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Editorial on the Research Topic

Regulatory problems and disorders in early childhood: aetiology,
contextual factors, developmental outcomes and pathways, and
treatment options

We are delighted to present a diverse selection of current research on early regulatory
problems (RPs; i.e., excessive crying, sleeping, or feeding problems) and parent-child
interactions. The articles in this special topic range from primary data studies of
heterogeneous and diverse populations from Denmark, the USA, and Germany (both
longitudinal, cross-sectional, and interventions), to meta-analytic approaches, and an
expert opinion. After the last few decades empirically established a clear association of
early RPs with risks for later childhood mental health (1, 2), we can now focus on the
clinical and societal importance of this topic and underlying mechanisms.

What risks do early regulatory problems pose to the
child’s later mental health?

Several studies explore the question of whether and under which conditions early RPs
place a child at risk for later mental health problems. The meta-analysis by Galling et al,
provides a summary of studies conducted in clinical and community settings with follow-
up ages ranging from 2 to 14 years. Pooled results show that children with RFs are 4
times more likely to develop overall behavioural problems than controls. Interestingly,
children with multiple RPs are not at a higher risk than those with single RPs. Using
different samples from Denmark, Ammitzboll et al. show that infants with RPs (as
assessed by community mental health nurses) are at a higher risk of clinical diagnoses at
1.5 years. Similarly, Weber-Pant et al. show that the concerns of community mental health
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nurses about combined sleeping and feeding problems are associated
with any neurodevelopmental disorder and autism spectrum disorder
diagnoses at 1-8 years. Furthermore, Keller et al. investigate the
impact of the COVID-19 pandemic on RPs and child mental
health in a clinical sample. While parents do not report increased
RPs during lockdown phases and the severity of pandemic
restrictions have no impact, parental symptoms of depression are
related to increased child behavioural problems in all age groups.

These studies support existing empirical evidence that RPs
might reflect one of the earliest signs of an ongoing pattern of
mental health problems that develop over time. In addition to
the already mentioned robust evidence regarding the impact on
later mental health problems, there are several arguments
supporting this claim. First, the prevalence of RPs in infancy
(approximately 20%) is similar to the overall prevalence of
mental health problems in childhood. Second, consistency of the
association between early RPs and mental health symptoms in
childhood is demonstrated with evidence from a range of
countries (e.g., Denmark, Germany, Finland, UK, Australia,
Brazil) (3-9). Third, there is emerging evidence that RPs are
associated with individual variations in the brain (ie., default
mode network) and physiological systems (i.e., the dysregulation
of the HPA axis) that might account for the long-term negative
impact on child mental health (10, 11).

Parent-child interactions as a
contextual driver of long-term
consequences

Long-term effects of RPs are now well documented and
underscore the need to better assist affected families. However,
little is known about the potential underlying mechanisms
explaining long-term consequences on mental health. In this
regard, examining parent-child interactions in affected families
may help understand the complex and dynamic interplay of
biological and environmental mechanisms over time (12). This
may require, as shown in this article selection, developing and
adapting new parameters to address the specific characteristics of
these interactions. For example, Licata-Dandel et al. demonstrate
that mothers of children with RPs use more appropriate mind-
related comments as well as non-attuned mind-related comments
when interacting with their children than mothers in a control
group. The results suggest that RPs are related to modified
interactional processes of maternal-infant attachment. Accordingly,
Jackel et al. show that more persistent RPs in infancy are
associated with lower quality of dyadic autonomic emotional
co-regulation using the universal Welch Emotional Connection
Screen (WWECS) coding system in a linguistically diverse sample.
Together with the findings from Hane et al, these promising pilot
study results facilitate a window into evolutionary-based parent-
child co-regulatory processes that are not only related to RPs but
also have an inherent function for our species and potentially
contribute to long-term mental health outcomes. We encourage
future research to build on these results and further explore the
underlying biopsychosocial mechanisms, particularly in the context
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of stressful parent-child interactions and their explanatory power
in terms of child developmental and mental health outcomes.

How can we advance our
understanding about regulatory
problems?

Based on the identification of specific parameters of parent-
child interactions and related mechanisms, we can finetune
evidence-based intervention approaches (13). We already look
back on effective treatment forms developed during the last
decades (14, 15), but in some cases effect sizes are small and
therefore unsatisfactory. In this topic selection, St James-Roberts
and Llewellyn provide an expert opinion on the importance of
providing support to parents of infants with RPs. Furthermore,
that
interventions can have a range of benefits for developmental

two randomized control trials show family-based
outcomes of preschool children with RPs (Welch et al.).

In addition to a clear need for large-scale assessments of
evidence-based interventions and replication across different
populations, another priority for future research includes the
diagnostic specification of regulatory disorders, as there is
currently no standardized approach. A unification of definitions
and diagnostic methods would facilitate more comparable
research as well as applied screening and prevention efforts.
Finally, studies should systematically examine the implementation
of interventions for early RPs to identify possible target-group
specific barriers and facilitators to offer feasible and effective
treatment options to affected families. We are enthusiastic that
the selection of articles included in this special topic will

contribute to progress in these areas and stimulate further research.

