For both Surveys 6 and 8, OC symptom scores were mea-
sured with the Padua Inventory abbreviated (PI-R ABBR;
Cath et al., 2008). This 12-item questionnaire has been de-
rived from the Padua Inventory-Revised (PI-R), a widely
used 41-item self-report inventory on OC symptoms, with
item ratings between 04, and five subscales (washing,
checking, rumination, precision, and impulses; Sanavio,
1988; van Oppen, 1992). The 12-item PI-R ABBR contains
two items on each subscale; items have been chosen based
on the highest factor loadings in a previous validation study
(Van Oppen et al., 1995), and one item has been added to
the rumination and impulses subscales.

Genetic Modeling and Testing

Genetic epidemiological twin studies are based on com-
paring the different degrees of family relatedness between
family members, to estimate the relative contribution of
the genetic and the environmental components to a trait.
Monozygotic (MZ) twins share (nearly) all their genes,
whereas dizygotic (DZ) twins, just like non-twin siblings,
share on average half of their segregating genes. In quantita-
tive genetics, the total phenotypic variance is decomposed
into variance components due to genetic (G), shared envi-
ronmental (C) and non-shared environmental (E) factors. C
reflects the common environmental effects shared by family
members and E the non-shared environmental influences,
that is, the unique environmental component for an indi-
vidual. The genetic variance can be additive (A), reflecting
the additive effect of different alleles, or non-additive (dom-
inance; D), indicating interaction between alleles. The com-
parison between MZ and DZ twin and sibling correlations

provides a first impression of the relative contributions of
each component. The greater the phenotypic similarity be-
tween MZ twins when compared to DZ twins and non-twin
siblings, the more the variance of the trait is explained by
genetic factors.

An MZ correlation that is the double the DZ correlation
is indicative of additive genetic influences. DZ correlations
higher than half of the MZ correlations indicate the role
of shared environmental factors, while DZ correlations that
are less than half of the MZ correlations indicate genetic
non-additive effects (dominance). All genetic analyses were
carried out with the use of Structural Equation Modeling as
implemented in OpenMx (Boker et al., 2011). A saturated
model (with input of a 6 x 6 data matrix of two twins, two
brothers, and two sisters for questionnaire data) was used
to estimate familial correlations, to test for sex differences
and for the effect of age on the OC symptom scores. Next,
to evaluate the stability of the PI-R ABBR scores between
the two time points, a bivariate saturated model (with in-
put of a 12 x 12 data matrix of 2 twins, 2 brothers and
2 sisters, each with two time-point measures), was fitted.
These models estimate variances and covariances within
and between MZ and DZ twins and between twins and sib-
lings, and specify all correlations between family members.
Next, a genetic model (ADE model) was fitted to the data
to estimate the relative proportion of A, D, and E in OC
symptom scores, as the twin correlations indicated an ADE
was more appropriate than an ACE model. The comparison
between different models (e.g., ADE vs. AE) was done by
means of likelihood-ratio tests. The negative log likelihood
(-2LL) of a more restricted model is subtracted from the
-2LL of a more general model. This generates a statistic
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FIGURE 1
Distribution of OC symptom scores, before transformation of the data, in both survey 6 (left), and 8 (right).
10007 10007 -
female female
750+ male 750+ male
S 500- £ 500-
2501 250
% 2 4 6 8 % 2 4 6 8

FIGURE 2

Distribution of OC symptom scores in both survey 6 (left), and 8 (right), after square-root transformation of the data.

that is distributed as a x? distribution with degrees of free-
dom (df) equal to the difference in the number of estimated
parameters in the two models. The more parsimonious con-
strained model is selected if the x* yields a nonsignificant
p-value. An alpha of 0.01 was set as threshold for signifi-
cance.

Results

Longitudinal data were available for 5,478 individuals
(2,048 males, 3,430 females). Their average age was 33.0
years (SD = 11.5) at Survey 6, and 34.7 years (SD = 14.6)

at Survey 8. The correlation between the two surveys was
0.63. The effect of age on OC symptom scores was a drop
of 0.03 per year for both Surveys 6 and 8.

Since the distribution of OC symptom scores was skewed
(skewness = 1.10 in Survey 6, and skewness = 1.22 in Sur-
vey 8; Figure 1), scores were transformed using square root
transformation. The graph in Figure 2 plots the distribution
of OC symptom scores, after transformation of the data
(skewness = -0.315 in Survey 6, and skewness = -0.254 in
Survey 8).

