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Abstract

Background

Difficulties in parent-child interaction are easily observed and are a potential target for early
intervention. This review aimed to assess the utility of current observational methods used
to assess parent-child interactions—within the first year of life—and their ability to screen and
identify children from low-risk samples most at risk of developing childhood
psychopathology.

Methods

Six bibliographic databases were searched, and reference lists screened. All peer reviewed
papers studying the association between an independent observation of parent-child inter-
action and later childhood psychopathology in community-based samples were included.
Included studies were those recruiting from population or community-based birth cohort
data, which we define as ‘low-risk’. Studies based on populations known to have a diagnosis
of psychiatric illness or developmental disorder, or at high genetic or environmental risk of
being diagnosed with such disorder, were excluded. Results were synthesised qualitatively
due to high heterogeneity.

Results

20,051 papers were identified, nine were included in this study. Childhood psychopathology
was associated with fewer positive parent-infant interactions, lower parent vocalisation fre-
quency and lower levels of adult speech and activity. Maternal sensitivity was inversely
related to separation anxiety and oppositional defiant/conduct disorders were associated
with lower shared look rates. Disruptive behaviour disorders were associated with higher
frequency of child vocalisation.
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Conclusion

Assessment of parent-child interactions, particularly the level of maternal activity, may be an
early indicator of later childhood psychopathology in low-risk samples. Further longitudinal,
population-based studies are required.

Trial registration

PROSPERQO review registration: CRD42020162917 https://www.google.com/search?
client=firefox-b-d&q=CRD42020162917.

Introduction

Insecure parent-child attachment is associated with higher disease burden in adulthood [1,2].
As such, problems in parent-child interaction can act as a potential early observable risk factor,
and target for early intervention [3]. Research has shown that parenting interventions have
been found to be an effective method of improving parent-child interactions, emotional and
behavioural adjustment of children and the psychosocial well-being of parents [4]. A previous
study has shown that predictors of such difficulties in parent-child relationships can be identi-
fied within the first 10 months of life, within a general population sample, and there is a
known association between infant experience, specifically these parent-child interactions, and
later childhood psychopathology [5]. However, to date, this relationship has largely been inves-
tigated in high-risk populations, e.g., children diagnosed with autism or ADHD or parents
with a psychiatric diagnosis. In several countries universal assessment of parent-infant interac-
tions by primary healthcare professionals is mandatory but there is little to no guidance on the
best methods to be used [6].

Several measures have been developed to assess parent-child relationships. These include
parental self-report questionnaires and direct observation measures [7,8]. It has been argued
that observational measures are preferable as they are less influenced by bias related to parental
mood, expectations of intervention, or overestimation of change following intervention [9,10].
Observational measures are also particularly sensitive to changes in parent-infant interaction
over time, much greater than those detected by parent self-reported measures [9]. A systematic
review by Lotzin and colleagues identified over 500 observational tools used to assess parent-
infant interaction, many of which were not published in peer-reviewed journal articles [7].
They report 24 observational tools used to measure parent-infant interaction, which were
noted to be highly heterogeneous, some assessing direct behaviour and others evaluating
broader concepts such as maternal sensitivity. Fourteen tools were designed to screen for
potential problems requiring further evaluation and six aimed to identify problems in parent-
infant interaction that needed intervention. Of relevance to this study, 71% were deemed suit-
able for low-risk community populations (63% for both high and low-risk samples and 8% spe-
cifically for low-risk) and 71% were suitable for use in either a home or clinical setting. Of
interest, when considering the practicality of using such tools in clinical settings, time to com-
plete the observations ranged from 1 to 45 minutes and time to score them ranged from 5 to
50 minutes. This paper highlighted the need for further research to identify which measures
were associated with each child developmental outcome.

Gridley et al. examined the psychometric properties of outcome measures used in rando-
mised controlled trials of parenting interventions [11]. They were only able to identify five
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measures that met their criteria and noted the assessment of their validity to be poor (as
assessed using COSMIN and modified Terwee checklists) [12,13]. These measures were the
Attachment Q-Sort (AQS) [14], Communication and Symbolic Behavior Scales-Developmen-
tal Profile Behavior Sample (CSBS-DP) [15], Emotional Availability Scales (EAS) [16], Infant-
Toddler Home Observational Measurement of the Environment ((IT-HOME) and Early
Childhood Home Observational Measure of the Environment (EC-HOME) [17]. The AQSisa
measure of attachment security, CSBS-DP measures early signs of communication delay, EAS
measures adult sensitivity, structuring, non-intrusiveness and non-hostility, child responsive-
ness to adult and child involvement of the adult and the IT-HOME and EC-HOME observe
parental responsivity, acceptance of the child, organization of the environment, learning mate-
rials, parental involvement, and variety within the home environment. Such measures could
be helpful screening tools in primary care to aid the identification of children and families who
would benefit from onward referral to infant mental health services. Primary care clinicians
are particularly well placed to be involved in such assessment and screening as they have ongo-
ing contact with almost all families with young children for a variety of reasons, including rou-
tine immunisations. Nevertheless, clinicians report a lack of training in parent-child
observational assessment, despite a desire to acquire this competence [18]. Further research is
needed before these measures could be considered for routine clinical use [19].

Regardless of the association between parent-child interaction and later childhood psy-
chopathology in high-risk samples, and the number of observation tools currently available,
to our knowledge, no review has yet synthesised the current evidence base in low-risk sam-
ples. Here, we define ‘low-risk’ samples as those recruited from population or community-
based birth cohort data and not from populations known to have a diagnosis of psychiatric
illness or developmental disorder, or at high genetic or environmental risk of these disor-
ders. Despite a prior focus on targeting those deemed most ‘at risk’, it has been argued that
effective research and health care provision must be universally developed and delivered
with all in mind [20]. The term ‘proportionate universalism’ captures this need: “Focusing
solely on the most disadvantaged will not reduce health inequalities sufficiently. To reduce
the steepness of the social gradient in health, actions must be universal, but with a scale and
intensity that is proportionate to the level of disadvantage” [21]. Therefore, this review will
extend previous research and synthesise current findings on the observation tools available
to predict later childhood psychopathology from parent-infant interactions in low-risk sam-
ples, where the evidence on whether to implement parent-child interaction assessments in
routine care may be of use to all.

Aims and objectives

The aim of this review is to bridge the gap within current literature by reporting the utility of
various observational methods currently used to assess the parent-child relationship-through-
out the first year of life-and report how such methods may be used to identify children—
within low-risk samples—most at risk of developing later childhood psychopathology. This
early screening method could then ensure appropriate onward referral to infant mental health
services of children who present with a higher risk of developing a psychiatric disorder and
encourage early intervention to better support families with young children.

Methods

We followed PRISMA guidelines for systematic reviews (S1 File) [22]. The protocol for this
review was registered with PROSPERO in advance of data extraction. The protocol ID is:
CRD42020162917 and it can be found at: https://www.crd.york.ac.uk/prospero/.
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A previous review shows that most studies examining the relationship between parent-infant
interaction and later psychiatric diagnoses have focused on ‘high-risk’ cohorts or are disease spe-
cific [23]. ‘High-risk’ in this context would be studies exclusively examining cohorts with a sibling
or parent with a mental illness or studies of low birth weight, premature infants, diagnosis of
developmental disorder and those with other physical comorbidities. These are independent risk
factors for developing mental illness [24]. As such, we have identified a gap within the current lit-
erature and wish to extend the research on the association between parent-infant interaction and
later childhood psychopathology to include those from ‘low-risk’ populations. Positive and nega-
tive predictive values of observations vary markedly with prevalence and are thus very different in
‘high-risk’ and whole population samples. Therefore, data from ‘high-risk’ studies are likely to
have limited value for primary care clinicians dealing mainly with unaffected individuals. Accord-
ingly, we will examine population or birth cohort data that include a range of psychiatric diagno-
ses as outcome measures and exclude papers focusing on ‘high-risk’ groups. Psychiatric diagnoses
were defined as any condition listed within the International Statistical Classification of Diseases
or Diagnostic and Statistical Manual of Mental Disorders [25,26]. Birth cohort data also allow
comparison of the utility of variables in prediction of different, potentially overlapping disorders
[27]. We included case-control papers nested within population cohorts. The data from those
studies presented samples enriched with cases to increase statistical power but was not taken spe-
cifically from high-risk groups so was considered valid for inclusion in this review.