Author contributions

AG: Conceptualization, Writing - original draft, Writing -
review & editing. JJ: Conceptualization, Writing - review &
editing. AB: Conceptualization, Writing — original draft, Writing
- review & editing.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no
impact on the peer review process and the final decision.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

frontiersin.org


https://doi.org/10.3389/frcha.2024.1441969
https://doi.org/10.3389/frcha.2024.1331016
https://doi.org/10.3389/frcha.2023.1304235
https://doi.org/10.3389/frcha.2024.1346121
https://doi.org/10.3389/frcha.2024.1322962
https://doi.org/10.3389/frcha.2024.1322962
https://doi.org/10.3389/frcha.2024.1308210
https://doi.org/10.3389/frcha.2024.1534024
https://www.frontiersin.org/journals/child-and-adolescent-psychiatry
https://www.frontiersin.org/

Georg et al.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. Hemmi MH, Wolke D, Schneider S. Associations between problems with crying,
sleeping and/or feeding in infancy and long-term behavioural outcomes in childhood:
a meta-analysis. Arch Dis Child. (2011) 96:622-629. doi: 10.1136/adc.2010.191312

2. Wolke D, Baumann N, Jaekel J, Pyhéld R, Heinonen K, Réikkonen K, et al. The
association of early regulatory problems with behavioral problems and cognitive
functioning in adulthood: two cohorts in two countries. J Child Psychol Psychiatry.
(2023) 64:876-885. doi: 10.1111/jcpp.13742

3. Santos IS, Matijasevich A, Capilheira MF, Anselmi L, Barros FC. Excessive crying
at 3 months of age and behavioural problems at 4 years age: a prospective cohort
study. J Epidemiol Community Health. (2015) 69:654-9. doi: 10.1136/jech-2014-
204568

4. Cook F, Giallo R, Hiscock H, Mensah F, Sanchez K, Reilly S. Infant regulation and
child mental health concerns: a longitudinal study. Pediatrics. (2019) 143:E20180977.
doi: 10.1542/peds.2018-0977

5. Winsper C, Bilgin A, Wolke D. Associations between infant and toddler
regulatory problems, childhood co-developing internalising and externalising
trajectories, and adolescent depression, psychotic and borderline personality
disorder symptoms. J Child Psychol Psychiatry. (2020) 61:182-194. doi: 10.1111/
jepp.13125

6. Toffol E, Rantalainen V, Lahti-Pulkkinen M, Girchenko P, Lahti J, Tuovinen S,
et al. Infant regulatory behavior problems during first month of life and
neurobehavioral outcomes in early childhood. Eur Child Adolesc Psychiatry. (2019)
28:847-859. doi: 10.1007/s00787-018-1243-8

7. Skovgaard AM, Olsen EM, Christiansen E, Houmann T, Landorph SL, Jergensen
T. Predictors (0-10 months) of psychopathology at age 11/2 years—a general
population study in the Copenhagen child cohort ccc 2000. J Child Psychol
Psychiatry. (2008) 49:553-62. doi: 10.1111/j.1469-7610.2007.01860.x

8. Bilgin A, Baumann N, Jaekel J, Breeman LD, Bartmann P, Biauml JG, et al. Early
crying, sleeping, and feeding problems and trajectories of attention problems from
childhood to adulthood. Child Dev. (2020) 91:E77-E91. doi: 10.1111/cdev.13155

Frontiers in Child and Adolescent Psychiatry

10.3389/frcha.2024.1534024

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

9. Sidor A, Fischer C, Cierpka M. The link between infant regulatory problems,
temperament traits, maternal depressive symptoms and children’s psychopathological
symptoms at age three: a longitudinal study in a German at-risk sample. Child
Adolesc Psychiatry Ment Health. (2017) 11:10. doi: 10.1186/s13034-017-0148-5

10. Bauml JG, Baumann N, Avram M, Mulej Bratec S, Breeman L, Berndt M, et al.
The default mode network mediates the impact of infant regulatory problems on adult
avoidant personality traits. Biol Psychiatry Cogn Neurosci Neuroimaging. (2019)
4:333-342. doi: 10.1016/j.bpsc.2018.11.005

11. Bilgin A, Heinonen K, Girchenko P, Kajantie E, Wolke D, Riikkonen K. Early
childhood multiple or persistent regulatory problems and diurnal salivary cortisol in
young adulthood. Psychoneuroendocrinology. (2024) 161:106940. doi: 10.1016/j.
psyneuen.2023.106940

12. Samdan G, Kiel N, Petermann F, Rothenfusse S, Zierul C, Reinelt T. The
relationship between parental behavior and infant regulation: a systematic review.
Dev Rev. (2020) 57:100923. doi: 10.1016/j.dr.2020.100923

13. Barlow J. Editorial: infant regulatory disorders: does early intervention make a
difference? ] Am Acad Child Adolesc Psychiatry. (2021) 60:683-684. doi: 10.1016/j.
jaac.2021.01.002

14. Georg AK, Cierpka M, Schroder-Pfeifer P, Kress S, Taubner S. The efficacy of
brief parent—infant psychotherapy for treating early regulatory disorders: a
randomized controlled trial. ] Am Acad Child Adolesc Psychiatry. (2021)
60:723-733. doi: 10.1016/j.jaac.2020.06.016

15. Augustin M, Licata-Dandel M, Breeman LD, Harrer M, Bilgin A, Wolke D, et al.
Effects of a mobile-based intervention for parents of children with crying, sleeping,
and feeding problems: randomized controlled trial. JMIR Mhealth Uhealth. (2023)
11:E41804. doi: 10.2196/41804