The estimates for familial correlations are given in
Tables 3 and 4, for Surveys 6 and 8 respectively. These are
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TABLE 3

Familial Correlations Estimated From Maximum Likelihood in
Survey 6

Type of relationship r 95% ClI n pairs
MZ twins 0.398 0.371-0.471 856
MZ males 0.414 0.305-0.507 231
MZ females 0.400 0.335-0.460 625
Male relatives 0.227 0.125-0.321 446
DZ male 0.253 0.084-0.400 102
Brother-male twin 0.196 0.062-0.316 292
Brother-brother 0.296 -0.014-0.524 52
Female relatives 0.150 0.079-0.220 1,135
DZ female 0.207 0.084-0.318 298
Sister-female twin 0.134 0.0176-0.191 732
Sister—sister 0.058 -0.121-0.231 105
Female-male 0.106 0.038-0.171 456
DOS 0.228 0.099-0.342 287
Sister-brother -0.025 -0.213-0.168 169
TABLE 4

Familial Correlations Estimated From Maximum Likelihood in
Survey 8

Type of relation r 95% ClI n pairs

MZ twins 0.396 0.353-0.436 1,385
MZ males 0.385 0.301-0.460 354
MZ females 0.407 0.356-0.455 1,047

Male relatives 0.124 0.027-0.219 491
DZ male 0.209 0.060-0.337 182
Brother-male twin 0.041 -0.092-0.172 256
Brother-brother 0.278 -0.201-0.564 53

Female relatives 0.106 0.048-0.164 1,337
DZ female 0.114 0.026-0.198 458
Sister—female twin 0.091 0.012-0.167 777
Sister—sister 0.144 -0.080-0.345 102

Female-male 0.168 0.110-0.222 587
DOS 0.222 0.125-0.311 418
Sister-brother -0.013 -0.219-0.199 169

TABLE 5

Cross Twin-Cross Time Correlations

Type of relationship r 95% ClI

MZ twins 0.367 0.327-0.406
MZ males 0.400 0.324-0.468
MZ females 0.359 0.308-0.400

DZ twins/siblings 0.119 0.867-0.151
DZ male/brothers 0.130 0.090-0.169
DZ female/sisters 0.084 0.036-0.131
DOS/sister-brothers 0.157 0.083-0.228

given for MZ and DZ twins, sib-sib and twin-sib pairs,
conditional on sex. Monozygotic males (MZM) and
monozygotic females (MZF) correlations are moderate, and
both sib—sib and sib—twin correlations, at Survey 8, are
smaller than half of the MZ correlations. The observed pat-
terns in familial correlations, when comparing MZ corre-
lations with all other first-degree relatives, suggest that ge-
netic factors may play a role in individual differences for OC
symptoms. We observed a high stability for OC symptoms
across time with correlations of 0.629 for within individual
measurements. Cross twin-cross time correlations (Table 5)
represent the correlations between the scores in one twin
at one time point, and its co-twin at another time point.

First- and second-born twin correlations are constrained
to be equal to second-born and first-born correlations.
Cross twin-cross time correlations were estimated for males
and females separately, being slightly higher in males (MZ
CTCT: Rpate = 0.400, Rpemqe = 0.359; DZ/Sibling CTCT:
Riate = 0.130, Reemate = 0.084). When estimated and com-
pared between MZ and DZ twin pairs, the results suggest
that the stability in OC symptom scores is predominantly
due to genetic factors.

Model fitting analyses are displayed in Supplementary
Table S1 for Surveys 6 and 8. There were no differences
in variances across zygosity or between all pairs, and no
differences in variances and correlations between the sexes.
In both surveys, for twin—sib pairs, correlations could be
constrained to be equal; equality assumptions were tested
separately for males (Table S1, model 3 compared to model
2), for females (Table S1, model 4 compared to model 3),
and for opposite-sex relatives (Table S1, model 5 compared
to model 4). Gender differences were also tested for equal-
ity and constrained to be equal (Table S1, model 6 com-
pared to model 5). The correlation between MZM and MZF
could also be constrained to be equal, estimated at 0.398
(95% CI =0.371-0.471) for Survey 6, and 0.399 (95% CI =
0.356-0.440) for Survey 8 (Table S1, model 7 compared to
model 6).

