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Abstract

The WARM study is a longitudinal cohort study following infants of mothers with schizophrenia, bipolar disorder,
depression and control from pregnancy to infant 1 year of age.

Background: Children of parents diagnosed with complex mental health problems including schizophrenia, bipolar
disorder and depression, are at increased risk of developing mental health problems compared to the general
population. Little is known regarding the early developmental trajectories of infants who are at ultra-high risk
and in particular the balance of risk and protective factors expressed in the quality of early caregiver-interaction.

Methods/Design: We are establishing a cohort of pregnant women with a lifetime diagnosis of schizophrenia, bipolar
disorder, major depressive disorder and a non-psychiatric control group. Factors in the parents, the infant and
the social environment will be evaluated at 1,4, 16 and 52 weeks in terms of evolution of very early indicators of
developmental risk and resilience focusing on three possible environmental transmission mechanisms: stress,

maternal caregiver representation, and caregiver-infant interaction.

Discussion: The study will provide data on very early risk developmental status and associated psychosocial risk
factors, which will be important for developing targeted preventive interventions for infants of parents with severe

mental disorder.

Trial registration: NCT02306551, date of registration November 12, 2014.

Keywords: High-risk infants, Risk development, Schizophrenia, Bipolar disorder, Depression, Cohort study, Attachment,

Stress-sensitivity, Caregiving

Background

Children of parents diagnosed with complex mental
health problems including schizophrenia, bipolar dis-
order and depression, are at increased risk of develop-
ing mental health problems compared to the general
population. Having one parent with schizophrenia
results in a 7 % lifetime risk of schizophrenia [1] and
55 % risk of developing any psychiatric condition [2].
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Having one parent with bipolar disorder results in a
6 % risk of bipolar disorder and a 60 % risk of any psy-
chiatric condition, whereas for offspring of depression
the risk for depression is 26 % and for any psychiatric
condition 57 % [2]. Importantly despite this increased
risk a large minority of these infants have a resilient
development. Development of mental health problems
starts during childhood and elevated levels of childhood
mental health difficulties including externalizing disor-
ders and ADHD have been reported in high-risk off-
spring [3, 4]. Within a developmental psychopathology
framework, these child and adolescent disorders may
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themselves represent staging posts towards further
mental health difficulties in early adulthood. In addition
developmental vulnerability factors for adverse outcomes
have been observed in multiple domains from preschool
age, including socioemotional, cognitive, neuromotor,
language, and psychopathological factors [5]. Children
of parents with non-affective psychosis and depression
display more cognitive and emotional problems pre-
school, and difficulties of social adjustment at school
age [6]. The lifetime personal, familial, societal and fi-
nancial costs associated with elevated risk have been
established as a significant global mental health bur-
den [7]. Therefore prevention of severe mental illness
(SMI) is an important societal priority.

Multifactorial models of risk have been proposed
for explaining transmission of risk from parent to
offspring of parents with non-affective psychosis [5]
bipolar disorder [8], depression [9], and with broader
diagnoses of SMI [10]. Similar multifactorial resilience
models for young infants with mentally ill parents
have also been proposed [11]. These theoretical
models hypothesize that mental disorders are hetero-
geneous conditions that arise from the additive and
interaction effects of multiple genetic and environmental
risk and resilience factors at different phases of develop-
ment. In line with this understanding several lines of re-
search [12, 13] have proposed that the study of mental
illness should not be limited to one diagnostic category as
several diagnoses share genetic and environmental factors.
Furthermore risk exposure and risk development starts
during pregnancy [4, 5] and early signs of risk develop-
ment towards mental illness may be less diagnosis specific
than closer to the onset of the illness. Early risk develop-
ment sets the infant on a developmental risk trajectory
that might be more difficult to change later down the
developmental path. Therefore, a primary prevention of
psychopathology strategy should preferably start from
pregnancy and could in the early years be framed in terms
of promoting resilience and opportunities for improved
development [11]. More knowledge on very early environ-
mental transmission mechanisms and developmental
outcome in high risk infants is important in order to
guide such early preventive intervention programs.
During the early years the infant is totally dependent
on the caregivers, and infant risk development cannot
be understood independent of the child-caregiver-
interaction system. Environmental risk and resilience
factors associated with infant-caregiver interaction is
thus of pivotal importance in assessing very early risk
development. This is supported by findings that
growing up in an institution, degree of illness severity
of the ill parent, emotional climate in the family and
experiences of childhood trauma are important risk
factors for severe psychopathology [6, 14, 15]. Based on
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these considerations the present study focuses on
exploring mechanisms of transgenerational transmis-
sion and early developmental risk in infants of parents
with severe mental illness.

Objectives
The aims of the WARM study are:

1. To identify very early risk markers for non-optimal
development in infants of mothers with severe
mental illness.

2. To explore transmission mechanisms of risk from
parent to infant focusing especially on three possible
mechanisms: stress, maternal caregiving-representation
and mother-infant interaction.

Method

Design

The WARM study is a Danish—Scottish prospective
longitudinal cohort study following women with severe
mental disorder (schizophrenia, bipolar disorder and
severe depression), their partner and infant from preg-
nancy to infant 1 year of age. There are five assessment
time points: during pregnancy and at 1-7 days, 4, 16
and 52 weeks of infant age. Fig. 1 illustrates the concep-
tual model underpinning the design of the study. The
maternal mental illness constitutes the high risk status
of the infant. Potentially predictors and moderators of
transmission of risk are a) severity and course of mater-
nal disorder, b) maternal trauma, c) maternal attach-
ment representation, d) father/partner characteristics,
e) support from social network, f) socio-economic re-
sources of the family and g) characteristics of the
newborn child [5, 9]. Heritability as a transmission
mechanism is well established in severe mental dis-
order. The present study explores three possible envir-
onmental transmission mechanisms: stress, caregiving
representation and mother-infant interaction. These are
processes, which are suitable as targets for early pre-
ventive interventions. The infant outcome domains in-
cluded in the study are stress-sensitivity, attachment,
neuro-motor and cognitive development.

Participants

The study includes pregnant women with first or subse-
quent pregnancies at a minimum age of 16 (in Scotland)
and 18 (in Denmark) and older who are willing and able
to provide informed and written consent to participate,
provide informed and written consent for their unborn
infant to participate and who meet the following inclu-
sion criteria: a) lifetime DSM-5 Delusional Disorder,
Schizophreniform Disorder, Schizophrenia or Schizoaf-
fective Disorder, Psychosis NOS, Brief Psychotic Dis-
order or b) lifetime DSM-5 Bipolar I and II Disorder or
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Fig. 1 Transmission model

¢) DSM-5 Major Depressive Disorder (current moderate
or severe single episode or lifetime recurrent moderate
or severe) or d) a non-psychiatric control group defined
as mothers without any history of treatment or admis-
sion for a psychiatric disorder or drug or alcohol addic-
tion. Mothers describing current psychiatric symptoms
not previously identified or treated and who are likely to
require treatment will not be included. Exclusion criteria
are: a) Unable to speak English or Danish; these are
excluded because of the requirement to complete
assessments, b) Miscarriage, c¢) Maternal diagnosis of
Autistic Spectrum Disorder, d) Alcohol or drug depend-
ency being the primary diagnosis. In the event that the
women lose capacity to consent during participation in
the study, maternal and infant involvement will be sus-
pended until capacity is regained. The study is aiming at
a sample size of 200 with 50 in each group, distributed
proportionally between Denmark and Scotland.

Partners will be approached for their informed consent
and will be eligible if they are: a) the biological parent of
the infant and have a caregiving role in relation to the
infant or, b) partners who have a caregiving role in
relation to the infant but are not the biological parent of
the infant or; c) another person nominated by the mother
who is in a close caregiving role (e.g. grandmother).

Infants will be included in the study from birth, if
the parents (mother in Scotland) having parental
responsibility for the child have provided informed
and written consent for their child to participate in
the study. There are no a priori exclusion criteria for
the infant.

Assessments

The mapping of assessment domain to measurement is
detailed in Table 1 and the schedule of measurements is
illustrated in Table 2. All measures are validated.

Maternal risk
Lifetime and current psychiatric diagnosis will be con-
firmed using the psychosis and mood components of the
Structured Clinical Interview for DSM-5 [16, 17].
Presence of personality disorder will be assessed using
The Structured Assessment of Personality, Abbreviated
Scale (SAPAS). It is an eight-item screening interview
for personality disorders [18].