16. Asmussen ], Davidsen KA, Olsen AL, Skovgaard AM, Bilenberg N. The
longitudinal association of combined regulatory problems in infancy and mental
health outcome in early childhood: a systematic review. Eur Child Adolesc
Psychiatry. (2024) 33(11):3679-92. doi: 10.1007/s00787-023-02262-0

frontiersin.org


https://doi.org/10.1136/adc.2010.191312
https://doi.org/10.1111/jcpp.13742
https://doi.org/10.1136/jech-2014-204568
https://doi.org/10.1136/jech-2014-204568
https://doi.org/10.1542/peds.2018-0977
https://doi.org/10.1111/jcpp.13125
https://doi.org/10.1111/jcpp.13125
https://doi.org/10.1007/s00787-018-1243-8
https://doi.org/10.1111/j.1469-7610.2007.01860.x
https://doi.org/10.1111/cdev.13155
https://doi.org/10.1186/s13034-017-0148-5
https://doi.org/10.1016/j.bpsc.2018.11.005
https://doi.org/10.1016/j.psyneuen.2023.106940
https://doi.org/10.1016/j.psyneuen.2023.106940
https://doi.org/10.1016/j.dr.2020.100923
https://doi.org/10.1016/j.jaac.2021.01.002
https://doi.org/10.1016/j.jaac.2021.01.002
https://doi.org/10.1016/j.jaac.2020.06.016
https://doi.org/10.2196/41804
https://doi.org/10.1007/s00787-023-02262-0
https://doi.org/10.3389/frcha.2024.1534024
https://www.frontiersin.org/journals/child-and-adolescent-psychiatry
https://www.frontiersin.org/

:' frontiers ‘ Frontiers in Child and Adolescent Psychiatry

‘ @ Check for updates

OPEN ACCESS

EDITED BY
Anna Katharina Georg,
Heidelberg University Hospital, Germany

REVIEWED BY

Ayten Bilgin,

University of Kent, United Kingdom
Christine Puckering,

University of Glasgow, United Kingdom

*CORRESPONDENCE
Britta Galling
britta.galling@gmail.com

These authors contributed equally to this work
and share first authorship

"These authors contributed equally to this work
and share last authorship

SPECIALTY SECTION

This article was submitted to Developmental
Psychopathology and Mental Health, a section
of the journal Frontiers in Child and Adolescent
Psychiatry

RECEIVED 15 November 2022
ACCEPTED 30 December 2022
PUBLISHED 14 February 2023

CITATION

Galling B, Brauer H, Struck P, Krogmann A,
Gross-Hemmi M, Prehn-Kristensen A and
Mudra S (2023) The impact of crying, sleeping,
and eating problems in infants on childhood
behavioral outcomes: A meta-analysis.

Front. Child Adolesc. Psychiatry 1:1099406.
doi: 10.3389/frcha.2022.1099406

COPYRIGHT

© 2023 Galling, Brauer, Struck, Krogmann,
Gross-Hemmi, Prehn-Kristensen and Mudra.
This is an open-access article distributed under
the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with these
terms.

Frontiers in Child and Adolescent Psychiatry

Systematic Review
14 February 2023
10.3389/frcha.2022.1099406

The impact of crying, sleeping, and
eating problems in infants on
childhood behavioral outcomes:

A meta-analysis

Britta Galling***', Hannah Brauer”, Pia Struck’, Amanda Krogmann®,
Mirja Gross-Hemmi®, Alexander Prehn-Kristensen®*
and Susanne Mudra”

'Department of Child and Adolescent Psychiatry, Psychosomatic Medicine and Psychotherapy,
Charité-Universitatsmedizin Berlin, Berlin, Germany, 2Institute of Child and Adolescent Psychiatry, Centre for
Integrative Psychiatry, School of Medicine, University Medical Center Schleswig-Holstein — Campus Kiel, Kiel,
Germany, *Department of Psychology, University of Hildesheim, Hildesheim, Germany, “University Hospital
Hamburg-Eppendorf, Hamburg, Germany, *Swiss Paraplegic Research, Guido A. Zach Institute, Nottwil,
Switzerland, ®Department of Psychology, Faculty of Human Sciences, MSH Medical School Hamburg -
University of Applied Sciences and Medical University, Hamburg, "Department of Child and Adolescent
Psychiatry, Psychotherapy and Psychosomatics, University Medical Center Hamburg-Eppendorf, Hamburg,
Germany

Background: There is increasing evidence that regulatory problems (RPs), such as
excessive crying, sleeping or feeding problems in infancy, could be associated with
the development of behavioral problems in childhood. In this meta-analysis we
aimed to investigate the strength and characteristics of this association.

Methods: A systematic literature search (PubMed/Psycinfo, until 15/08/2021) for
longitudinal prospective studies of infants with RPs and at least one follow-up
assessment reporting incidence and/or severity of behavioral problems was
conducted. The primary outcomes were (i) the cumulative incidence of behavioral
problems in children (2-14 years) with previous RPs and (i) the difference between
children with/without previous RPs with regard to the incidence and severity of
externalizing, internalizing and/or attention-deficit/hyperactivity disorder (ADHD)
symptoms. Additionally, we analyzed behavioral problems of children with previous
single, multiple or no RPs and with respect to age at follow-up. Subgroup and meta-
regression analyses were added.

Results: 30 meta-analyzed studies reported on 34,582 participants (ngp = 5091, Ncontrol =
29,491; age: baseline =6.5+4.5 months, follow-up =55+2.8 years) with excessive
crying (studies =13, n=1577), sleeping problems (studies=9, n=2014), eating
problems (studies = 3, n = 105), any single (studies = 2, n = 201) or multiple RPs (studies
=9, n=1194). The cumulative incidence for behavioral problems during childhood was
23.3% in children with RPs. Behavioral problems were significantly more pronounced
in infants with RPs compared to healthy controls (SMD = 0.381, 95% Cl = 0.296-0.466,
p <.001), particularly with multiple RPs (SMD = 0.291, p = 0.018).

