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Abstract

Background: Children of parents with high levels of neuroticism tend to have high
neuroticism themselves as well as increased risk of experiencing symptoms of
anxiety and depression. It is not yet clear how much of this link is attributable to a
potential effect of parent on child (e.g., via a socializing effect) versus to shared
genetic risk. We aimed to determine whether there is an intergenerational associ-
ation after accounting for genetic transmission and assortative mating.

Methods: We used data from the Norwegian Mother, Father and Child Cohort
Study including 11,088 sibling pairs in the parental generation, their partners
(N = 22,176) and their offspring (N = 26,091). Exposures were maternal and
paternal neuroticism (self-reported), and the outcomes were neuroticism, symptoms
of depression, and symptoms of anxiety in 8-year-old children (mother-reported).
Results: After accounting for assortative mating in parents (phenotypic r = 0.26)
and genetic transmission (explaining 0%-18% of the mother-offspring correlations),
potential maternal effects explained 80% (95% Cl = 47-95) of the association with
offspring neuroticism (mother-child r = 0.31), 78% (95% Cl = 66-89) of the asso-
ciation with offspring depressive symptoms (r = 0.31), and 98% (95% Cl = 45-112)
of the association with offspring anxiety symptoms (r = 0.16). Intergenerational
transmission of genetic variants associated with paternal neuroticism accounted for
~40% (Cl = 22%-58%) of the father-offspring correlations with neuroticism and
symptoms of depression (r = 0.13 and 0.13, respectively) but none with offspring
symptoms of anxiety (r = 0.05). The remaining father-offspring correlations were
explained by maternal influences through assortative mating.

Conclusions: These results are consistent with direct effects between maternal and
offspring neuroticism and between maternal neuroticism and offspring symptoms of

anxiety and depression. Further understanding of these intergenerational processes
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will require an adequate model of how these constructs (neuroticism, anxiety and

depression) relate to each other within generations.
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INTRODUCTION

Childhood is a risk phase for the development of symptoms and
disorders of anxiety (Costello et al., 2003), ranging from transient
mild symptoms to full-blown anxiety disorders. Depressive symptoms
and disorders are also prevalent in children and adolescents (Ber-
naras et al., 2019). Several studies indicate that parents play a role in
the development of emotional problems in children—by transmitting
genes associated with risk or resilience, and by providing specific
parenting styles and rearing environment to their offspring (Ask
et al., 2021; Cheesman et al., 2020; Jami et al., 2021). One possible
pathway—for both genetic and environmental influences—could
work through parental neuroticism.

Neuroticism is a personality trait characterized by emotional
instability, stress vulnerability, the tendency to experience intense
negative emotions and cognitions, and impulsive behaviors under
emotional strain (Pervin & John, 1999). Parents' neuroticism has
consistently been linked with negative parental practices (e.g., low
interpersonal warmth, inconsistency in strictness, and negative be-
liefs in ability to regulate the child) (Prinzie et al., 2009; Ystrom
et al, 2012) and low spousal relationship satisfaction (Botwin
et al., 1997), that in turn could be linked with emotional problems in
children. Other negative outcomes observed among offspring of
parents high on neuroticism, include poor social functioning, inef-
fective coping skills, lower educational attainment, and behavioral
problems (Ellenbogen et al., 2010).

The processes linking parental neuroticism to child emotional
problems are not fully understood. For example, we do not know
to what extent the parent-offspring associations can be explained
by genetic transmission. Interindividual variation in neuroticism is
influenced by genetic factors, with an average heritability estimate
of 37% in adulthood (Vukasovi¢ & Bratko, 2015) and low to
heritability (0%-43%) in childhood (De

et al., 2006). Substantial genetic correlations between neuroticism

moderate Fruyt
and symptoms and disorders of anxiety and depression (Hettema
et al., 2006; Nagel et al, 2018) have also been reported, sug-
gesting that genetic influences could explain not only associations
with offspring neuroticism but also with offspring symptoms of
anxiety and depression.

Parent-offspring associations could also be due to direct effects
of parental traits on offspring outcomes (McAdams et al., 2014).
Direct effects from parental neuroticism to offspring emotional
problems could be explained by several different mechanisms
including negative parental influences, marital instability, disorga-
nized home environments, or by children learning by or modelling the
parental behavior. Maternal neuroticism could also influence
behavior and lifestyle during pregnancy as prenatal risk exposures
for later emotional problems in children.

Key points

e Children of parents with a stable high level of neuroti-
cism have increased risk of high neuroticism themselves,
and of experiencing emotional problems. It is not clear
how much of this link is attributable to a potential effect
of parent on child versus due to parents and children
being genetically similar.

e Our analyses was designed to further our understanding
of such intergenerational transmission. Genetic in-
fluences (and assortative mating) primarily accounted for
father-child similarities, but mother-child similarities
remained relatively unattenuated.

e Our results indicate that a link between maternal
neuroticism and offspring emotional problems remains
when genetic transmission is accounted for, suggesting
that interventions targeted at maternal functioning could
benefit the children.

A meta-study concluded that neuroticism in adults was not the
result of direct effects of parental neuroticism, and that parent-
offspring resemblance was solely due genetic transmission (Lake
et al., 2000). However, these results appear not to generalize to the
child and adolescent population. Eley and colleagues found that the
association between parent neuroticism and adolescence symptoms
of anxiety was not attributable to genetic transmission (Eley
et al,, 2015). Such a pattern of results is consistent with exposure to
parental neuroticism playing a role in the development of neuroti-
cism and symptoms of anxiety in offspring. Direct effects have also
been observed in studies on children's depressive symptoms (McA-
dams et al., 2014). However, these studies were likely inadequately
powered to detect modest genetic transmission effects (e.g., Silberg
et al.,, 2010; Singh et al., 2011) and often did not include paternal
measures.

Individuals with mental disorders tend to have partners who also
have mental disorders (Nordsletten et al., 2016). Assortative mating
in heritable traits may influence the genetic and environmental
resemblance between family members (Rijsdijk & Sham, 2002) and
bias any etiologic decomposition of the intergenerational association
if not accounted for. To fully understand the intergenerational
transmission of neuroticism, it is important to include estimates of
assortative mating. Intergenerational study designs that allow for
jointly estimating heritability and assortative mating can also clarify
the extent to which non-random mating in neuroticism could impact
the heritability, comorbidity, and prevalence of common mental dis-
orders (Peyrot et al., 2016).



INTERGENERATIONAL TRANSMISSION OF NEUROTICISM

We aim to use an extended version of the children-of-twin
design to estimate to what extent there is a direct effect of
parental neuroticism on offspring neuroticism, symptoms of anxiety,
and symptoms of depression after accounting for genetic trans-
mission and assortative mating. We use genetically informative data
from extended families participating in the Norwegian Mother, Fa-
ther and Child cohort study (MoBa) comprising data on adult siblings,
their spouses and their children assessed at 8 years of age.

The concepts of neuroticism and symptoms of anxiety and
depression are closely related (Jylhd & Isomets3, 2006). We did not
set out this study to increase our understanding of the structural
relationship between them (i.e., as components or pre-cursors of each
other). However, our data provide us with a snapshot of their co-
presence in 8-year-old children, and with a unique possibility to

investigate the importance of parental neuroticism.