Maternal predictors and moderators

Psychiatric symptom measures

We will also conduct a comprehensive assessment of
level of psychotic, depressive and bipolar symptomatology
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Table 1 Mapping of domains to measurements

Risk Measure Person
Diagnosis SCIb Mother
Personality disorder screen  SAPAS Parents
Predictors & moderators
Symptom severity MADRS Mother
BRMRS Mother
PANNS Mother
BSI-53 Father

Trauma ACES Mother

Attachment AAP Parents
AAl Mother
Psychosis Attachment Parents
Measure

Parental alliance Parental Alliance Measure  Parents

Father- infant interaction

Social support
Socioeconomic status
Demographics
Cognition

Social functioning

Newborn characteristics

Transmission mechanisms

Stress-exposure

Stress-sensitivity

Caregiving representation

Mother- infant interaction

Obstetric complications

Infant outcome

Infant neuromotor and
cognition

Infant behavior

Naturalistic play
cB

P-PATS (subscale)
SOS
Questionnaire
Questionnaire
RIST

GAF

APGAR

NNNS

Parenting Stress Index
Short Form

Perceived Stress Scale

Hair samples/

Mass spectrometry analysis
Saliva samples/

Mass spectrometry analysis
PCEQ

CEQ

Naturalistic play

Still face

cB

AMBIANCE

ICEP

National registers/case
notes

Measure
NNNS
Bayley
cB

Father-infant

Parents
Parents
Parents
Parents
Mother

Mother

Mother
Mother &
infant

Mother

Parents
Parents

Mother-
infant

Mother
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Table 1 Mapping of domains to measurements (Continued)

Infant attachment Strange Situation

Procedure
Stress-sensitivity Saliva samples/
Mass spectrometry analysis

Infant health National registers/case

notes

across the clinical groups. These measurements will be
taken routinely at baseline and follow-up points.

The Montgomery Asberg Depression Rating Scale
(MADRS) [19] is a semi-structured interview designed
to assess the presence and severity of 10 core symptoms
of depression. It is a widely used measure of the severity
of depressive symptomatology.

The Bech-Rafaelsen Mania Rating Scale (BRMRS) [20]
is a structured interview scale for assessment of presence
and severity of 11 core symptoms of hypomania/mania.

The Positive and Negative Syndrome Scale (PANSS)
[21] will be used to measure psychotic and psychiatric
symptoms incorporating positive, negative, disorganisa-
tion, excitement and emotional distress symptoms [22].

Social and occupational functioning

The Global Assessment of Functioning (GAF) [23] is a
numeric scale (0 through 100) used by mental health
clinicians and physicians to rate the social, occupational,
and mental functioning of adults [24].

Cognitive screen
Reynolds Intellectual Screening Test (RIST) [25] is a
short screening measure of general intelligence.

Social support
The Significant Others Scale (SOS) [26] determines the
two main areas of operation of social support: “emo-
tional support” and “practical support” for the six most
important people in the respective social network,
including their contact time with the infant.

Parental Alliance Measure is a questionnaire, which
assesses the parenting aspects of the marital relation-
ship. [27]

Maternal exposure to traumatic life events

Adverse Childhood Experiences Study Questionnaires
(ACES) [28] is a 25-item self-report measure that as-
sesses the breadth of exposure to childhood emotional,
physical, or sexual abuse, and household dysfunction
during childhood.

Demographics
We will collect routine clinical and socio-demographic
information on age, ethnicity, education, deprivation,
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Measure

Baseline 1-7 days

52w

Mother

Socio-demographics

RIST

SCID Lifetime mood and psychosis modules

MADRS

BRMRS

PANSS

GAF

SAPAS

AAP

AAI

SOS

Psychosis Attachment Measure

ACES

CEQ

PCEQ

Cortisol Hair

Cortisol Saliva

Perceived Stress Scale

Parental Stress Index 3- Short Form

Parental Alliance Measure

Lifetimes diagnosis register/case notes
Infant

APGAR

NNNS

BSID_III-R

Cortisol Hair

Cortisol Saliva

Infant health from registers, case notes
Mother-infant interaction

Naturalistic video interaction, CIB

Still face/AMBIANCE/ICEP, CIB

Strange Situation/AMBIANCE, CIB
Father

RIST

BSI-53

AAP

SOS

PAM

PCEQ

X X X X X X X X X X X X X
>

< X X X

<X X X X X X

< X X X

X X X X

X X X X X

<X X X X

<X X X X
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CEQ

SAPAS X
Parental Alliance Measure

Father-infant interaction

Naturalistic video interaction, CIB, PPAT

socio-economic status, occupation, number of people in
the household (including other children), and receipt of
medication.

Attachment

Maternal attachment classification is an important pre-
dictor of offspring attachment at 12 months [29-31].
Dismissing attachment patterns are overrepresented
among adults with psychosis and bipolar disorder com-
pared to other clinical and non-clinical groups [32-34],
whereas preoccupied attachment are higher in depres-
sion than in non-clinical groups [34]. However, patterns
of attachment in both mother and infant have never
been investigated in a developmental high-risk sample
incorporating non-affective psychosis, bipolar disorder
and depression [35]. Thus we do not know whether the
attachment relationship contributes to increased devel-
opmental risk amongst infants of mothers with SMIL
However mothers with SMI and their infants may ex-
hibit an insecure attachment relationship that signifi-
cantly increases infant’s risk of psychopathology [36],
whereas a secure mother-infant attachment relationship
might protect against risk development in high risk
infants. Therefore we seek to characterize attachment
representations as a baseline predictor of early risk or re-
silient trajectories.

The Adult Attachment Projective picture system (AAP)
[37] consists of eight drawings of attachment situations
dealing with illness, solitude, separation, loss, and abuse,
along with one neutral scene used as a “warm up”. The
drawings are presented to the interviewee as a way of ac-
tivating his/her attachment system. The narrative depic-
tion of these drawings is transcribed and coded for
attachment status by coders trained and reliable in the
AAP coding system. The narratives are coded in terms
of agency of self, connectedness in relationships,
synchrony, defensive processing (avoidance or cognitive
disconnection) and evidence of segregated systems.
Subjects are also classified as secure, dismissing, pre-
occupied, or unresolved.

The Adult Attachment Interview (AAI, George, Kaplan
& Main, 1987, unpublished manual) is a semi-structured
interview, consisting of 20 questions and probes, allow-
ing categorisation of an adult individual’s state of mind
with regard to attachment. Each interview is tran-
scribed verbatim and coded for attachment status by

coders trained and reliable in the AAI coding system
into four classifications: secure, dismissing, preoccu-
pied, or unresolved (Unpublished manual, Version 7.1,
Main, Goldwyn & Hesse, 2002).

Psychosis Attachment Measure [38] is a self-report
measure assessing two dimensions of anxious and avoi-
dant attachment. Total scores are calculated for each di-
mension by averaging item scores, with higher scores
reflecting greater anxiety and avoidance.

Paternal/significant other predictors and moderators
There is an increasing body of literature highlighting the
impact both of paternal behavior on offspring develop-
ment, and the contribution of the father’s mental state
and availability to moderate the impact of maternal ill-
ness on the infant’s development and wellbeing [9, 39].
We have therefore included a short battery of measures
for measuring paternal/significant other characteristics
at baseline and follow-up (see Table 1 and 2 for mea-
sures applied). We have opted to leave the definition of
significant other relatively broad to reflect contemporary
social structures, including but not limited to fathers
and kinship carers.

Brief Symptom Inventory (BSI-53) [40] is used to assess
symptom level in the partner. It is a 53-item self-report
inventory in which participants rate the extent to which
they have been bothered in the past week by various
symptoms.

Fathers and/ or significant others will also be invited
to participate in a video recording while playing with the
infant. The video recorded will last a period of 10 min.

The Paternal-Physicality Affect and Touch Scale(PPAT),
subscale for excitatory arousal (Sethna, Murray and
Ramchandani, 2008, Unpublished manual) is applied on
video recordings of naturalistic father-infant play to assess
paternal behavior.