Conclusions: Findings suggest that RPs in infancy are associated with overall behavioral
problems (externalizing or internalizing behavior and ADHD symptoms) in childhood. Our
data cannot explain linked developmental trajectories and underlying factors. However,
detection of affected infants may help to adapt supportive measures to the individual
familial needs to promote the parent-child-relationship and prevent the development
of child behavioral problems from early on.
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Abbreviation

regulatory problems (RPs).
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Introduction

During the first years of life, the ability to self-regulate is one of
the most important developmental tasks as it is closely related to the
infant’s general adaptability to its environment and ultimately its
survival (1). Self-regulation entails the infant’s ability to control
behavior, including physiological, sensory, motoric, attentional, and
emotional processes, such as self-soothing, ingesting food,
developing a sleep-wake regulation as well as attaining an alert
state that enables social interaction (2). Besides maturation
processes, the development of self-regulation is enabled by the
primary caregivers, mostly the parents, embedded in a dyadic
interaction. This reciprocal relationship includes infant self and
parent-infant co-regulatory processes (3, 4). Thus, an infants’s
regulatory capacities can be seen as fundamental aspects of
childhood development (5).

dysregulation in these processes which are defined as difficulties in

However, some infants display
adjusting to the environment, the regulation of behavior, arousal,
and self-soothing. These are labelled as regulatory problems (RPs),
which are excessive crying, sleeping, or feeding difficulties (6).

According to the diagnostic classification of mental health and
developmental disorders of infancy and early childhood (DC: 0-5),
infants are diagnosed with primary “sleep, eating and crying disorders”,
if the functioning of the infant, parent, or both is persistently impaired,
and other diagnoses such as a sensory processing disorder are ruled out
(7). RPs can either manifest themselves as a single problem (e.g,
excessive crying only) or co-occur as multiple RPs (8, 9). Numerous
studies have shown that an infant’s capacity to regulate their own
behavior in terms of crying, eating, and sleeping problems are strong
predictors of developmental, cognitive, behavioral, and emotional
difficulties throughout childhood, including aggression, attention
problems, anxiety, or depression (10-13). While most RPs are
temporary and disappear during infant development, some RPs can
persist or even exacerbate and lead to long-term consequences (13-15).

There is increasing evidence that RPs such as excessive crying,
sleeping, or feeding problems in infancy could be associated with
the development of behavioral problems in childhood. A previous
meta-analysis by Hemmi et al. (16) on this association found small
effect sizes for internalizing behavior and ADHD and medium
effect sizes for externalizing behavior.

Primary study data suggest that single RPs such as excessive crying
(17), eating (18) or sleeping problems (19) are associated with a higher
risk of behavioral problems in infancy. Combinations of RPs show
similar relationships: Persistent crying problems co-occurring with
sleeping or eating problems at 3-6 months were found to be associated
with externalizing problems at age 8 to 10 (13), and multiple RPs at 6
months were found to be associated with internalizing, externalizing,
and general behavior problems at age 5 and 14 (20). Moreover, one
study found crying and sleeping difficulties to be linked with
disorganized attachment (21). Research also found infants with RPs to
be at an increased risk of developing deficits in social skills (9) and
cognitive development (22) at preschool age.

Risk factors for RPs include parent-related factors, such as
emotional or professional distress (23-26) or lack of parental intuitive
skills (7). On the other hand, pregnancy (27-29), birth (14, 26, 30)
and more infant-related factors (6, 23) also play a crucial role.
Consequences of RPs include high level of distress for the family and
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are associated with psychosocial problems such as family disruption,
parental insecurity, depression and anxiety, or lack of self-efficacy (31,
32). These can result in parents seeking professional help more
frequently and considerably higher health care costs (33, 34), but may
also lead to emotional and/or physical maltreatment of infants (35),
such as the shaken baby syndrome (36).

A better understanding of the association of infant RPs and the
during childhood is
importance to improve early detection and intervention. This is

risk of behavioral problems of great

particularly true, since lasting behavioral problems during
childhood have been linked to a higher risk for impairments in
academic achievement (37) and subsequent mental illness (38).

Since several longitudinal studies have been published since 2,011 and
provided additional evidence, we aimed to update and complement the
findings of a previous meta-analysis (16). Particularly, we added the
cumulative incidence as primary outcome and adjusted some analyses
in view of methodological considerations. For example, we aimed to
ensure a more distinct classification of outcomes by merging available
data as accurately as possible. That is, we chose one outcome per study
with a priori specified outcome definitions in contrast to the previous
meta-analysis that combined > one study outcome in the same meta-
analysis. Moreover, we added several subgroup analyses and
metaregression analyses. We compared for example behavioral
outcomes of those with multiple vs. single RPs to find out whether
behavioral problems are more likely in children with previous multiple
RPs compared to those with single RPs. Also we analyzed the effect of
the follow-up age to look for vulnerable time points for the
development of behavioral problems (for details see methods).

Overall, our analysis aimed to allow for a better understanding of
the strength and the characteristics of the association of RPs in

infancy with the development of behavioral problems in childhood.

Methods

This systematic review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) standard (39, 40).