To have most relevance to primary care clinicians, we limited the scope of this review to papers
that assessed parent-child interaction through direct observation. This could include any measure
of parent-infant interaction, such as level of maternal and infant speech, gaze or activity level and
was not restricted to measures of parental sensitivity. As discussed previously, parent self-report
measures are widely known to involve a high degree of bias and can be greatly impacted by the
parent’s mood at the time of assessment, so observations made by a neutral observer may have
particular value [9,10]. This review has particular relevance to those working in primary care,
where direct observation of parent-child interactions throughout routine care appointments is
possible. Studies assessing parent-infant interaction up to the age of 13-months were included to
encompass assessments over the first year of life, with a margin for error for those a little over 12
months. This is a period where families are often seen frequently for immunisations and other
health checks, providing repeated opportunities for observation of interaction [28].

Eligibility criteria for inclusion were:

« Studies of the association between an independent observation of parent-infant interaction
(children aged up to 13 months) and later childhood psychiatric diagnosis (occurring
between ages 1-18 years inclusive)

« Birth cohorts or population-based samples (or case-control samples nested within a popula-
tion study).

Exclusion criteria were:
» Non-peer-reviewed journal articles
« High-risk samples
« No discrete data on the assessment of infants under the age of 13 months
o Papers using parent report measure for the interaction assessment alone
» Outcome was not a psychiatric diagnosis or a symptom of mental illness

» Non-English language papers.
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A systematic search was performed on EMBASE, CINAHL, PsycINFO, MIDIRS, Medline
and Cochrane Library databases in May 2022. All available dates for each database were
included during the search strategy, with no limits set on publication date. Reference lists of all
included studies and reviews were also searched. Both Medical Subject Headings (MeSH
terms) and keywords were used in the searches, and a full search strategy is shown in S2 File.
One reviewer designed the search strategy and screened the results based on reading the titles
and abstracts. The same reviewer then assessed the papers identified for full screening. Two
other reviewers independently assessed half of the full text papers each for eligibility, blind to
the other reviewer’s decision. A third reviewer arbitrated on any disagreements. A data extrac-
tion form was created using the SIGN methodology checklist 3 (with irrelevant items
removed) and Cochrane collaboration data extraction forms as a guide and is included as a S3
File [29,30]. Descriptive data on study characteristics—as well as details of the assessment, out-
come measures and their results—and the statistical analysis performed were extracted. The
data extraction form also incorporated a risk of bias assessment adapted from the SIGN check-
list listed above. RevMan software from the Cochrane Collaboration was used to display the
results of this assessment graphically [31].

A quantitative synthesis and meta-analysis were not possible given the highly heteroge-
neous methodologies and outcome measures used in the included papers. This also prohibited
subgroup quantitative analysis. Therefore, a narrative synthesis was performed. Specific guid-
ance developed by the Economic and Social Research Council was used to structure the syn-
thesis and maintain methodological rigour [32].

Results

A systematic search was performed on six databases. 5223 papers were identified from
EMBASE, 3768 were identified from CINAHL, 3335 from Cochrane Library, 1145 from Psy-
cINFO, 1693 from MIDIRS and 8068 from Medline, producing 23,232 hits in total. An addi-
tional six articles were identified through reviewing reference lists of full text articles. An
initial screen identified 3187 duplicates, which were removed, leaving 20,051 articles. The titles
and abstracts were then reviewed to assess suitability, and after exclusion of articles unrelated
to our research question, 30 articles remained. 4 further articles were then excluded as they
were not from a peer reviewed journal, and one excluded as it was not in English. This left 25
articles for which the full text was reviewed. On reviewing the full texts, a further 16 were
excluded, leaving 9 articles for inclusion in our study. This is illustrated in the PRISMA flow-
chart below (Fig 1).

Study characteristics

Study characteristics and a summary of the key aspects of methodology of the nine included
papers are included below in Table 1 [33-41]. Of note, five papers from the same research
team were all based on the English ALSPAC (Avon Longitudinal Study of Parents and Chil-
dren) Child in Focus sub-cohort. These papers all utilised the same case-control sample (with
slightly differing numbers due to varying exclusion criteria), nested within the ALSPAC com-
munity cohort. We included all five papers within our review as they examined different
assessment variables, using differing measures. As such, they contained sufficiently different
data to merit inclusion. Details of study size, gender, ethnicity, and socio-demographic infor-
mation are displayed where available but was not complete for all studies. The ALSPAC cohort
is noted to be slightly more affluent than the general population it was taken from, with slightly
fewer families from ethnic minority backgrounds [42]. Specific sociodemographic data for the
sub-cohort used in papers 1-2 and 5-7 are not available. Likewise the CCC2000 (Copenhagen
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Fig 1. PRISMA flowchart illustrating papers identified and included in the study.
https://doi.org/10.1371/journal.pone.0279559.g001

Child Cohort 2000) cohort (paper 3) was slightly more affluent than the general population,
but also had a higher number of immigrant families [43]. Two studies (papers 8 and 9) were
based on cohorts from the USA and had a higher proportion of families from African Ameri-
can and Hispanic groups.

Assessment of risk of bias

A risk of bias assessment was completed for each study and the results illustrated in the figure
below (Fig 2). A minus sign indicates the potential for bias in an element of study methodol-
ogy, whilst a plus sign is used where adequate steps appear to have been taken to minimise
bias. Blank cells are shown where there was insufficient detail to make a judgement. No papers
were excluded based on this assessment. Some papers were of lower quality but were included
due to the paucity of data available. This was considered when drawing conclusions from the
included studies.

Study methodology

The studies included in this review were very heterogeneous in their methodology. A quantita-
tive analysis was not possible; therefore, a qualitative analysis was performed. The key aspects
of methodology are listed in Table 1, including data on participants, exposures, and outcomes.
Although six papers used the same outcome variable and outcome measure, it was not felt to
be appropriate to combine these data as five of the six papers utilised the same cohort sample.
The remaining papers all differed substantially in their assessment variable, assessment/out-
come age or outcome measure and as such, were not considered suitable to combine for statis-
tical analysis.

Independent observation of parent-child interaction

Five papers (1, 2, 5, 6 and 7) used ALSPAC cohort participants. A subgroup of this cohort
attended additional assessments, entitled ‘Children in Focus’ clinics. This included the Thorpe
Interactive Measure (TIM) at one session [44]. This was a videotaped interaction between a
parent and a child at age 12 months, seated on a sofa looking at a picture book. The above stud-
ies included in this paper were based on a nested case-control sample taken from this sub-
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Table 1. Study characteristics and methodology of included papers.

