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Abstract

The present study examined the effect of early life stress (ELS) on the glucocorticoid receptor gene (NR3C1) methylation, the associations
between NR3C1 methylation and behavior problems, and the effect of the program Parents as Teachers (PAT) on NR3C1 methylation.
Participants included 132 children, 72 assigned to the PAT intervention group and 60 to the PAT control group. Children were aged 3
years, and were living in psychosocially at-risk families. We assessed NR3C1 methylation of the NGFI-A binding regions of exon 1F via
sodium bisulfite sequencing from saliva DNA. Results indicated that (a) children living in families receiving PAT had decreased methylation
at one single cytosine–guanine dinucleotides (CpG) site; (b) current maternal depressive symptoms and parental disagreement were pre-
dictive of increased methylation of mean NGFI-A and three single CpG sites; and (c) increased methylation of mean NGFI-A and one single
CpG site was significantly associated with increased internalizing and externalizing symptoms. In addition, mean NGFI-A was a mediator of
the association between parental disagreement and a child’s affective problems. These results suggest that PAT may contribute to preventing
NR3C1 methylation in preschool children living in psychosocially at-risk situations, and confirm previous findings on the associations
between ELS, NR3C1 methylation, and behavior problems.
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Introduction

The early life environment is a major contributor to an individu-
al’s developmental trajectory (Shonkoff et al., 2012). Chronic
stress exposure in early life, referred to in the literature as early
life stress (ELS) or toxic stress, increases the risk of adverse behav-
ioral, physical, and mental outcomes throughout life (Shonkoff
et al., 2012). Indeed, ELS in the form of abuse (sexual, physical,
and emotional), neglect (physical and emotional), and parental
loss has been associated with several health outcomes in children
and adults, such as poor social and academic competences,
inflammatory and cardiovascular disorders, substance abuse,
sleep disorders, posttraumatic stress disorders (PTSD), bipolar
disorders (BP), major depression (MDD), and attempted suicide

(Bick & Nelson, 2016; Danese, Pariante, Caspi, Taylor, &
Poulton, 2007; Nemeroff, 2016; Shonkoff, 2016).

One possible mechanism underlying the pathogenic nature of
ELS is through modifications of physiological systems responding
to stress, such as the hypothalamus–pituitary–adrenal (HPA) axis
(Heim, 2013). The HPA axis plays a key role for adequate respond-
ing to, coping with, and subsequent recovery from environmental
threats that disrupt homeostasis (McEwen, 2007; van Bodegom,
Homberg, & Henckens, 2017). The exposure to a stressor activates
a cascade of central and peripheral events that causes the release of
cortisol from the adrenal cortex (van Bodegom et al., 2017). Cortisol
promotes physiological and behavioral changes as part of the
fight-or-flight response, which allows the organism to deal with
the stressor (van Bodegom et al., 2017). During the acute phase
of the HPA axis stress response, the binding of cortisol to the glu-
cocorticoid receptor (GR) induces a negative feedback that brings
cortisol back to prestress levels, contributing to the stress response
being terminated (Stephens &Wand, 2012). However, chronic stress
exposure during development causes the HPA axis to adapt, in
order to optimize stress responses to future stressors and promote
survival of the individual within its environment (McEwen, 2004).
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For instance, most of the studies with children exposed to ELS have
demonstrated altered HPA axis stress responses and higher levels of
circulating cortisol, as well as other stress mediators (Agorastos,
Pervanidou, Chrousos, & Baker, 2019). Because the effects of cortisol
include threat vigilance, heightened emotional arousal, and motivation
for self-defense, increased cortisol levels may provide some advantages
in stressful environments (Thompson, 2014). However, the allocation
of resources devoted to deal with stressful conditions presents several
trade-offs, such as immune function suppression, enhanced cardiovas-
cular tone, and diminished ability to concentrate, remember things,
control thoughts, and regulate emotions (Thompson, 2014). These
factors and the long-term adaptations of the HPA axis to ELS contrib-
ute to lay a foundation for lifelong adverse outcomes (Thompson,
2014; Shonkoff et al., 2012; van Bodegom et al., 2017).

A growing body of evidence suggests that the maintenance of
HPA axis adaptations to ELS is caused by long-lasting molecular
modifications of the gene coding for the GR (Turecki & Meaney,
2016). These modifications involve epigenetic mechanisms, which
affect gene expression without altering the underlying DNA sequence,
and are both mitotically heritable and reversible (Tammen, Friso, &
Choi, 2013). DNA methylation (DNAm), the most studied and well-
characterized epigenetic modification, regulates gene expression
through the addition of methyl groups at cytosines in cytosine–gua-
nine dinucleotides (CpG) (Kumar, Chinnusamy, & Mohapatra, 2018;
Portela & Esteller, 2010). Higher levels of methylation decrease the
binding of transcription factors to the DNA, causing gene silencing
and decreased gene expression (Kumar et al., 2018; Portela &
Esteller, 2010). Hypermethylation of the GR gene (NR3C1) in the
hypothalamus decreases levels of hypothalamic GR (Labonte et al.,
2012). This contributes to suppression of HPA axis negative feedback
and normal termination of the stress response (Labonte et al., 2012;
Liu & Nusslock, 2018).

The majority of studies in rodents and humans (children and
adults) indicates that ELS is linked to NR3C1 hypermethylation,
decreased levels of GR, disrupted HPA axis negative feedback,
and abnormal physiological responses, such as increased or
decreased cortisol reactivity in response to stressors (Parent
et al., 2017; Turecki & Meaney, 2016).

The precise mechanisms through which ELS modifies epigenetic
patterns are still unclear (Nagy, Vaillancourt, & Turecki, 2018).
However, studies in rodents identified a molecular pathway explain-
ing how maternal behavior alters epigenetic patterns of the NR3C1.
Maternal licking/grooming behavior induces increased hippocampal
serotonergic tone, subsequent activation of the nerve growth factor,
and recruitment of enzymes to the NR3C1 promoter, such as histone
acetyltransferases and DNA demethylases, which lead to increased
hypothalamic GR in the offspring (Weaver, 2007). Among methyla-
tion studies in children, ELS in the form of maltreatment and expo-
sure to maternal depression has been repeatedly associated with
increased NR3C1 methylation (Cicchetti & Handley, 2017;
Efstathopoulos et al., 2018; Murgatroyd, Quinn, Sharp, Pickles, &
Hill, 2015; Oberlander et al., 2008; Parade et al., 2016; Parent
et al., 2017; Radtke et al., 2011; Romens, McDonald, Svaren, &
Pollak, 2015; Tyrka et al., 2015; van der Knaap et al., 2014). In addi-
tion, some studies have demonstrated links between NR3C1 hyper-
methylation and children’s psychopathology (Cicchetti & Handley,
2017; Efstathopoulos et al., 2018; Parade et al., 2016).

ELS is more common among families touched by psychosocial
adversities, such as maternal depression, parental stress, and low
socioeconomic status (SES). In these adverse conditions, parent-
ing quality is often compromised, leading to increased risk of
major forms of ELS, such as emotional and physical abuse and

neglect, as well as dysfunctional relationships between parents
and child (Heim, 2013). For this reason, social programs that
aim to support psychosocially disadvantaged families have been
implemented in the last decades (Ertem & Organization, W. H.,
2012). Parents as Teachers (PAT), founded in 1984 in the State
of Missouri (https://parentsasteachers.org/about/), is a
parent-training intervention beginning during the perinatal
period, and lasting until the child’s third birthday (Schaub,
Ramseier, Neuhauser, Burkhardt, & Lanfranchi, 2019).

The underlying theoretical and empirical background of PAT
is largely based on Bronfenbrenner’s bioecological model. In
this model, reciprocal interactions between an individual and its
environment, which includes persons, objects, and symbols, are
defined as proximal processes that are regarded as the “primary
engines” of development (Bronfenbrenner & Morris, 2007).
PAT intervenes in these interactions by improving parenting
quality and providing enriched learning opportunities for chil-
dren (Peterson, Luze, Eshbaugh, Jeon, & Kantz, 2007; Schaub
et al., 2019). Social programs based on Bronfenbrenner’s bioeco-
logical model have been demonstrated to be effective in reducing
disruptive behaviors in children (Schaub et al., 2019; Taylor &
Biglan, 1998; Wyatt Kaminski, Valle, Filene, & Boyle, 2008) and
in normalizing cortisol responses, suggesting an effect of these
social interventions on HPA axis regulation (Dozier, Peloso,
Lewis, Laurenceau, & Levine, 2008; Fisher & Stoolmiller, 2008).

To the best of our knowledge, no study has yet investigated the
associations between PAT and NR3C1 methylation. During the
perinatal period and the first three years of life, DNAm has
been demonstrated to be particularly sensitive to ELS and social
experiences, especially those occurring in the context of caregiv-
ing (Dunn et al., 2019; Szyf, 2019). Therefore, it is plausible to
assume that social interventions improving conditions for the
child in his/her family environment would have a positive impact
on the child’s DNAm patterns associated with ELS. In this study,
we assessed whether children living in psychosocially at-risk fam-
ilies supported by PAT had lower levels of NR3C1 methylation
compared to the control group. Before testing this hypothesis,
we also assessed the associations between ELS, NR3C1 methyla-
tion, and child behavior problems. As found by the studies men-
tioned above, we hypothesized that NR3C1 hypermethylation
would be associated with higher ELS and behavior problems.

Material and Method

This study is part of ZEPPELIN, a longitudinal and randomized
controlled trial aiming to (a) recognize children whose develop-
ment is at risk of being compromised by psychological stressors,
and (b) enhance the developmental opportunities of these children
in the long term through PAT (Lanfranchi & Neuhauser, 2013). In
a recent study of ZEPPELIN, PAT was effective in reducing child
behavior problems in high-risk families (Schaub et al., 2019). To
answer the questions of the present study, we conducted a cross-
sectional investigation using a subsample of PAT0-3 composed of
families who agreed to participate in biochemical analyses.

The ZEPPELIN study protocol was approved by the State
Ethics Committee of the canton of Zurich (Reference Nr.
KEK-ZH 2013-0278).

Recruitment and randomization

Families in psychosocially at-risk situations living in the
German-speaking part of Switzerland (more specifically, in
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Canton Zurich) were identified through an interdisciplinary net-
work of family counseling and health professionals (e.g.,
parent-counseling offices, pediatricians, midwives, social counsel-
ing, psychological and psychiatric services), and recruited before
or shortly after the birth of the child. Recruitment took place at
three project sites in the Canton of Zurich. Families were included
in the study if they presented at least two of the following risk fac-
tors: (a) parental risks (low level of education, early parenthood,
alcohol or drug abuse, sickness and disabilities), (b) familial risks
(single parenthood, partnership conflicts), (c) social risks (lack of
social integration, dissocial environment), (d) material risks (unem-
ployment, financial problems, confined living space), and (e) child-
related risks (high-risk pregnancy, health issues, prematurity).
Exclusion criteria were: (a) no permanent residency permit, (b)
severe illness or disability of the child, (c) severe illness or disability
of the parent requiring inpatient and long-term psychiatric treat-
ment, and (d) other intensive treatments or child protection proce-
dures. The screening was performed using a self-developed
questionnaire (Neuhauser et al., 2015).