MATERIALS AND METHODS
Study sample

MoBa is a prospective population-based pregnancy cohort study
conducted by the Norwegian Institute of Public Health (Magnus
et al,, 2016). Pregnant women were recruited from all over Norway
from 1999 to 2008. The women consented to participation in 41% of
the pregnancies (see Nilsen et al., 2009 for a description of sample
representativeness). The total cohort includes 114,500 children,
95,200 mothers, and 75,200 fathers. The current study is based on
version 11 of the quality-assured data files released for research in
2018. MoBa data have been linked to Norwegian registry data con-
taining pedigree information, and the zygosity of the participating
twins has been registered (for details, see Gjerde et al., 2019). For
this paper we used sibling pairs from the parental generation, their
partners and children. We included a maximum of two offspring per
family unit. Our final sample consisted of 11,088 extended family
units. There was a total of 26,091 children (48.9% girls) within these
families including 4225 sibling pairs. Figure 1 shows the sample se-
lection and final numbers included in our models. Our outcome
measures were based on questionnaire data collected when the
children were 8 years old. Of the extended families in our sample,
70% returned ratings on the outcome measures for at least one child.

The establishment of MoBa and initial data collection was
authorized under a license from the Norwegian Data protection
agency and approval from The Regional Committees for Medical and
Health Research Ethics. The MoBa cohort is based on regulations
from the Norwegian Health Registry Act. The current study was
approved by The Regional Committees for Medical and Health
Research Ethics.

Measures

Parental neuroticism was defined by a latent variable composed of
two questionnaire measures: (1) the sum score on 10 items from the
International Personality Item Pool (IPIP) Big-Five factor markers
(Goldberg, 2001). Statements were rated on a five-point scale

(strongly disagree to strongly agree). Cronbach's alpha reliability was

JCPP Advances @ | 8ofn1

0.89 in mothers and 0.84 in fathers; (2) a composite score of eight
symptoms of anxiety and depression from the Hopkins Symptom
Checklist (Strand et al., 2003), three anger items from the differential
emotions subscale (lzard et al., 1993), and four items from the
Rosenberg self-esteem scale (Blascovich & Tomaka, 1991), previously
shown to provide a valid measure of neuroticism (Ystrom et al., 2009).
Cronbach's alpha reliability was 0.85 among mothers and 0.79 among
fathers. In supporting information S1, more details on the definition
(Methods S1, Figure S1), dimensionality (Results S1, Figures S2 and
S3), and measurement invariance (Tables S1-S3) of parental neurot-
icism is provided. Sensitivity analyses were performed including only
the IPIP-items as a measure of neuroticism.

Offspring neuroticism was measured with the Hierarchical Per-
sonality Inventory for Children (Mervielde & De Fruyt, 1999). We
used the sum of six items from the Norwegian short form (NHiPIC-
30) (Vollrath et al., 2016), each referring to a specific behavior. Items
were rated by mothers on a five-point Likert scale (not typical to very
typical). Cronbach's alpha reliability was 0.78.

Offspring symptoms of depression were measured with the sum
of 13 items from the Short Mood and Feelings Questionnaire
(Ancold & Stephen, 1995). The items reflect how the child has felt/
behaved during the two last weeks and were rated by mothers on
three response options (not true, sometimes true, and true). Cron-
bach's alpha reliability was 0.79.

Offspring symptoms of anxiety were measured using the sum of
five items from the Screen for Child Anxiety Related Disorders
(SCARED) (Birmaher et al., 1999) designed to screen for different
anxiety disorders. Mothers rated statements describing how their
child has felt/behaved recently using a three-point Likert scale (not

true, sometimes true, and true). Cronbach's alpha was 0.47.

Covariates

Parity and offspring sex were included as covariates.

Analyses

The use of samples of families consisting of twins and siblings with
children to examine intergenerational associations has been dis-
cussed in detail previously (D'onofrio et al, 2003; McAdams
et al., 2018). The design compares the similarity between individuals
sharing different degrees of genetic relatedness to partition inter-
generational associations into environmental and genetic compo-
nents (McAdams et al, 2018). Within the parental generation of
MoBa there are monozygotic twins (sharing all their genes), dizy-
gotic twins (sharing 50% of segregating genes), full siblings (sharing
50% of segregating genes), and half siblings (sharing 25% of
segregating genes). Children of monozygotic twins are genetically
alike half-siblings, whereas children of dizygotic twins are like or-
dinary cousins. This allows us to separate genetic and environ-
mental variance, and provides a counterfactual condition that can
be used to answer the question: What would happen if two in-
dividuals inherited the same genes, but grew up in different fam-
ilies? If a child is more similar to her mother than to her aunt, who

is genetically identical to her mother, that indicates effects
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Total MoBa cohort
(data file version 11)
n= 95 138 mothers

n= 75110 fa

thers

n= 114 584 children

Selecting participants with siblings in the parent

n =29 420 siblings (46% femal
n pregnancies within these sibl
521 with twins and 4 with tripl

generation (440 twins, 872 maternal half siblings,
1 024 paternal half siblings, 27 084 full siblings)

e) among parents
lings = 28 891 (incl.

ets)

Retaining complete family units with known

mother, father and child IDs
Keeping maximum two children in each family

N= 22 176 siblings (46% female) among parents

N =11 088 extended
(incl. two mothers, two fathe
73 units linked by MZ twins
796 units linked by half sibs

family units
rs, and 2-4 children)

10 219 linked by full siblings (incl. 99 DZ twins)

Extended famil

y unit

jih ez,

N= 3 272 male — male sibling pairs
MZ twin pairs: 27

Full sibling pairs: 3 072

Half sibling pairs: 173

In the models:

MZ twin units:
N = 54 mothers
N = 54 fathers

N =54 children

Full sibling units: Ha
N = 6 144 mothers
N = 6 144 fathers

N = 6 144 children

Half sibling units
N = 346 mothers
N = 346 fathers

N = 346 children

Full sibling units:
N =9 880 mothers
N =9 880 fathers

N =9 880 children

FIGURE 1 Flow chart describing our sample. The number of children

N= 5 328 male-female sibling pairs
Full sibling pairs: 4 940
Half sibling pairs: 388

In the models:

N=
N=
N=

N= 2 488 female-female sibling pairs
MZ twin pairs: 46

Full sibling pairs: 2 207

Half sibling pairs: 235

In the models:

MZ twin units:
N =92 mothers
N = 92 fathers

N =92 children

Full sibling units:
N =4 414 mothers
N = 4 414 fathers
N =4 414 children

If sibling units
776 mothers
776 fathers
776 children

Half sibling units
N = 470 mothers

N = 470 fathers

N = 470 children

included in our models (lower boxes) assume every family

participated with two children each. Families participating with only one child were treated as with missing data on the second child. We used
full information maximum likelihood to account for missing in our models. MZ = monozygotic, DZ = dizygotic twins

operating through the environment (and similarly for father and
uncles). On the other hand, if the similarity between relatives is
proportional to their genetic relatedness, that indicates genetic
transmission. Inclusion of siblings and half-siblings in the parent
generation increases the power of the design, compared to only
investigating twins. Including multiple children per family also in-
creases the statistical power (McAdams et al., 2018).

Figure 2 presents the main elements of the model. The direct
maternal and paternal pathway captures any association between
parent and child phenotype not attributable to intergenerational
genetic transmission. In our models we assumed that the genetic
influences were equal for mothers and fathers, but we estimated the
direct transmission independently for mothers and fathers. Assorta-
tive mating for neuroticism can bias the results in the direction of
environmental transmission, if not accounted for. The inclusion of
both mothers and fathers in our study allows us to estimate and
account for assortative mating (d) in the intergenerational estimates
(Torvik et al., 2020).

As a first step we investigated to what extent there were shared
neuroticism. If shared

environmental influences on parental

environment in the parent generation was estimated to be zero, it
would not be necessary to include it in our full model. Previous
research on adult neuroticism (Lake et al, 2000) indicates that
shared environmental influences are small or non-existent.