Infant predictors and moderators
Infant neonate characteristics will potentially impact the
proposed transmission mechanisms with regard to post-
natal maternal caregiving representation, mother-infant
interaction and level of stress-exposure after birth.
Neonatal Intensive Care Unit Network Neurobehavioral
Scale (NNNS) [41] is a 30-min, 128-item assessment of
neurologic, behavioural, and stress/abstinence signs that
evaluates the full range of infant neurobehavior [42].
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Transmission mechanisms

1. Stress exposure and transmission of stress-
sensitivity.

Exposure to prenatal stress might lead to enduring
changes in the infant’s neurophysiological regulation of
stress [43] Early experiences such as relational stress can
also influence the regulation of physiological responses
to stress [44]. This can be measures by levels of cortisol
in e.g. saliva. Previous findings indicate a transmission of
increased cortisol levels from depressed mothers [45]
and lowered levels from mothers with PTSD to their
offspring [46]. Importantly deviations in maternal stress-
sensitivity can contribute to stress in the mother-infant
interaction. Low maternal cortisol has been proposed as
a possible mechanism contributing to maternal difficul-
ties in sensitively attuning to infant cues, which in turn
impacts the infant’s reactivity towards, and recovery
from stress [47]. Mothers whose interactions with their
infants are most disrupted exhibit most deviation in
cortisol levels [47].

Cortisol Sampling. Cortisol concentration in hair
samples measure integrated stress exposure during the
previous three months. Hair samples from mother and
offspring will be collected three times during the study
(see Table 1 and 2). Cortisol levels in hair samples from
mother during pregnancy and from infant at birth indi-
cate degree of infant exposure to prenatal stress. Saliva
samples are collected three times across the study in
relation to mild stressors in order to assess maternal
stress-sensitivity. Each time three saliva samples are
collected i.e. before the stressor (baseline), 20 min after
(reaction) and 40 min after the stressor (recovery).
Stressors are the AAI interview (baseline), the Still Face
Procedure (16 weeks) and the SSP (52 weeks, see Table 1
and 2). Hair and saliva samples will be analysed using
liquid chromatography—tandem mass spectrometry [48].

The Perceived Stress Scale (PSS): The Perceived Stress
Scale [49, 50] is a 10-item self-report questionnaire
focusing on perceived stress experience. Questions
evaluate experiences of life being unpredictable, uncon-
trollable and distressing during the previous 30 days,
and whether the respondent has been feeling nervous
or stressed. Higher scores reflect higher degrees of
perceived stress.

Parenting Stress Index, 3rd Edition Short Form
(PSI/SF) is a 36-item self-report questionnaire [51].
It assesses level of stress related to the parental role
and consists of three subscales: Parental Distress,
Parent—child Dysfunctional Interaction and Difficult
Child as well a scale for defensive responding.
Parental stress is associated with negative parenting
behaviors, e.g. lower levels of parental sensitivity and
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reciprocity, and high parental stress is seen among
abusive and negligent parents [52].

2. Caregiving representation.

George and Solomon [53, 54] have proposed a mediat-
ing link between the mother’s attachment status and the
attachment classification of her child, which is her sym-
bolic representation of her relationship with her child
ie. her caregiving representation. Correspondence has
been found between maternal caregiving representation,
maternal adult attachment classification and the child’s
attachment classification [55—57]. During pregnancy and
the first 12 months of the child’s life, maternal caregiving
representations are consolidated via maternal caregiving
behaviors, in parallel to the development of the infant’s
attachment behaviour. The caregiving representation re-
flects the mothers’ own attachment experiences, but her
current life situation, actual level of social support and
the relationship experience with the specific child is im-
portant in shaping her caregiving representation to each
individual child. Caregiving helplessness representations
are assigned to mothers who experience themselves as
struggling but failing to manage or control both the
child and their own negative emotions and is associated
with infant disorganized attachment [58]. These findings
suggest caregiving representation as an important medi-
ator of intergenerational transmission of attachment and
warrant further studies of the role of caregiving repre-
sentation in transmission of risk and resilience from
mothers with severe mental disorder to their infant.

Caregiving Experiences Questionnaire and Prenatal
Caregiving Experiences Questionnaire (PCEQ & CEQ,
Brennan, George, & Solomon, 2013, unpublished
manual) is self-report measures assessing five forms of
defensive processing that have been associated in the at-
tachment literature with patterns of caregiving represen-
tation [53]. Three scales evaluate dimensions of
organized caregiving representation—flexible integration,
deactivation, and cognitive disconnection—as related to
children’s secure, avoidant, and ambivalent-resistant/
dependent attachment, respectively. The other two
scales evaluate the dimension of caregiving dysregulation
as related to disorganized infant attachment.

3. Mother—infant interaction.

Maternal sensitivity to infant cues during early inter-
action is considered important for infant development
and has been associated with later attachment classifica-
tion [59, 60]. From an intersubjective system theory ap-
proach both mother and infant contribute actively to
shaping the interaction. From this approach, model of
the dyadic regulation process taking place between an
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infant and a caregiver during interaction is referred to as
the “Mutual Regulation Model” [61-64]. This model
assumes that mother and infant through their inter-
action form a dyadic regulatory system, which regulates
the infant’s biobehavioral organization, including regula-
tion of negative emotions and stress. According to this
model, normal development is a process of effective re-
ciprocal social emotional communication, which is able
to successfully repair episodes of mismatches i.e. tem-
porary failures to regulated physiology, affect and stress.
The successful repair of daily stressors leads to a cascade of
positive affect, and homeostatic psychophysiology, whereas
unsuccessful reparation lead to continuation of stress, cas-
cades of negative affect and dysregulated psychophysiology
e.g. increased physiological stress sensitivity [65].

Most studies of mother-infant interaction in severe
mental disorder have been carried out in samples with
depressed mothers. These findings indicate disturbed
mother-infant interaction in depression [9, 66]. A few
studies in bipolar disorder also indicate disturbed inter-
action in this population [67-69]. High risk schizophre-
nia studies show that early unstable family rearing
conditions predict offspring diagnosis of schizophrenia
[14, 70], but there has been a dearth of studies exploring
early parent-infant interaction in schizophrenia, despite
high-risk research [71] and clinical initiatives in this
population [72]. Our own review work on early parent-
infant interaction in schizophrenia [35] identified 27
studies from 10 cohorts, who comprised 208 women di-
agnosed with schizophrenia; 71 with other psychoses;
203 women with depression; 59 women with mania/bi-
polar disorder; 40 with personality disorder, 8 with un-
specified mental disorder and 119 non-psychiatric
controls. These cohorts comprised a mix of longitudinal
and cross-sectional cohort studies and studies conducted
within specialist Mother Baby Units. We identified con-
sistent evidence of bias across the studies including se-
lection, measurement, loss to follow-up, blinding of
outcomes, confounding and statistical methods. Most
studies included infants aged between 1- and 12 months.
Data regarding neonates, ages 13-36 months and be-
yond 36 months were more limited. Those studies inves-
tigating the time period between 1- and 12-months
found some evidence for maternal behavior in psychosis
and schizophrenia, which differed from maternal behav-
ior in the control sample. There was less evidence that
infant behaviour differed from normal controls amongst
offspring of maternal schizophrenia or maternal psychosis.
Thus, previous research demonstrates disturbances in the
mother-infant relationship and infant attachment in
schizophrenia, bipolar disorder and depression indicating
that interaction quality may affect infant development.

Naturalistic video of mother infant interaction. At
the end of the NNNS at 1-7 days and 4 weeks, we
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will continue to video record for 5 min (Naturalistic
Video) as the mother and infant reunite. This material
will be used for coding CIB, see below.

Still Face Procedure by Tronick [73] will be applied
at 16-weeks and will follow the specific procedures
designed by Lyons-Ruth (personal communication)
[47]. The testing session for mother—infant inter-
action is divided into three phases, Pre-Still Face,
Still Face and Recovery phases, each of which had
been explained to the mothers before the session
began.

Coding Interactive Behavior (CIB) [44] is applied on
video recordings of parent-infant interaction (reuion
after NNNS at 1 and 4 weeks, Pre-Still Face and Re-
covery phase of the Still Face procedure, father-infant
naturalistic play at 16 weeks, SSP at 52 weeks). It as-
sesses parent, child and dyadic affective states and
interactive styles. This measure is typically used with
adults and children aged between 2 and 36 months,
but can also be used for newborns. Subscales consist
of six composites: parental sensitivity, intrusiveness
and limit setting, child involvement, withdrawal and
compliance, dyadic reciprocity, and dyadic negative
state.