After prospective participants signed informed written consent,
approximately one half of the recruited families were assigned to
the intervention group (IG), and the other half to the control
group (CG). Families signed the informed written consent before
knowing to which group they would be assigned. The assignment
was performed using stratified block randomization. Strata were
project site, cumulative psychosocial risk factors assessed using
the Heidelberger Belastungsskala (HBS) (Sidor, Eickhorst, Stasch,
& Cierpka, 2012), marital status (single parent: yes/no), and
German-language proficiency (interpreter: yes/no) (Schaub et al.,
2019). An additional consent form was signed by parents who
agreed to provide saliva of their child in addition to behavioral
data. Approximately 50% of the families agreed to provide saliva
samples. Mothers in participating families were easier to reach
(e.g., by phone calls, emails) ( p < .01), and slightly older (M =
30.4 years, standard deviation [SD] = 6) than mothers in families
that did not agree to participate in biological analyses (M = 28.9
years, SD = 5.2). However, the two groups did not differ on other
relevant study variables, such as SES or maternal depressive symp-
toms. The resulting IG and CG subgroups did not differ regarding
the strata mentioned above. The flowchart of the participants’ pro-
gress through the phases of the study is presented in Figure 1.
Families assigned to the CG had access to community services,
but were not supported by PAT. Incentives such as birthday greet-
ing cards, small birthday presents, and a monetary benefit of 70
CHF for data collection were offered to both experimental groups.

Participants

The final sample for the present study included N = 132 children
(CG; n = 60, IG; n = 72), including seven pairs of twins (CG; n =
3, IG; n = 4). Children were aged 3 years (M = 35.5 months, SD
= 1.09), and approximately half were female (n = 72, 54,5%).
Families were mostly of European origin (71.2%,), and the remain-
ing were originally from Africa, Asia, and Latin America. Notably,
the primary language of 79.5% of the children was non-German.
The sociodemographic characteristics of the overall sample and
of the individual experimental groups are summarized in Table 1.

Parents as Teachers

The aim of PAT, which is to enhance children’s development, was
pursued using four elements. Firstly, home visits during the first 3

years of life conducted by a qualified parent educator, with a mini-
mum of ten visits per year. In this study, members of the IG received,
on average, a total of n = 49.9 (SD = 10.1) home visits before data
were collected. During the visit, the parent educator worked with
the family on three areas: development-oriented parenting, parent–
child interactions, and the well-being of the family. The second ele-
ment comprised nonmandatory group meetings once a month to
allow parents to network with other parents and receive information
related to educational practices, Parent×Child interactions, and com-
munity services for families. The third element was monitoring of
the child’s general health and development and the final element
was support of parents in their integration in the community and
the referral of specific needs to other public institutions.

Data collection

The data collection was conducted at the family home, around the
child’s third birthday. It consisted of self-report questionnaires,
mostly filled out by the mothers, and saliva sampling carried out
at the end of the collection session. For mothers that were not pro-
ficient in German, questionnaires were available in the mother’s first
language. Descriptive statistics of the study variables, in the overall
sample and based on experimental groups, are reported in Table 1.

Maternal depressive symptom

The Brief Symptom Inventory (BSI-18; Spitzer et al., 2011) was
used to assess self-reported maternal depressive symptoms over
the past week. Although the timeframe of the assessment was
short, previous studies have demonstrated that differential maternal
mood and behavior may induce rapid changes in NR3C1 methyl-
ation during early life in the rat and human offspring, even over
a few weeks (Murgatroyd et al., 2015; Weaver et al., 2004). The
BSI-18 was developed as a screening tool for assessing psychologi-
cal distress (somatization, depression, and anxiety) in clinical and
nonclinical populations. The depression subscale includes six
items rated on a 5-point Likert-type scale (0 = not at all; 1 = a little
bit; 2 =moderately; 3 = quite a bit; 4 = extremely) and assesses
thoughts of suicide, feelings of loneliness, melancholy, anhedonia,
feeling of hopelessness, and feelings of worthlessness. The internal
consistency in the present study was excellent (Cronbach’s α =
0.92). The mean score of the six items was calculated to obtain
an approximately continuous variable. Scores of the BSI-18
assessed a year earlier were also employed in the present study
(Cronbach’s α = 0.91).

Parental disagreement

The following two items of the Parental Stress Questionnaire
(PSQ; Domsch & Lohaus, 2010) related to parenting attitudes in
partnership were used as a proxy of parental stress (termed as
“parental disagreement” in this study): “My partner and I totally
agree on questions about upbringing” and “My partner and I dis-
cuss and decide together about parenting tactics”. The rest of the
PSQ items were not assessed in the context of ZEPPELIN. For the
two assessed items, the internal consistency in the present study
was very good (Cronbach’s α = 0.81). Items are rated on a
4-point Likert scale (1 = strongly agree, 2 = agree, 3 = disagree and
4 = strongly disagree) and were answered by both mothers who
lived with their partner and mothers living alone with their
child (single mothers), mostly of whom were still in contact with
the father of the child. The mean score of the two items was
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calculated to create an approximately continuous variable. The
scale for the variable scores was reversed to facilitate the interpre-
tation of the results; high scores are indicative of more risk.

SES

To assess the families’ SES we used the well-established
International Socio-Economic Index of Occupational Status (ISEI)
(Ganzeboom & Treiman, 1996). The ISEI was constructed using
data from almost 200.000 men and women in 42 countries. This

index is a by-product of the mean educational and income levels
for each occupation that is converted into ISEI. The ISEI scale
ranges from 0 to 100, with greater scores indicating higher SES.
Again, we reversed the variable scores in order to facilitate the inter-
pretation of the results; higher scores correspond to higher risk.

Child behavior problems

Child behavior problems were assessed using the well-established
Child Behavior Checklist (CBCL 1½–5; Achenbach & Rescorla,

Figure 1. CONSORT flow diagram modified from Schaub et al. (2019). 1Criteria for participation were no longer met after randomization and increasing age of the
child. 2Insufficient sequencing coverage.
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2000). Parents were asked to rate the child symptoms “now or
within the past 2 months”. We used the five Diagnostic and
Statistical Manual of Mental Disorders, fourth edition
(DSM-IV)-oriented subscales which measure both children’s
internalizing and externalizing symptoms. Internalizing symp-
toms include affective problems (e.g., underactive, lack of energy),
anxiety problems (e.g., not wanting to leave home), and pervasive
developmental problems (e.g., disturbed by any change in rou-
tine). Externalizing symptoms include attention-deficit/hyperac-
tivity problems (e.g., quickly shifting from one activity to
another), and oppositional defiant problems (e.g., being aggres-
sive). The five subscales include, collectively, 45 items that are
rated on a 3-point scale (0 = not true, 1 = somewhat or sometimes
true, 2 = very true or often true). Row scores were standardized in
T-scores (M = 50 ± 10).

Saliva sampling

In this study, we used saliva as a source of DNA. Methylation
studies that mainly target the human brain rely on postmortem
tissues; this presents clear unpractical implications (Rhein et al.,
2015). Therefore, easily accessible peripheral tissue such as

blood, buccal cells, and saliva are widely used as a proxy of the
brain for assessing DNA methylation in humans. In particular,
the use of saliva carries many advantages, including undemanding
and minimally invasive collection, as well as easy handling of
samples (Yoshizawa et al., 2013). Because methylation is known
to be cell- and tissue-specific, the choice of tissues can affect
results and their interpretation (Fiori & Turecki, 2016; Zhang
et al., 2013). However, studies assessing methylation–disease asso-
ciations have demonstrated that methylation in peripheral tissues
can reflect results obtained using brain tissue (Turecki & Meaney,
2016). For instance, studies assessing NR3C1 promoter methyla-
tion in saliva extensively demonstrate a link between ELS,
increased methylation, and child or adult diseases (Cicchetti &
Handley, 2017; Efstathopoulos et al., 2018; Murgatroyd et al.,
2015; Oberlander et al., 2008; Parade et al., 2016; Tyrka et al.,
2015), reflecting results obtained by studies using brain tissues
(McGowan et al., 2009; Labonte et al., 2012).

Saliva from children in the present study was collected in
Oragene tubes (OG-500, DNA Genotek, Ontario, Canada)
using the passive-drool method according to the manufacturer’s
instructions, and stored at 4°C until subsequent biochemical
analyses.

Table 1. Demographic and biopsychosocial characteristics of the participating children

All IG CG

Age, months (M ± SD) 35.5 ± 1.09 35.4 ± 0.88 35.8 ± 1.28*

Girls (n, %) 72, 54.6 44, 61.1 28, 46.7

Geographical origin (n, %)

Europe 94, 71.2 54, 57.5 40, 42.6

Africa 18, 13.6 10, 55.5 8, 44.5

Asia 17, 12.9 8, 47.1 9, 52.9

Latin America 3, 2.3 0, 0 3, 100

Single mothers (n, %) 18, 13.6 8, 6.1 10, 7.6

ELS (M ± SD)

SES 34.44 ± 23.21 31.08 ± 24.22 38.51 ± 23.08

Maternal depressive symptoms .51 ± 0.79 .47 ± 0.74 .55 ± 0.80

Parental disagreement 3.30 ± 0.72 3.35 ± 0.70 3.35 ± 0.66

Child behavior problems (M ± SD)

Affective problems 55.79 ± 6.91 55.17 ± 5.88 56.50 ± 7.92

Anxiety problems 54.32 ± 5.96 53.58 ± 5.67 55.15 ± 6.22

Pervasive developmental problems 56.04 ± 8.04 55.05 ± 6.85 57.15 ± 9.15

ADHD 53.68 ± 4.87 53.37 ± 4.09 54.04 ± 5.64

Oppositional defiant problems 53.25 ± 5.13 53.90 ± 5.96 52.52 ± 3.90

Methylation (M ± SD)

CpG 1 .09 ± 0.27 .05 ± 0.03 .14 ± 0.40

CpG 2 .33 ± 1.97 .43 ± 2.61 .21 ± 0.62

CpG 3 .49 ± 2.76 .61 ± 3.61 .35 ± 1.12

CpG 4 .34 ± 1.08 .28 ± 0.94 .42 ± 1.23

CpG 5 1.10 ± 7.81 .51 ± 2.67 1.81 ± 11. 22

Note: N = 132, IG, n = 72; CG, n = 60. Methylation is presented in % of methylated cytosines in the assessed CpGs (NGFI-A binding regions of the NR3C1 exon 1F). IG was coded 1, CG was coded 0.
Abbreviations: ADHD = attention deficit/hyperactivity disorder; CG = control group; CpG = cytosine–guanine dinucleotide; IG = intervention group; M =mean; SES = socioeconomic status; SD =
standard deviation
*p < .05.
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DNA methylation

DNA was isolated using the PrepIT-L2P protocol (OG-500, DNA
Genotek, Ontario, Canada). Sodium bisulfite conversion was per-
formed with 500 ng of DNA using the EZ DNA methylation kit
(Zymo Research, Irvine, CA, USA). We performed amplification
of the NR3C1 target sequence (Figure 2) using the following spe-
cific primers: frw 5′-TTG AAG TTT TTT TAG AGG G-3′ and
rws 5′-AAT TTC TCC AAT TTC TTT TCT C-3′, which included
universal primer sequences CS1/CS2 on the 5′ ends (Fluidigm,
San Francisco, CA, USA). Cycling conditions were as follows:
95°C for 3 min, then 40× (98°C for 20 s, 60°C for 15 s, 72°C
for 15 s), and final elongation step at 72°C for 45 s. Amplicons
were then purified using e-gel size selection (Thermo Fisher
Scientific, Waltham, MA, USA). Subsequently, indexing with
unique single barcodes (Fluidigm, San Francisco, CA, USA) was
performed through a second polymerase chain reaction (PCR)
(95°C, 3 min, then 10× (98°C, 20 s; 60°C, 15 s; 72°C, 15 s), and
final elongation at 72°C for 45 s). Indexed amplicons were pooled
and submitted to a final purification to remove dimers and ampli-
fication artifacts. The pooled samples were then diluted to a con-
centration of 2 nM and sequenced on an Illumina Miseq using the
v3 kit (Illumina, San Diego, CA, USA).