Literature search

Two independent authors (PS, HB) searched PubMed/
MEDLINE and PsycInfo through 15/08/2021 without language
restrictions, supplemented by a manual review of reference lists
from eligible publications and relevant reviews and meta-analyses.
The
problem*” OR “excessive crying” OR “persistent crying” OR
“feeding problem*” OR “feeding disorder” OR “refusal to eat” OR
“picky” OR “choosy” OR “infant sleep” OR “sleeping disorder*”
OR  “regulation disorder*” OR
“regulatory disorder*”) and (“attention-deficit” OR “attention
deficit” OR hyperactivity OR ADHD OR ADD OR hyperkinetic
OR  “behavioral OR  “behavioral
“emotional problem” OR “internalizing” OR “externalizing” OR
“dysregulated behavior” OR dysregulation OR anxiety OR fear OR
psychopathology OR  “clinical symptoms” OR preschool OR

search terms used were: (“infant crying” OR “crying

*2

“regulatory  problem*” OR

problems” outcome” OR
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“growing up” OR follow-up OR “follow up” OR longitudinal OR
prospective OR “mental health” OR “epidemiology”). Authors were
contacted for additional information.

Inclusion criteria

Inclusion criteria were: (i) prospective study, (ii) reporting on
>20 children with (iii) RPs regarding crying, sleeping, and/or eating
Table 1)
(<18 months of age (41)), and (v) more than one follow-up

problems (study-defined, see (iv) during infancy
assessment during childhood (2-14 years of age) (vi) reporting on
behavioral problems such as externalizing, internalizing, and/or
ADHD symptoms. We did not include studies that only reported RPs
as outcome at follow-up.

If studies with a community sample only reported continuous
measures of RPs of the complete sample at baseline and did not
distinguish between RPs and healthy controls (HCs), they were not
included. We also excluded studies restricted to children with any kind
of disability, pervasive developmental or autism spectrum disorder or
those investigating other clinical outcomes only (e.g., eating disorder,
obesity, developmental disorder, neurological outcomes). If studies
reported on HCs, these data were used irrespective of whether they were

assessed prospectively or retrospectively.

Outcomes and outcome measures

Primary outcomes were (i) the cumulative incidence of overall
behavioral problems of infants with any RPs (single and multiple)
during infancy and (ii) the overall behavioral problems of infants
with any RPs (single and multiple) compared to HCs. The outcome
of overall behavioral problems summarized the amount and severity
of symptoms for the primary and secondary outcomes using the
total behavioral problem scores (such as CBCL total score). If those
measures were not available, measures of externalizing (preferred),
internalizing, and/or ADHD symptoms were supplemented. Both
continuous and categorical outcomes were included (42, 43).

Secondary outcomes included (iii) overall behavioral problems of
infants with single RPs compared to HCs, (iv) overall behavioral
problems of infants with multiple RPs compared to healthy
controls, and (v) overall behavioral problems of infants with
multiple RPs compared to those with single RPs.

Other outcomes included the cumulative incidence of overall
behavioral problems in infants with any RPs and HCs as well as
overall behavioral problems and in-between group differences (as
described above) of (vi) externalizing problems, (vii) internalizing
problems, and (viii) ADHD symptoms separately. If a study reported
multiple measures for one outcome, we chose the scale used most
often in the overall study sample to ensure homogeneity (for details
see Table 1 and Online Resource 1 Supplementary Table S1).

Data extraction

Data of each study were independently identified and extracted
by more than 2 authors (HB; PS); inconsistencies were resolved
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involving a third reviewer (BG). Unadjusted outcome data were
preferred. When more than 2 samples with different symptom
severity of the same RPs were studied, we extracted data from the
sample with the most severely reported symptoms. If continuous
and categorical data were reported, continuous data were preferred.
Whenever data were missing, authors were contacted for more
information.

In the case of overlapping samples, we included the most suitable
data (largest sample size and/or matching inclusion criteria). In this
context, we decided in one case (18) to extract outcomes from a
limited study sample that better matched the predefined follow-up
age (9.5 years instead of 4 years). All outcomes were extracted
separately for the following groups: (a) any RPs, (b) single RPs, (c)
multiple RPs, and (d) HCs. In the group of any RPs, outcomes of
infants with single or multiple RPs were pooled, and the incidences/
severity scores were merged.

If multiple follow-up assessments were available, we preferred
those at age 5-11 years for the main analysis, as most children
were assessed at that age. In case of multiple follow-up assessments
between age 5-11 years, the later time point was preferred.
Additionally, all other follow-up time points were extracted for a
separate analysis of age groups. For the studies with multiple
follow-up time points, we extracted and used multiple data from
different time points. For the category “definition of RP” a studies
definition was considered strict, if the assignment to the RP group
was based on a structured interview or questionnaire, and it was
considered lenient if it was based on a one-item parent report.

Assessment of study quality

Study quality was evaluated via the Newcastle-Ottawa Scale
(NOS), which is a scale used for assessing the quality of
nonrandomized studies in meta-analyses in the three categories 1)
selection of study groups, 2) comparability of the groups and 3)
ascertainment of outcome of interest. Data regarding the study
quality of each study were independently identified and extracted
by >2 authors (HB; PS). The overall result is indicated by the NOS
score, where a score of >7 out of 9 indicates high study quality (44).

Data analysis

The cumulative incidence was computed as the number of
children with mental or behavioral problems at follow-up divided
by the total number of individuals in the population at risk.