For each offspring outcome (neuroticism, anxiety, depression), the
fit of four models, nested within the full model, with constraints to test
different assumptions for the transmission were compared:
(1) assuming no maternal environmental transmission (Model 2a);
(2) assuming no paternal environmental transmission (Model 2b);
(3) assuming no environmental transmission (Model 2c); and (4)
assuming no genetic transmission (Model 3). We used likelihood ratio
tests and Akaike Information Criterion (AIC) value to compare the
model fit. A low value of AIC is preferred.

The analyses were conducted in R (Venables et al, 2009)
version 3.4.4 using the structural equation modeling package
OpenMx (Neale et al., 2016) version 2.11.5. We fitted models to the
data using full information maximum likelihood estimation, to ac-
count for missing data. A detailed description of the modeling
approach is provided in Methods S2 and Figure S4 in supporting
information S1.
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Maternal

Genes influencing
parental neuroticism
and offspring
outcome

Paternal
Neuroticism

FIGURE 2
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Offspring outcome:

* Neuroticism

v * Symptoms of depression
*  Symptoms of anxiety

Illustration of our model (see Supporting information Figure S2 for a detailed illustration of the biometric model used). The

main goal of our analyses was to estimate the associations between parental neuroticism and offspring outcome after adjusting for genetic
transmission. The dashed line between maternal and paternal neuroticism indicates that the model accounts for level of assortative mating (d).
Circles indicate latent factors (see Supporting information Figure S1 for a description of the parental neuroticism factor)

RESULTS

Descriptive statistics for the study variables are included in Table S4.
Intergenerational correlations are presented in Table 1. Father-child
correlations were generally lower than mother-child correlations.
Correlations between parental neuroticism and child anxiety symp-
toms were lower than those between parental neuroticism and child
neuroticism and depressive symptoms. Offspring neuroticism corre-
lated 0.36 (95% Cl = 0.35-0.37) with anxiety symptoms and 0.50
(95% Cl = 0.49, 0.5) with depressive symptoms. The correlation be-
tween symptoms of anxiety and depression was 0.24 (95% Cl = 0.23,
0.25).

The parental C effect was estimated to be zero; therefore, we did
not include C or intergenerational C influences in our main models.
Table 2 presents the results of the model fitting. For all outcomes, the
model assuming no direct effects (Model 2c¢) provided the worst fit to
our data according to AIC (i.e, highest AIC value). The model
assuming no paternal transmission (Model 2b) had the lowest AIC
value for offspring neuroticism and symptoms of depression. Both
the paternal effect and the genetic transmission were estimated close
to zero in the full model for offspring anxiety symptoms, and the fit of
Model 2b and Model 3 was not distinguishable (AIC difference of
0.31). The best fitting models with respect to AIC did not, however,
provide a significantly better fit than the full model. Therefore,
parameter estimates from both the full and the best fitting models
are presented in Table 3. Selection of models does not influence the
main conclusions we can draw from our results.

The proportion of the estimated parent-child correlations
explained by genetic transmission, direct influences and assortative
mating are shown in Figure 3. In the best fitting model, genetic
transmission of maternal neuroticism accounted for 16% (95%
Cl = 9%-23%) of the correlation with offspring neuroticism (r = 0.31,
95% Cl = 0.29, 0.33), 18% (95% Cl = 11%-25%) of the correlation
with offspring depressive symptoms (r = 0.31, 95% Cl = 0.29, 0.33),
and none of the correlation with offspring anxiety symptoms
(r = 0.16, 95% Cl = 0.14, 0.19). Genetic transmission of paternal
neuroticism accounted for 39% (95% Cl = 22%-56%) of the associ-
ation with offspring neuroticism (r = 0.13, 95% Cl = 0.11, 0.15), 41%

(95% Cl = 25%-58%) of the association with offspring symptoms of
depression (r = 0.13, 95% Cl = 0.11, 0.15), and none of the associ-
ation with offspring symptoms of anxiety (r = 0.05, 95% Cl = 0.03,
0.08).

The partner correlation in our model was 0.26 (95% Cl = 0.24-
0.28). Of this, 61.5% was due to genetic correlation (rg = 0.16), and
the rest to environmental correlation (r, = 0.10). Due to the assor-
tative mating, and maternal influences (genetic and direct) on
offspring outcomes, part of the intergenerational father-offspring
similarity was explained through this path (see Figure 3). Pathways
through assortative mating and maternal influences explained 61%
(95% Cl = 54%-67%) of the father-offspring association on neurot-
icism, 59% (95% Cl = 52%-65%) of the association with symptoms of
depression and 76% (95% Cl = 11%-89%) of the association with
symptoms of anxiety. Pathways through assortative mating and
paternal influences explained <5% of the mother-offspring similarity.
In mothers, the direct path explained 80% (neuroticism, 95% Cl =
47%-95%), 78% (depression, 95% Cl = 66%-89%), and 98% (anxiety
95% Cl = 45%-112%) of the mother-child similarity.

In total, intergenerational influences (direct and genetic) explained
8.5%, 8.8%, and 2.7% of the variance in childhood neuroticism, symp-
toms of depression and symptoms of anxiety, respectively. Figure S5
shows the proportion of outcome variance explained by transmission
and child-specific influences. In models assuming no influences of
common environment in childhood (see Results S2 and Tables S5-S8 in
supporting information S1 for more details) genetic influences specific
to childhood neuroticism, symptoms of depression, and symptoms of
anxiety explained 23.9%, 40.8%, and 27.8% of the variance in children,
respectively. The total heritability for the offspring variables was
26.3% for neuroticism, 43.7% for depressive symptoms, and 27.8% for
anxiety symptoms. Sensitivity analyses including only items from N1
(the IPIP measure of neuroticism) were run. These results, and their
interpretation, are included in Results S2 and Tables S9-512 in sup-
porting information S1.

Our models estimated the heritability of neuroticism in the adult
generation to be 43% (Cl: 0.41-0.46). Assortative mating has con-
sequences for the additive genetic variance in future generations
(Lynch & Walsh, 1998). Knowing the genetic correlation between
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TABLE 1 Raw Intergenerational correlations (with 95% Cl in brackets)

Neuroticism in... Child neuroticism

...mother 0.23 (0.20, 0.25)
...father 0.09 (0.06, 0.12)
...aunt 0.03 (0.00, 0.06)
...uncle 0.03 (0.00, 0.06)

Child symptoms of depression

0.23
0.11
0.05
0.03

Child symptoms of anxiety

(0.21, 0.26) 0.13 (0.10, 0.16)
(0.08, 0.14) 0.04 (0.01, 0.07)
(0.02, 0.08) 0.01 (-0.02, 0.04)
(0.00, 0.06) 0.02 (-0.01, 0.05)

Note: Neuroticism = the sum of the two neuroticism measures in parents. Correlations were based on outcome measures from the first child in one of

the extended family units linked by parental siblings.