After the sequencing, the software Trimmomatic v0.35
(licensed under GPL V3 and available at http://www.usadellab.
org/cms/index.php?page=trimmomatic) was employed to identify
and remove low-quality products (Bolger, Lohse, & Usadel, 2014).
The Bismark program (v0.19.0) was used to extract the counts of
methylated (cytosines) and unmethylated (thymine) bases. After
summing up methylated and unmethylated counts, we only
kept samples showing a coverage (=total counts) of at least
100× (Chen et al., 2017). Three samples did not reach this thresh-
old and were therefore excluded. For the remaining samples, cov-
erage ranged from 2,539× to 125,583×, with a mean of 57,956× ±
29,040. In this study, we analyzed five CpG sites located within
the NGFI-A binding regions of exon 1F (Figure 2). The
NGFI-A is a powerful regulator of the expression of the GR,
and there is consistency for increased methylation of the CpG
sites located in the NGFI-A binding regions among association
studies focusing on NR3C1 methylation and ELS (Turecki &

Meaney, 2016). Table 1 presents the average methylation and
SD for each of the five CpG sites. One participant showed
extremely high percentages of methylation at CpG 5 (86.9%)
(M = 0.45%, SD = 2.1). This value was not considered as an out-
lier, as sufficient coverage was reached at this CpG site
(9,531×). Moreover, the other CpG sites for this sample, including
the proximal CpG 4, had low methylation (0.13%), which suggests
successful completion of the bisulfite reaction. Finally, other stud-
ies found high methylation at this CpG, such as 52,17%
(Efstathopoulos et al., 2018). However, we conducted all statistical
analyses with and without the participant showing high percent-
ages of methylation at CpG 5. Results were largely unchanged
after the exclusion of this participant and conclusions were not
affected.

Statistical analyses

We first performed pairwise Pearson’s correlation between all var-
iables: ELS, behavior problems, and NR3C1methylation (Table 2).
Linear regression was used for assessing the predictive effect of
ELS and PAT on NR3C1 methylation. Because NR3C1 methyla-
tion was strongly positively skewed, we performed log transforma-
tion in order to approach normality. Partial correlation was used
for assessing the association between NR3C1 methylation and
child behavior problems. As NR3C1 methylation was not nor-
mally distributed, correlation analyses were performed using a
nonparametric (Spearman) correlation. In order to assess whether
NR3C1 methylation contributed as a mediator of ELS on child
behavior problems, path analysis was conducted using
PROCESS macro model 4 (Hayes, 2017). Predictor and outcome
variables were included in the path analysis if they were signifi-
cantly associated with the mediator. Current maternal depressive
symptoms were not used in the mediation analysis, as the out-
come variables (child behavior problems) were essentially mea-
sured before the predictor variable, posing a problematic
temporal ordering. Child age at the time of saliva sampling
(=child age), child age at the beginning of the intervention
(=child age at randomization), sex, and geographical origin were
included as covariates in all statistical analyses. The “PAT

Figure 2. Upper part: Schematic diagram of noncoding alternative first exon in the NR3C1 promoter region. Lower part: Sequence of the NR3C1 exon 1F,
chr5:142,783,586–142,783,903 located in the 5′ untranslated region of the NR3C1. Dashed boxes delineate NGFI-A binding regions described by McGowan et al.
(2009). These CpG sites are the most widely reported in the literature, in both human and animal studies assessing the effect of ELS on NR3C1 methylation.
CpG 1–5 correspond to the CpG sites 30–32 and 37, 38 reported by Palma-Gudiel et al. (2015). Underlined sequences correspond to the primer’s position.
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Table 2. Bivariate correlation between ELS variables, child behavior problems and NR3C1 methylation

1 2 3 4 5 6 7 8 9 10 11 12 13

1 SES (N = 116) –

2 Maternal depression (N = 113) −.07 –

3 Parental disagreement (N = 110) .10 .15 –

4 Affective problems (N = 111) .02 .42** .09 –

5 Anxiety problems (N = 111) −.03 .12 .00 .48** –

6 Pervasive dev. problems (N = 111) −.06 .27** −.03 .71** .53** –

7 ADHD (N = 111) .01 .15 .07 .40** .26** .32** –

8 Oppositional defiant problems (N = 111) .18 .18 .2 .36** .27** .29** .34** –

9 CpG 1 (N = 132) −.09 .04 .11 .14 .11 .00 .20* −.04 –

10 CpG 2 (N = 132) −.05 −.01 .00 .08 −.12 −.12 .11 .08 −.01 –

11 CpG 3 (N = 132) .10 .07 .06 .10 .05 .10 .00 −.02 −.01 −.01 –

12 CpG 4 (N = 132) .13 .20* −.04 .23* .21* .20* .00 .22* .00 −.03 .08 –

13 CpG 5 (N = 132) −.13 .05 .28** .05 −.03 −.10 .15 .34** −.01 −.02 −.02 −.03 –

14 NGFI-A mean (N = 132) −.09 .09 .28** .17 .07 .05 .11 .24* .02 .21* .32** .12 .91**

Note: Pearson’s correlation.
Abbreviations: ADHD = attention deficit/hyperactivity disorder; CpG = cytosine–guanine dinucleotide; Pervasive dev. problems = pervasive developmental problems; SES = socioeconomic status
*p < .05.
**p < .001.
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experimental group” variable was also included as a covariate in
all statistical analyses, to control for possible effects of the inter-
vention on the results. All methylation analyses were performed
using the mean methylation of the five CpG sites within the
NGFI-A binding regions (mean NGFI-A methylation) and meth-
ylation levels at individual CpG sites (CpG 1 to CpG 5). The mean
composite of CpG sites was used in the statistical analyses, despite
the lack of intercorrelation among CpG sites (Table 2). Indeed,
the five CpG sites are located in the binding regions of the tran-
scription factor NGFI-A. Therefore, physical NGFI-A binding
impedance and consequent alteration in gene expression may
result from the average level of methylation at the five CpG
sites, rather than from the level of methylation at one single
CpG site of the NGFI-A binding region. The percentage of miss-
ing values across the 14 variables varied between 0 and 16.7%. In
total 165 out of 1,683 data points (8.93%) were incomplete.
Questions related to the CBCL questionnaire were not answered
by 21 families, while the ELS variables showed nonsystemic pat-
terns of missing data. We used multiple imputation to create
and analyze 50 multiply imputed datasets to ensure that a reliable
estimate of the fraction of missing information was obtained
(Madley-Dowd, Hughes, Tilling, & Heron, 2019; Van Buuren,
2018). Incomplete variables were imputed under the missing at
random (MAR) assumption, using the default settings of SPSS
(Enders, 2010). We compared the results using the pooled
imputed datasets with the results of complete cases and found
no difference regarding the findings. Analyses were conducted
using SPSS (IBM statistic, version 24.0, Armonk, NY: IBM
Corp.). Mediation was considered significant when the 95% asym-
metric confidence interval (CI) generated by bootstrapping did
not include the value 0. In regression and correlation analyses,
a p value below 0.05 was considered statistically significant.

Results

ELS, PAT, and NR3C1 methylation

Increased mean NGFI-A methylation was predicted by higher
current maternal depressive symptoms (β = .19, t(106) = 2.02, p
= .046) and higher levels of parental disagreement (β = .30, t
(103) = 3.37, p < .01), while it was not predicted by SES (β
= .03, t(109) = .28, p = .778), and by maternal depressive

Table 3. Relative contribution of the ELS variables and PAT experimental group
to NGFI-A mean methylation

β p value

SES .09 .342

Maternal depressive symptoms .16 .092

Parental disagreement .32 <.01*

PAT experimental group (IG, CG) −.02 .850

Age −2.25 <.01*

Age at randomization .30 <.01*

Sex .02 .834

Geographical origin −.03 .717

Note: n = 99. IG was coded 1, CG was coded 0.
Abbreviations: CG = control group; IG = intervention group; PAT = Parents as Teachers; SES =
socioeconomic status
*p < .01
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symptoms assessed one year before data collection (β = −.02, t
(102) =−.23, p = .816). Examination of individual CpG sites
revealed significant effects of current maternal depressive symp-
toms on methylation at CpG 1 (β = .21, t(106) = 2.27, p = .025),
CpG 4 (β = .24, t(106) = 2.59, p = .011), and CpG 5 (β = .20, t
(105) = 2.20, p = .030). Parental disagreement was predictive of
methylation at CpG 5 (β = .30, t(103) = 3.35, p < .01).

Results on the effect of PAT on NR3C1 methylation indicated
that the IG had lower mean NGFI-A methylation, although the
effect was not statistically significant (β =−.15, t(123) = −1.66,
p = .100). The association was weaker after controlling for parental
disagreement (β =−.06, t(103) =−.61, p = .544), and for parental
disagreement, maternal depressive symptoms, and SES (β =−.02,
t(90) =−.19, p = .853). However, the examination of the individ-
ual CpG sites revealed that the IG was associated with signifi-
cantly lower methylation at CpG 1 compared to the CG (β =
−.26, t(123) =−2.9, p < .01). This result remained significant
after adjusting for parental disagreement (β =−.24, t(103) =
−2.47, p = .021), and for parental disagreement, maternal depres-
sive symptoms, and SES (β = −.22, t(90) =−2.16, p = .032).

We then included all predictors in the statistical models. The
relative contribution of each predictor to mean NGFI-A methyl-
ation and single CpG sites 1–5 is presented in Tables 3 and 4
respectively.

NR3C1 methylation and child behavior problems

Mean NGFI-A methylation was significantly associated with
affective problems (rs = .25, p = .012), and oppositional defiant
problems (rs = .19, p = .046). Examination of the individual CpG
sites revealed significant associations between CpG 5 and affective
problems (rs = .24, p = .015), ADHD (rs = .24, p = .014), as well as
oppositional defiant problems (rs = .24, p = .013). Table 5 summa-
rizes the results of the associations between behavior problems
and NR3C1 methylation.

NR3C1 methylation as a mediator

Results indicated that mean NGFI-A methylation significantly
mediated the effect of parental disagreement on affective prob-
lems (b = .33, SE = .21, 95% CI [.02, .80]), while the direct effect
was not statistically significant. The association between parental
disagreement on oppositional defiant problems was not mediated
by mean NGFI-A methylation, and the direct effect was also not
statistically significant. Methylation at individual CpG sites did
not mediate the effect of parental disagreement on affective prob-
lems or oppositional defiant problems. Table 6 summarizes the

results of the mediation analyses between parental disagreement
and child behavior problems.

Discussion

This study investigated three topics relevant to ELS and NR3C1
methylation in 3-year-old children who lived in psychosocially
at-risk families: (a) the effect of ELS (maternal depressive symp-
toms, parental disagreement, and low SES) on NR3C1 methyla-
tion; (b) the associations between NR3C1 methylation and child
behavior problems; (c) the question of whether children living
in families supported by PAT showed decreased NR3C1 methyla-
tion compared to the control group. We found first of all that
NR3C1 hypermethylation was significantly predicted by current
maternal depressive symptoms (mean NGFI-A methylation,
CpG 1, CpG 4, and CpG 5) and parental disagreement (CpG 1
and CpG 5). Secondly we found that NR3C1 hypermethylation
was significantly associated with increased affective problems
(mean NGFI-A methylation and CpG 5), increased oppositional
defiant problems (mean NGFI-A methylation and CpG 5), and
increased ADHD (CpG 5). In addition, the association between
parental disagreement and depressive symptoms was significantly
mediated by mean NGFI-A methylation, Finally we found that
children living in families receiving PAT had significantly
decreased methylation at CpG 1.