Between-group differences were described for each outcome where
more than 2 studies were available using the standardized mean
difference (SMD). The SMD was either extracted directly or calculated
from means, standard deviations (SDs) and sample sizes, odds ratios, F-
statistics, or correlation coefficients (45). The SMD was adjusted using
the small sample size bias correction (Hedges' g) (42). SMDs were
considered small if between 0.2-0.49, medium if between 0.50-0.79, and
large if >0.80 (46). Data were analyzed using R (R Core Team, 2019)
and Comprehensive Meta-Analysis Version 3 (Borenstein, 2013). All
analyses used a random effects model (47), were two-sided, with alpha
=0.05, and were presented as point estimates and corresponding 95%

frontiersin.org


https://doi.org/10.3389/frcha.2022.1099406
https://www.frontiersin.org/journals/child-and-adolescent-psychiatry
https://www.frontiersin.org/

10.3389/frcha.2022.1099406

Galling et al.

(panuijuod)
(NI “LXH) O4OY ‘9[eas s Jouuo) (warqoxd daays) pariagy [earuty €L [ L7e | st € «(Uapams) 1107 819q15Q
doays s soow ot 03 (wopSuny payun)
(@HAV “INI ‘IX4) Osd | uondnisip a1oass Sursnes wopqoxd guSiuysoun ¢< sSuruoyeme Sunjem 1o35e 313395 03 Y 1< Arunurwo)) < 8 - 96 9 /861 ueuLINPNY
(QHAV LXH) MIIATU] [ed1ut[D (uapamg)
PazZIpiepuel§ ‘MITAINU] [BJUdIRJ PIZIpIepue)§ sypuowr 9< 10§ yeam/syyStu ¢< JySruysown ¢< sSuruayeme ‘dosfse (e 03 “urw 61< Arunwwo) 'S S8 ST 1T Z 7007 wonsunyfJ,
(d9 Trera80) TOID senoyyIp Sumpies pue Sunjem JySIN Arumwwon 3 41 41 €1 9 (1®IST) S00T 12YdS
(INI IXd ‘dd [[e1240) DAS wopqoxd doays pariodai-juareq Arunwwor 9 L - st id (errensny) z10g 21
(erensny)
AQEQ<V 109D oaMm e sawn 3& E@AN@ jsowr wmvamoﬁ&mmﬁw EMGSEEOU ¥1 Mm 9 V6T ¥SL L 010T :mﬂww:mu,o
(INI “IX4 ‘dHAV) vamva 3eam 15[ A3 Ul JySru/sown €< sTuruemy Arumwwon 01 % L 09¢ €8¢ 6 (erensny) 0z0T 00D
(dd [rerea0) OAS u[qoid dasfs paseq-aareuuonsang) Arunurwo)) 11 ¢S 41 /%9 (8} %7 Z «(eIrRIISNY) 6107 00D
puidasis
(@HAV ‘LNI ‘LX4 ‘dd [[e1240) DAS BLISILID [9SSIM PIYIPOIN [eatutD L6 8¢ ¥9 101 S (fuew1an) 700z M[OM
(LNI ‘ILXd ‘dd [[e1240) TDID (310doyg-1uarey) swayqord ssnj-£1o pue doafg Arunurwo)) 4 ¢ €1¢ o1 9 L(BI[ENSNY) 900T 9eM
(SpueIayIaN)
A.HZ~ A,vam A&m :m‘_m\rov OQw &ovg\ﬁ\s MN Bae MENCU %ﬁ:ﬂEEOU g ¢ L8T¢E 01 L LT10T snLrewrg
(IXH) uonenyead [esrur) 3oam/p ¥ < P/ ¥ ‘Sae Surhi) Laitiie} 01 4 s 49 L (4rear) sooz ouraeg
(LNI “LXH ‘dd [[e1240) TOEO a3e swes 1e Juldn “Gae < Arumwwor i4 € LETE | LEV L ('ze1g) S10T soyues
(Ixd) 1oday-juareq O/p 21[0> paseq-aIreutonsany Arunwwo) € € 998 8€€ 9 (pue[uLy) G661 eArInERy
(@HAav) O1d sypam 7 < Buidn pajonuodun A[req Aumwwor S 6 $9¢C €9 L (kemioN) 00T OvY
(Aueurrony)
(LNI “LXH) 104D BLIDIID [3SSIM jEsititie} ST 187 LS €8 9 1002 Yosnodeq
(sare15
(@HAV ‘ILNI ‘IXd) ¥-VOId ‘109D skep ¢ < p/y §'7< 10§ Surkr) TesrurD L ST 0z 0T S paNuN) €007 NN
(dg 1e1240) TOED BLIDIID [3SSIM Arumwwor € 81 °w 01 9 (epeueD) L661 MO
(sa1e18
(HAV “LNI ‘IX4 ‘dd [[e1940) 104D Surssny/3urkn smoy N [estatn 9'g [4 - 91 14 paun) $00¢ snueseq
(sare1s
(LNI “LXH) 0404 BLIJLID [3SSIM Arumwwor ¥ € 701 43 L parun) 000T 19AIUED
(ILNT “IXH) 109D BLIOILID [3SSIM [eatuD 4 L1 781 66 L (e1ensny) 8102 [1°d

(uonezuobajed) sawo

sawod1no dn-mojjo) pazeuy

BLIBYD JUBWISSASSE dY

9|dwes

puikiy

(s1eak) (syruow)

N-MO||04 9 seg JH Sdyd

(SON)

(ueaw) aby (duieseq) N Aujenb Apnis

'sopysayoeIeyd ajdwes pue Apms T 319VL

frontiersin.org

11

Frontiers in Child and Adolescent Psychiatry


https://doi.org/10.3389/frcha.2022.1099406
https://www.frontiersin.org/journals/child-and-adolescent-psychiatry
https://www.frontiersin.org/

10.3389/frcha.2022.1099406

Galling et al.