TABLE 2 Results of the model fitting for the intergenerational transmission of parental neuroticism to offspring neuroticism, symptoms

of depression, and symptoms of anxiety

8-Year outcome Model
NEUROTICISM 1 Full model
2a No direct maternal transmission (p,, = 0)
2b No direct paternal transmission (p; = 0)
2c No direct transmission (p,, = pf = 0)
3 No genetic transmission (g = 0)
DEPRESSION 1 Full model
2a No direct maternal transmission (p,, = 0)
2b No direct paternal transmission (p; = 0)
2c No direct transmission (p,, = ps = 0)
3 No genetic transmission (g = 0)
ANXIETY 1b Full model
2a No direct maternal transmission (p,, = 0)
2b No direct paternal transmission (p; = 0)
2c No direct transmission (pp,, = pf = 0)
3 No genetic transmission (g = 0)

Comparison A-2LL A DF AIC A-AlIC p
45,841.70
1 39.49 1 45,879.19 37.49 <.001
1 0.93 1 45,840.40 1.30 401
1 175.88 2 46,013.58 171.88 <.001
1 4.86 1 45,844.56 2.86 .027
45,972.32
1 45.10 1 46,015.42 43.1 <.001
1 0.04 1 45,970.36 1.96 .831
1 166.66 2 46,134.98 162.66 <.001
1 3.37 1 45,973.69 1.37 .066
45,923.26
1 18.92 1 45,940.18 16.92 <.001
1 0.42 1 45,921.68 1.58 516
1 63.49 2 45,982.75 59.49 <.001
1 0.11 1 45,921.37 1.89 .738

Note: Best fitting models are marked in bold.

Abbreviations: -2LL, minus twice the log likelihood; AIC, Akaike Information Criterion.

TABLE 3 Unstandardized parameter estimates (with 95% Cl in brackets) from the full model and the best fitting model of

intergenerational transmission across childhood outcomes

Neuroticism Symptoms of depression Symptoms of anxiety
Parameters Full model (1) Model 2b Full model (1) Model 2b Full model (1) Model 3
pm Direct maternal 0.32(0.21,043) 0.36 (0.31,042) 0.34 (0.24,0.45) 0.36 (0.30,0.41)  0.25(0.15,0.36)  0.23 (0.20, 0.27)
pr Direct paternal —0.05 (-0.15, 0.06) - -0.02 (-0.12, 0.09) - 0.04 (-0.07, 0.14) 0.02 (-0.01, 0.05)
g Genetic transmission  0.25 (0.03, 0.46) 0.16 (0.09, 0.23) 0.21 (0.00,0.41) 0.18 (0.11, 0.25) -0.04 (-0.25,0.17) -
Note: Model 2b: assuming no parental direct effect, Model 3: assuming no genetic transmission.

spouses (rg = 0.16), we can estimate what the heritability in offspring
phenotypes would be without generations of assortative mating
(from a random mating base population to asymptotically
approaching equilibrium (Lynch & Walsh, 1998). Due to assortative
mating the heritability of neuroticism, depression, and anxiety in the
offspring generation increased by, respectively 18%, 19%, and 19%
compared to a hypothetical situation without such mating.

Failing to account for the assortative mating in intergenerational
models could also influence the intergenerational estimates. We ran
our models fixing the level of assortative mating to be zero. Despite

having an additional degree of freedom from this constraint, the

model had worse fit to our data (Table S13), and the results indicated

slightly elevated estimates of genetic transmission (Table S14).

DISCUSSION

We used an extended children-of-twins design to investigate the
modes of intergenerational transmission of parental neuroticism to
neuroticism and symptoms of depression and anxiety in children. Our
results are consistent with genetic transmission and a direct effect of

maternal neuroticism on offspring outcomes.
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FIGURE 3 The bars show the size of the correlations between maternal/paternal neuroticism and pre-pubertal children's scores on
neuroticism, symptoms of depression and symptoms of anxiety. Percentage of parent-offspring correlations explained by direct maternal
effects are shown in orange, genetic transmission effects in blue, and due to assortative mating in green. Results based on the full models

(right) and the best fitting models (left)

Maternal influences

After correcting for genetic influences, the direct maternal path
explained 78%-98% of the mother-child similarity. These maternal
influences are in line with previous children-of-twins studies on
offspring neuroticism (Eley et al., 2015), anxiety (Ahmadzadeh
et al,, 2019; Eley et al., 2015) and depression (McAdams et al., 2015;
Silberg et al., 2010; Singh et al., 2011) and a recent molecular genetic
study (Jami et al., 2020). Another molecular genetic study using MoBa
data also suggest that parental genes have anindirect (environmentally
mediated) effect on offspring symptoms of depression, but not on
anxiety (Cheesman et al., 2020). Several possible mechanisms can
explain the direct transmission between mothers and children. For
example, a maternal stable high level of neuroticism might lead to
inconsistent parenting and a disorganized home environment for their
children. This personality trait has also been associated with marital
instability, a factor previously associated with negative outcomes in
children (Prinzie et al., 2009). The association could also reflect a
process of children learning from or modelling the mother's behavior
or reaction patterns. Importantly, although we modelled effects of
mothers on children, it is conversely possible that the behavior of a
child with high neuroticism or symptoms of anxiety and depression
increases maternal neuroticism. In addition, environmental factors
that parents and children share, such as neighborhood, might act as
“third variables” that could influence both the stable level of neuroti-
cism in mothers and neuroticism, and symptoms of anxiety and
depression in 8-year-old children. Future studies should further
investigate such potential mechanisms. Also, a developmental
perspective should be included since the maternal effects may not
persist until adulthood, as a large meta-study found no direct trans-
mission in neuroticism measured in adulthood (Lake et al., 2000).

Our results reflect processes associated with stable maternal
neurotic traits and do not provide knowledge on how maternal
neuroticism at different time points during child development might
have differential effects. Timing of measurement could influence the
results. For example, previous studies have found maternal depres-
sion after pregnancy, but not during pregnancy to influence children's
emotional problems (Gjerde et al., 2021; Hannigan et al., 2018)

Father-child similarity

The direct paternal path explained 0% of father-child correlations for
child neuroticism and symptoms of depression, and 24% of the cor-
relation between paternal neuroticism and offspring symptoms of
anxiety. This father-child correlation (stable parental neuroticism
with offspring anxiety) was, however, very low (r = 0.05). Most of the
father-child similarity (59%-
mating, that the fathers resemble their children because they

76%) was explained by assortative

resemble the mother. The partner correlation in neuroticism was
moderate (0.26).

Genetic transmission

Our results indicate that child neuroticism, anxiety and depressive
symptoms are modest-to-moderately genetically influenced. However,
most of this genetic influence is not shared with the genetic influences
on the stable neuroticism trait in adults. In our models, genetic trans-
mission explained 16% and 18% of the associations between mothers'
stable neuroticism and children's neuroticism and depressive symp-
toms, respectively. This corresponded to 39% and 41% of the relatively
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lower father-child correlations. Unlike depression and neuroticism,
there were no evidence of genetic overlap between parental neuroti-
cism and symptoms of anxiety in offspring. This finding is in line with
previous studies on parental anxiety and parenting behavior and
internalizing symptoms in offspring (Jami et al., 2021). The high level of
child-specific genetic factors may indicate that different genetic lia-
bility underlies the traits measured in childhood and adulthood. This
appears to contrast with conclusions from the literature suggesting
genetic influences as a driving factor for stability in symptoms of
anxiety and depression (Hannigan et al, 2017). Several lines of
research support developmental dynamic effects, particularly the
findings that the genetic factors change across the life span for
emotional problems (Gillespie et al., 2004; Nivard et al., 2015) and that
neuroticism is less heritable among children than among adults
(Rice et al., 2002). Such findings are corroborated by recent findings
from molecular genetics. For example, genetic association studies have
found adult major depressive disorder risk alleles (polygenic risk
scores) to be robustly associated with emotional problems in adult-
hood (Okbay et al., 2016) but show little evidence of association with
emotional problems in children (Jansen et al., 2018; Riglin et al., 2018).
Interestingly, they suggest that childhood emotional problems may
share more genetic risk with schizophrenia and neurodevelopmental
disorders (Lee et al., 2019; Rice et al., 2019). On the other hand, a
recent meta-study of birth cohorts found polygenic risk for neuroti-
cism to predict emotional problems in childhood (Akingbuwa
et al., 2020). However, when such polygenic risk scores are not sepa-
rated into transmitted and untransmitted alleles, the observed asso-
ciations could indicate both direct genetic effects from the child's
genetic variants, or indirect genetic effects from the parents' genetic
variants mediated through the environment. The possible dynamic
genetic architecture from pre-puberty to adulthood, support the
implementation of childhood-specific genome-wide association
studies on neuroticism and emotional problems.