Study Title Author Sample details Population Assessment Exposures Measure Outcome | Outcomes
demographics age age
1 Association between (Puckering | Nested case- 97.8% White 12 months Maternal- Mellow 90 Psychiatric
parent-infant etal, 2014) | control group | Caucasian, 79.4% Infant Parenting months diagnoses
interactions in infancy [41] within married couple, interaction Observational assessed by
and disruptive community 79.1% System DAWBA**
behaviour disorders at sample: 54 homeowners
age seven: a nested, cases, 106
case-control ALSPAC controls
study (49F, 111 M)
2 Can psychopathology at | (Allely etal., | Nested case- 97.8% White 12 months Likelihood of Clinical 90 Psychiatric
age 7 be predicted from | 2012) [34] | control group | Caucasian, 79.4% becoming a judgement months diagnoses
clinical observation at within married couple, ‘case’ assessed by
one year? Evidence community 79.1% DAWBA
from the ALSPAC sample: 60 homeowners
cohort cases, 120
controls
3 Infancy predictors of (Elberling Community | 93% children born | 1-5 weeks, Maternal- Manualised 5-8 years | Psychiatric
hyperkinetic and etal, 2014) | sample: N 1585 at term, 79.2% 2-3 months, Infant diagnoses
pervasive [37] (M:F 1:1) had both parents | 4-6 months, Interaction assessed by
developmental born in Denmark, | 8-10 months DAWBA
disorders at ages 5-7 94% parents living
years: results from the together
Copenhagen Child
Cohort CCC2000
4 Infant and dyadic (Olliac et al., | Community None collected 4and 9 Early social | PREAUT*® grid | 3 years CARS*,
assessment in early 2017) [40] sample, N months interaction clinical
community-based 12,179 assessment of
screening for autism (49% F, 51% autism
spectrum disorder with M) (ADIR*Y/
the PREAUT grid ADOS*®in
some)
5 Parent-infant (Allely et al., | Nested case- 97.8% White 12 months Vocalisations Vocalisation 90 Psychiatric
vocalisations at 12 2013) [33] | control group | Caucasian, 79.4% of Parents and rate and months diagnoses
months predict within married couple, Infants frequency using assessed by
psychopathology at 7 community 79.1% PRAAT DAWBA
years sample: 58 homeowners software
cases, 111
controls
(53 F, 116 M)
6 Prediction of 7-year | (Allelyetal.,, | Nested case- 97.8% White 12 months Mother-Child | Joint Attention 90 Psychiatric
psychopathology from | 2013) [35] | control group | Caucasian, 79.4% interaction months diagnoses
mother-infant joint within married couple, assessed by
attention behaviours: a community 79.1% DAWBA
nested case-control sample: 53 homeowners
study cases, 106
controls
(48 F, 111 M)
7 Predictors of diagnosis | (Marwick Nested case- 97.8% White 12 months Mother-Child Holistic 90 Psychiatric
of child psychiatric etal,2013) | control group | Caucasian, 79.4% interaction | measure using 8 | months diagnoses
disorder in adult-infant [39] within married couple, categories assessed by
social-communicative community 79.1% DAWBA
interaction at 12 sample: 60 homeowners
months cases, 120
controls
(56 F, 122 M)
(Continued)
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Table 1. (Continued)

Study Title Author Sample details Population Assessment Exposures Measure Outcome | Outcomes
demographics age age
8 Temperament and (Lahey etal,, | Community 18.9% Hispanic, | 0-11 months Maternal HOME-SF*f 4-13 Conduct
Parenting during the 2008) [38] | sample: N 1519 |  27.1% African responsiveness years problems
first year of life predict (47.4% F, American, 54.0% assessed by
future child conduct 52,6% M) European the Behaviour
problems American problem
index
9 Predicting children’s | (Dallaire & | Community 67 European 6 months Maternal Bespoke 6 years Child
separation anxiety at Weinraub, sample: N 99 American, 26 sensitivity measure separation
age 6: The 2005) [36] (48% F, 52% | African American, anxiety
contributions of infant- M) 2 Hispanic assessed by
mother attachment American, 4 Asian the Modified
security, maternal American Child Puppet
sensitivity and maternal Interview

separation anxiety

* Development and Wellbeing Assessment.

* Programme de Recherches et d’Etudes sur PAUTisme.
*¢ Childhood Autism Rating Scale.

*d Autism Diagnostic Interview-Revised.

*¢ Autism Diagnostic Observation Schedule.

*f Home Observation Measurement of the Environment-Short Form.

https://doi.org/10.1371/journal.pone.0279559.t001

cohort. Sixty of these 1240 infants in the sub-cohort were later assessed as having a probable
psychiatric diagnosis by a child psychiatrist based on a Development and Wellbeing Assess-
ment (DAWBA) completed by parents and teachers of the children at age 91 months [45].
One hundred and twenty sex-matched controls were then randomly selected from the non-
case videos.

Paper 1 included 160 of these videos, where the mother was identified as the lead caregiver.
It excluded videos where the father was the lead caregiver, to avoid a potential confounding
factor. The Mellow Parenting Observational System [46] was then used to assess maternal-
infant interactions on the TIM videotapes, with raters blind to case or control status. This
recorded the rate of positive and negative interactions across six dimensions. Inter-rater reli-
ability was also assessed and found to be moderately reliable with an inter-class correlation of
53%.

Paper 2 included all 60 cases and 120 controls in their study. Two groups of experienced
child mental health clinicians, blind to case control status were asked to make a clinical judge-
ment on whether each child was likely to be a case or control, and what their diagnosis might
be. Four videos were then excluded due to poor quality. Different rating scales were used by
the two groups. Inter-rater agreement was calculated using kappa statistics and found to be
poor (less than 0.4).

Paper 5 excluded seven videos where the father was the sole caregiver present and four due
to poor quality, including 169 videos in total. Vocalisations by both the mother and the infant
were analysed using PRAAT software (http://www.fon.hum.uva.nl/praat/) to determine fre-
quency and duration of vocalisation for each individual. This was done blind to their diagnos-
tic status and a subset was analysed by two raters to assess reliability. Maternal vocalisation
rates and frequencies were measured reliably (interclass correlation coefficients of 83% and
88%), as were infant vocalisation frequencies (85%), but infant vocalisation rates less so (61%).

Paper 6 utilised 159 videos, excluding nineteen where the father was the lead caregiver, and
two due to poor quality. These were then examined using Noldus Observer software (https://
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Fig 2. RevMan risk of bias illustration for included studies.

https://doi.org/10.1371/journal.pone.0279559.9002

www.noldus.com/observer-xt) by independent observer’s blind to all other details. Joint atten-
tion was examined based on shared looks per minute between mother and infant, percentage
of time spent in shared looks, and number of periods of shared attention per minute. A subset
was coded by two raters to assess reliability. Kendall’s ¢ were consistent with high inter-rater
reliability (0.83, 1.00 and 0.97) for the three measures used.

Paper 7 excluded two videos due to poor quality, so included 178 parent-infant interactions
in their study. Assessors blind to the child’s later case control status scored each dyad on a
scale of 1-5 indicating extent of occurrence within eight categories: well-being, contingent
responsiveness, cooperativeness, involvement, activity, playfulness, fussiness, and speech. This
system was adapted from categories of interpersonal interaction developed by Marwick and
Trevarthen previously [47,48]. Inter-rater reliability tests using weighted kappa statistics and
rank correlations were carried out on a sample of 29 videos and found to be very varied
(-0.04-0.73). The authors report low weighted kappa statistics for scales with little variation.

Paper 3 utilised data from a subset of children from the CCC2000. This cohort participated
in two phases of assessment. At phase 1 the Strengths and Difficulties questionnaire (SDQ)
[49] was completed and at phase 2 the DAWBA. For phase 2, all children with SDQ scores
indicating a possible mental disorder were invited to complete a DAWBA, as were a random
sample from the entire birth cohort. 77% participated and form the sample for Elberling’s
study. Assessments of these children were performed by community health nurses in the fami-
lies’ homes, using a standardised record. At each visit nurses made an assessment of the

PLOS ONE | https://doi.org/10.1371/journal.pone.0279559 December 29, 2022 9/18


https://www.noldus.com/observer-xt
https://doi.org/10.1371/journal.pone.0279559.g002
https://doi.org/10.1371/journal.pone.0279559

PLOS ONE

Parent-infant observation and later childhood psychopathology

mother-child relationship (amongst other measures) based on direct observation [5]. This
included the mother’s expectations and handling of the child, the affective involvement and
synchronicity of enjoyment between the pair. This was categorised as ‘not normal’ if the nurse
did not consider the interaction was within the normal range at one or more visits.

Paper 4 was a large multicentre study across 10 PMI centres (Centre de Protection Mater-
nelle et Infantile) in France. 12,179 infants who were registered at these centres between Sep-
tember 2005 and November 2011 agreed to take part. Infants were screened using the
PREAUT (Programme de Recherches et d’Etudes sur TAUTisme) grid at age 4 and 9 months
[50]. The grid is scored by a trained paediatrician during a visit with the family and evaluates
the infant’s ability to engage spontaneously in synchronous and joyful exchanges. Pathological
thresholds were adjusted for this study based on the results of a preliminary exploratory study
in the general population. Inter-rater reliability was not calculated within this study. 60% of
infants were lost to follow up before further screening at age two and 55% of those who
screened positive at any stage were lost to follow up before diagnostic assessment could take
place. All children who screened positive were offered diagnostic follow up between ages 3 and
4 using a range of different measures including the Autism Diagnostic Observation Schedule
(ADOS) [51] or Autism Diagnostic Interview-Revised (ADIR) [52] (performed by specialist
services) and Childhood Autism Rating Scale (CARS) [53]. One of the families receiving a
diagnosis of Autism Spectrum Disorder refused specialist assessment however, so their diag-
nosis was based on the findings of the research team. All diagnoses were based on ICD-10 cri-
teria [25].