‘wiarqoud Aloyeinbal 9)buls = 4y ‘ai1euuonsany AIOISIH JOJOWLIOSUSS = DHS ‘@4leuuonsany samnaylig pue syybuans = ©as ‘swaiqoid Aioyeinbal = sqy ‘aileuuonssny Jnoireysg s,uaipiiyd
SIONNY dYL = HFDY ‘24eUUONRSINY JOIARYDF JO0YDSaId 19NNy = Dgd JO1nNY ‘Uip|iyD) J0j AIOJUSAU| AYBUOSISd = DId ‘21edS-eMERO-3SEOMAN = SON ‘S303[0Ns JO Jaquinu = N ‘swiajgold Aioyeinbal a)dijnul = dYIN ‘MSIAISIU| JuDJed WiRyuuely
= |dW ‘swiajgold Buizieusaiul = | N| ‘241BUUONSINY JOOYDS PUB SWOH = DSH ‘swajqo.d Buizijeusaixs = | X3 'PasIAaY-SIuadS9jopy pue uaipjiyDd 104 malAIaiu] dnsoubelq = Y-yDIg Juswssassy buiag-11ap pue uswdolanaq = Yamyd Isiyoayd
JoIABYRg PIIYD = 1DgD ‘2dleuuonsany 9)A)S 1eJoineyag = OSg ‘wajqo.d jeinoineyaq = 4g ‘abeiane = ‘Hae Laplosip AyanoesadAy-3oyap-uonuany = HQY (S4eaAg'g :dn-mojjo} 'syiuowy G :aunaseq sueaw pajsnipe) azis ajduies 10j paisn(pe JON xxx

(,S21PNIS 11Y,) SN PUB SUBSW |B}O) JO UONRINDIRD BY) JO) 9DUO PaJapISUOd AUO aiam Aayy Jaramoy ‘saully aidinui pajsl) aie

‘dnoiB SdY Y3 JOxx

sa|pn}s asay} ‘suosiiedwod dnoub sdy JUIa4p 0} aNQdx

(uonezuobale)) sawodinQ

sawod1no dn-mojjoy pazhjeuy

BLI9}ID JUsWISSasse dy

9|dwes

Ajunwwod
'SA [ed1ulD

(s1e3A)
dn-mojjo4

(syuow)
auljaseg

(ueaw) aby

1SS _ GO 7 16762 7 1605 7 9 [e0L,
salpmis ||V
(INI ‘IXd) OGOy 3es s Jouto) (wopqoxd Sunea/doays) pariajey [e2o1uID SL €1 LT €S € «(UIPIMS) TT0T 819q15Q
(INI ‘ILXT ‘dd [[e1240) 10D Ayanoerano swapqoxd Sunes ‘ssaussadaars o10D) Ayrunwwo)) P14 9 oseh | 08P L (erensny) 7107 opAH
(sare15
(dd TeI240) TOID wojqoid doars payrodai-jusred Arunwwo) G'¢ ¥ 50T STT L panun) 1661 YPAsiog
(sare15
(dd Treaa0) sisouSerp [edturp OHS ySru/Bunjem < ‘dearse qrey o1 “urw gz< [earur) € S'81 8¢ 44 S pajun) 000T 1Buenaq
(sare15
(@HAYV “dd [[e1940) UONEAIdSqO 12dXd “TOFD ySru/Sunjem g< ‘dearse qrey o1 ‘urw gz< [eo1uId € G'81 - €1 S paiun) 9661 1BueHeq
(sa1e18
(@HAV ‘dd [[e1940) OHS JySru/Bunfem < ‘daayse [rej 03 Ut Oz< ety 14 S'6 €l 6 9 pajun) €661 18uenaq

Sums poowr quoureradursy
(dd 1e1ea0) DS | [eqo[3 pooy payyoyd/paydnod Buikid aArssaoxd ‘swajqoid daafs Jo A1raads pue adusIIJ Arunurwo)) 11 ¢S 71 1¥9 65 Vi L(e1[RIISNY) 610T OOD

JuawaAow anuo)/yInour pasaprostp Funruroa ‘sanmoyyrp Sunes Gysiu je urw 61< ISt
(@Hav) 109D /sowm) ¢< dn sayem ypoos 03 JnoIp “Sae < Junowre £1d p/y ¢< uoneInp 15 Arunurwo) 8 S 116 69F L (Auewrron) o0zoz widg

DN = Suruonouny
(AHAYV ‘dd [[e1240) [JIN OIBWOS PUE J[QBILLI J0J UedW < (JS [< ‘qYS=10108] 2UO I0J Uedw < (J§ 1< Arunwwo) | 11 ‘8 ‘S% T ¢ $9¢C [FA 6 (Auewran) $00z7 129
Bunez/pbuidass/buikid
(INI “IXT) OOV 3[e2s s I0uuo) (woyqoxd Sunes) pasragay [eo1uID 9L €1 LT 45 € «(wapams) 1107 8129150
(wopSury
(IXd ‘aHayv) oas SY2am F 10 sannoyIp Suneq Arunwwo) 6'¢ 9 69901 8¢C S paiun) 100 Uonow
(uapamg)
(@HAV ‘dd [[e1240) OSH ‘Odd onny uow 1< wd[qoxd Sunes 10/pue Jes 03 esYRY [esatat 96 ¥ 8L (\ig4 ST 9 ¥661/2661 1Hed
bunez
(INI ‘IX4 ‘dd [[e1240) TOFD (10dayquareq) sworqoxd ssnj-£1> pue deals Arunwwon 4 8 €1e | <8 9 «(e1ENSNY) 900T 2EM