The ability of the mother-infant dyad to successfully
repair episodes of mismatches will be measured by
The Infant and Caregiver Engagement Phases (ICEP,
Tronick, unpublished manual, personal communica-
tion). ICEP measures mismatching (rupture) and
matching affective states (interactive repair) and are
based on Tronick’ Monadic Phases Scoring System,
Tronick and Weinberg’s Infant and Maternal Regula-
tory Scoring Systems (IRSS & MRSS), and Weinberg
and Tronick’ work on affective configurations [74].
The ICEP-R phases combine information from the in-
fant’s or caregiver’s face, direction of gaze and vocali-
zations. The ICEP-R engagement phases for the infant
are Negative Engagement (further divided into with-
drawn and protest), Object/Environment Engagement,
Social Monitor and Social Positive Engagement. The
ICEP-R codes for the caregiver are Negative Engage-
ment (further divided into withdrawn, hostile and
intrusive), Non-Infant Focused Engagement, Social
Monitor/No Vocalizations or Neutral Vocalizations,
Social Monitor/Positive Vocalizations and Social Posi-
tive Engagement.

The AMBIANCE measure is used to code dis-
rupted caregiver behaviour during videotaped care-
giver—infant interactions [75] (recovery phase of the
Still Face procedure at 16 weeks, SSP at 52 weeks).
The five dimensions of the AMBIANCE coding are
affective communication errors, role/boundary con-
fusion, fearful/disorientation, intrusive/negative, and
withdrawing behaviour.
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Infant developmental outcome

Perinatal data, neuromotor and cognition

We will collect a range of data on neonatal outcome, in-
formed by existing evidence of neonatal deviations in
muscle tone and neuromotor weakness in high risk infant
[76-78] using Neonatal Intensive Care Unit Network
Neurobehavioral Scale (NNNS) [41]

Routinely available data including Apgar score, birth
weight, gestational age, and obstetric complications will
be collected from the mothers, national registers and
case notes.

Given the established literature on developmental de-
lays in cognitive and motor domains (e.g. [79-81]. we
will assess development milestones using The Bayley’s
Scales for Infant Development 3rd Edition (BSID-III)
[82]. The BSID III items fall into the developmental
areas of cognition, language and motor skills.

Stress-sensitivity
Increased stress-sensitivity has been proposed as a risk
factor for development of psychosis and other severe
mental disorder [83]. Stress-sensitivity might be inher-
ited [83], a result of exposures during the prenatal
period [43] or a result of postnatal stress. It has been
associated to maternal stress and quality of mother infant
attachment relationship [47, 83]. Infants with insecure
and disorganized attachment classification have elevated
cortisol levels during separation in the Strange Situation
Procedure [84]. Infants classified as disorganized in
attachment show greatest elevation and slowest return to
baseline cortisol levels after SSP [85, 86]. They also differ
from non-disorganized infants in diurnal cortisol rhythm,
displaying a more flattened daily curve [45].
Stress-sensitivity is measured by saliva cortisol sam-
pling in relation to mild stressors. Cortisol concentration
is measured in saliva samples three times across the
study. Each time three saliva samples are collected i.e.
before the stressor (baseline), 20 min after (reaction) and
40 min after the stressor (recovery). Stressors are the
NNNS examination (4 weeks), the Still Face Procedure
(16 weeks) and the SSP (52 weeks, see Table 1 and 2).

Attachment

Attachment is an important domain of child socio-
emotional development and is predictor for later psy-
chopathology [87, 88].

Strange Situation Procedure (SSP) [59] will be used to
assess the infants attachment and socio-emotional devel-
opment. SSP provides a measure of the infant’s attach-
ment behavior according to the four ways classification
system: secure, avoidant, ambivalent/resistant and disor-
ganized. In this procedure the infant is videotaped in a
playroom during a series of eight structured 3-min
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episodes involving the infant, the mother, and a female
stranger.

Our review [35] found evidence of greater attachment
insecurity in offspring of mothers with psychosis com-
pared to normal controls and greater avoidance com-
pared to offspring of mothers with depression. Infant
attachment data from offspring of mothers diagnosed with
schizophrenia were assessed in three studies [89-91]. All
used the Strange Situation Procedure (SSP) [84] for asses-
sing infant attachment, however two studies used an ab-
breviated procedure (using only three or four of the eight
episodes in the SSP). The third study, which used the full
SSP found the largest proportion of insecure attachment
in the schizophrenia group [89]. Only two ways (secure,
insecure) and three ways (avoidant, ambivalent/resistant,
secure) assessment of attachment type was carried
through, whereas the additional disorganized attachment
type, most clearly associated with psychopathology, was
not assessed in psychosis. There are indications of and
high rates of insecure and disorganized infant attachment
in offspring of mothers with depression [66] and in off-
spring of mothers with bipolar disorder [67-69].

Procedure

The study has been approved by The committees of
Health research Ethics in the Captial Region of Denmark
(Protocol no: H-2-014-024) and by the West of Scotland
Research Ethics Service and the NHS GG&C Board Ap-
proval (REC Reference 14/WS/1051). The project is reg-
istered with ClinicalTrial. Gov (https://clinicaltrials.gov/
ct2/show/NCT02306551). The study launched in
October 2014 and the recruitment period is expected to
be 3-4 years. Participants in Denmark are recruited
from Region Zealand and Region Southern Denmark
and in Scotland from Greater Glasgow and Clyde. Po-
tential participants are identified by obstetric consultants
screening referrals to obstetric wards and by midwifes at
midwiferies. In addition perinatal mental health services
and community mental health teams are invited to
approach and refer participants to the study. Women in
Scotland can also self-refer. All mothers with probable
inclusion diagnoses will be approached for their consent
to be referred to the research team. All those who
consent to be referred to the research project will be
approached for their informed and written consent by
the research team. The diagnoses are confirmed by the
research team, which carry out baseline data collection
as well as follow-ups. This team consists of three PhD
students, a postdoc and an assistant professor. If an in-
clusion diagnosis cannot be confirmed, the participant
will be excluded from the study. The numbers of
mothers with depression or without a psychiatric history
are more numerous in services. In order to guard against
introducing selection biases we will randomly select
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which mothers from these groups that are referred to
the study. Randomization lists will be constructed
electronically and will determine the order in which
mothers, identified within a specific month, are approached
for referral to and consent into the study. Once we have
reached the monthly limit on participants from the mothers
with depression or without psychiatric history recruitment
from these groups will stop for that month.

Sampling, power and proposed data analyses

Sample size is set to N =200, with 50 participants in
each group (inclusive of Denmark and Scotland). With
this sample size, we can detect an effect size of 0.24 be-
tween groups (small to medium effect size) with a 5 %
level of significance (alpha) and a power of 80 %.

Basic characteristics of the cohort will be addressed
using descriptive statistics (means and standard devia-
tions for numeric variables and frequencies for categor-
ical variables). Informed consent rate will be addressed
by estimating the inclusion rate along with a 95 % confi-
dence interval using the standard central limit theory
based approximation. In order to investigate infant risk
outcome, associated risk factors and transmission mech-
anisms we will employ mixed effects modelling to
account for the longitudinal structure of the data and re-
peated sampling. The mixed effect model can also with-
out any extensions handle missing outcome data and
hence the proposed analytical approach is robust to-
wards loss to follow-up. If missing variables at baseline,
against our expectation, surpasses 5 % we will employ
multiple imputations before conducting the analyses
described above. Directed Acyclic Graphs [92] will
be used to identify pathways from baseline variables
(e.g. diagnosis) to infant outcome measurements and
important confounders.

Discussion

The WARM study addresses the lack of knowledge
about very early risk developmental status of infant of
parents with severe mental disorder, specifically, the
paucity of data on the impact of, and interaction be-
tween psychosocial risk and resilience factors for very
early infant development. Patterns of attachment in both
mother and infant, explored in the WARM study, have
never been investigated in a developmental high-risk
sample incorporating non-affective psychosis, bipolar
disorder and depression.

Our study builds on developmental psychopathology
concepts of multifinality [93] and focuses on three
mechanisms for transmission of risk or resilience from
parent to infant: stress-sensitivity, caregiving representa-
tion and quality of parent infant interaction as illustrated
in Fig. 1. There is a need for long-term intervention
studies, which explore the possibility of decreasing rate
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of mental illness in offspring [5]. We propose that this
study will provide important data to inform early pre-
ventive strategies.