Our findings on NR3C1 methylation associated with ELS are
in line with extensive literature reporting on the link between
ELS and NR3C1 hypermethylation in animals and humans
(Daskalakis & Yehuda, 2014; Palma-Gudiel et al., 2015; Turecki
& Meaney, 2016; Tyrka, Ridout, & Parade, 2016). Specifically,
increased methylation at CpG 1, CpG 4, and CpG 5 in children
has been associated with various forms of ELS, including maternal
depressive symptoms (Murgatroyd et al., 2015; Oberlander et al.,
2008), and parental stress (Radtke et al., 2011). Although low SES
has been related to ELS (Lefebvre, Fallon, Van Wert, & Filippelli,
2017), we did not find evidence for an association between NR3C1
methylation and SES. However, this analysis was possibly ham-
pered by the fact that most of the families had low SES (M =
34.44, SD = 23.21).

In this study, we also used data on maternal depressive symp-
toms collected a year earlier as ELS determinant of NR3C1 meth-
ylation. Although the correlation between the first and second
assessments was moderate (r = .64), we did not find a significant
association between maternal depressive symptoms assessed a
year earlier and the child NR3C1 methylation. However, as men-
tioned above, the association between current maternal depressive
symptoms and the child NR3C1 methylation was significant. This

Table 5. Bivariate correlation between child behavior problems and NGFI-A mean methylation

Mean NGFI-A CpG 1 CpG 2 CpG 3 CpG 4 CpG 5

Affective problems .24* .15 .00 .07 .05 .24*

Oppositional defiant problems .19* −.08 .02 .00 .00 .24*

Anxiety problems .06 .02 −.11 .03 −.07 .11

ADHD problems .12 .13 −.04 −.14 −.12 .24*

Pervasive developmental problems .07 .06 −.01 −.07 .08 .11

Note: Spearman’s correlation; n = 111; Child age, child age at randomization, sex, and geographical origin and PAT experimental group were controlled in the correlation analyses.
Abbreviations: ADHD = attention deficit/hyperactivity disorder; CpG = cytosine–guanine dinucleotide
*p < .05.
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may suggest that at 3 years of age, NR3C1 methylation levels are
more strongly associated with current or recent maternal symp-
toms, compared to symptoms assessed a year earlier. These results
may also indicate that, between the second and third years of life,
NR3C1 methylation is still sensitive to maternal mood, suggesting
a window of opportunity for interventions.

Our findings on the association between NR3C1 hypermethy-
lation and adverse child behavior problems, including both inter-
nalizing and externalizing symptoms, are consistent with previous
research. Increased methylation at CpG 1, CpG 4, and CpG 5 has
been associated with various adverse behavioral outcomes in chil-
dren, including increased externalizing symptoms, higher levels of
ego under control, higher levels of emotional lability-negativity
(Cicchetti & Handley, 2017), and greater depressive symptoms
(Cicchetti & Handley, 2017; Efstathopoulos et al., 2018; Parade
et al., 2016). As reported in the study by Cicchetti and Handley
(2017), we did not find evidence for an association between
NR3C1 methylation and anxiety symptoms. Also, we did not
find NR3C1 methylation to be significantly associated with perva-
sive developmental disorders.

NR3C1 methylation has been suggested to mediate the
development of stress-related disorders, and there is extensive
literature on NR3C1 methylation as a mediator of the negative
effects of retrospectively assessed ELS in adults (Palma-Gudiel
et al., 2015; Turecki & Meaney, 2016). However, only a few

studies have investigated NR3C1 methylation as a mediator
between ELS and psychopathology in children (Cicchetti &
Handley, 2017; Efstathopoulos et al., 2018; Parade et al., 2016).
We used path analysis to test the indirect effect of ELS on child
behavior problems via NR3C1 methylation. The analysis revealed
significant mediation of mean NGFI-A methylation in the rela-
tion between parental disagreement and affective problems. This
finding may be traced to the study by Parade et al. (2016),
which demonstrated significant mediation of NR3C1 methylation
in the association between ELS (maltreatment) and internalizing
behavior problems. As in the present study, externalizing and
internalizing symptoms were reported by parents using the
CBCL instrument, the sample was ethnically and racially diverse,
and included preschool children living in psychosocially at-risk
situations.

DNA methylation influences gene expression and is involved
in the etiology and phenotypic variation of various physical and
mental diseases (Robertson, 2005). One of the most attractive
aspects of DNA methylation for translational prevention science
is that, unlike the genetic sequence itself, aberrant DNA methyl-
ation patterns are potentially preventable and reversible (Szyf &
Bick, 2013). Hence, by modifying at-risk DNA methylation pat-
terns, interventions may reduce the likelihood of disadvantaged
phenotypes and promote healthy outcomes (Szyf, Tang, Hill, &
Musci, 2016). Our third finding indicates that the IG, receiving

Table 6. Mediation effects of NGFI-A mean methylation between maternal depressive symptoms and child outcomes

Child affective problems

b Se t p LLCI ULCI

Direct effect

Parental disagreement .73 1.02 .71 .477 −1.30 2.76

PAT experimental group (IG, CG) −1.69 1.52 −1.12 .267 −4.71 1.32

Age −.01 .02 −.63 .528 −.06 .03

Age at randomization <.01 .02 .22 .823 −.03 .04

Sex 1.61 1.51 1.07 .290 −1.40 4.62

Geographical origin 1.49* .69 2.14 .035 .11 2.86

Indirect effect

Parental disagreement .33 .21 .02 .80

Child oppositional defiant problems

b Se t p LLCI ULCI

Direct effect

Parental disagreement 1.11 .75 1.49 .139 −.37 2.60

PAT experimental group (IG, CG) .41 1.11 .37 .715 −1.80 2.61

Age <.01 .02 −.41 .686 −.04 .03

Age at randomization <.01 .01 .37 .709 −.02 .03

Sex 1.23 1.11 1.11 .271 −.98 3.43

Geographical origin −.36 .51 −.72 .475 −1.37 .64

Indirect effect

Parental disagreement .28 .38 −.07 1.37

Note: n = 98. IG was coded 1, CG was coded 0.
Abbreviations: BootLLCI = bootstrapping lower limit confidence interval; BootULCI = bootstrapping upper limit confidence interval; CG = control group; IG = intervention group; PAT = Parents
as Teachers; SE = standard error
*p < .05
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PAT, was associated with lower methylation at CpG 1 compared
to the CG. This association remained significant after controlling
for SES, maternal depressive symptoms, and parental disagree-
ment, suggesting that the mechanism underlying this association
was not, or not entirely related to possible effects of the interven-
tion on the ELS variables assessed in this study. The association
between PAT and lower NR3C1 methylation in children may be
explained by other factors, such as the effect of PAT on parenting
quality. Increased methylation at CpG 1 has been related to child
and adult psychopathology (Cicchetti & Handley, 2017;
Efstathopoulos et al., 2018; Parade et al., 2016), as well as with sui-
cide in victims who experienced childhood abuse (McGowan
et al., 2009). Therefore, our third result suggests that interventions
through PAT may play a role in the prevention of mental disor-
ders through an effect on DNA methylation. This result also
adds to previous findings suggesting that social interventions
impact functional elements of the HPA axis in children exposed
to ELS (Dozier et al., 2008; Fisher & Stoolmiller, 2008).

Limitations

In this study, we used only two items of the PSQ questionnaire.
Hence, only the stress that came with the disagreement on ques-
tions about child upbringing was considered. Another limitation
may include the lack of NR3C1 methylation data at baseline (pre-
intervention) that would have helped to demonstrate the effective-
ness of PAT. Finally, we did not assess the NR3C1 BclI polymor-
phism, which has been associated with increased NR3C1
methylation (Cicchetti & Handley, 2017), and therefore could
have influenced the results.

Implications and future directions

DNA methylation markers may provide an objective tool for the
early recognition of children exposed and susceptible to ELS, and
for monitoring the effectiveness of interventions (Shonkoff et al.,
2012). In addition, a better understanding of how the environ-
ment “gets under the skin” may contribute to increased public
awareness for the deleterious effects of ELS on health and devel-
opment, as well as generate support for implementing social inter-
ventions, and drive childhood policies and practices (Shonkoff,
2016). Our study adds to the literature by showing an effect of
the early social environment on NR3C1 methylation measured
from saliva of children. More studies are needed in order to con-
firm the effect of ELS and social interventions on NR3C1 methyl-
ation, and identify the core components underlying these
associations, such as the frequency, number, and type of ELS
exposures causing deleterious effects, as well as critical time win-
dows with respect to the age of the child.

Conclusion

This is the first study to demonstrate an association between a
PAT intervention and salivary NR3C1 methylation at a single
CpG in children living in psychosocially at-risk situations. This
preliminary finding poses avenues for future research interested
in the epigenetic effects of social interventions in the context of
ELS and the HPA axis. In addition, this is the second study to
show that NR3C1 methylation may mediate the association
between ELS and internalizing symptoms in preschool children.
In this study, we also confirm previous findings on the effect of
ELS on increased NR3C1 methylation in children, and on

associations between increased NR3C1 methylation and the
child behavior problems, including internalizing and externalizing
symptoms.

Acknowledgments. The data reported and analyzed in this paper were gen-
erated in collaboration with the Genetic Diversity Centre (GDC), ETH Zurich.
We would also like to thank Jonathan Lorand for proofreading most parts of
this article.

Financial Statement. The findings reported here are based on research con-
ducted as part of the “ZEPPELIN 0–3” research project, funded by the Swiss
National Science Foundation [grant numbers 100019_134975, 100019_156610].

Conflicts of Interest. None

References

Achenbach, T. M., & Rescorla, L. A. (2000). Manual for the ASEBA preschool
forms &profiles (Vol. 30). Burlington, VT: University of Vermont, Research
Center for Children, Youth, & Families.

Agorastos, A., Pervanidou, P., Chrousos, G. P., & Baker, D. G. (2019).
Developmental trajectories of early life stress and trauma: A narrative
review on neurobiological aspects beyond stress system dysregulation.
Frontiers in Psychiatry, 10, 118.

Bick, J., & Nelson, C. A. (2016). Early adverse experiences and the developing
brain. Neuropsychopharmacology : Official Publication of the American
College of Neuropsychopharmacology, 41, 177–196. doi:10.1038/
npp.2015.252

Bolger, A. M., Lohse, M., & Usadel, B. (2014). Trimmomatic: A flexible trim-
mer for Illumina sequence data. Bioinformatics (Oxford, England), 30,
2114–2120. doi:10.1093/bioinformatics/btu170

Bronfenbrenner, U., & Morris, P. A. (2007). The bioecological model of
human development. Handbook of Child Psychology, 1, 793–828.