Working from a fully saturated model, considering all re-
sults from model comparisons and the correlations between
MZ and DZ twins, we decided to next fit a genetic ADE
model to the data. The relative contributions D could not
be constrained to zero (x? = 11.464, df= 3, p = 0.009), and
consequently the best fitting model was the ADE. Figure 3
shows the unstandardized estimates of the ADE model. This
allows one to compute the relative contributions of both A,
D, and E for each time point, given on the diagonal of
Table 6.

The results show that for both time points the contribu-
tions of A and D to OC symptoms are around 0.2. Because
the contribution of D could not be dropped from the model,
this results in a broad sense heritability estimate (both A
and D components) of 0.420 and 0.418 for surveys 6 and 8
respectively. For non-shared environmental influences this
was around 0.58 for both time points. The off-diagonal esti-
mated in Table 6 gives the results of the decomposition of the
phenotypic stability between the two time points. The result
show that 56% of the stability for OC symptoms is due to
genetic factors (both A and D components). Non-shared en-
vironmental factors had a moderate contribution to the sta-
bility of 44%. Finally, longitudinal correlations were calcu-
lated, indicating the relative overlap of genetic and environ-
mental effects between the two time points. The additive ge-
netic correlation was estimated at 0.58 from the ADE model.
This value indicates a moderately high overlap for the ge-
netic influences between both time points. For the D com-
ponent, a correlation of 1 was obtained, indicating a per-
fect overlap for non-additive effects between the two time
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FIGURE 3

Standardized and unstandardized (italics) estimates of the final ADE model for OC symptoms at the two time points. Rectangles
represent observed variables at the two time points, OCS 2002 (survey 6) and OCS 2008 (survey 8). Circles represent the latent factors
A (additive genetic influences), D (dominant genetic influences) and E (non-shared environmental influences). The dashed line represents

a non-significant path. The values represent the loadings of each observed variable in the latent factors.

TABLE 6

Relative Contributions of Additive Genetic and Non-Shared Environmental Influences within Time (Diagonal) and Across Time (Off

Diagonal) for PI-R ABBR

Additive genetic

Non-additive genetic

Non-shared environmental

effects (A) effects (D) effects (E)
Survey 6 Survey 8 Survey 6 Survey 8 Survey 6 Survey 8
Survey 6 0.212 — 0.208 — 0.580 —
Survey 8 0.194 0.187 0.365 0.231 0.441 0.582

points, and that no new ‘D’ is involved at a later stage. For
non-shared environmental factors, the correlation was 0.46.

Discussion

To our knowledge, this is the first genetic epidemiological
study in twin adults assessing the longitudinal genetic and
environmental contributions to the stability of OC symp-
toms using the PI-R ABBR questionnaire at multiple time

points. First, in slight contrast to the previous longitudi-
nal study in children (van Grootheest et al., 2007b), we
found no quantitative sex differences in average OC scores
or heritability estimates in this adult sample, with the same
additive genetic factors influencing both males and females.
In line with previous cross-sectional studies in adolescents
at different time points and in adults using the YASR-OCS
(van Grootheest et al., 2007b; van Grootheest et al., 2008),
no evidence for a special twin environment was found, since
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correlations could be equated across zygosities and between
twins and siblings. Heritability estimates at each time point
were also in line with what is described in the literature.
The values for the broad sense heritability (both A and D
components) at both time points were at around 42%, and
the remaining variance was due to unique environment. In
a recent article addressing the shared genetic and environ-
mental contributions to both OC symptoms and hoarding,
with the same adult twin data from the NTR 2008 wave of
collection as used in these analyses, the authors found her-
itabilities of 40% for OC symptoms (Mathews et al., 2014).
In an earlier report on the 2002 wave of data collection, van
Grootheest et al. (2009) found heritability rates of 38% and
44%, for males and females respectively. All these studies in
adults found no contribution of shared environment. Only
in one study in children, a small contribution of shared en-
vironment has been found at age 12 (van Grootheest et al.,
2008), suggesting differences in environmental architecture
underlying stability of OC symptoms in children versus
adults.