Paper 8 utilised the Children of the National Longitudinal Survey of Youth (CNLSY) sam-
ple. This was based on a United States nationally representative household sample who then
went on to have children. This sample was enriched to oversample African American and His-
panic mothers. Their final analysis was based on a subset of this sample, for which there was
an interviewer rating of parent-child interaction (and infant temperament) in the first year of
life, and at least two follow up assessments of child conduct problems later in childhood. One
hundred and seventy-seven parents were excluded as they did not provide details on family
income, which was considered an important potential confounding factor. Infant sex, family
income, mother’s age and ethnicity were controlled for.

Parenting was assessed using the Infant/Toddler Home Observation for Measurement of
the Environment-Short Form (HOME-SF) [16]. This includes an interviewer rating of mater-
nal responsiveness. Conduct problems were then assessed later in childhood using the Beha-
vioural Problem Index (BPI), completed by the mother [54]. Seven items from the BPI that
were related to symptoms of conduct disorder were then selected for data analysis.

Finally, paper 9 involved a sample of families from the Temple University site of the
NICHD Study of Early Childcare. Of the 136 eligible families, 99 agreed to be involved in their
study. No significant differences between participating and non-participating families were
found. This paper reports on their findings related to maternal sensitivity during a 15-minute
free play interaction at the family home at age six months. Trained coders rated videotapes of
the interactions and 20% of videos were assigned to two coders to assess inter-rater reliability.
Intra-class correlation coefficient was found to be 0.87.

Sensitivity to non-distress (defined as: the extent to which the mother responds promptly
and appropriately to the child’s social gestures, expressions and signals, and the extent to
which the mother is child-centred), maternal intrusiveness and maternal positive regard for
the child were rated on a four-point scale developed by the authors for this study and then a
composite score generated. Child separation anxiety was then assessed by a trained research
assistant using the Child Puppet Interview [55], modified to include a scale of eight items
related to separation anxiety.
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Narrative synthesis of results

To answer our question of whether childhood psychopathology-within low-risk samples—
could be predicted from observing parent-child interaction, the results of the studies were
grouped according to categories of psychiatric diagnoses. This was considered to allow for bet-
ter comparison of the effectiveness of various measures rather than grouping all the results
from each paper together. Statistically significant results (p<0.05) are summarised in Table 2
below-no correction is applied to compensate for multiple outcomes. Full results are displayed
in a $4 File.

Paper 2 reported that specialist clinicians were unable to predict overall case status, except
possibly in the instance of inattentive ADHD. Likewise, joint attention was not significantly
associated with any diagnosis other than childhood oppositional defiant or conduct disorder.
Child vocalisation frequency was only significantly associated with disruptive behaviour disor-
ders. Adult and infant cooperativeness was not significantly associated with any later diagnosis
of childhood mental illness. The manualised assessment of mother-infant relationship in paper
3 was only significantly associated with hyperkinetic disorders once adjustments had been
made for confounding factors. Adjusting for maternal psychological problems and infant
development reduced the strength of associations found across all diagnostic domains. There-
fore, these did not appear to be particularly sensitive measures for predicting later childhood
psychopathology.

Paper 1 looked at the association of their measure with overall psychopathology, emotional
disorders, disruptive behaviour disorders and oppositional defiant/conduct disorders and
found a relatively strong inverse association of positive parenting behaviours with each of
these diagnostic groups. Parental vocalisation frequency was associated with each diagnostic
group except ADHD or ASD. Similarly, adult speech and activity was significantly associated
with all diagnostic groups except a later diagnosis of ASD. Taken together, level of maternal
activity (vocalisation, physical activity, positive parenting, and shared attention) appears asso-
ciated with later childhood psychopathology.

No included studies found their assessment of parent-infant interaction to be significantly
associated with a later diagnosis of ASD, and paper 4—using the PREAUT grid—found their
measure could contribute to the early diagnosis of ASD but on its own did not have a strong
positive predictive value.

Discussion

Our review only included studies that used population based or birth cohort data. Studies
based on high-risk samples were not included. In many countries, non-specialists in child
development—such as Health Visitors and General Practitioners—would be the only clini-
cians regularly seeing infants in the first year of their life. Here, they have the routine opportu-
nity to observe parent-child interactions and we consider our findings to be of most relevance
to these clinicians. Although reducing the number of studies available for analysis, the exclu-
sion of studies relying solely on parent self-report aligns with the current focus in primary care
research. Nevertheless, the small number of eligible studies is remarkable [23].

Our review suggests that assessments of parent-infant interaction, and in particular levels of
maternal activity, may be an early observable risk factor for later childhood psychopathology
in low-risk, community-based samples. There may be both genetic and parenting-based expla-
nations for these associations. Despite there being very little data available on the validity of
the measures used by the included studies, other existing validated measures are noted to
require intense training to be used effectively [56]. Training for primary care clinicians in
assessing parent-child interactions is not currently standardised and as such can prove difficult
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Table 2. Summary of statistically significant associations between assessments of parenting and childhood psychopathology from papers included in the systematic

review.

Study | Outcome

1 Psychopathology

5 Psychopathology

7 Psychopathology

1 Emotional disorders

5 Emotional disorders

7 Emotional disorders

7 Anxiety disorders

9 Child Separation anxiety

1 Disruptive behaviour disorders

5 Disruptive behaviour disorders

5 Disruptive behaviour disorders

7 Disruptive Behaviour disorders

1 Oppositional defiant & Conduct
disorders

5 Oppositional defiant & Conduct
disorders

6 Oppositional defiant & Conduct
disorders

7 Oppositional defiant & Conduct
disorders

7 Conduct disorder

2 Inattentive Attention Deficit
Hyperactivity Disorder

Variable

Positive parent-
infant interaction

Parent vocalisation
frequency

Adult speech and
activity

Positive parent-
infant interaction

Parent vocalisation
frequency

Adult speech and
activity

Adult speech and
activity

Maternal
sensitivity

Positive parent-
infant interaction

Child vocalisation
frequency

Parent vocalisation
frequency

Adult speech and
activity

Positive parent-
infant interaction

Parent vocalisation
frequency

Parent-infant
shared look rate

Adult speech and
activity

Adult speech and
activity

Likelihood of being

< >
a case

Statistical Test

QOdds ratio (95%
confidence intervals)

QOdds ratio (95%
confidence intervals)

QOdds ratio (95%
confidence intervals)

QOdds ratio (95%
confidence intervals)

QOdds ratio (95%
confidence intervals)

QOdds ratio (95%
confidence intervals)

QOdds ratio (95%
confidence intervals)

Pearson product
moment correlation
coefficient

QOdds ratio (95%
confidence intervals)

QOdds ratio (95%
confidence intervals)

Odds ratio (95%
confidence intervals)

QOdds ratio (95%
confidence intervals)

QOdds ratio (95%
confidence intervals)

QOdds ratio (95%
confidence intervals)

Odds ratio (95%
confidence intervals)

QOdds ratio (95%
confidence intervals)

QOdds ratio (95%
confidence intervals)

Fisher’s exact test

Result

0.85 (0.74-
0.96)

0.69 (0.52-
0.90)

0.57 (0.40-
0.80)

0.82 (0.66-
0.98)

0.63 (0.42-
0.92)

0.51 (0.31-
0.80)

0.47 (0.28-
0.75)

-0.29
(p<0.01)

0.84 (0.71-
0.97)

1.77 (1.07-
3.05)

0.68 (0.47-
0.94)

0.53 (0.34-
0.79)

0.81 (0.65-
0.97)

0.64 (0.41-
0.94)

1.5 (1.0-
2.3)

0.50 (0.31-
0.80)

0.37 (0.12-
0.98)

P=0.039

Magnitude of association between observation and outcome

An increase of one positive interaction per minute (from a
sample mean 6.2 [SD 3.3] per minute) predicted a 15%
reduction in the odds of diagnosis

Control median of 18 (IQR 13.5-23) compared with case
median of 14.5 (IQR 11.5-18.5) vocalisations per minute,
approx. effect size 0.4.