Chen, G. G., Gross, J. A., Lutz, P.-E., Vaillancourt, K., Maussion, G.,
Bramoulle, A.,… Ernst, C. (2017). Medium throughput bisulfite sequencing
for accurate detection of 5-methylcytosine and 5-hydroxymethylcytosine.
BMC Genomics, 18. doi:10.1186/s12864-017-3489-9

Cicchetti, D., & Handley, E. D. (2017). Methylation of the glucocorticoid
receptor gene (NR3C1) in maltreated and nonmaltreated children:
Associations with behavioral undercontrol, emotional lability/negativity,
and externalizing and internalizing symptoms. Development and
Psychopathology, 29, 1795–1806. doi:10.1017/S0954579417001407

Danese, A., Pariante, C. M., Caspi, A., Taylor, A., & Poulton, R. (2007).
Childhood maltreatment predicts adult inflammation in a life-course
study. Proceedings of the National Academy of Sciences, 104, 1319–1324.
doi:10.1073/pnas.0610362104

Daskalakis, N. P., & Yehuda, R. (2014). Site-specific methylation changes in
the glucocorticoid receptor exon 1F promoter in relation to life adversity:
Systematic review of contributing factors. Frontiers in Neuroscience, 8, 369.

Domsch, H., & Lohaus, A. (2010). Parents in stress questionnaire: Manual.
Elternstressfragebogen (ESF): Manual. Göttingen: Hogrefe.

Dozier, M., Peloso, E., Lewis, E., Laurenceau, J.-P., & Levine, S. (2008). Effects
of an attachment-based intervention on the cortisol production of infants
and toddlers in foster care. Development and Psychopathology, 20, 845–
859. doi:10.1017/S0954579408000400

Dunn, E. C., Soare, T. W., Zhu, Y., Simpkin, A. J., Suderman, M. J., Klengel, T.,
… Relton, C. L. (2019). Sensitive periods for the effect of childhood adver-
sity on DNA methylation: results from a prospective, longitudinal study.
Biological Psychiatry, 85, 838–849.

Efstathopoulos, P., Andersson, F., Melas, P. A., Yang, L. L., Villaescusa, J. C.,
Ruegg, J., … Lavebratt, C. (2018). NR3C1 hypermethylation in depressed
and bullied adolescents. Translational Psychiatry, 8, 1–8. doi:10.1038/
s41398-018-0169-8

Enders, C. K. (2010). Applied missing data analysis. New York, NY: Guilford
press.

Ertem, I. O., & Organization, W. H. (2012). Developmental difficulties in early
childhood: prevention, early identification, assessment and intervention in
low-and middle-income countries: a review.

E. S. Gardini et al.820

https://doi.org/10.1017/S0954579420001984 Published online by Cambridge University Press

https://doi.org/10.1017/S0954579420001984


Fiori, L. M., & Turecki, G. (2016). Investigating epigenetic consequences of
early-life adversity: Some methodological considerations. European
Journal of Psychotraumatology, 7, 31593. doi:10.3402/ejpt.v7.31593

Fisher, P. A., & Stoolmiller, M. (2008). Intervention effects on foster parent
stress: Associations with child cortisol levels. Development and
Psychopathology, 20, 1003–1021. doi:10.1017/S0954579408000473

Ganzeboom, H. B. G., & Treiman, D. J. (1996). Internationally comparable
measures of occupational status for the 1988 international standard classi-
fication of occupations. Social Science Research, 25, 201–239. doi:
doi:10.1006/ssre.1996.0010

Hayes, A. F. (2017). Introduction to mediation, moderation, and conditional pro-
cess analysis, second edition: A regression-based approach. New York, NY:
Guilford Publications. Retrieved from https://books.google.ch/books?
id=8ZM6DwAAQBAJ

Heim, C. (2013). Stress, Early Life. In M. D. Gellman & J. R. Turner (Eds.),
Encyclopedia of Behavioral Medicine (pp. 1903–1906). New York, NY:
Springer New York. Retrieved from doi:10.1007/978-1-4419-1005-9_63

Kumar, S., Chinnusamy, V., & Mohapatra, T. (2018). Epigenetics of Modified
DNA Bases: 5-Methylcytosine and Beyond. Frontiers in Genetics, 9),
doi:10.3389/fgene.2018.00640

Labonte, B., Yerko, V., Gross, J., Mechawar, N., Meaney, M. J., Szyf, M., &
Turecki, G. (2012). Differential glucocorticoid receptor exon 1B, 1C, and
1H expression and methylation in suicide completers with a history of
childhood abuse. Biological Psychiatry, 72, 41–48.

Lanfranchi, A., & Neuhauser, A. (2013). ZEPPELIN 0–3: Theoretische
Grundlagen, Konzept und Implementation des frühkindlichen
Förderprogramms „PAT – Mit Eltern Lernen“. Frühe Bildung, 2, 3–11.
Retrieved from https://www.academia.edu/29108987/ZEPPELIN_0-3_
Theoretische_Grundlagen_Konzept_und_Implementation_des_frühkindli-
chen_Förderprogramms_PAT_Mit_Eltern_Lernen_

Lefebvre, R., Fallon, B., Van Wert, M., & Filippelli, J. (2017). Examining the
relationship between economic hardship and child maltreatment using
data from the Ontario Incidence Study of Reported Child Abuse and
Neglect-2013 (OIS-2013). Behavioral Sciences, 7, 6.

Liu, P. Z., & Nusslock, R. (2018). How stress gets under the skin: Early life
adversity and glucocorticoid receptor epigenetic regulation. Current
Genomics, 19, 653–664.

Madley-Dowd, P., Hughes, R., Tilling, K., & Heron, J. (2019). The proportion
of missing data should not be used to guide decisions on multiple imputa-
tion. Journal of Clinical Epidemiology, 110, 63–73.

McEwen, B. S. (2004). Protection and damage from acute and chronic stress:
Allostasis and allostatic overload and relevance to the pathophysiology of
psychiatric disorders. Annals of the New York Academy of Sciences, 1032,
1–7.

McEwen, B. S. (2007). Physiology and neurobiology of stress and adaptation:
Central role of the brain. Physiological Reviews, 87, 873–904.

McGowan, P. O., Sasaki, A., D’Alessio, A. C., Dymov, S., Labonté, B., Szyf, M.,
… Meaney, M. J. (2009). Epigenetic regulation of the glucocorticoid recep-
tor in human brain associates with childhood abuse. Nature Neuroscience,
12, 342–348. doi:10.1038/nn.2270

Murgatroyd, C., Quinn, J. P., Sharp, H. M., Pickles, A., & Hill, J. (2015). Effects
of prenatal and postnatal depression, and maternal stroking, at the gluco-
corticoid receptor gene. Translational Psychiatry, 5, e560–e560.
doi:10.1038/tp.2014.140

Nagy, C., Vaillancourt, K., & Turecki, G. (2018). A role for activity-dependent
epigenetics in the development and treatment of major depressive disorder.
Genes, Brain and Behavior, 17, e12446.

Nemeroff, C. B. (2016). Paradise lost: The neurobiological and clinical conse-
quences of child abuse and neglect. Neuron, 89, 892–909. doi:10.1016/
j.neuron.2016.01.019

Neuhauser, A., Ramseier, E., Schaub, S., Burkhardt, S. C. A., Templer, F., &
Lanfranchi, A. (2015). Hard to reach families—A methodological approach
to early recognition, recruitment, and randomization in an intervention
study. Mental Health & Prevention, 3, 79–88. doi:10.1016/j.mhp.2015.07.002

Oberlander, T. F., Weinberg, J., Papsdorf, M., Grunau, R., Misri, S., & Devlin,
A. M. (2008). Prenatal exposure to maternal depression, neonatal methyla-
tion of human glucocorticoid receptor gene (NR3C1) and infant cortisol
stress responses. Epigenetics, 3, 97–106. doi:10.4161/epi.3.2.6034

Palma-Gudiel, H., Córdova-Palomera, A., Leza, J. C., & Fañanás, L. (2015).
Glucocorticoid receptor gene (NR3C1) methylation processes as mediators
of early adversity in stress-related disorders causality: A critical review.
Neuroscience & Biobehavioral Reviews, 55, 520–535. doi:10.1016/
j.neubiorev.2015.05.016

Parade, S. H., Ridout, K. K., Seifer, R., Armstrong, D. A., Marsit, C. J.,
McWilliams, M. A., & Tyrka, A. R. (2016). Methylation of the glucocorti-
coid receptor gene promoter in preschoolers: Links with internalizing
behavior problems. Child Development, 87, 86–97. doi:10.1111/cdev.12484

Parent, J., Parade, S. H., Laumann, L. E., Ridout, K. K., Yang, B.-Z., Marsit, C.
J., … Tyrka, A. R. (2017). Dynamic stress-related epigenetic regulation of the
glucocorticoid receptor gene promoter during early development: The role of
child maltreatment. Development and Psychopathology, 29, 1635–1648.

Peterson, C. A., Luze, G. J., Eshbaugh, E. M., Jeon, H.-J., & Kantz, K. R. (2007).
Enhancing parent-child interactions through home visiting: Promising
practice or unfulfilled promise? Journal of Early Intervention, 29, 119–140.

Portela, A., & Esteller, M. (2010). Epigenetic modifications and human disease.
Nature Biotechnology, 28, 1057.

Radtke, K. M., Ruf, M., Gunter, H. M., Dohrmann, K., Schauer, M., Meyer, A.,
& Elbert, T. (2011). Transgenerational impact of intimate partner violence
on methylation in the promoter of the glucocorticoid receptor.
Translational Psychiatry, 1, e21–e21.

Rhein, M., Hagemeier, L., Klintschar, M., Muschler, M., Bleich, S., & Frieling,
H. (2015). DNA methylation results depend on DNA integrity-role of post
mortem interval. Frontiers in Genetics, 6, 182. doi:10.3389/fgene.2015.00182

Robertson, K. D. (2005). DNA methylation and human disease. Nature
Reviews Genetics, 6, 597–610.

Romens, S. E., McDonald, J., Svaren, J., & Pollak, S. D. (2015). Associations
between early life stress and gene methylation in children. Child
Development, 86, 303–309.

Schaub, S., Ramseier, E., Neuhauser, A., Burkhardt, S. C. A., & Lanfranchi, A.
(2019). Effects of home-based early intervention on child outcomes: A ran-
domized controlled trial of Parents as Teachers in Switzerland. Early
Childhood Research Quarterly, 48, 173–185. doi:10.1016/
j.ecresq.2019.03.007

Shonkoff, J. P. (2016). Capitalizing on advances in science to reduce the health
consequences of early childhood adversity. JAMA Pediatrics, 170, 1003–
1007. doi:10.1001/jamapediatrics.2016.1559

Shonkoff, J. P., Garner, A. S., The Committee on Psychosocial Aspects of Child
and Family Health Adoption, and Dependent Care, and Section on
Developmental and Behavioral Pediatrics (CONEC), Siegel, B. S.,
Dobbins, M. I., Earls, M. F., … Wood, D. L. (2012). The lifelong effects
of early childhood adversity and toxic stress. Pediatrics, 129, e232–e246.
doi:10.1542/peds.2011-2663

Sidor, A., Eickhorst, A., Stasch, M., & Cierpka, M. (2012). Einschätzung der
Risikobelastung in Familien im Rahmen von Frühen Hilfen: Die
Heidelberger Belastungsskala (HBS) und ihre Gütekriterien. Praxis Der
Kinderpsychologie Und Kinderpsychiatrie, 61, 766–780.