We found the OC symptoms to be highly stable, with
a longitudinal phenotypic correlation of 0.63 across a 6-
year time interval. Van Grootheest et al. (2009), using the
same 2002 wave of data collection with the Padua-R-ABBR
in 2002 as an end point, and the 1991, 1995, and 1997
data waves that used the Young Adult Self-Report Obsessive
Compulsive Scale (YASR-OCS) as starting points, found
longitudinal phenotypic correlations of around 0.2 (for the
11-year time interval) and 0.4 (for a 5-year time interval).
These different results could be explained by the fact that
in that study the stability of OC symptoms was calculated
across different measurement scales. Furthermore, the pat-
terns in cross twin-cross time correlations (r = 0.367 for
MZ twins, r = 0.119 for DZ twins/siblings) show that the
stability is due to both genetic and non-shared environmen-
tal factors (Table 6). This suggests that the same genes are
expressed across time and are influencing OC symptoms,
and also that a substantial amount of E reflects stable ef-
fects. Collectively, these sets of results show that in adults,
data from men and women, as well as twins and non-twins
of different ages, can be combined, which is particularly
beneficial in molecular genetic studies, where combining
data will result in an increase in power to detect underlying
genetic effects.

Ofinterest are the results regarding the decomposition of
the longitudinal phenotypic variance. Previously it was re-
ported that for children, common environmental influences
explain part of the stability (around 40%; van Grootheest
et al., 2007a), unlike what happens in adult family mem-
bers, who generally do not share the same household any
more with their respective co-twin. Instead, it was shown
that in adults, about 70% of the stability was due to addi-
tive genetic factors (van Grootheest et al., 2009). Here, we
found no common environmental influences for the sta-
bility of OC symptoms but we have, however, presented

for the first time new evidence for contributions of unique
environmental influences in adults, and these influences
correlate substantially across time (= 0.46). This relatively
high contribution of non-shared environment to the sta-
bility of OC symptoms (off-diagonals in Table 6) indicates
that unstable variance such as measurement error (time-
point specific variance) cannot account for its variation.
Therefore, individual experiences may have a relevant im-
pact on the stability of OC symptom in adults. The detri-
mental influence of early-life experiences might persist and
influence OC symptomatology into adulthood. One study
specifically addressed the influence of unique and shared
environmental factors in developing (or protecting against)
OC symptoms, by comparing scores between highly con-
cordant and highly discordant MZ twins (Cath et al., 2008).
The comparison of highly within-discordant pairs indicated
some important influencing life events, among which the
most relevant appeared to be past experiences of sexual
assault. These possible risk factors were more highly asso-
ciated with OC symptoms in high-scoring discordant MZ
pairs than in high-scoring concordant MZ pairs, thus point-
ing to the relevance of individual experiences in childhood
in developing OC symptomatology. It appears then, that
once OC symptoms are acquired in early adulthood, stabil-
ity tends to be higher and more genetically mediated than in
children.

For the first time, we observed significant non-additive
genetic effects. Dominant effects have not been observed
before for OC symptoms, even in the same subject sam-
ple. Non-additive variance encompasses all forms of genetic
factors with a non-linear effect such as epistasis/gene—gene
interaction and dominant effects (Mather, 1974). This may
have unexpected consequences for molecular genetics ap-
proaches, because most genome-wide technologies, such as
genome-wide association analysis and genome-wide com-
plex trait analysis (GCTA; Yang et al., 2011), primarily as-
sume additive genetic variance. These studies may have been
underpowered by not including dominance in the linear re-
gression models. Random effects modeling using GCTA to
explain phenotypic variance (Yang et al.,, 2010) may not
be able to provide SNP-based heritability estimates for all
genetic effects and lead to ‘missing heritability’) since mod-
eling non-additive effects requires very large sample sizes
(Yang et al., 2013).

In sum, although our results for the broad sense her-
itability estimates (all genetic effects involved) are in line
with what has been described before for narrow sense her-
itability (Davis et al., 2013; van Grootheest et al., 2007b;
van Grootheest et al., 2009), they do indicate that the
genetic etiology of OC symptoms and their stability in
time may be more complex than previously thought, and
that some differences occur with respect to its underly-
ing etiologies between children and adults. Molecular and
genome-wide studies as well as twin studies could, in the
future, include dominance effects in the linear regression,
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and/or take epistatic effects/gene—gene interactions into
account.
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