For every 1 standard deviation increase in the combined adult
verbal/activity score the odds of having a diagnosis reduced by
43%.

An increase of one positive interaction per minute (from a
sample mean 6.2 [SD 3.3] per minute) predicted an 18%
reduction in the odds of diagnosis

Control median of 18 (IQR 13.5-23) compared with case
median of 14 (IQR 10-19.5) vocalisations per minute, approx.
effect size 0.4.

For every 1 standard deviation increase in the combined adult
verbal/activity score the odds of having a diagnosis reduced by
49%.

For every 1 standard deviation increase in the combined adult
verbal/activity score the odds of having a diagnosis reduced by
53%.

Children’s reports of separation anxiety at age 6 years were
negatively correlated with ratings of mothers’ sensitivity at 6.
However regression model showed no significant
contribution of maternal sensitivity at 6 months to separation
anxiety at 6 years.

An increase of one positive interaction per minute (from a
sample mean 6.2 [SD 3.3] per minute) predicted a 16%
reduction in the odds of diagnosis

Control median of 4.7 (IQR 2.5-7.5) compared with case
median of 5.7 (IQR 3.7-8.7) vocalisations per minute, approx.
effect size 0.2.

Control median of 18 (IQR 13.5-23) compared with case
median of 14 (IQR 10.5-18) vocalisations per minute, approx.
effect size 0.4.

For every 1 standard deviation increase in the combined adult
verbal/activity score the odds of having a diagnosis reduced by
47%.

An increase of one positive interaction per minute (from a
sample mean 6.2 [SD 3.3] per minute) predicted a 19%
reduction in the odds of diagnosis

Control median of 18 (IQR 13.5-23) compared with case
median of 13.5 (IQR 9.5-18) vocalisations per minute,

approx. effect size 0.5.

For every 1 standard deviation increase in the shared look rate
the odds of having a diagnosis increased by 50%.

For every 1 standard deviation increase in the combined adult
verbal/activity score the odds of having a diagnosis reduced by
50%.

For every 1 standard deviation increase in the combined adult
verbal/activity score the odds of having a diagnosis reduced by
63%.

Overall sensitivity 0.80 and specificity 1.00 for prediction of
inattentive ADHD by at least one rater.

(Continued)
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Table 2. (Continued)

Study | Outcome Variable Statistical Test Result Magnitude of association between observation and outcome

3 Attention Deficit Hyperactivity | Maternal-infant Odds ratio (95% 5.20 (1.55- | Overall sensitivity 0.32 and specificity 0.93 for prediction of
Disorder & Hyperkinetic interaction confidence intervals) 17.47) ADHD from any clinical observation of abnormal maternal-
disorder infant interaction at any one of four observations before 10

months

7 Attention Deficit Hyperactivity | Adult speech and | Odds ratio (95% 0.42 (0.23- | For every 1 standard deviation increase in the combined adult
Disorder & Hyperkinetic activity confidence intervals) 0.70) verbal/activity score the odds of having a diagnosis reduced by
disorder 58%.

7 Inattentive Attention Deficit Adult speech and | Odds ratio (95% 0.19 (0.04- | For every 1 standard deviation increase in the combined adult
Hyperactivity Disorder activity confidence intervals) 0.56) verbal/activity score the odds of having a diagnosis reduced by

https://doi.org/10.1371/journal.pone.0279559.t002

81%.

to perform reliably [57]. Only papers 3 and 4 utilised community clinicians to assess partici-
pants. Therefore, further research is needed in clinical—as opposed to research—settings to
determine which measures can be pragmatically used as general screening measures.

Thompson et al. [56] describe a simplified tool, Child and Adult Relationship Observation
(CARO) based on the Mellow Parenting Observational System utilised in Paper 1. As such, it is
possible that evidence from more complicated assessment tools, such as the assessment of voca-
lisations described in paper 5 and of joint attention in paper 6—which currently require special-
ist software, may guide further enquiry and development of future streamlined, novel tools.
Paper 2 utilised clinical judgement, with no training required, and so the results with relation to
prediction of inattentive ADHD show clinical utility. Papers 7 and 9 describe holistic measures
assessing interaction across several categories, but do not appear to be validated. Data were not
available on the training required to complete these assessments, but no specialist equipment
was used. Paper 8 utilised the Home Observation Measurement of the Environment-Short
Form, which is noted to take half as long to complete as the original HOME Inventory [16].

Interrater reliability measures are discussed in papers 1, 2, 6 and 9. Measures of the rate of
positive interaction in paper 1 were found to be moderately reliable with an inter-class correla-
tion of 53%. Measurements of the rate of negative interactions were also reliable, with a corre-
lation of 0.6 using Kendall’s t. However, agreement between raters using clinical judgement in
paper 2 was generally poor for all assessments, with all Kappa statistics being less than 0.4. In
paper 6, agreement between raters was high for shared look rate, with estimates of Kendall’s t
0.83. Finally, paper 9 also found good inter-rater reliability, with an intra-class correlation
coefficient of 0.87, for their assessments at 6 months of age.

When examining the ability of the reviewed measures to detect different childhood disor-
ders, our findings were similar to those reported by Baker et al.: maternal sensitivity does not
appear to be strongly associated with later development of autism spectrum conditions [58].
Therefore, it is possible that disordered parent-child interaction is not a particularly sensitive
indicator of later autism spectrum disorders. However, studies have suggested that if those at
risk can be identified, parenting interventions can reduce both internalizing and externalizing
disorders in children, highlighting the importance of ongoing research in this area [59,60].

Strengths and limitations

The main strength of our review is the high clinical relevance. The use of community-based
samples makes the data more generalizable, though all but two papers were based in Europe.
As most current literature within this field has a focus on observing parent-child interactions
in high-risk samples (e.g., children diagnosed with ADHD/autism or a parent with a psychiat-
ric diagnosis), our findings extend the evidence base for an association between parent-child
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interactions and later psychopathology in the wider population. However, this review was only
able to identify nine research papers that were directly relevant to our research question, and
five of these used the same participants. This meant we could not give the same weight to our
findings as we could have done if the samples were different.

Similar to the findings by Lotzin et al. [7], the results were highly heterogeneous, meaning it
was not possible to perform any quantitative analysis. It is possible this high heterogeneity exists
as assessing parent-infant interactions is not currently a routine practice in most countries, lim-
iting the potential data available for analysis. This limitation means our conclusions must be
interpreted with caution, as they reflect the authors’ interpretation of the results. The advantage
of proceeding with a qualitative synthesis of our results, however, is that it pulls together the
existing divergent evidence and highlights a clear case for further research in this area.

The heterogeneity of study designs and types of outcome measure, the lack of prior validation
of most of the observational tools and varying approaches to sampling make it difficult to articu-
late the magnitude of the associations between observed behaviours and psychiatric outcomes in
a way that could be directly applied to clinical practice in the community. In no case was it possi-
ble to state a simple ‘effect size’ for these associations but it was possible to derive estimates of
sensitivity and specificity for some measures. The data in Table 2 indicate that some observations
are likely to be particularly useful to primary care clinicians. For example, the use of professional
judgement on the quality of parent-infant interaction for predicting ADHD and the rate of child
vocalisation frequency in relation to disruptive behaviour problems.

Only published results from peer reviewed journals were included, so it is possible there is a
degree of reporting bias in our review. Sources of potential bias in the literature were also iden-
tified. It should be noted that the two American studies had markedly different representations
from Black and Minority Ethnic groups than the other studies, which had largely White Cau-
casian populations. Paper 8 controlled for ethnicity but paper 9 did not describe the variables
they controlled for in their analysis. Therefore, this is a source of potential bias as parenting is
known to vary with different cultural backgrounds [61]. The papers utilising a sample from
the ALSPAC cohort were all based on a nested case-control design. As such, the results from
these enriched samples may not accurately reflect the odds ratios in the general population.