Limitations

The current study has several strengths; the use of a large
population-based sample and inclusion of two children per family
and both mothers and fathers in the design. In addition, modelling
parental neuroticism as a latent factor allowed us to partition out
unsystematic and occasion/measure-specific measurement error.
Yet, there are some important limitations. First, the participation
rate in MoBa was 41% suggesting the possibility of bias due to
nonrandom participation. Using national data from the medical
birth registry of Norway, a previous study found that younger
women, smokers, and women with low educational level were less
likely to participate in MoBa (Nilsen et al., 2009). In line with
other pregnancy cohorts, MoBa participants may have healthier
lifestyle and higher socioeconomic position than the general
population. However, most bivariate associations were unlikely
affected by the low participation rate (Nilsen et al., 2009).
Second, the outcome measures were obtained by maternal
reports. Studies report only low-to-moderate levels of agreement
between parents and children for childhood psychopathology (De
Los Reyes & Kazdin, 2005). Also, the maternal ratings of their

offspring could reflect their own neuroticism or their response
style, that would correlate with their own self-report. Such shared
method variance could explain why the children appear to be
more similar to their mothers than to their fathers and would be
defined as a maternal direct effect in our models. The different
patterns in maternal and paternal results should therefore be
interpreted with this limitation in mind. Paternal ratings of
offspring phenotypes are of great value, and we encourage future
studies to include such measures. The potential maternal rating
bias is a limitation, yet it should be noted that the use of a
longitudinal measure of stable neuroticism reduces the likelihood
of this bias affecting our results. Also, several of our findings are
not affected by this potential confounding: the level of assortative
mating, and that nearly all of the associations with fathers were
explained by common genetic influences and assortative mating.
In addition, a recently published study on the same sample
(Torvik et al., 2020) reported crude observed correlations be-
tween level of parental educational attainment and maternally
reported offspring depression, which were of approximately the
same magnitude from maternal and paternal educational attain-
ment. Nevertheless, it will be of great value to return to this
question with self-report data from the children, which will be
available in the future (for older children).

Third, the SCARED measure of anxiety had low internal consis-
tency. This can be explained by the intention to screen for several
different anxiety disorders. Increased measurement error could
partly explain why the intergenerational model for anxiety differs
from neuroticism and depression.

Fourth, it appeared that our models were not adequately pow-
ered to distinguish between child-specific genetic and shared (fa-
milial) environmental influences. Therefore, we should be cautious on
interpreting the size of these estimates. It is likely that both genetic
factors and family environment (and their correlation) influence the
child neuroticism and symptoms of depression. Shared environmental
influences in child anxiety symptoms have not been identified
consistently in previous studies (Jami et al, 2021; Waszczuk
et al, 2014). Importantly, these child-specific estimates do not in-
fluence the intergenerational estimates.

Fifth, in our design the parent-child associations were adjusted
for the confounding effect of additive genetic influences. Obviously,
there could be other confounding factors in the environment causing
similarity within families, that we have not adjusted for. This is a
limitation that is relevant to any children of twin design. Such family
effects should be investigated using other study designs.

In this paper, we have taken a pragmatic approach to whether
anxiety and depression symptoms should be defined as components
of neuroticism (as treated in the parental generation), or as distinct
entities (as treated in the offspring generation). Our sensitivity
analysis, using only the IPIP measure of neuroticism in the parental
generation suggested that our findings were not sensitive to this
distinction. However, we acknowledge that interpretation and
replicability of our findings will depend on appropriate under-
standing of the interrelationships among these constructs. This is
outside the scope of the current paper, but an important topic for
advancing our knowledge on how these constructs aggregates

within families.
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CONCLUSION

Our results indicate that a link between maternal neuroticism and
offspring neuroticism and emotional problems remains when genetic
transmission is accounted for. Further understanding of these
intergenerational processes will require an adequate model of how
neuroticism, anxiety and depression relate to each other within

generations.

ACKNOWLEDGMENTS

This work was supported by the Research Council of Norway (RCN)
(262177). Espen M. Eilertsen and Line C. Gjerde were funded by RCN
(262177). Eivind Ystrom was funded by RCN (288083 and 262177).
Alexandra Havdahl was supported by the South-Eastern Norway
Regional Health Authority (2018059 and 2020022). Tom A. McA-
dams was supported by a Sir Henry Dale Fellowship, jointly funded
by the Wellcome Trust and the Royal Society (107706/Z/15/Z) and
RCN (288083). Laurie J. Hannigan was supported by funding from
the South-Eastern Norway Regional Health Authority (2018058).
Fartein A. Torvik was supported by RCN (300668). This work was
partly supported by RCN through its Centres of Excellence funding
scheme, project number 262700. The authors are grateful to all the
participating families in Norway who take part in this on-going cohort
study. MoBa is supported by the Norwegian Ministry of Health and

Care Services and the Ministry of Education and Research.

CONFLICT OF INTERESTS
The authors have declared that they have no competing or potential

conflicts of interest.

AUTHOR CONTRIBUTIONS

Ask contributed to the conception and design of the study, per-
formed the analyses, interpreted results, and drafted the initial
manuscript; Eilertsen contributed to the conception and design of the
study and had a lead contribution in methodology and software.
Torvik and Ystrom had major roles in conceptualizing and designing
the study and interpreted results. All authors critically reviewed and
edited the manuscript and approved the final manuscript as
submitted.

ETHICS STATEMENT

The establishment of MoBa and initial data collection was authorized
under a license from the Norwegian Data protection agency and
approval from The Regional Committees for Medical and Health
Research Ethics. The MoBa cohort is based on regulations from the
Norwegian Health Registry Act. The current study was approved by

The Regional Committees for Medical and Health Research Ethics.

CODE AVAILABILITY STATEMENT
Analysis code for running intergenerational models will be available
on GitHub.

DATA AVAILABILITY STATEMENT

The consent given by the MoBa participants does not open for
storage of data on an individual level in repositories or journals.
Researchers who want access to data sets for replication should
submit an application to datatilgang@fhi.no. Access to data

JCPP Advances @ | 9ofnn

sets requires approval from The Regional Committee for Medical
and Health Research Ethics in Norway and an agreement with
MoBa.

ORCID

Helga Ask "= https://orcid.org/0000-0003-0149-5319
Alexandra Havdahl "= https://orcid.org/0000-0002-9268-0423
Tom A. McAdams ‘= https://orcid.org/0000-0002-6825-3499
Eivind Ystrom ‘2 https://orcid.org/0000-0003-4390-6171

REFERENCES

Ahmadzadeh, Y. I, Eley, T. C, Leve, L. D., Shaw, D. S., Natsuaki, M. N.,
Reiss, D., & McAdams, T. A. (2019). Anxiety in the family: A genet-
ically informed analysis of transactional associations between
mother, father and child anxiety symptoms. Journal of Child Psy-
chology and Psychiatry, 60(12), 1269-1277.

Akaike, H. (1987). Factor analysis and AIC. In Selected papers of Hirotugu
Akaike (pp. 371-386). Springer.