Spitzer, C., Hammer, S., Löwe, B., Grabe, H. J., Barnow, S., Rose, M.,… Franke, G.
H. (2011). Die Kurzform des Brief Symptom Inventory (BSI -18): Erste Befunde
zu den psychometrischen Kennwerten der deutschen Version. Fortschritte der
Neurologie · Psychiatrie, 79, 517–523. doi:10.1055/s-0031-1281602

Stephens, M. A. C., & Wand, G. (2012). Stress and the HPA axis: Role of glu-
cocorticoids in alcohol dependence. Alcohol Research: Current Reviews, 34
(4), 468–483.

Szyf, M. (2019). The epigenetics of perinatal stress. Dialogues in Clinical
Neuroscience, 21, 369.

Szyf, M., & Bick, J. (2013). DNA methylation: A mechanism for embedding
early life experiences in the genome. Child Development, 84, 49–57.

Szyf, M., Tang, Y.-Y., Hill, K. G., & Musci, R. (2016). The dynamic epigenome
and its implications for behavioral interventions: A role for epigenetics to
inform disorder prevention and health promotion. Translational
Behavioral Medicine, 6, 55–62.

Tammen, S. A., Friso, S., & Choi, S.-W. (2013). Epigenetics: The link between
nature and nurture. Molecular Aspects of Medicine, 34, 753–764.

Taylor, T. K., & Biglan, A. (1998). Behavioral family interventions for improv-
ing child-rearing: A review of the literature for clinicians and policy makers.
Clinical Child and Family Psychology Review, 1, 41–60.

Development and Psychopathology 821

https://doi.org/10.1017/S0954579420001984 Published online by Cambridge University Press

https://books.google.ch/books?id=8ZM6DwAAQBAJ
https://books.google.ch/books?id=8ZM6DwAAQBAJ
https://books.google.ch/books?id=8ZM6DwAAQBAJ
https://www.academia.edu/29108987/ZEPPELIN_0-3_Theoretische_Grundlagen_Konzept_und_Implementation_des_fr&uuml;hkindlichen_F&ouml;rderprogramms_PAT_Mit_Eltern_Lernen_
https://www.academia.edu/29108987/ZEPPELIN_0-3_Theoretische_Grundlagen_Konzept_und_Implementation_des_fr&uuml;hkindlichen_F&ouml;rderprogramms_PAT_Mit_Eltern_Lernen_
https://www.academia.edu/29108987/ZEPPELIN_0-3_Theoretische_Grundlagen_Konzept_und_Implementation_des_fr&uuml;hkindlichen_F&ouml;rderprogramms_PAT_Mit_Eltern_Lernen_
https://www.academia.edu/29108987/ZEPPELIN_0-3_Theoretische_Grundlagen_Konzept_und_Implementation_des_fr&uuml;hkindlichen_F&ouml;rderprogramms_PAT_Mit_Eltern_Lernen_
https://doi.org/10.1017/S0954579420001984


Thompson, R. A. (2014). Stress and child development. The Future of
Children, 24, 41–59. doi:10.1353/foc.2014.0004

Turecki, G., & Meaney, M. J. (2016). Effects of the social environment and
stress on glucocorticoid receptor gene methylation: A systematic review.
Biological Psychiatry, 79, 87–96. doi:10.1016/j.biopsych.2014.11.022

Tyrka, A. R., Parade, S. H., Eslinger, N. M., Marsit, C. J., Lesseur, C.,
Armstrong, D. A., … Seifer, R. (2015). Methylation of exons 1D, 1F, and
1H of the glucocorticoid receptor gene promoter and exposure to adversity
in preschool-aged children. Development and Psychopathology, 27, 577–585.
doi:10.1017/S0954579415000176

Tyrka, A. R., Ridout, K. K., & Parade, S. H. (2016). Childhood adversity and
epigenetic regulation of glucocorticoid signaling genes: Associations in chil-
dren and adults. Development and Psychopathology, 28, 1319–1331.
doi:10.1017/S0954579416000870

van Bodegom, M., Homberg, J. R., & Henckens, M. J. A. G. (2017). Modulation
of the hypothalamic-pituitary-adrenal axis by early life stress exposure.
Frontiers in Cellular Neuroscience, 11, 87. doi:10.3389/fncel.2017.00087

Van Buuren, S. (2018). Flexible imputation of missing data. Boca Raton,
FL: CRC Press.

van der Knaap, L. J., Riese, H., Hudziak, J. J., Verbiest, M. M. P. J., Verhulst, F.
C., Oldehinkel, A. J., & van Oort, F. V. A. (2014). Glucocorticoid receptor

gene (NR3C1) methylation following stressful events between birth and
adolescence. The TRAILS study. Translational Psychiatry, 4, e381–e381.
doi:10.1038/tp.2014.22

Weaver, I. C. G. (2007). Epigenetic programming by maternal behavior and
pharmacological intervention Nature versus nurture: Let’s call the whole
thing off. Epigenetics, 2, 22–28.

Weaver, I. C. G., Cervoni, N., Champagne, F. A., D’Alessio, A. C., Sharma, S.,
Seckl, J. R., … Meaney, M. J. (2004). Epigenetic programming by maternal
behavior. Nature Neuroscience, 7, 847–854.

Wyatt Kaminski, J., Valle, L. A., Filene, J. H., & Boyle, C. L. (2008). A meta-
analytic review of components associated with parent training program
effectiveness. Journal of Abnormal Child Psychology, 36, 567–589.
doi:10.1007/s10802-007-9201-9

Yoshizawa, J. M., Schafer, C. A., Schafer, J. J., Farrell, J. J., Paster, B. J., & Wong,
D. T. W. (2013). Salivary biomarkers: Toward future clinical and diagnostic
utilities. Clinical Microbiology Reviews, 26, 781–791. doi:10.1128/
CMR.00021-13

Zhang, B., Zhou, Y., Lin, N., Lowdon, R. F., Hong, C., Nagarajan, R. P., …
Wang, T. (2013). Functional DNA methylation differences between tissues,
cell types, and across individuals discovered using the M&M algorithm.
Genome Research, 23, 1522–1540. doi:10.1101/gr.156539.113

E. S. Gardini et al.822

https://doi.org/10.1017/S0954579420001984 Published online by Cambridge University Press

https://doi.org/10.1017/S0954579420001984

	S0954579420001674a
	Disrupted caregiving behavior as a mediator of the relation between disrupted prenatal maternal representations and toddler social--emotional functioning
	Study Method
	Participants
	Procedures
	Measures
	Disrupted prenatal maternal representations
	Disrupted maternal caregiving behavior
	Mother-reported toddler social--emotional functioning

	Data analysis

	Results
	Discussion
	References


	S0954579420002163a
	Associations between childhood maltreatment, poor sleep, and prenatal distress in pregnant adolescents
	
Childhood maltreatment and poor sleep in adolescence
	Childhood maltreatment and poor sleep in adolescence
	Childhood maltreatment and distress in adolescence

	Childhood Maltreatment, Sleep, and Distress in Pregnant Adolescents
	Pregnancy-specific Distress
	The Current Study
	Method
	Participants
	Study procedures
	Sleep quality
	Prenatal distress
	Childhood maltreatment

	Analytic strategy

	Results
	Descriptive statistics

	Results of Path Model
	Discussion
	Acknowledgment
	References


	S0954579420001996a
	Infant temperament prospectively predicts general psychopathology in childhood
	Method
	Participants
	Measures
	Temperament
	Observed infant temperament
	Parent-reported infant temperament
	Temperament composite

	Psychopathology

	Analyses

	Results
	Preliminary analyses
	Comparison of the bifactor model and correlated factors model
	The impact of infant temperament on the bifactor model
	The effects of infant temperament on the correlated factors model

	Discussion
	Conclusion
	Acknowledgments
	References


	S0954579420002096a
	Infant temperament, early-childhood parenting, and early-adolescent development: Testing alternative models of Parenting&thinsp;&times;&thinsp;Temperament interaction
	Method
	Participants and design
	Measures
	Statistical analysis

	Results
	Primary analysis
	Secondary analysis
	Sensitivity analyses

	Discussion
	Acknowledgments
	References
	Appendix


	S0954579420001534a
	Mutual synergies between reactive and active inhibitory systems of temperament in the development of children's disruptive behavior: Two longitudinal studies
	Study 1
	Participants
	Overview
	Measures
	Children's BI, 2.5 years
	Paradigm
	Coding and data aggregation

	Children's EC, 2.5 years
	Delay tasks
	Coding and data aggregation

	Children's disregard for maternal rule, 4 years
	Paradigm and coding



	Results
	Discussion
	Study 2
	Participants
	Overview
	Measures
	Children's BI, 2, 3, and 4.5 years.
	Paradigm
	Coding and data aggregation

	Children's EC, 2, 3, and 4.5 years
	Delay tasks
	Coding and data aggregation

	Children's externalizing behavior problems, 5.5 and 6.5 years
	Parent-rated instruments

	Children's internalizing behavior problems, 5.5 and 6.5 years


	Results
	Discussion
	General Discussion
	Acknowledgments
	References


	S0954579420001984a
	Methylation of the glucocorticoid receptor promoter in children: Links with parents as teachers, early life stress, and behavior problems
	Introduction
	Material and Method
	Recruitment and randomization
	Participants
	Parents as Teachers
	Data collection
	Maternal depressive symptom
	Parental disagreement
	SES
	Child behavior problems
	Saliva sampling
	DNA methylation
	Statistical analyses

	Results
	ELS, PAT, and NR3C1 methylation
	NR3C1 methylation and child behavior problems
	NR3C1 methylation as a mediator

	Discussion
	Limitations
	Implications and future directions

	Conclusion
	Acknowledgments
	References


	S0954579420001546a
	Parents&rsquo; early representations of their children moderate socialization processes: Evidence from two studies
	Family Study: Parents&rsquo; Internal Working Models (IWMs) of the Child (Mind- Mindedness, MM) Moderate the Path from Infant Difficulty to Parental Control to Children&apos;s Regard for Rules
	Method
	Participants
	Overview of design

	Measures
	Children's difficulty, age 7 months (negative affect and unresponsiveness toward the parent)
	Observed contexts
	Negative affect: coding and data aggregation
	Unresponsiveness: coding and data aggregation
	Child difficulty composite

	Mothers&rsquo; and fathers&rsquo; appropriate MM comments, age 7 months
	Observed contexts
	Transcribing, coding, and data aggregation

	Mothers&rsquo; and fathers&rsquo; power-assertive discipline, ages 2, 3, and 4.5
	Observed contexts
	Coding and aggregation

	Children's outcomes, age 5.5: regard and disregard for rules of conduct
	Disregard for rules: observed contexts
	Coding and data aggregation
	Regard for rules: parental ratings


	Results
	Preliminary analyses
	Main analyses: testing the moderated mediation model
	Mother--child dyads
	Father--child dyads



	Family Study Discussion
	Children and Parents Study: Parents&rsquo; Internal Working Models of the Child (Reflective Functioning, RF, Hostile Attributions) Moderate Accuracy of their Perception of Infant Difficulty
	Method
	Participants
	Overview of design
	Measures
	Children's observed difficulty (anger expression in standard laboratory episodes).
	Observed contexts
	Coding and data aggregation

	Parent-rated difficulty (anger proneness reported in a questionnaire)
	Parents&rsquo; dysfunctional IWMs of the child (low RF, hostile attributions)


	Results
	Preliminary analyses
	Main analyses: the moderating effect of parental IWMs
	Mother--child dyads
	Father--child dyads



	Children and Parents Study Discussion
	General Discussion
	Acknowledgments
	References


	S0954579420002199a
	Examination of developmental pathways from preschool temperament to early adolescent ADHD symptoms through initial responsiveness to reward
	