As noted, the ALSPAC and CCC2000 cohorts were all slightly more affluent than the gen-
eral populations they were taken from, potentially making these results less applicable to popu-
lations in more socio-economically deprived areas. Social class or family income was not
included as a confounding factor in papers 1 (however, maternal education attainment was), 2,
4 or 7. Maternal age at birth of the child and infant weight at birth were also not considered in
the analysis in papers 2, 4 or 7. These were both found to be significant factors in studies 1 and
5. Only papers 1, 5 and 6 considered maternal mental health as a potential confounding factor.

The ALSPAC studies used a sub sample of participants from the Children in Focus clinics,
and only included families for which there were full data available. All other papers had a
degree of drop out and this tends to result in under-representation of families with children
with behavioural problems [62]. This was significant in paper 4 where the authors purposefully
obtained a large sample to account for this. However, they did not make any analysis of the
potential differences in baseline characteristics of those who participated compared to those
who did not, perhaps leading to bias in their results. The remaining papers adjusted for differ-
ences between those who remained and those who dropped out in their analyses.

Conclusions

This review synthesised the current observational methods used to assess parent-child interac-
tion and its association with later childhood psychopathology. Unlike previous research, this
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review included studies assessing parent-infant interactions in low-risk, community-based
samples, helping to bridge the gap and extend the generalisability of our findings. Independent
assessment of parent-child interactions in the first year of life appears to be a promising early
indicator of later childhood psychopathology. A range of tools are being developed, which
could potentially be incorporated into routine Health Visitor, Primary Care Paediatrician or
General Practitioner reviews of infants. This could allow early identification of families at risk,
so they can be provided with support in their parenting and more intensive follow up. In turn,
this may potentially reduce later childhood psychopathology, but clinical trials are needed in
this area. Some measures appeared more sensitive than others, and a comparative study look-
ing at two or more measures would be of value in determining which might have greatest clini-
cal utility.

Supporting information

S1 File. PRISMA 2009 checklist MS-Word.
(DOC)

S2 File. Electronic search strategy.
(DOCX)

S3 File. Data extraction form.
(RTF)

$4 File. Full results extracted from included papers.
(DOCX)

Acknowledgments

Declarations

We wish to thank Lyn Mair, Clinical Liaison Librarian for NHS Grampian for her assistance
in developing the literature search strategy.

Author Contributions

Conceptualization: Elena McAndie, Philip Wilson, Lucy Thompson.
Data curation: Elena McAndie, Charlotte Alice Murray, Lucy Thompson.
Formal analysis: Elena McAndie, Lucy Thompson.

Methodology: Lucy Thompson.

Project administration: Elena McAndie, Charlotte Alice Murray, Philip Wilson, Lucy
Thompson.

Supervision: Philip Wilson, Lucy Thompson.

Visualization: Elena McAndie.

Writing - original draft: Elena McAndie, Philip Wilson, Lucy Thompson.
Writing - review & editing: Charlotte Alice Murray, Philip Wilson.

PLOS ONE | https://doi.org/10.1371/journal.pone.0279559 December 29, 2022 15/18


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0279559.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0279559.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0279559.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0279559.s004
https://doi.org/10.1371/journal.pone.0279559

PLOS ONE

Parent-infant observation and later childhood psychopathology

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Felitti VJ, Anda RF, Nordenberg D, Williamson DF, Spitz AM, Edwards V, et al: Relationship of Child-
hood Abuse and Household Dysfunction to Many of the Leading Causes of Death in Adults: The
Adverse Childhood Experiences (ACE) Study. American Journal of Preventive Medicine 2019, 56
(6):774-786.

Rod NH, Bengtsson J, Budtz-Jagrgensen E, Clipet-Jensen C, Taylor-Robinson D, Andersen A-MN, et al:
Trajectories of childhood adversity and mortality in early adulthood: a population-based cohort study.
The Lancet 2020, 396(10249):489-497. https://doi.org/10.1016/S0140-6736(20)30621-8 PMID:
32798491

Asmussen K, Feinstein L, Martin J, Chowdry H: Foundations for Life: What works to support parent-
child interaction in the early years? In.; 2016.

Barlow J, Coren E: The Effectiveness of Parenting Programs: A Review of Campbell Reviews.
Research on Social Work Practice 2018, 28(1):99—-102.

Skovgaard AM, Olsen EM, Christiansen E, Houmann T, Landorph SL, Jergensen T, et al: Predictors
(0-10 months) of psychopathology at age 1'% years—a general population study in The Copenhagen
Child Cohort CCC 2000. Journal of Child Psychology and Psychiatry 2008, 49(5):553-562.

Wilson P, Wood R, Lykke K, Hauskov Graungaard A, Ertmann RK, Andersen MK, et al. International
variation in programmes for assessment of children’s neurodevelopment in the community: Under-
standing disparate approaches to evaluation of motor, social, emotional, behavioural and cognitive
function. Scandinavian journal of public health. 2018 Dec; 46(8):805—16. https://doi.org/10.1177/
1403494818772211 PMID: 29726749

Lotzin A, Lu X, Kriston L, Schiborr J, Musal T, Romer G, et al: Observational Tools for Measuring Par-
ent-Infant Interaction: A Systematic Review. Clinical child and family psychology review 2015, 18
(2):99-132. https://doi.org/10.1007/s10567-015-0180-z PMID: 25837491

Pritchett R, Kemp J, Wilson P, Minnis H, Bryce G, Gillberg C: Quick, simple measures of family relation-
ships for use in clinical practice and research. A systematic review. Fam Pract 2011, 28(2):172-187.
https://doi.org/10.1093/fampra/cmqg080 PMID: 20978241

Aspland H, Gardner F: Observational Measures of Parent-Child Interaction: An Introductory Review.
Child and Adolescent Mental Health 2003, 8(3):136—143. https://doi.org/10.1111/1475-3588.00061
PMID: 32797579

Bagner DM, Rodriguez GM, Blake CA, Linares D, Carter AS: Assessment of behavioral and emotional
problems in infancy: A systematic review. Clinical child and family psychology review 2012, 15(2):113—
128. https://doi.org/10.1007/s10567-012-0110-2 PMID: 22262040

Gridley N, Blower S, Dunn A, Bywater T, Bryant M: Psychometric Properties of Child (0-5 Years) Out-
come Measures as used in Randomized Controlled Trials of Parent Programs: A Systematic Review.
Clinical Child and Family Psychology Review 2019.

Terwee CB, de Vet HCW, Prinsen CAC, Mokkink LB: Protocol for systematic reviews of measurement
properties. In.; 2011.

Terwee CB, Mokkink LB, Knol DL, Ostelo RWJG, Bouter LM, de Vet HCW: Rating the methodological
quality in systematic reviews of studies on measurement properties: a scoring system for the COSMIN
checklist. Quality of life research 2012, 21(4):651-657. https://doi.org/10.1007/s11136-011-9960-1
PMID: 21732199

Waters E, Deane KE: Defining and assessing individual differences in attachment relationships: Q-
methodology and the organization of behavior in infancy and early childhood. Monographs of the Soci-
ety for Research in Child Development 1985:41-65.

Wetherby AM, Prizant BM: Communication and symbolic behavior scales: Developmental profile: Paul
H Brookes Publishing Co.; 2002.

Biringen Z: Training and Reliability Issues With the Emotional Availability Scales. Infant Mental Health
Journal 2005.

Caldwell BM, Bradley RH: Home observation for measurement of the environment: University of Arkan-
sas at Little Rock Little Rock; 1984.

Wilson P, Barbour RS, Graham C, Currie M, Puckering C, Minnis H. Health visitors’ assessments of par-
ent—child relationships: a focus group study. International journal of nursing studies. 2008 Aug 1; 45
(8):1137—-47. https://doi.org/10.1016/}.ijnurstu.2007.07.006 PMID: 17761183

Mahoney G, Spiker D, Boyce G: Clinical Assessments of Parent-Child Interaction: Are Professionals
Ready To Implement This Practice? Topics in Early Childhood Special Education 1996, 16(1):26-50.