Akingbuwa, W. A,, Hammerschlag, A., Jami, E. S., Allegrini, A. G., Karhuen, V.,
Sallis, H., Ask, H., Askeland, R. B., Baselmans, B., Diemer, E., Hagen-
beek, F. A., Havdahl, A.,, Hottenga, J. J., Mbarek, H., Rivadeneira, F.,
Tesli, M., van Beijsterveldt, C., Breen, G., Lewis, C. M,, ... Middeldorp,
C. M. (2020). Genetic associations between childhood psychopathol-
ogy and adult depression and associated traits in 42 998 individuals.
JAMA Psychiatry. In press.

Ancold, A., & Stephen, C. (1995). Development of a short questionnaire
for use in epidemiological studies of depression in children and ad-
olescents. Age, 6(11).

Ask, H., Cheesman, R., Jami, E. S., Levey, D. F., Purves, K. L., & Weber, H.
(2021). Genetic contributions to anxiety disorders: Where we are
and where we are heading. Psychological Medicine, 51, 1-16.

Bernaras, E., Jaureguizar, J., & Garaigordobil, M. (2019). Child and adoles-
cent depression: A review of theories, evaluation instruments, pre-
vention programs, and treatments. Frontiers in Psychology, 10, 543.

Birmabher, B., Brent, D. A,, Chiappetta, L., Bridge, J., Monga, S., & Baugher,
M. (1999). Psychometric properties of the screen for child anxiety
related emotional disorders (SCARED): A replication study. Journal
of the American Academy of Child & Adolescent Psychiatry, 38(10),
1230-1236.

Blascovich, J., & Tomaka, J. (1991). Measures of self-esteem. Measures of
Personality and Social Psychological Attitudes, 1, 115-160.

Botwin, M. D., Buss, D. M., & Shackelford, T. K. (1997). Personality and
mate preferences: Five factors in mate selection and marital satis-
faction. Journal of Personality, 65(1), 107-136.

Cheesman, R, Eilertsen, E. M., Ahmadzadeh, Y. I, Gjerde, L. C., Hannigan,
L. J,, Havdahl, A, Young, A. |, Eley, T. C.,, Njglstad, P. R., Magnus, P.,
Andreassen, O. A, Ystrom, E., & Magnus, P. (2020). How important
are parents in the development of child anxiety and depression? A
genomic analysis of parent-offspring trios in the Norwegian
Mother Father and Child Cohort Study (MoBa). BMC Medicine, 18(1),
1-11.

Costello, E. J., Mustillo, S., Erkanli, A., Keeler, G., & Angold, A. (2003).
Prevalence and development of psychiatric disorders in childhood
and adolescence. Archives of General Psychiatry, 60(8), 837-844.

De Fruyt, F., Bartels, M., Van Leeuwen, K. G., De Clercq, B., Decuyper,
M., & Mervielde, I. (2006). Five types of personality continuity in
childhood and adolescence. Journal of Personality and Social Psychol-
ogy, 91(3), 538-552.

De Los Reyes, A., & Kazdin, A. E. (2005). Informant discrepancies in the
assessment of childhood psychopathology: A critical review, theo-
retical framework, and recommendations for further study. Psycho-
logical Bulletin, 131(4), 483-509.

D'Onofrio, B. M., Turkheimer, E. N., Eaves, L. J,, Corey, L. A, Berg, K,
Solaas, M. H., & Emery, R. E. (2003). The role of the children of twins
design in elucidating causal relations between parent characteristics
and child outcomes. Journal of Child Psychology and Psychiatry, 44(8),
1130-1144.


mailto:datatilgang@fhi.no
https://orcid.org/0000-0003-0149-5319
https://orcid.org/0000-0003-0149-5319
https://orcid.org/0000-0002-9268-0423
https://orcid.org/0000-0002-9268-0423
https://orcid.org/0000-0002-6825-3499
https://orcid.org/0000-0002-6825-3499
https://orcid.org/0000-0003-4390-6171
https://orcid.org/0000-0003-4390-6171
https://orcid.org/0000-0003-0149-5319
https://orcid.org/0000-0002-9268-0423
https://orcid.org/0000-0002-6825-3499
https://orcid.org/0000-0003-4390-6171

ASK ET AL

100f11 | @ JCPP Advances

Eley, T. C., McAdams, T. A, Rijsdijk, F. V., Lichtenstein, P., Narusyte, J.,
Reiss, D., Ganiban, J. M., & Neiderhiser, J. M. (2015). The intergen-
erational transmission of anxiety: A children-of-twins study. Amer-
ican Journal of Psychiatry, 172(7), 630-637.

Ellenbogen, M. A, Ostiguy, C. S., & Hodgins, S. (2010). Intergenerational
effects of high neuroticism in parents and their public health sig-
nificance, 65(2), 135-136.

Gillespie, N. A, Kirk, K. M., Evans, D. M., Heath, A. C,, Hickie, I. B., &
Martin, N. G. (2004). Do the genetic or environmental de-
terminants of anxiety and depression change with age? A longitu-
dinal study of Australian twins. Twin Research and Human Genetics,
7(1), 39-53.

Gjerde, L. C., Eilertsen, E. M., Hannigan, L. J., Eley, T., Rgysamb, E.,
Reichborn-Kjennerud, T., McAdams, T. A, & Ystrom, E. (2019). As-
sociations between maternal depressive symptoms and risk for
offspring early-life psychopathology: The role of genetic and non-
genetic mechanisms. Psychological Medicine, 1-9.

Gjerde, L. C., Eilertsen, E. M., Hannigan, L. J., Eley, T., Rgysamb, E.,
Reichborn-Kjennerud, T., McAdams, T. A, & Ystrom, E. (2021). As-
sociations between maternal depressive symptoms and risk for
offspring early-life psychopathology: The role of genetic and non-
genetic mechanisms. Psychological Medicine, 51(3), 441-449.

Goldberg, L. R. (2001). Possible questionnaire format for administering the
50-item set of IPIP Big-Five Factor markers.

Hannigan, L. J., Eilertsen, E. M., Gjerde, L. C., Reichborn-Kjennerud, T.,
Eley, T. C., Rijsdijk, F. V., & & McAdams, T. A. (2018). Maternal
prenatal depressive symptoms and risk for early-life psychopathol-
ogy in offspring: Genetic analyses in the Norwegian Mother and
child birth cohort study. The Lancet Psychiatry, 5(10), 808-815.

Hannigan, L. J., Walaker, N., Waszczuk, M., McAdams, T., & Eley, T. (2017).
Aetiological influences on stability and change in emotional and
behavioural problems across development: A systematic review.
Psychopathology Review, 4(1), 52-108.

Hettema, J. M., Neale, M. C.,, Myers, J. M,, Prescott, C. A, & Kendler, K. S.
(2006). A population-based twin study of the relationship between
neuroticism and internalizing disorders. American Journal of Psychi-
atry, 163(5), 857-864.

Izard, C. E., Libero, D. Z., Putnam, P., & Haynes, O. M. (1993). Stability of
emotion experiences and their relations to traits of personality.
Journal of Personality and Social Psychology, 64(5), 847-860.

Jami, E. S, Eilertsen, E. M., Hammerschlag, A. R., Qiao, Z., Evans, D. M.,
Ystrom, E., Bartels, M., & Middeldorp, C. M. (2020). Maternal and
paternal effects on offspring internalizing problems: Results from
genetic and family-based analyses. American Journal of Medical Ge-
netics Part B: Neuropsychiatric Genetics. In Press.

Jami, E. S., Hammerschlag, A. R., Bartels, M., & Middeldorp, C. M. (2021).
Parental characteristics and offspring mental health and related
outcomes: A systematic review of genetically informative literature.
Translational Psychiatry, 11(1), 1-38.