Limitations

In this study, we aim to establish a cohort of pregnant
women with SMI. This is a challenging group to recruit,
and we will therefore recruit over a relatively long time
period to optimize sample size. Our initial piloting indi-
cates that important reasons for the difficulties in identi-
fication and recruitment are the demands of both severe
mental disorder and pregnancy for inclusion and that
the period for both identification and baseline assess-
ment completion is limited to only a few months. This
might lead to low recruitment rates and sampling bias.
We estimate recruitment rates through systematic proce-
dures for identification of potential participants, and we
intend to explore sampling bias by registering recruitment
rates, reasons for decline and by comparing our sample
with register data of pregnant woman with SMI.

Competing interests

The authors have received funding from the FKK Danish Council for
Independent Research | Humanities (Grant Reference No: DFF — 1319-00103);
Psychiatric Research Foundation in the Region of Southern Denmark. Health
Foundation of Region Zealand, NHS Research Scotland (NRS), through NHS
Greater Glasgow & Clyde (NHSGG&C) and of the Scottish Mental Health
Research Network (SMHRN). It is in the professional interest of the
investigators that the study receives further funding. Trier, Rehder, and
Nystréom-Hansen have received PhD funding in relation to the WARM
project, Lundy has been employed on the study. Davidsen has been part
time employed on the study. Other than the above research funding, the
authors have no competing interests relevant to this study.

Authors’ contributions

SH, AG, KD and AM have conceived the study. SH and AG have led the
study team and drafted the manuscript. SH, AG and AM have designed the
parent diagnostic assessments. SH and KD have designed the offspring and
parent-infant interaction assessments. TL has supervised design and statistics.
KR, CHT and MNH have contributed to study design and assessments. JML
KR, CHT and MNH have contributed to recruitment methods and engage-
ment of stakeholders. MA has supervised design of physiological stress as-
sessment and cortisol analyses. ES and HM contributed to study conception
and execution. All authors have read and approved the final manuscript.

Acknowledgements

Professor Carol George, (Mills College, CA) advised and supervised in design,
selection of measures and training for assessment of attachment and
caregiving. Professor Karlen Lyons-Ruth (Harvard Medical School) advised
and supervised us in design, measures and procedures for assessing physio-
logical stress in relation to mother-infant interaction; Professor Ed Tronick
(University of Massachusetts, Boston) supported us in selection of procedures
and measures for newborn neurobehavioral assessment and assessment of
mother-infant interaction, Ass. Professor Anne Thorup (University of
Copenhagen) helped us in design, selection of measures and recruitment
procedures by generously sharing her experience from Via 7 with us. The au-
thors acknowledge the financial support of FKK Danish Council for Independ-
ent Research | Humanities (Grant Reference No: DFF — 1319-00103);
Psychiatric Research Foundation in the Region of Southern Denmark. Health
Foundation of Region Zealand, NHS Research Scotland (NRS), through NHS
Greater Glasgow & Clyde (NHSGG&C) and of the Scottish Mental Health
Research Network (SMHRN).



Harder et al. BMC Psychiatry (2015) 15:310

Author details

'Department of Psychology, University of Copenhagen, Copenhagen,
Denmark. “Department of Child and Adolescent Mental Health Odense,
Research Unit, Mental Health Services in the Region of Southern Denmark,
Middelfart, Denmark. *University of Southern Denmark, Odense, Denmark.
“School of Health in Social Science, University of Edinburgh, Edinburgh,
Scotland, UK. *Department of Public Health, Section of Biostatistics, University
of Copenhagen, Copenhagen, Denmark. Institute of Health and Wellbeing,
University of Glasgow, Glasgow, Scotland, UK. "Psychiatric Research Unit,
Psychiatry, Region Zealand, Roskilde, Denmark. EInstitute of Clinical Medicine,
Faculty of Health and Medical Sciences, University of Copenhagen,
Copenhagen, Denmark.

Received: 14 October 2015 Accepted: 27 November 2015
Published online: 09 December 2015

References

1. Gottesman II, Laursen TM, Bertelsen A, Mortensen PB. Severe mental
disorders in offspring with 2 psychiatrically ill parents. Arch Gen Psychiatry.
2010,67(3):252—7. http://dx.doi.org/10.1001/archgenpsychiatry.2010.1.

2. Rasic D, Hajek T, Alda M, Uher R. Risk of mental illness in offspring of
parents with schizophrenia, bipolar disorder, and major depressive disorder:
a meta-analysis of family high-risk studies. Schizophr Bull. 2013;40(1):28-38.
http://dx.doi:10.1093/schbul/sbt114.

3. Faraone SV, Biederman J. Do attention deficit hyperactivity disorder and
major depression share familial risk factors? The Journal of Nervous and
Mental Disease. 1997;185(9):533-41. http://dx.doi.org/10.1097/00005053-
199709000-00001.

4. Chang K, Steiner H, Dienes K, Adleman N, Ketter T. Bipolar offspring: a
window into bipolar disorder evolution. Biol Psychiatry. 2003;53(11):945-51.
http://dx.doi.org/10.1016/S0006-3223(03)00061-1.

5. Liu CH, Keshavan MS, Tronick E, Seidman LJ. Perinatal risks and childhood
premorbid indicators of later psychosis: next steps for early psychosocial
interventions. Schizophr Bull. 2015;41(4):801-16. http://dx.doi.org/10.1093/
schbul/sbv047.

6. Niemi LT, Suvisaari JM, Haukka JK, Lonnqvist JK. Childhood predictors of future
psychiatric morbidity in offspring of mothers with psychotic disorder Results
from the Helsinki High-Risk Study. Br J Psychiatry. 2005;186(2):108-14. http://dx.
doiorg/10.1192/0jp.186.2.108.

7. Knapp M, Mangalore R, Simon J. The global costs of schizophrenia.
Schizophr Bull. 2004;30(2):279-93. http://dx.doi.org/10.1093/oxfordjournals.
schbul.a007078.

8. Willcutt E, McQueen M. Genetic and environmental vulnerability to bipolar
spectrum disorder. In: Miklowitz DJ, Cicchetti D, editors. Understanding
bipolar disorder: a developmental psychopathology perspective. New York:
Guildford press; 2010. p. 225-59.

9. Goodman SH, Gotlib IH. Risk for psychopathology in the children of
depressed mothers: a developmental model for understanding mechanisms
of transmission. Psychol Rev. 1999;106(3):458-86. http://dx.doi.org/10.1037/
0033-295X.106.3.458.

10. Uher R, Cumby J, MacKenzie LE, Morash-Conway J, Glover JM, Aylott A,
et al. A familial risk enriched cohort as a platform for testing early
interventions to prevent severe mental illness. BMC Psychiatry. 2014;14(1):
344, http://dx.doi.org/10.1186/512888-014-0344-2.

11, Seifer R. Young Children with Mentally Il Parents. Resilient Developmental
Systems. In: Luthar S, S, editor. Resilience and vulnerability: Adaptation in
the context of childhood adversities. Cambridge: Cambridge University
Press; 2003. p. 29-49.

12. Insel TR. The NIMH research domain criteria (RDoC) project: precision
medicine for psychiatry. Am J Psychiatry. 2014;171(4):395-7. http://dx.doi.
0rg/10.1176/appi.ajp.2014.14020138.

13. Uher R. Genomics and the classification of mental illness: focus on broader
categories. Genome Med. 2013;5(10):97. http://dx.doi.org/10.1186/gm501.

14. Cannon M, Clarke MC. Risk for schizophrenia—broadening the concepts,
pushing back the boundaries. Schizophr Res. 2005;79(1):5-13. http://dx.doi.
0rg/10.1016/j.schres.2005.05.027.

15. Varese F, Smeets F, Drukker M, Lieverse R, Lataster T, Viechtbauer W, et al.
Childhood adversities increase the risk of psychosis: a meta-analysis of
patient-control, prospective-and cross-sectional cohort studies. Schizophr
Bull. 2012;38(4):661-71. http://dx.doi.org/10.1093/schbul/sbs050.

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

Page 11 of 13

American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders. 5th ed. Washington, DC: American Psychiatric Publishing; 2013.

First MB, Williams JBW, Karg RS, Spitzer R. Structured clinical interview
for DMS-5, Research Version. Arlington, VA: American Psychiatric
Association; 2015.