Carey G, Crammond B, De Leeuw E. Towards health equity: a framework for the application of propor-
tionate universalism. International journal for equity in health. 2015 Dec; 14(1):1-8. https://doi.org/10.
1186/s12939-015-0207-6 PMID: 26369339

PLOS ONE | https://doi.org/10.1371/journal.pone.0279559 December 29, 2022 16/18


https://doi.org/10.1016/S0140-6736(20)30621-8
http://www.ncbi.nlm.nih.gov/pubmed/32798491
https://doi.org/10.1177/1403494818772211
https://doi.org/10.1177/1403494818772211
http://www.ncbi.nlm.nih.gov/pubmed/29726749
https://doi.org/10.1007/s10567-015-0180-z
http://www.ncbi.nlm.nih.gov/pubmed/25837491
https://doi.org/10.1093/fampra/cmq080
http://www.ncbi.nlm.nih.gov/pubmed/20978241
https://doi.org/10.1111/1475-3588.00061
http://www.ncbi.nlm.nih.gov/pubmed/32797579
https://doi.org/10.1007/s10567-012-0110-2
http://www.ncbi.nlm.nih.gov/pubmed/22262040
https://doi.org/10.1007/s11136-011-9960-1
http://www.ncbi.nlm.nih.gov/pubmed/21732199
https://doi.org/10.1016/j.ijnurstu.2007.07.006
http://www.ncbi.nlm.nih.gov/pubmed/17761183
https://doi.org/10.1186/s12939-015-0207-6
https://doi.org/10.1186/s12939-015-0207-6
http://www.ncbi.nlm.nih.gov/pubmed/26369339
https://doi.org/10.1371/journal.pone.0279559

PLOS ONE

Parent-infant observation and later childhood psychopathology

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

Marmot M, Allen J, Goldblatt P, Boyce T, McNeish D, Grady M, et al. Fair Society, Healthy Lives: the
Marmot Review. London: Department of Health; 2010.

Moher D, Liberati A, Tetzlaff J, Altman DG: Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. BMJ 2009, 339:b2535. https://doi.org/10.1136/bmj.b2535 PMID:
19622551

Thompson L, Kemp J, Wilson P, Pritchett R, Minnis H, Toms-Whittle L, et al: What have birth cohort
studies asked about genetic, pre- and peri-natal exposures and child and adolescent onset mental
health outcomes? A systematic review. European Child & Adolescent Psychiatry 2010, 19:1

Saxena S., Jané-Llopis E.V.A. and Hosman C., 2006. Prevention of mental and behavioural disorders:
implications for policy and practice. World psychiatry, 5(1), p.5. PMID: 16757984

Widiger TA, Costa PT Jr. Personality disorders and the five-factor model of personality: Rationale for
the third edition. American Psychological Association; 2013.

World Health O: ICD-10: international statistical classification of diseases and related health problems:
tenth revision. In., 2nd ed edn. Geneva: World Health Organization; World Health Organization; 2004.

Costello EJ, Mustillo S, Erkanli A, Keeler G, Angold A: Prevalence and Development of Psychiatric Dis-
orders in Childhood and Adolescence. Archives of General Psychiatry 2003, 60(8):837—-844. https://
doi.org/10.1001/archpsyc.60.8.837 PMID: 12912767

World Health O: Table 2: Summary of WHO Position Papers—Recommended Routine Immunizations
for Children In.; 2020.

Scaottish Intercollegiate Guideline Network checklists. [https://www.sign.ac.uk/what-we-do/
methodology/checklists].

The Cochrane C: Data collection form for intervention reviews for RCTs and non-RCTs—template. In.,
vol. 2020; 2014.

The Cochrane C: Cochrane RevMan. In., vol. 2020; 2020.

Popay J, Roberts H, Sowden A, Petticrew M, Arai L, Rodgers M, et al: Guidance on the Conduct of Nar-
rative Synthesis in Systematic Reviews: A Product from the ESRC Methods Programme. In.; 2006.

Allely C, Johnson P, Marwick H, Lidstone E, KoCovska E, Puckering C, et al: Prediction of 7-year psy-
chopathology from mother-infant joint attention behaviours: a nested case-control study. BMC Pediat-
rics 2013, 13(1):147. https://doi.org/10.1186/1471-2431-13-147 PMID: 24063312

Allely CS, Doolin O, Gillberg C, Gillberg IC, Puckering C, Smillie M, et al: Can psychopathology at age 7
be predicted from clinical observation at one year? Evidence from the ALSPAC cohort. Research in
Developmental Disabilities 2012, 33:2292-2300. https://doi.org/10.1016/j.ridd.2012.07.009 PMID:
22853888

Allely CS, Purves D, McConnachie A, Marwick H, Johnson P, Doolin O, et al: Parent-infant vocalisations
at 12 months predict psychopathology at 7 years. Research in Developmental Disabilities 2013, 34
(3):985-993. https://doi.org/10.1016/j.ridd.2012.11.024 PMID: 23291516

Dallaire DH, Weinraub M: Predicting children’s separation anxiety at age 6: the contributions of infant-
mother attachment security, maternal sensitivity, and maternal separation anxiety. Attachment & human
development 2005, 7(4):393-408. https://doi.org/10.1080/14616730500365894 PMID: 16332583

Elberling H, Linneberg A, Olsen EM, Houmann T, Rask CU, Goodman R, et al: Infancy predictors of
hyperkinetic and pervasive developmental disorders at ages 5-7 years: results from the Copenhagen
Child Cohort CCC2000. Journal of child psychology and psychiatry, and allied disciplines 2014, 55
(12):1328-1335.

Lahey BB, Van Hulle CA, Keenan K, Rathouz PJ, D’Onofrio BM, Rodgers JL, et al: Temperament and
parenting during the first year of life predict future child conduct problems. Journal of abnormal child
psychology 2008, 36(8):1139—1158. https://doi.org/10.1007/s10802-008-9247-3 PMID: 18568397

Marwick H, Doolin O, Allely CS, McConnachie A, Johnson P, Puckering C, et al: Predictors of diagnosis
of child psychiatric disorder in adult/infant social-communicative interaction at 12 months. Research in
Developmental Disabilities 2013, 34(1):562-572. https://doi.org/10.1016/j.ridd.2012.09.007 PMID:
23123869

Olliac B, Crespin G, Laznik MC, Cherif Idrissi El Ganouni O, Sarradet JL, Bauby C, et al: Infant and
dyadic assessment in early community-based screening for autism spectrum disorder with the PREAUT
grid. PloS one 2017, 12(12):e0188831. https://doi.org/10.1371/journal.pone.0188831 PMID: 29216234

Puckering C, Allely C, Doolin O, Purves D, McConnachie A, Johnson P, et al: Association between par-
ent-infant interactions in infancy and disruptive behaviour disorders at age seven: a nested, case-con-
trol ALSPAC study. BMC Pediatrics 2014, 14(1):223.