Jansen, P. R,, Polderman, T. J., Bolhuis, K., Ende, J., Jaddoe, V. W., Verhulst,
F. C, Posthuma, D., & Tiemeier, H. (2018). Polygenic scores for
schizophrenia and educational attainment are associated with
behavioural problems in early childhood in the general population.
Journal of Child Psychology and Psychiatry, 59(1), 39-47.

Jylha, P, & Isomets3, E. (2006). The relationship of neuroticism and ex-
traversion to symptoms of anxiety and depression in the general
population. Depression and Anxiety, 23(5), 281-289.

Lake, R. I., Eaves, L. J., Maes, H. H., Heath, A. C., & Martin, N. G. (2000).
Further evidence against the environmental transmission of indi-
vidual differences in neuroticism from a collaborative study of
45,850 twins and relatives on two continents. Behavior Genetics,
30(3), 223-233.

Lee, P. H., Anttila, V., Won, H., Feng, Y.-C. A, Rosenthal, J., Zhu, Z,,
Tucker-Drob, E. M., Nivard, M. G., Grotzinger, A. D., Posthuma, D.,
Wang, M. M. J, Yu, D,, Stahl, E. A, Walters, R. K,, Anney, R. J. L,
Duncan, L. E., Ge, T., Adolfsson, R., Banaschewski, T., ... Smoller,
J. W. (2019). Genomic relationships, novel loci, and pleiotropic
mechanisms across eight psychiatric disorders. Cell, 179(7),
1469-1482.

Lynch, M., & Walsh, B. (1998). Genetics and analysis of quantitative traits
(Vol. 1). Sinauer Sunderland.

Magnus, P., Birke, C., Vejrup, K., Haugan, A., Alsaker, E., Daltveit, A. K.,
Handal, M., Haugen, M., Hgiseth, G., Knudsen, G. P., Paltiel, L.,
Schreuder, P., Tambs, K., Vold, L., & Stoltenberg, C. (2016). Cohort
profile update: The Norwegian mother and child cohort Study
(MoBa). International Journal of Epidemiology, dyw029.

McAdams, T. A, Hannigan, L. J., Eilertsen, E. M., Gjerde, L. C., Ystrom, E., &
Rijsdijk, F. V. (2018). Revisiting the children-of-twins design:
Improving existing models for the exploration of intergenerational
associations. Behavior Genetics, 48(5), 397-412.

McAdams, T. A, Neiderhiser, J. M., Rijsdijk, F. V., Narusyte, J., Lichtenstein,
P., & Eley, T. C. (2014). Accounting for genetic and environmental
confounds in associations between parent and child characteristics:
A systematic review of children-of-twins studies. Psychological
Bulletin, 140(4), 1138-1173.

McAdams, T. A, Rijsdijk, F. V., Neiderhiser, J., Narusyte, J., Shaw, D. S.,
Natsuaki, M., Ganiban, J. M., Reiss, D., Leve, L. D., Lichtenstein, P., &
Eley, T. C. (2015). The relationship between parental depressive
symptoms and offspring psychopathology: Evidence from a children-
of-twins study and an adoption study. Psychological Medicine, 45(12),
2583-2594.

Mervielde, I, & De Fruyt, F. (1999). Construction of the Hierarchical
Personality Inventory for Children (HiPIC). Paper presented at The
personality psychology in Europe. In M. I. Deary, F. De Fruyt, & F.
Ostendorf (Eds.). Proceedings of the Eight European Conference on
personality Psychology/I. Tilburg University Press.

Nagel, M., Jansen, P. R,, Stringer, S., Watanabe, K., de Leeuw, C. A,, Bryois,
J., Savage, J. E., Hammerschlag, A. R., Skene, N. G., Mufoz-Man-
chado, A. B., White, T., Tiemeier, H., Linnarsson, S., Hjerling-Leffler,
J., Polderman, T. J. C., Sullivan, P. F., van der Sluis, S., & Posthuma, D.
(2018). Meta-analysis of genome-wide association studies for
neuroticism in 449,484 individuals identifies novel genetic loci and
pathways. Nature Genetics, 50(7), 920-927.

Neale, M. C.,, Hunter, M. D,, Pritikin, J. N., Zahery, M., Brick, T. R., Kirk-
patrick, R. M., Bates, T. C,, Maes, H. H., & Boker, S. M. (2016).
OpenMx 2.0: Extended structural equation and statistical modeling.
Psychometrika, 81(2), 535-549.

Nilsen, R. M., Vollset, S. E., Gjessing, H. K., Skjaerven, R., Melve, K. K,
Schreuder, P., Haug, K., Daltveit, A. K., & Magnus, P. (2009). Self-
selection and bias in a large prospective pregnancy cohort in Nor-
way. Paediatric & Perinatal Epidemiology, 23(6), 597-608.

Nivard, M., Dolan, C., Kendler, K., Kan, K.-J., Willemsen, G., Van Beij-
sterveldt, C., van Beek, J. H. D. A, Geels, L. M., Bartels, M., Mid-
deldorp, C. M., & Boomsma, D. I. (2015). Stability in symptoms of
anxiety and depression as a function of genotype and environment:
A longitudinal twin study from ages 3 to 63 years. Psychological
Medlicine, 45(5), 1039-1049.

Nordsletten, A. E., Larsson, H., Crowley, J. J., Almqvist, C., Lichtenstein,
P., & Mataix-Cols, D. (2016). Patterns of nonrandom mating within
and across 11 major psychiatric disorders. JAMA Psychiatry, 73(4),
354-361.

Okbay, A., Baselmans, B. M., De Neve, J.-E., Turley, P., Nivard, M. G.,
Fontana, M. A, Meddens, S. F. W,, Linnér, R. K,, Rietveld, C. A,
Derringer, J., Gratten, J., Lee, J. J, Liu, J. Z.,, Vlaming, R., Ahluwalia, T.
S., Buchwald, J., Cavadino, A., Frazier-Wood, A. C., Furlotte, N. A, ...
Cesarini, D. (2016). Genetic variants associated with subjective well-
being, depressive symptoms, and neuroticism identified through
genome-wide analyses. Nature Genetics, 48(6), 624.

Pervin, L. A., & John, O. P. (1999). Handbook of personality: Theory and
research. Elsevier.

Peyrot, W. J., Robinson, M. R,, Penninx, B. W., & Wray, N. R. (2016).
Exploring boundaries for the genetic consequences of assorta-
tive mating for psychiatric traits. JAMA Psychiatry, 73(11),
1189-1195.

Prinzie, P., Stams, G. J. J., Dekovi¢, M., Reijntjes, A. H., & Belsky, J. (2009).
The relations between parents’ Big Five personality factors and
parenting: A meta-analytic review. Journal of Personality and Social
Psychology, 97(2), 351-362.



INTERGENERATIONAL TRANSMISSION OF NEUROTICISM

Rice, F., Harold, G., & Thapar, A. (2002). The genetic aetiology of childhood
depression: A review. Journal of Child Psychology and Psychiatry,
43(1), 65-79.

Rice, F., Riglin, L., Thapar, A. K., Heron, J., Anney, R., O’'Donovan, M. C,, &
Thapar, A. (2019). Characterizing developmental trajectories and the
role of neuropsychiatric genetic risk variants in early-onset
depression. JAMA Psychiatry, 76(3), 306-313.

Riglin, L., Collishaw, S., Richards, A., Thapar, A. K, Rice, F., Maughan, B., &
Thapar, A. (2018). The impact of schizophrenia and mood
disorder risk alleles on emotional problems: Investigating change
from childhood to middle age. Psychological Medicine, 48(13),
2153-2158.