Moran P, Leese M, Lee T, Walters P, Thornicroft G, Mann A. Standardised
Assessment of Personality-Abbreviated Scale (SAPAS): preliminary validation
of a brief screen for personality disorder. The British Journal of Psychiatry.
2003;183(3):228-32. http://dx.doi.org/10.1192/bjp.183.3.228.

Montgomery SA, Asberg M. A new depression scale designed to be
sensitive to change. The British Journal of Psychiatry. 1979;134(4):382-9.
http://dx.doi.org/10.1192/bjp.134.4.382.

Bech P, Bolwig T, Kramp P, Rafaelsen O. The Bech-Rafaelsen Mania Scale
and the Hamilton Depression Scale. Acta Psychiatr Scand. 1979;59(4):420-30.
http://dx.doi.org/10.1111/].1600-0447.1979.tb04484 x.

Kay SR, Opler LA, Lindenmayer J-P. The Positive and Negative Syndrome
Scale (PANSS): rationale and standardisation. The British Journal of
Psychiatry. 1989;155 suppl 7:59-65.

van der Gaag M, Hoffman T, Remijsen M, Hijman R, de Haan L, van Meijel B,
et al. The five-factor model of the Positive and Negative Syndrome Scale II:
a ten-fold cross-validation of a revised model. Schizophr Res. 2006;85(1):
280-7. http://dx.doi.org/10.1016/j.schres.2006.03.021.

American Psychiatric Association. Diagnostic and statistical manual of mental
disorders. 5th ed. Arlington, VA: American Psychiatric Publishing; 2013.

Niv N, Cohen AN, Sullivan G, Young AS. The MIRECC version of the Global
Assessment of Functioning scale: reliability and validity. Psychiatr Serv. 2007;
58(4):529-35. http://dx.doi.org/10.1176/ps.2007.58.4.529.

Reynolds CR, Randy W K, Raines TC. Chapter 16. The Reynolds Intellectual
Assessment Scales and the Reynolds Intellectual Screening Test. In:
Flanagan DP, Harrison PL, editors. Contemporary intellectual assessment:
Theories, tests, and issues. Guilford Press; 2012. p. 400-21.

Power M, Champion L, Aris S. The development of a measure of social
support: the Significant Others (SOS) Scale. Br J Clin Psychol. 1988,27(4):349-
58. http://dx.doi.org/10.1111/}.2044-8260.1988.tb00799.x.

Konold TR, Abidin RR. Parenting alliance: A multifactor perspective.
Assessment. 2001;8(1):47-65. http://dx.doi.org/10.1177/107319110100800105.
Felitti VJ, Anda RF, Nordenberg D, Williamson DF, Spitz AM, Edwards V, et al.
Relationship of childhood abuse and household dysfunction to many of the
leading causes of death in adults: The Adverse Childhood Experiences (ACE)
Study. Am J Prev Med. 1998;14(4):245-58. http://dx.doi.org/10.1016/50749-
3797(98)00017-8.

Behrens KY, Hesse E, Main M. Mothers' attachment status as determined by
the Adult Attachment Interview predicts their 6-year-olds' reunion
responses: A study conducted in Japan. Dev Psychol. 2007;43(6):1553-67.
http://dx.doi.org/10.1037/0012-1649.43.6.1553.

Bus AG, Van lJzendoorn MH. Patterns of Attachment in Frequently and
Infrequently Reading Mother—Child Dyads. The Journal of genetic psychology.
1992;153(4):395-403. http://dx.doi.org/10.1080/00221325.1992.10753735.

Fonagy P, Leigh T, Steele M, Steele H, Kennedy R, Mattoon G, et al. The
relation of attachment status, psychiatric classification, and response to
psychotherapy. J Consult Clin Psychol. 1996;64(1):22. http://dx.doi.org/10.
1037/0022-006X.64.1.22.

Gumley A, Taylor H, Schwannauer M, MacBeth A. A systematic review of
attachment and psychosis: measurement, construct validity and outcomes.
Acta Psychiatr Scand. 2014;129:257-74. http://dx.doi.org/10.1111/acps.12172.
Harder S. Attachment in Schizophrenia—implications for research,
prevention, and Treatment. Schizophr Bull. 2014;40(6):1189-93. http://dx.doi.
0rg/10.1093/schbul/sbu133.

Dozier M, Stovall-McClough KC, Albus KE. Attachment and psychopathology
in adulthood. 2008.

Davidsen KA, Harder S, Macbeth A, Lundy J, Gumley A. Mother-infant
interaction in schizophrenia: transmitting risk or resilience? A systematic
review of literature. Soc Psychiatry Psychiatr Epidemiol. 2015;50(12):1785-98.
http://dx.doi.org/10.1007/500127-015-1127-x.

Liotti G, Gumley A. An attachment perspective on schizophrenia:

The role of disorganized attachment, dissociation and mentalization. In:
Moskowitz A, Schafer I, Dorahy M, editors. Psychosis, trauma and dissociation:
Emerging perspectives on severe psychopathology. 2011. p. 117-33.

George C, West ML. The Adult Attachment Projective Picture System:
attachment theory and assessment in adults. New York: Guilford
Press; 2012.


http://dx.doi.org/10.1001/archgenpsychiatry.2010.1
http://dx.doi.org/10.1093/schbul/sbt114
http://dx.doi.org/10.1097/00005053-199709000-00001
http://dx.doi.org/10.1097/00005053-199709000-00001
http://dx.doi.org/10.1016/S0006-3223(03)00061-1
http://dx.doi.org/10.1093/schbul/sbv047
http://dx.doi.org/10.1093/schbul/sbv047
http://dx.doi.org/10.1192/bjp.186.2.108
http://dx.doi.org/10.1093/oxfordjournals.schbul.a007078
http://dx.doi.org/10.1093/oxfordjournals.schbul.a007078
http://dx.doi.org/10.1037/0033-295X.106.3.458
http://dx.doi.org/10.1037/0033-295X.106.3.458
http://dx.doi.org/10.1186/s12888-014-0344-2
http://dx.doi.org/10.1176/appi.ajp.2014.14020138
http://dx.doi.org/10.1186/gm501
http://dx.doi.org/10.1016/j.schres.2005.05.027
http://dx.doi.org/10.1093/schbul/sbs050
http://dx.doi.org/10.1192/bjp.183.3.228
http://dx.doi.org/10.1192/bjp.134.4.382
http://dx.doi.org/10.1111/j.1600-0447.1979.tb04484.x
http://dx.doi.org/10.1016/j.schres.2006.03.021
http://dx.doi.org/10.1176/ps.2007.58.4.529
http://dx.doi.org/10.1111/j.2044-8260.1988.tb00799.x
http://dx.doi.org/10.1177/107319110100800105
http://dx.doi.org/10.1016/S0749-3797(98)00017-8
http://dx.doi.org/10.1016/S0749-3797(98)00017-8
http://dx.doi.org/10.1037/0012-1649.43.6.1553
http://dx.doi.org/10.1080/00221325.1992.10753735
http://dx.doi.org/10.1037/0022-006X.64.1.22
http://dx.doi.org/10.1037/0022-006X.64.1.22
http://dx.doi.org/10.1111/acps.12172
http://dx.doi.org/10.1093/schbul/sbu133
http://dx.doi.org/10.1007/s00127-015-1127-x

Harder et al. BMC Psychiatry (2015) 15:310

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Berry K, Wearden A, Barrowclough C, Liversidge T. Attachment styles,
interpersonal relationships and psychotic phenomena in a non-clinical
student sample. Pers Individ Dif. 2006;41(4):707-18. http://dx.doi.org/10.
1016/j.paid.2006.03.009.

Ramchandani P, Psychogiou L. Paternal psychiatric disorders and children's
psychosocial development. The Lancet. 2009;374(9690):646-53. http://dx.doi.
0rg/10.1016/50140-6736(09)60238-5.

Derogatis LR, Melisaratos N. The brief symptom inventory: an introductory
report. Psychol Med. 1983;13(03):595-605. http://dx.doi.org/10.1017/
S0033291700048017.

Lester BM, Tronick EZ. The neonatal intensive care unit network
neurobehavioral scale procedures. Pediatrics. 2004;113(Supplement 2):641-67.
Fink NS, Tronick E, Olson K, Lester B. Healthy newborns' neurobehavior:
norms and relations to medical and demographic factors. The Journal of
pediatrics. 2012;161(6):1073-9. e3.