Physiological correlates of reward responsiveness and ADHD
	Physiological correlates of reward responsiveness and ADHD
	The current study

	Method
	Participants
	Procedure
	Measures
	Negative and positive emotionality
	Reward task
	EEG data acquisition and processing
	ADHD symptoms

	Analytic plan
	Data availability

	Results
	Bivariate correlation analyses
	Mediation analyses with PE
	Follow-up mediation analyses with PE, accounting for ODD and CD

	Mediation analyses with NE

	Discussion
	Conceptual implications
	Clinical implications
	Limitations and future directions

	Conclusion
	Acknowledgments
	References


	S0954579420001662a
	Epigenetic profiling of social communication trajectories and co-occurring mental health problems: a prospective, methylome-wide association study
	Introduction
	Method
	Participants
	Measures
	Social communication deficits
	DNAm data
	Risk exposures
	Child characteristics

	Statistical analysis
	Social communication deficits trajectories
	Methylome-wide analysis of social communication trajectories
	Genetic and environmental influences underlying the top hits
	Univariate and multivariate models: mental health symptoms
	Replication


	Results
	Social communication deficits trajectories
	Methylome-wide analysis of the social communication trajectories
	Genetic and environmental influences underlying the top hits
	Univariate and multivariate models: mental health symptoms
	Replication

	Discussion
	Acknowledgments
	References


	S0954579420001972a
	Characterization of the effects of age and childhood maltreatment on ELOVL2 DNA methylation
	Introduction
	Method
	Recruitment of study participants and assessment of sociodemographic and psychological data
	Sample collection and DNA extraction
	Identification of epigenetic targeted regions
	Assessment of intron 1 DNAm using mass array spectrometry
	Assessment of exon 1 DNAm using bisulfite pyrosequencing
	ELOVL2 gene expression analyses
	Data processing and statistical analyses

	Results
	DNAm of ELOVL2 sequence previously described as a biomarker for age (5&prime; end)
	Associations between ELOVL2 exon 1 and intron 1 DNAm and chronological age in mothers
	Association between ELOVL2 methylation in exon 1 and intron 1 and CM in mothers
	ELOVL2 gene expression in PBMC
	ELOVL2 DNAm of exon 1 and intron 1 in newborns from CM-exposed mothers

	Discussion
	Conclusion
	Acknowledgments
	References


	S095457942000187Xa
	Adverse childhood experiences and transcriptional response in school-age children
	Method
	Participants and recruitment
	Adversity measure
	Gene expression measure
	Statistical analysis

	Results
	Sample characteristics
	Inflammatory gene expression
	Interferon gene expression
	Cellular origins

	Discussion
	Acknowledgment
	References


	S0954579420002102a
	How matrix metalloproteinase (MMP)-9 (rs3918242) polymorphism affects MMP-9 serum concentration and associates with autism spectrum disorders: A case-control study in Iranian population
	Introduction
	Method
	Samples
	Genotyping
	MMP-9 serum concentration using enzyme-linked immunosorbent assay (ELISA)
	Statistical analysis

	Results
	Discussion
	References


	S0954579420001522a
	A latent class analysis of parent--child discrepancies in reports of peer victimization: Associations to child sexual abuse status and psychological adjustment
	Method
	Procedures and participants
	Measures
	Indicators of the LCA
	Outcomes
	Internalizing and externalizing behavior problems
	Loneliness
	Interpersonal trust


	Covariates
	Socio-demographic characteristics
	Abuse characteristics

	Data analytic plan

	Results
	Descriptive statistics
	Identifying latent classes of peer victimization reporting
	Interpretation of the four-class solution
	Association between CSA and class membership
	Class membership and adjustment in sexually abused children

	Discussion
	Strengths and limitations
	Future research
	Implications

	Acknowledgments
	References


	S0954579420001698a
	Individual differences in sensitivity to the early environment as a function of amygdala and hippocampus volumes: An exploratory analysis in 12-year-old boys
	Method
	Participants
	MRI acquisition
	MRI data preprocessing
	Measures
	Environmental quality
	Child behavior

	Statistical analysis

	Results
	Bivariate correlations
	Hierarchical linear models
	Follow-up analyses
	Post-hoc analyses

	Discussion
	Acknowledgement
	References


	S0954579420001947a
	Childhood poverty and psychological well-being: The mediating role of cumulative risk exposure
	Method
	Participants
	Procedure
	Measures
	Internalizing and externalizing
	Learned helplessness
	Allostatic load
	Cumulative risk


	Results
	Sensitivity analyses

	Discussion
	Acknowledgments
	References


	S0954579420001959a
	Delineating the developmental sequelae of children's risky involvement in interparental conflict
	
Coercive involvement
	Coercive involvement
	Caregiving involvement
	Cautious involvement
	Present study

	Method
	Participants
	Procedures
	Interparental disagreement interview
	Maternal assessments of child adjustment
	Experimenter assessments of child adjustment

	Measures
	Children's risky involvement in interparental conflict
	Externalizing problems
	Separation anxiety
	Depressive symptoms
	Social withdrawal
	Callous and unemotional traits
	Prosocial behavior
	Extraversion
	Covariates


	Results
	Descriptive results
	Primary analyses
	Coercive involvement
	Caregiving involvement
	Cautious involvement


	Discussion
	Acknowledgments
	References


	S0954579420002072a
	Negative parental emotional environment increases the association between childhood behavioral problems and impaired recognition of negative facial expressions
	Introduction
	Current study
	Method
	Participants
	Strengths and difficulties questionnaire
	Five-minute speech sample
	Facial emotion recognition task
	Data analysis

	Results
	Behavioral problems and facial emotion recognition
	Parental EE and facial emotion recognition
	The interaction between behavioral problems and parental EE on facial emotion recognition
	Negative comments
	Warmth
	Negativity

	Discussion
	Implications
	Limitations

	Conclusion
	Acknowledgments
	References


	S0954579420001704a
	Neurobehavioral correlates of impaired emotion recognition in pediatric PTSD
	Introduction
	Method
	Emotion recognition task and statistical analyses
	Functional MRI task and statistical analyses
	Secondary analyses

	Results
	Demographic and clinical characteristics
	Emotion recognition performance
	Emotion identification accuracy and amygdala function
	Confound analyses

	Discussion
	Acknowledgments
	References


	S0954579420001716a
	Prefrontal cortex and amygdala anatomy in youth with persistent levels of harsh parenting practices and subclinical anxiety symptoms over time during childhood
	Material and Method
	Participants
	Sample
	Measures evaluated over time
	Assignation to the four cells of this study
	Inclusion/exclusion criteria and measures at the time of MRI

	Image acquisition, processing, and analysis

	Results
	Participants
	Main effect of parenting practices
	Regions of interest (VBM volumes and FreeSurfer cortical thickness)
	Whole-brain analysis (VBM volume)

	Main effect of subclinical anxiety symptoms
	Parenting by anxiety symptoms interaction
	Regions of interest (VBM volumes and FreeSurfer cortical thickness)
	Whole-brain analysis (VBM volume)


	Discussion
	Acknowledgments
	References


	S0954579420001558a
	Transacting brains: testing an actor--partner model of frontal EEG activity in mother--infant dyads
	Introduction
	Method
	Participants
	Procedures
	Affective stimuli and emotion-eliciting conditions
	Simultaneous EEG data collection and reduction in mother--infant dyads
	EEG data collection
	EEG data reduction and analyses

	Maternal self-reported personality measures
	Eysenck personality questionnaire-revised short form
	Carver and White Behavioral Inhibition and Activation (BIS/BAS) scales
	Cheek and Buss Shyness and Sociability scale

	Maternal social approach/avoidance composite variables
	Maternal social avoidance composite
	Maternal social approach composite

	Data analyses

	Results
	Objective 1: Testing the bidirectional effects of simultaneously measured frontal EEG asymmetry in mother--infant dyads
	Objective 2: Examining the influence of maternal social approach and social avoidance characteristics on the bidirectional effects examined in Objective 1
	Maternal social avoidance composite
	Maternal social approach composite


	Discussion
	Limitations
	Conclusion and implications

	Acknowledgment
	References


	S0954579420001583a
	Prospective longitudinal associations between harsh parenting and corticolimbic function during adolescence
	
Harsh parenting across childhood
	Harsh parenting across childhood
	Neural structures within the corticolimbic system
	Adversity effects on corticolimbic system function
	Environmental effects on corticolimbic function: Consideration of developmental timing
	The present study

	Methods
	Sample
	Procedure
	SAND subsample

	Measures
	Maternal harshness
	Covariates

	Neuroimaging data
	fMRI task
	Data acquisition and preprocessing
	Activation analyses
	Functional connectivity analysis

	Analytic plan

	Results
	Estimation of harsh parenting across childhood
	Harsh parenting effects on corticolimbic activation
	Harsh parenting effects on corticolimbic connectivity
	Post-hoc exploratory analyses
	Cumulative exposure to harsh parenting
	Gender differences


	Discussion
	The trajectory of harsh parenting across childhood
	Developmental timing modulates adversity effects on corticolimbic function
	Inconsistencies in adversity -- amygdala function associations
	Associations between harsh parenting and prefrontal function
	Associations between harsh parenting and amygdala-prefrontal connectivity
	Specificity of angry facial expressions
	Limitations and future directions

	Acknowledgments
	References


	S0954579420001601a
	Do you see what I mean?: Using mobile eye tracking to capture parent--child dynamics in the context of anxiety risk
	Introduction
	Relationships Between Parents and their Behaviorally Inhibited Children
	Using a First-Person Approach to Capture Social Referencing
	Between-Family Differences in Within-Family Dynamics: State Space Grids
	The Current Study
	Method
	Participants
	Procedure and measures
	Statistical analyses

	Results
	Discussion
	Aim 1: Relation between BI and proportion of time spent referencing the parent
	Aim 2: Relation between BI and proportions of time spent in parenting behaviors
	Aim 3: Relation between parent anxiety and proportions of time spent in parenting behaviors
	Aim 4: State space grid analyses to test relations between attractors, child BI, and parent anxiety

	Limitations and Conclusions
	References


	S0954579420001613a
	Noradrenergic activation induced by yohimbine decreases interoceptive accuracy in healthy individuals with childhood adversity
	Introduction
	Methods
	Participants
	Assessment of cardiovascular activity
	Interoceptive task
	Pharmacological intervention
	Procedure
	Statistical analysis

	Results
	Sample characteristics
	Cardiovascular data
	Systolic arterial blood pressure (SAP)
	Diastolic arterial blood pressure (DAP)
	Heart rate (HR)

	Interoception
	Interoceptive accuracy (IAcc)
	Interoceptive sensibility (IS)
	Regression analyses


	Discussion
	Limitations
	Conclusions

	Acknowledgments
	References


	S0954579420002205a
	Differential susceptibility 2.0: Are the same children affected by different experiences and exposures?
	Effects of Early Childcare
	The Role of Family Socioeconomic Conditions
	The Role of Child Genetic Make-up
	Identifying Susceptible Children
	Current Study
	Method
	Participants
	Overview of data collection
	Measures
	Childcare predictors
	Quantity
	Quality

	Child outcomes
	Behavior problems
	Preacademic skills

	Maternal, child, and family covariates

	Genotyping
	Statistical Analysis
	Results
	Differential susceptibility to quantity and quality of care
	The role of family socioeconomic status
	The role of child genotype

	Discussion
	Limitations and Future Directions
	References


	S0954579420001728a
	Externalizing the threat from within: A new direction for researching associations between suicide and psychotic experiences
	Introduction
	Suicidal drive hypothesis: preliminary findings

	Method
	Study cohort
	Measures
	Childhood PEs
	Adolescent PEs
	Childhood self-injurious behaviors
	Adolescent self-injurious behaviors
	Covariates

	Statistical analyses

	Results
	Is there a bidirectional association between SIB and PEs?
	Does the prospective association between SIB and PEs hold when controlling for unmeasured familial environmental and (at least partially) genetic confounding?
	Are PEs among those experiencing SIB informed and characterized by SIB/threat/death-related content?