Rijsdijk, F. V., & Sham, P. C. (2002). Analytic approaches to twin data
using structural equation models. Briefings in Bioinformatics, 3(2),
119-133.

Silberg, J. L., Maes, H., & Eaves, L. J. (2010). Genetic and environmental
influences on the transmission of parental depression to children's
depression and conduct disturbance: An extended children of
twins study. Journal of Child Psychology and Psychiatry, 51(6),
734-744.

Singh, A., D’onofrio, B., Slutske, W., Turkheimer, E., Emery, R., Harden, K.,
Madden, P. A. F., Statham, D. J., & Martin, N. G. (2011). Parental
depression and offspring psychopathology: A children of twins study.
Psychological medicine, 41(7), 1385-1395.

Strand, B. H., Dalgard, O. S., Tambs, K., & Rognerud, M. (2003). Measuring
the mental health status of the Norwegian population: A comparison
of the instruments SCL-25, SCL-10, SCL-5 and MHI-5 (SF-36). Nordic
Journal of Psychiatry, 57(2), 113-118.

Torvik, F. A, Eilertsen, E. M., McAdams, T. A., Gustavson, K., Zachrisson,
H. D., Brandlistuen, R., Havdahl, A., Stoltenberg, C., Ask, H. &
Ystrom, E. (2020). Mechanisms linking parental educational attain-
ment with child ADHD, depression, and academic problems: A study
of extended families in the Norwegian Mother, Father and Child
Cohort Study. Journal of Child Psychology and Psychiatry, 61(9),
1009-1018.

Venables, W. N., Smith, D. M., & Team, R. D. C. (2009). An introduction to
R. Citeseer.

JCPP Advances @ | 1ofu1

Vollrath, M. E., Hampson, S. E., & Torgersen, S. (2016). Constructing a short
form of the hierarchical personality inventory for children (HiPIC):
The HiPIC-30. Personality and Mental Health, 10(2), 152-165.

Vukasovi¢, T., & Bratko, D. (2015). Heritability of personality: A meta-
analysis of behavior genetic studies. Psychological Bulletin, 141(4), 769.

Waszczuk, M. A, Zavos, H. M., Gregory, A. M., & Eley, T. C. (2014). The
phenotypic and genetic structure of depression and anxiety disorder
symptoms in childhood, adolescence, and young adulthood. JAMA
Psychiatry, 71(8), 905-916.

Ystrom, E., Barker, M., & Vollrath, M. E. (2012). Impact of mothers'
negative affectivity, parental locus of control and child-feeding
practices on dietary patterns of 3-year-old children: The MoBa
cohort study. Maternal and Child Nutrition, 8(1), 103-114.

Ystrom, E., Niegel, S., & Vollrath, M. E. (2009). The impact of maternal
negative affectivity on dietary patterns of 18-month-old children in
the Norwegian Mother and child cohort study. Maternal and Child
Nutrition, 5(3), 234-242.

SUPPORTING INFORMATION
Additional supporting information may be found in the online version

of the article at the publisher's website.

How to cite this article: Ask, H., Eilertsen, E. M., Gjerde, L. C.,
Hannigan, L. J., Gustavson, K., Havdahl, A., Cheesman, R.,
McAdams, T. A, Hettema, J. M., Reichborn-Kjennerud, T.,
Torvik, F. A, & Ystrom, E. (2021). Intergenerational
transmission of parental neuroticism to emotional problems in
8-year-old children: Genetic and environmental influences.
JCPP Advances, 1(4), e12054. https://doi.org/10.1002/jcv2.
12054


https://doi.org/10.1002/jcv2.12054
https://doi.org/10.1002/jcv2.12054

	amalicsdk䠢
	amalicsdk䲔
	catch_httpiadrcomi4apagesindexcfmpageid4537શ
	catch_httpiadrcomi4apagesindexcfmpageid4537亄
	catch_httpsdoiorg101002capr12191䕭
	description䗬",
	catch_httpsdoiorg101111jnc14122䳲
	catch_httpsdoiorg101111jnc14122堮
	catch_httpsdoiorg101111jvim0006㵰
	catch_httpsdoiorg101111jvim0006䋷
	catch_httpsdoiorg101111jvim0006䏔
	catch_httpsdoiorg101111jvim0006嵼
	descriptio乹,",
	catch_httpsdoiorg101111jvim1006䡅
	catch_httpsdoiorg101111jvim1006䮒
	catch_httpsdoiorg101111jvim1006䯞
	catch_httpsdoiorg101111jvim1006慿
	catch_httpsdoiorg101111jvim9005䡵
	catch_httpsdoiorg101111jvim9005䵅
	catch_httpsdoiorg101111jvim9005䶢
	catch_httpsdoiorg101111jvim9005埖
	description䗪",
	catch_httpsorcidorg0000000184810294䉫
	catch_httpsorcidorg0000000184810294䒆
	catch_httpsorcidorg0000000184810294䪪
	catch_httpsorcidorg0000000185954994㫔
	catch_httpsorcidorg0000000185954994㬟
	catch_httpsorcidorg0000000185954994䈍
	catch_httpsorcidorg0000000185954994䔭
	catch_httpsorcidorg0000000185954994䘩
	catch_httpsorcidorg0000000185954994䦊
	catch_httpsorcidorg0000000185954994䨄
	catch_httpsorcidorg000000019933135XϢ
	catch_httpsorcidorg000000019933135X㭶
	catch_httpsorcidorg000000019933135X㲙
	catch_httpsorcidorg000000019933135X㵎
	catch_httpsorcidorg000000019933135X㹊
	catch_httpsorcidorg000000019933135X㾌
	catch_httpsorcidorg000000019933135X䄥
	catch_httpsorcidorg000000019933135X䋕
	catch_httpsorcidorg000000019933135X䎲
	catch_httpsorcidorg000000019933135X䢿
	catch_httpsorcidorg000000019933135X光
	catch_httpsorcidorg000000019933135X嵑
	catch_httpsorcidorg0000000225290409ඓ
	catch_httpsorcidorg0000000225290409බ
	catch_httpsorcidorg0000000225290409䛌
	catch_httpsorcidorg0000000225290409䜈
	catch_httpsorcidorg0000000225290409䜬
	catch_httpsorcidorg0000000229907808㹎
	catch_httpsorcidorg0000000229907808䄑
	catch_httpsorcidorg0000000229907808䆻
	catch_httpsorcidorg0000000236734319ሥ
	catch_httpsorcidorg0000000236734319㴥
	catch_httpsorcidorg0000000236734319䊭
	catch_httpsorcidorg0000000236734319䤦
	catch_httpsorcidorg0000000236734319䩬
	catch_httpsorcidorg0000000312674785㿈
	catch_httpsorcidorg0000000312674785䒯
	description
	catch_httpwwwgerodontologyeunextmeettngphpટ
	catch_httpwwwgerodontologyeunextmeettngphp亏
	davidwellergmailcom६
	davidwellergmailcom䙛
	mtakivetmedhokudaiacjp㲑
	mtakivetmedhokudaiacjp㾂
	Intergenerational transmission of parental neuroticism to emotional problems in 8‐year‐old children: Genetic and environmen ...
	INTRODUCTION
	MATERIALS AND METHODS
	Study sample
	Measures
	Covariates
	Analyses

	RESULTS
	DISCUSSION
	Maternal influences
	Father‐child similarity
	Genetic transmission
	Limitations

	CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTERESTS
	AUTHOR CONTRIBUTIONS
	ETHICS STATEMENT
	CODE AVAILABILITY STATEMENT
	DATA AVAILABILITY STATEMENT