Glover V, O'connor T, O'Donnell K. Prenatal stress and the programming of
the HPA axis. Neurosci Biobehav Rev. 2010;35(1):17-22. http://dx.doi.org/10.
1016/j.neubiorev.2009.11.008.

Feldman R. Parenting behavior as the environment where children grow.
In: Mayes LC, Lewis M, editors. A Developmental Environment Measurement
Handbook. New York: Cambridge University Press; 2012. p. 535-67.

Luijk MP, Saridjan N, Tharner A, van lJzendoorn MH, Bakermans-Kranenburg
MJ, Jaddoe VW, et al. Attachment, depression, and cortisol: Deviant
patterns in insecure-resistant and disorganized infants. Dev Psychobiol.
2010;52(5):441-52. http://dx.doi.org/10.2307/1131544.

Yehuda R, Teicher MH, Seckl JR, Grossman RA, Morris A, Bierer LM.

Parental posttraumatic stress disorder as a vulnerability factor for low
cortisol trait in offspring of holocaust survivors. Arch Gen Psychiatry.
2007,64(9):1040-8. doi:http://dx.doi.org/10.1001/archpsyc.64.9.1040.

Crockett EE, Holmes BM, Granger DA, Lyons-Ruth K. Maternal Disrupted
Communication During Face-to-Face Interaction at 4 months: Relation to
Maternal and Infant Cortisol Among at-Risk Families. Infancy. 2013;18(6):
1111-34. http://dx.doi.org/10.1111/infa.12015.

Handelsman D, Wartofsky L. Requirement for mass spectrometry sex steroid
assays in the Journal of Clinical Endocrinology and Metabolism. J Clin
Endocrinol Metab. 2013;98(10):3971-3. http://dx.doi.org/10.1210/jc.2013-3375.
Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress.
J Health Soc Behav. 1983;24(4):385-96. http://dx.doi.org/10.2307/2136404.
Lee E-H. Review of the psychometric evidence of the perceived stress scale.
Asian Nurs Res (Korean Soc Nurs Sci). 2012;6(4):121-7. http://dx.doi.org/10.
1016/j.anr.2012.08.004.

Abidin RR. Parenting stress index 3rd edition: Professional manual. Inc,
Odessa, USA: Psychological Assessment Resources; 1995.

Haskett ME, Ahern LS, Ward CS, Allaire JC. Factor structure and validity of
the parenting stress index-short form. J Clin Child Adolesc Psychol. 2006;
35(2):302-12. http//dx.doi.org/10.1207/515374424jccp3502_14.

George C, Solomon J. The caregiving system: a behavioral systems
approach to parenting. In: Cassidy J, Shaver P, editors. Handbook of
attachment: Theory, research, and clinical applications. 2008. p. 833-56.
Solomon J, George C. Defining the caregiving system: Toward a theory of
caregiving. Infant Mental Health Journal. 1996;17(3):183-97. doi:http://dx.doi.
0rg/10.1002/(SIC1)1097-0355(199623)17:3<183:AID-IMHJ1>3.0.CO.2-Q.
Benoit D, Parker KC, Zeanah CH. Mothers' representations of their infants
assessed prenatally: Stability and association with infants' attachment
classifications. Journal of Child Psychology and Psychiatry. 1997;38(3):307-13.
http://dx.doi.org/10.1111/j.1469-7610.1997.tb01515.x.

George C, Solomon J, editors. Internal working models of caregiving and
security of attachment at age six. The National Biennial Meeting of the
Society for Research in Child Development 1989; Kansas City, MO.

Zeanah CH, Benoit D, Hirshberg L, Barton M, Regan C. Mothers' representations
of their infants are concordant with infant attachment classifications.
Developmental Issues in Psychiatry and Psychology. 1994;1:9-18.

Solomon J. George C. Disorganized attachment and caregiving: Guilford
Press; 2011.

Ainsworth MDS, Blehar MC, Waters E, Wall S. Patterns of attachment: A
psychological study of the strange situation. Hillsdale: Lawrence Erlbaum
Associates; 1978.

Bigelow AE, MacLean K, Proctor J, Myatt T, Gillis R, Power M. Maternal
sensitivity throughout infancy: Continuity and relation to attachment
security. Infant Behavior and Development. 2010;33(1):50-60. http://dx.doi.
0rg/10.1016/j.infbeh.2009.10.009.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Page 12 of 13

Beebe B, Jaffe J, Markese S, Buck K, Chen H, Cohen P, et al. The origins of
12-month attachment: A microanalysis of 4-month mother-infant
interaction. Attachment & human development. 2010;12(1-2):3-141. http://
dx.doi.org/10.1080/14616730903338985.

Brazelton TB, Koslowski B, Main M. The origins of reciprocity: The early mother-
infant interaction. In: Lewis M, Rosenblum LA, editors. The effect of the infant
on its caregiver. Oxford, England: Wiley-Interscience; 1974. p. 49-77.

Stern D. Behavior regulating social contact between a mother and her 3 1/
2-month-old twins. In: Rexford EN, Sander LW, Shapiro T, editors. Infant
Psychiatry: A New Synthesis. Yale University Press, New Haven. New Haven:
Yale University Press; 1976. p. 113-26.

Tronick EZ, Cohn JF. Infant-mother face-to-face interaction: Age and gender
differences in coordination and the occurrence of miscoordination. Child
Dev. 1989;60(1):85-92. http://dx.doi.org/10.1016/j.infbeh.2009.10.009.
DiCorcia JA, Tronick E. Quotidian resilience: exploring mechanisms that drive
resilience from a perspective of everyday stress and coping. Neurosci Biobehav
Rev. 2011;35(7):1593-602. http://dxdoi.org/10.1016/j.neubiorev.2011.04.008.
Hipwell A, Goossens F, Melhuish E, Kumar R. Severe maternal
psychopathology and infant-mother attachment. Dev Psychopathol. 2000;
12(02):157-75. http://dx.doi.org/10.1017/5S0954579400002030.

DeMulder EK, Radke-Yarrow M. Attachment with affectively ill and well
mothers: Concurrent behavioral correlates. Dev Psychopathol. 1991,3(03):
227-42. http://dx.doi.org/10.1017/50954579400005277.

Radke-Yarrow M, Cummings EM, Kuczynski L, Chapman M. Patterns of attachment
in two-and three-year-olds in normal families and families with parental depression.
Child Dev. 1985,56(4):884-93. http//dxdoiorg/10.2307/1130100.

Hipwell A, Kumar R. Maternal psychopathology and prediction of outcome
based on mother-infant interaction ratings (BMIS). The British Journal of
Psychiatry. 1996;169(5):655-61. http://dx.doi.org/10.1192/bjp.169.5.655.
Wahlberg K-E, Wynne LC, Oja H, Keskitalo P, Pykaldinen L, Lahti |, et al.
Gene-environment interaction in vulnerability to schizophrenia: findings
from the Finnish Adoptive Family Study of Schizophrenia. Am J Psychiatry.
1997:154:355-62. http://dx.doi.org/10.1176/ajp.154.3.355.

Mednick SA, Schulsinger F. Some premorbid characteristics related to
breakdown in children with schizophrenic mothers. J Psychiatr Res. 1968;6:
267-91. http://dx.doi.org/10.1016/0022-3956(68)90022-8.

Lier L. The Copenhagen model of early preventive intervention aimed at
high risk families. Social Work in Europe. 1997;4:15-8.

Tronick E, Als H, Adamson L, Wise S, Brazefton TB. The infant's response to
entrapment between contradictory messages in face-to-face interaction. J Am Acad
Child Psychiatry. 1979;17(1):1-13. http.//dxdoiorg/10.1016/50002-7138(09)62273-1.
Weinberg MK, Tronick EZ. Beyond the face: An empirical study of infant
affective configurations of facial, vocal, gestural, and regulatory behaviors.
Child Dev. 1994;65(5):1503-15. http://dx.doi.org/10.2307/1131514.
Lyons-Ruth K, Bronfman E, Parsons E. Maternal frightened, frightening, or
atypical behavior and disorganized infant attachment patterns. Monogr Soc
Res Child Dev. 1999,64(3):67-96. http://dx.doi.org/10.1111/1540-5834.00034.
Blennow G, McNeil TF. Neurological deviations in newborns at psychiatric
high risk. Acta Psychiatr Scand. 1991;84(2):179-84. http://dx.doi.org/10.1111/
.1600-0447.1991.tb03125.x.