	Discussion
	SIB -- PEs directionality
	The phenomenology of PEs in the context of SIB
	Auditory verbal hallucinations
	Intrusive thoughts, paranoia, and persecutory/referential delusions
	Disowned aspects of self and negative self-evaluation
	Research implications
	Clinical implications
	Study limitations

	Conclusion
	Acknowledgments
	References


	S0954579420001753a
	The mediating role of adolescents&rsquo; loneliness and social withdrawal in the association between maternal depressive symptoms and suicidality in adolescence: A 20-year population-based study
	Method
	Sample and procedure
	Measures
	Exposure (maternal depressive symptoms from 5 months to 7 years)
	Outcome (suicidality from 13 to 20 years)
	Mediators (social withdrawal and loneliness from 10 to 13 years)
	Covariates

	Analysis
	Complementary analysis


	Results
	Complementary analyses

	Discussion
	Acknowledgments
	References


	S0954579420001819a
	Behavioral and electrophysiological indices of inhibitory control in maltreated adolescents and nonmaltreated adolescents
	
Inhibitory control and the underlying neural activity
	Inhibitory control and the underlying neural activity
	Impact of early adverse experiences on inhibitory control and underlying neural activity
	Objectives and hypotheses of the current study

	Method
	Participants
	Procedures
	Measures
	Go/no-go task
	Electroencephalogram (EEG) data acquisition and processing

	Data analysis

	Results
	Behavioral data
	Percentage of correct responses
	Average reaction time

	ERP data
	Peak amplitude of the N2
	Peak amplitude of the P3


	Discussion
	Acknowledgments
	References


	S0954579420001935a
	Gonadal and adrenal hormones interact with pubertal maturation to predict depressive symptoms in a group of high-school females
	Introduction
	The endocrine system in adolescence
	Estradiol and adolescence
	Estradiol and mood disorders
	Pubertal development and mood disorders
	Current study

	Method
	Participants
	Procedures
	Measures
	Depressive symptoms
	Pubertal development

	Data analysis plan

	Results
	Main effects
	Two-way interactions predicting CDI at three time points
	Three-way interactions predicting CDI at three time points
	E&thinsp;&times;&thinsp;C&thinsp;&times;&thinsp;PDS
	PDS&thinsp;Onset

	Discussion
	Limitations and Future Directions
	Acknowledgments
	References


	S0954579420002114a
	Synergy between callous--unemotional traits and aggression in preschool children: Cross-informant and cross-cultural replication in the UK Wirral Child Health and Development Study, and the Colombian La Sabana Parent--Child Study
	Method
	Overview of method
	Study 1
	Participants and procedure
	Measures
	Data analyses


	Results
	Study 2
	Participants and procedure
	Measures
	Data analyses


	Results
	Comparison of main and interactive effects in the Wirral and La Sabana studies
	Data analyses


	Results
	Discussion
	Acknowledgments
	References


	S0954579420002060a
	Pursuing the developmental aims of the triarchic model of psychopathy: Creation and validation of triarchic scales for use in the USC: RFAB longitudinal twin project
	Introduction
	The triarchic model across development
	Operationalizing the triarchic model
	The current study

	Method
	Participants
	Procedure
	Measures used as sources of candidate items for self-report RFAB-triarchic scales
	Child psychopathy scale (CPS; Lynam, 1997)
	Achenbach System of Empirically Based Assessment (ASEBA; Achenbach, 1991)

	Wave 3 criterion measures
	Antisocial Process Screening Device (APSD; Frick &amp; Hare, 2001)
	YSR Internalizing and Externalizing

	Wave 5 criterion measures
	Triarchic Psychopathy Measure (TriPM; Patrick, 2010)
	ASR Internalizing and Externalizing
	Antisocial behavior (ASB) measure
	Substance abuse (SU) measure

	Data analytic strategy

	Results
	Item content of final RFAB-Tri scales
	Psychometric properties of RFAB-Tri scales in Waves 3 and 5: Reliabilities, scale intercorrelations, and temporal stability of scores
	Concurrent relations of RFAB-Tri scales with criterion measures at Waves 3 and 5
	Wave 3 RFAB-triarchic scales: Concurrent relations with criterion measures of psychopathy and internalizing/externalizing symptomatology
	Wave 5 RFAB-Tri scales: Concurrent relations with criterion measures of psychopathy and internalizing/externalizing symptomatology
	Wave 5 RFAB-Tri scales: Concurrent relations with criterion measures of antisocial behavior and substance use

	Longitudinal relations of RFAB-Tri scales with criterion measures at Wave 5
	Wave 3 RFAB-Tri scales: Longitudinal relations with criterion measures of psychopathy and internalizing/externalizing symptomatology
	Wave 3 RFAB-Tri scales: Longitudinal relations with criterion measures of antisocial behavior and substance use


	Discussion
	Operationalization of triarchic model traits in the RFAB study dataset
	Situating the RFAB-triarchic scales in a nomological network
	Limitations and future directions

	References


	S0954579420001832a
	Trait attributions and threat appraisals explain why an entity theory of personality predicts greater internalizing symptoms during adolescence
	&ldquo;People can&apos;t change:&rdquo; An Entity Theory of Personality and Internalizing Symptoms
	&ldquo;I&apos;m not likable:&rdquo; Fixed Trait Attributions about the Self
	&ldquo;I can&apos;t handle my stressors:&rdquo; Threat Appraisals
	The Present Research
	Study 1
	Method
	Dataset
	Measures
	Implicit theories of personality
	Internalizing symptoms

	Data analysis


	Results
	Study 2
	Method
	Dataset
	Procedures
	Measures
	Implicit theories of personality (T1)
	Fixed trait attribution about the self (T1)
	Intensity of daily stressors (T2)
	Daily threat appraisals (T2)
	Internalizing symptoms (T1, T3)


	Data analysis
	Replication of Study 1's results
	Extension of Study 1's results

	Results
	Replication of Study 1's results
	Extension of Study 1's results
	Exploratory analyses of gender


	Discussion
	Conclusion
	References


	S0954579420001650a
	Multiple developmental pathways underlying conduct problems: A multitrajectory framework
	Introduction
	Heterogeneity in clinical presentation
	Comorbities and subgroups
	Developmental joint- and multitrajectory

	Method
	Participants
	Measures
	Teacher ratings of child psychological factors
	Teacher ratings of child CP
	Self-reported adolescent CP

	Statistical procedure
	Multitrajectory modelling

	Associations between multitrajectories and childhood CP
	Prospective predictions of CP in adolescence from childhood multitrajectories

	Results
	Multitrajectory modelling
	Associations between multitrajectories and childhood CP
	Prospective predictions of CP in adolescence from childhood multitrajectories

	Discussion
	Limitations

	Conclusion
	Acknowledgments
	References


	S0954579420001637a
	An examination of the joint effects of adolescent interpersonal styles and parenting styles on substance use
	Introduction
	Adolescent interpersonal style
	Parenting styles
	Developmental shifts in social goals and parenting
	The current study

	Method
	Participants
	Procedures
	Measures
	Substance use (W1--W9)
	Substance use-related consequences (W7--W9)
	Social goals (W1--W3)
	Parental demandingness and responsiveness (W1--W3)

	Data analytic strategy
	Aim 1
	Aim 2
	Aim 3


	Results
	Descriptive statistics
	Longitudinal latent profile analyses
	Validity analyses
	Two-part growth model
	Substance use growth prediction models
	The submissive--communal IS&thinsp;&plus;&thinsp;high-warmth&ndash;authoritative PS profile (protective profile) reference group
	The separate IS&thinsp;&plus;&thinsp;stable uninvolved PS profile (risk profile) reference group

	Substance use consequences prediction models
	The submissive--communal IS&thinsp;&plus;&thinsp;high-warmth&ndash;authoritative PS profile (protective profile) reference group
	The separate IS&thinsp;&plus;&thinsp;stable uninvolved PS profile (risk profile) reference group


	Discussion
	Profile effects on substance use
	Clinical implications and limitations

	Conclusion
	References


	S0954579420001881a
	The joint development of externalizing and internalizing behaviors in black and Hispanic youth and the link to late adolescent substance use
	Externalizing Behaviors and Substance Use
	Internalizing Behaviors and Substance Use
	Comorbidity between externalizing and internalizing behavior and risk for substance use

	Current Study
	Method
	Data
	Participants
	Measures
	Externalizing and internalizing behaviors
	Substance use
	Additional covariates

	Analytic plan

	Results
	Joint development of externalizing and internalizing behaviors
	Joint distribution of externalizing behaviors and internalizing symptoms and adolescent substance use
	The development of substance use in mid to late adolescence

	Discussion
	Acknowledgments
	References


	S0954579420002151a
	Childhood maltreatment, personality vulnerability profiles, and borderline personality disorder symptoms in adolescents
	Method
	Participants
	Procedure
	Measures
	Socio-demographics
	Depressive experiences questionnaire
	Borderline personality inventory
	Childhood experience of care and abuse questionnaire

	Statistical analysis

	Results
	Preliminary analyses
	Profiles of dependency and self-criticism
	Associations between BPDs and profiles of dependency and self-criticism
	Associations between CM and profiles of dependency and self-criticism
	Mediation of the associations of cumulative CM with BPDs by personality profiles
	Associations of cumulative CM with BPDs: Moderation by profiles of self-criticism and dependency

	Discussion
	Limitations and future directions

	References


	S095457942000214Xa
	Family Minds: A randomized controlled trial of a group intervention to improve foster parents&rsquo; reflective functioning
	Introduction
	Mentalization and reflective functioning
	Parenting stress
	Reflective functioning interventions and psychoeducation for foster parents
	Family Minds
	Current study

	Method
	Participants
	Procedure
	Measures
	Analytic approach

	Results
	Preliminary analyses
	Parental reflective functioning
	Parenting stress
	Foster children's emotional/behavioral difficulties

	Discussion
	Reflective functioning
	Parenting stress
	Child emotional and behavioral challenges
	Limitations and future directions

	Conclusion
	Acknowledgments
	References


	S0954579420001509a
	Childhood trauma, attachment orientation, and complex PTSD (CPTSD) symptoms in a clinical sample: Implications for treatment
	Introduction
	Method
	Participants and procedures
	Measures
	Childhood trauma
	Complex PTSD symptoms
	Attachment styles

	Statistical analysis

	Results
	Discussion
	References


	S0954579421000316a
	Developmental pathways to social anxiety and irritability: The role of the ERN -- CORRIGENDUM
	References


	S0954579421000547a
	Towards a better understanding of adolescent obsessive--compulsive personality traits and obsessive--compulsive symptoms from growth trajectories of perfectionism -- ERRATUM
	Reference


	DPP-2100112_online.pdf
	Using a developmental perspective to examine the moderating effects of marriage on heavy episodic drinking in a young adult sample enriched for risk -- CORRIGENDUM
	Reference


	DPP-2200008_online.pdf
	Cumulative early childhood adversity and later antisocial behavior: The mediating role of passive avoidance -- ERRATUM
	Reference




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