Boyd A, Golding J, Macleod J, Lawlor DA, Fraser A, Henderson J, et al: Cohort Profile: the "children of
the 90s’—the index offspring of the Avon Longitudinal Study of Parents and Children. International jour-
nal of epidemiology 2013, 42(1):111-127. https://doi.org/10.10983/ije/dys064 PMID: 22507743

PLOS ONE | https://doi.org/10.1371/journal.pone.0279559 December 29, 2022 17/18


https://doi.org/10.1136/bmj.b2535
http://www.ncbi.nlm.nih.gov/pubmed/19622551
http://www.ncbi.nlm.nih.gov/pubmed/16757984
https://doi.org/10.1001/archpsyc.60.8.837
https://doi.org/10.1001/archpsyc.60.8.837
http://www.ncbi.nlm.nih.gov/pubmed/12912767
https://www.sign.ac.uk/what-we-do/methodology/checklists
https://www.sign.ac.uk/what-we-do/methodology/checklists
https://doi.org/10.1186/1471-2431-13-147
http://www.ncbi.nlm.nih.gov/pubmed/24063312
https://doi.org/10.1016/j.ridd.2012.07.009
http://www.ncbi.nlm.nih.gov/pubmed/22853888
https://doi.org/10.1016/j.ridd.2012.11.024
http://www.ncbi.nlm.nih.gov/pubmed/23291516
https://doi.org/10.1080/14616730500365894
http://www.ncbi.nlm.nih.gov/pubmed/16332583
https://doi.org/10.1007/s10802-008-9247-3
http://www.ncbi.nlm.nih.gov/pubmed/18568397
https://doi.org/10.1016/j.ridd.2012.09.007
http://www.ncbi.nlm.nih.gov/pubmed/23123869
https://doi.org/10.1371/journal.pone.0188831
http://www.ncbi.nlm.nih.gov/pubmed/29216234
https://doi.org/10.1093/ije/dys064
http://www.ncbi.nlm.nih.gov/pubmed/22507743
https://doi.org/10.1371/journal.pone.0279559

PLOS ONE

Parent-infant observation and later childhood psychopathology

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Olsen EM, Rask CU, Elberling H, Jeppesen P, Clemmensen L, Munkholm A, et al: Cohort Profile: The
Copenhagen Child Cohort Study (CCC2000). International journal of epidemiology 2019, 49(2):370—
3711.

Rutter M, Thorpe K, Greenwood R, Northstone K, Golding J. Twins as a natural experiment to study the
causes of mild language delay: I: Design; twin—singleton differences in language, and obstetric risks.
Journal of Child Psychology and Psychiatry. 2003 Mar; 44(3):326—41. https://doi.org/10.1111/1469-
7610.00125 PMID: 12635964

Goodman R, Ford T, Richards H, Gatward R, Meltzer H: The Development and Well-Being Assess-
ment: Description and initial validation of an integrated assessment of child and adolescent psychopa-
thology. Journal of Child Psychology and Psychiatry 2000, 41:645-655. PMID: 10946756

Puckering C, Mclintosh E, Hickey A, Longford J: Mellow Babies: A group intervention for infants and
mothers experiencing postnatal depression. Counselling Psychology Review 2010, 25(1):28-38.

<Trevarthen C: Cooperative understanding in infants. Project report to the Spencer Foundation of Chi-
cago 1982.

Trevarthen C, Marwick H: Signs of motivation for speech in infants, and the nature of a mother’s support
for development of language. In: Precursors of early speech. edn.: Springer; 1986: 279-308.

Goodman R: The extended version of the Strengths and Difficulties Questionnaire as a guide to child
psychiatric caseness and consequent burden. Journal of child psychology and psychiatry 1999, 40
(5):791-799. PMID: 10433412

Ouss L, Saint-Georges C, Robel L, Bodeau N, Laznik M-C, Crespin GC, et al: Infants’ engagement and
emotion as predictors of autism or intellectual disability in West syndrome. European child & adolescent
psychiatry 2014, 23(3):143-149. https://doi.org/10.1007/s00787-013-0430-x PMID: 23728914

Lord C, Risi S, Lambrecht L, Cook EH, Leventhal BL, DiLavore PC, et al: The Autism Diagnostic Obser-
vation Schedule—Generic: A standard measure of social and communication deficits associated with
the spectrum of autism. Journal of Autism and Developmental Disorders 2000, 30(3):205—223. PMID:
11055457

Lord C, Rutter M, Le Couteur A: Autism Diagnostic Interview-Revised: a revised version of a diagnostic
interview for caregivers of individuals with possible pervasive developmental disorders. Journal of
Autism and Developmental Disorders 1994, 24(5):659—-685. https://doi.org/10.1007/BF02172145
PMID: 7814313

Schopler E, Reichler RJ, DeVellis RF, Daly K: Toward objective classification of childhood autism:
Childhood Autism Rating Scale (CARS). Journal of Autism and Developmental Disorders 1980. https://
doi.org/10.1007/BF02408436 PMID: 6927682

Peterson JL, Zill N: Marital disruption, parent-child relationships, and behavior problems in children.
Journal of Marriage and the Family 1986:295-307.

Measelle J, Ablow JC: The Berkeley Puppet Interview for Child Assessment. In., edn. New York, NY,
US: Routledge/Taylor & Francis Group; 2018: 29-47.

Thompson L, King G, Taylor E, Puckering C, Wilson P: Streamlining of the Mellow Parenting Observa-
tion System for research and non-specialist clinical use. Community Practitioner 2019, 92(8):45-47.

Appleton JV, Harris M, Oates J, Kelly C: Evaluating health visitor assessments of mother—infant interac-
tions: A mixed methods study. International Journal of Nursing Studies 2013, 50:5-15. https://doi.org/
10.1016/j.ijnurstu.2012.08.008 PMID: 22989403

Baker JK, Messinger DS, Lyons KK, Grantz CJ: A Pilot Study of Maternal Sensitivity in the Context of
Emergent Autism. Journal of Autism and Developmental Disorders 2010, 40(8):988-999. https://doi.
org/10.1007/s10803-010-0948-4 PMID: 20130975

Lundahl B, Risser HJ, Lovejoy MC: A meta-analysis of parent training: Moderators and follow-up
effects. Clinical psychology review 2006, 26(1):86—104. https://doi.org/10.1016/j.cpr.2005.07.004
PMID: 16280191

Yap MBH, Morgan AJ, Cairns K, Jorm AF, Hetrick SE, Merry S: Parents in prevention: A meta-analysis
of randomized controlled trials of parenting interventions to prevent internalizing problems in children
from birth to age 18. Clinical psychology review 2016, 50:138-158. https://doi.org/10.1016/j.cpr.2016.
10.003 PMID: 27969003

Bornstein MH: Parenting and child mental health: a cross-cultural perspective. World psychiatry: official
journal of the World Psychiatric Association (WPA) 2013, 12(3):258-265. https://doi.org/10.1002/wps.
20071 PMID: 24096792

Wolke D, Waylen A, Samara M, Steer C, Goodman R, Ford T, et al: Selective drop-out in longitudinal
studies and non-biased prediction of behaviour disorders. British Journal of Psychiatry 2009, 195
(3):249-256. https://doi.org/10.1192/bjp.bp.108.053751 PMID: 19721116

PLOS ONE | https://doi.org/10.1371/journal.pone.0279559 December 29, 2022 18/18


https://doi.org/10.1111/1469-7610.00125
https://doi.org/10.1111/1469-7610.00125
http://www.ncbi.nlm.nih.gov/pubmed/12635964
http://www.ncbi.nlm.nih.gov/pubmed/10946756
http://www.ncbi.nlm.nih.gov/pubmed/10433412
https://doi.org/10.1007/s00787-013-0430-x
http://www.ncbi.nlm.nih.gov/pubmed/23728914
http://www.ncbi.nlm.nih.gov/pubmed/11055457
https://doi.org/10.1007/BF02172145
http://www.ncbi.nlm.nih.gov/pubmed/7814313
https://doi.org/10.1007/BF02408436
https://doi.org/10.1007/BF02408436
http://www.ncbi.nlm.nih.gov/pubmed/6927682
https://doi.org/10.1016/j.ijnurstu.2012.08.008
https://doi.org/10.1016/j.ijnurstu.2012.08.008
http://www.ncbi.nlm.nih.gov/pubmed/22989403
https://doi.org/10.1007/s10803-010-0948-4
https://doi.org/10.1007/s10803-010-0948-4
http://www.ncbi.nlm.nih.gov/pubmed/20130975
https://doi.org/10.1016/j.cpr.2005.07.004
http://www.ncbi.nlm.nih.gov/pubmed/16280191
https://doi.org/10.1016/j.cpr.2016.10.003
https://doi.org/10.1016/j.cpr.2016.10.003
http://www.ncbi.nlm.nih.gov/pubmed/27969003
https://doi.org/10.1002/wps.20071
https://doi.org/10.1002/wps.20071
http://www.ncbi.nlm.nih.gov/pubmed/24096792
https://doi.org/10.1192/bjp.bp.108.053751
http://www.ncbi.nlm.nih.gov/pubmed/19721116
https://doi.org/10.1371/journal.pone.0279559