Buka SL, Seidman LJ, Tsuang MT, Goldstein JM. The New England family
study high-risk project: Neurological impairments among offspring of
parents with schizophrenia and other psychoses. American Journal of
Medical Genetics Part B: Neuropsychiatric Genetics. 2013;162(7):653-60.
http://dx.doi.org/10.1002/ajmg.b.32181.

Marcus J. Infants at Risk for Schizophrenia. Arch Gen Psychiatry. 1982;39(3):
356. http://dx.doi.org/10.1001/archpsyc.1982.04290030083017.

Kremen WS, Seidman LJ, Pepple JR, Lyons MJ, Tsuang MT, Faraone SV.
Neuropsychological risk indicators for schizophrenia: a review of family studies.
Schizophr Bull. 1994;20(1):103-19. http://dx.doi.org/10.1093/schbul/20.1.103
Tarbox SI, Pogue-Geile MF. Development of social functioning in
preschizophrenia children and adolescents: a systematic review. Psychol
Bull. 2008;134(4):561-83. http://dx.doi.org/10.1037/0033-2909.34.4.561.

Fish B. Infant predictors of the longitudinal course of schizophrenic
development. Schizophr Bull. 1987;13(3):395-409. http://dx.doi.org/10.1093/
schbul/13.3.395.

Bayley N. Bayley scales of infant and toddler development-third edition.
Harcourt Assessment: San Antonio, TX; 2006.

Myin-Germeys |, van Os J. Stress-reactivity in psychosis: evidence for an
affective pathway to psychosis. Clin Psychol Rev. 2007,27(4):409-24.
http://dx.doi.org/10.1111/1540-5834.00034.


http://dx.doi.org/10.1016/j.paid.2006.03.009
http://dx.doi.org/10.1016/j.paid.2006.03.009
http://dx.doi.org/10.1016/S0140-6736(09)60238-5
http://dx.doi.org/10.1017/S0033291700048017
http://dx.doi.org/10.1017/S0033291700048017
http://dx.doi.org/10.1016/j.neubiorev.2009.11.008
http://dx.doi.org/10.1016/j.neubiorev.2009.11.008
http://dx.doi.org/10.2307/1131544
http://dx.doi.org/10.1001/archpsyc.64.9.1040
http://dx.doi.org/10.1111/infa.12015
http://dx.doi.org/10.1210/jc.2013-3375
http://dx.doi.org/10.2307/2136404
http://dx.doi.org/10.1016/j.anr.2012.08.004
http://dx.doi.org/10.1016/j.anr.2012.08.004
http://dx.doi.org/10.1207/s15374424jccp3502_14
http://dx.doi.org/10.1002/(SICI)1097-0355(199623)17:3%3C183::AID-IMHJ1%3E3.0.CO;2-Q
http://dx.doi.org/10.1002/(SICI)1097-0355(199623)17:3%3C183::AID-IMHJ1%3E3.0.CO;2-Q
http://dx.doi.org/10.1111/j.1469-7610.1997.tb01515.x
http://dx.doi.org/10.1016/j.infbeh.2009.10.009
http://dx.doi.org/10.1080/14616730903338985
http://dx.doi.org/10.1016/j.infbeh.2009.10.009
http://dx.doi.org/10.1016/j.neubiorev.2011.04.008
http://dx.doi.org/10.1017/S0954579400002030
http://dx.doi.org/10.1017/S0954579400005277
http://dx.doi.org/10.2307/1130100
http://dx.doi.org/10.1192/bjp.169.5.655
http://dx.doi.org/10.1176/ajp.154.3.355
http://dx.doi.org/10.1016/0022-3956(68)90022-8
http://dx.doi.org/10.1016/S0002-7138(09)62273-1
http://dx.doi.org/10.2307/1131514
http://dx.doi.org/10.1111/1540-5834.00034
http://dx.doi.org/10.1111/j.1600-0447.1991.tb03125.x
http://dx.doi.org/10.1111/j.1600-0447.1991.tb03125.x
http://dx.doi.org/10.1002/ajmg.b.32181
http://dx.doi.org/10.1001/archpsyc.1982.04290030083017
http://dx.doi.org/10.1093/schbul/20.1.103
http://dx.doi.org/10.1037/0033-2909.34.4.561
http://dx.doi.org/10.1093/schbul/13.3.395
http://dx.doi.org/10.1093/schbul/13.3.395
http://dx.doi.org/10.1111/1540-5834.00034

Harder et al. BMC Psychiatry (2015) 15:310

84.

85.

86.

87.

88.

89.

90.

91

92.

93.

Ainsworth M, Blehar M, Waters E, Wall S. Patterns of attachment: A
psychological study of the strange situation. Hillsdale, NJ: Erlbaum; 1978.
Hertsgaard L, Gunnar M, Erickson MF, Nachmias M. Adrenocortical
responses to the strange situation in infants with disorganized/disoriented
attachment relationships. Child Dev. 1995,66(4):1100-6. http://dx.doi.org/10.
2307/1131801.

Spangler G, Grossmann KE. Biobehavioral organization in securely and
insecurely attached infants. Child Dev. 1993;64(5):1439-50. doi:http://dx.doi.
0rg/10.2307/1131544.

Madigan S, Atkinson L, Laurin K, Benoit D. Attachment and internalizing
behavior in early childhood: A meta-analysis. Dev Psychol. 2013;49(4):672.
http://dx.doi.org/10.1037/a0028793.

Fearon R, Bakermans-Kranenburg MJ, Van lJzendoorn MH, Lapsley A,
Roisman Gl. The Significance of Insecure Attachment and Disorganization in
the Development of Children’s Externalizing Behavior: A Meta-Analytic
Study. Child Dev. 2010;81(2):435-56. http://dx.doi.org/10.1111/j.1467-8624.
2009.01405.x.

D'Angelo EJ. Security of attachment in infants with schizophrenic,
depressed, and unaffected mothers. The Journal of genetic psychology.
1986;147(3):421-2. http://dx.doi.org/10.1080/00221325.1986.9914517.
Naslund B, Persson-Blennow |, McNeil T, Kaij L, Malmquist-Larsson A.
Offspring of women with nonorganic psychosis: Infant attachment to

the mother at one year of age. Acta Psychiatr Scand. 1984,69(3):231-41.
http://dx.doi.org/10.1111/j.1600-0447.1984.tb02490.x.

Sameroff AJ, Seifer R, Zax M, Garmezy N. Early development of children at
risk for emotional disorder. Monogr Soc Res Child Dev. 1982;47(7):1-82.
http://dx.doi.org/10.2307/1165903.

Pearl J. Causality, reasoning, inference. Cambridge: Cambrige University
Press; 2001.

Cicchetti D, Rogosch FA. Equifinality and multifinality in developmental
psychopathology. Dev Psychopathol. 1996;8(04):597-600. http://dx.doi.org/
10.1017/50954579400007318.

Page 13 of 13

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

® Thorough peer review

e Inclusion in PubMed and all major indexing services

* Maximum visibility for your research

Submit your manuscript at .
www.biomedcentral.com/submit () BiolMed Central



http://dx.doi.org/10.2307/1131801
http://dx.doi.org/10.2307/1131801
http://dx.doi.org/10.2307/1131544
http://dx.doi.org/10.1037/a0028793
http://dx.doi.org/10.1111/j.1467-8624.2009.01405.x
http://dx.doi.org/10.1111/j.1467-8624.2009.01405.x
http://dx.doi.org/10.1080/00221325.1986.9914517
http://dx.doi.org/10.1111/j.1600-0447.1984.tb02490.x
http://dx.doi.org/10.2307/1165903
http://dx.doi.org/10.1017/S0954579400007318

	Outline placeholder
	Abstract
	Background
	Methods/Design
	Discussion
	Trial registration

	Background
	Objectives

	Method
	Design
	Participants
	Assessments
	Maternal risk
	Maternal predictors and moderators
	Psychiatric symptom measures
	Social and occupational functioning
	Cognitive screen
	Social support
	Maternal exposure to traumatic life events
	Demographics
	Attachment

	Paternal/significant other predictors and moderators
	Infant predictors and moderators
	Transmission mechanisms
	Infant developmental outcome
	Perinatal data, neuromotor and cognition
	Stress-sensitivity
	Attachment

	Procedure
	Sampling, power and proposed data analyses

	Discussion
	Limitations

	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