OH Sdy
(SON)

(duieseq) N Aujenb Apnis

panunuo) T 3719VL

frontiersin.org

12

Frontiers in Child and Adolescent Psychiatry


https://doi.org/10.3389/frcha.2022.1099406
https://www.frontiersin.org/journals/child-and-adolescent-psychiatry
https://www.frontiersin.org/

Galling et al.

confidence intervals (Cls). In addition, p-values were used to describe the
test-for-null outcome effects. Heterogeneity among studies was assessed
with I* value (48), with p<.05 and I*>50% indicating significant
heterogeneity. Publication bias was assessed for the primary outcomes
by using funnel plots and Egger’s regression test for funnel plot
asymmetry (42, 49) for analyses with >10 studies. In addition, we used
the trim and fill method which yields an estimate of the effect size after
the publication bias (50) and the fail-safe test (estimated number of
studies needed in order to obtain a non-significant result).

The following subgroup analyses were added for all outcomes: (i)
sample (community vs. clinical), (ii) RP definition (strict vs. lenient), (iii)
type of RPs (crying vs. sleeping vs. eating; only for comparison of single
RPs vs. multiple and single RPs vs. HC), and (iv) age at baseline (<6 vs.
>6 months). We conducted random effects meta-regression analyses to
identify potential moderators including (i) age at baseline, (i) age at
follow-up, (iii) percentage male, (iv) sample size, and (v) study quality
(NOS). To account for a potential change of symptoms with age, we
added an additional analysis for any RPs looking at the overall behavioral
problems reported for the following age groups only: 2-6, 7-10, 11-14.

Results

Search results

The initial search resulted in 3,794 hits. Altogether, 3,705 studies
were excluded on the title/abstract level. Of the remaining 89

10.3389/frcha.2022.1099406

references 59 articles were excluded after full text review, yielding 30
studies (10, 12, 13, 15, 17-20, 32, 51-69) (Figure 1) that were
included in this meta-analysis.

Study characteristics

A total of 30 studies reported on 34,582 participants (RPs: n = 5091,
control: n=29,491; baseline =6.5+4.5 months, follow-up=5.5+2.8
years, male = 52%). Single RPs were examined in 25 studies (n = 3897;
crying problems: studies = 13, n = 1577; sleeping problems: studies =9,
n =2014; eating problems: studies = 3, n = 105; not specified: studies =
2, n=201), multiple RPs in 9 studies (n = 1194). Five studies reported
co-occurrence of RPs but only analyzed the outcome of single RPs
(11, 13,56, 60, 62) (Table 1, Online Resource Supplementary Table S1).

The overall study quality was high with a mean NOS score of
6.2+1.3 (median=6, 95% CI=6-7) and a NOS >7 (indicating
high study quality) in 13 of 30 studies (43%) (Online Resource
Supplementary Table S2).

The cumulative incidence of overall
behavioral problems in children with
previous RPs and HCs

The meta-analytically calculated cumulative incidence of
overall behavioral problems in children with previous RP was

Individual hits in Individual hits in Articles identified
g PsycINFO PubMed in reviews or meta-
"§ (n=1521) (n=2261) analyses (7=12)
o=
=
Q
=
Potentially relevant articles (n—-3794) |
-—)| Articles excluded at abstract level (n=3705) |
&
g
g Full text articles retrieved for evaluation of eligibility (n=89) |
w2
— Articles excluded because of not meeting inclusion
criteria (n=59)
2
E - Wrong study sample (n=3)
& - Study population < 20 children (n=1)
o - Wrong study design (n=13)
- Review/ comment (n=3)
— - Wrong outcome measure (n=10)
— - Age different than required (n=9)
- Overlapping sample (n=11)
o - Insufficient data (n=9)
=
=
£
Studies included in the meta-analysis (n=30) |
FIGURE 1
PRISMA diagram of the systematic literature search.
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0.233 (95% CI=0.179-0.298, studies =18, n=2873), indicating
that 23.3% of those with RPs during infancy developed

behavioral problems later (Table 2). Of note, is that this is

10.3389/frcha.2022.1099406

The Egger’s CI=0.6-2.25,
p=0.003) After
adjustment for 6 potentially missing studies using the trim-

test (intercept=1.422, 95%

indicated  potential  publication  bias.

nearly 4 times more frequent than in HCs that had a cumulative  and-fill method, the SMD decreased to 0.339 (95% CI=
incidence of overall behavioral problems of 0.067 (95%  0.243-0.434).

CI=0.043-0.104, studies =10, n=3699). No significant subgroup No significant effects emerged in the subgroup or
differences or moderating effects emerged in children with  meta-regression analyses. However, effects sizes were
previous RPs, except for smaller sample sizes that were  particularly high (SMD=0.685, 95% CI=0.295-1.074,

associated with higher overall behavioral problems (p=0.022)
(Online Resource Supplementary Table S3).

Overall behavioral problems of infants with
RPs compared to HCs

When meta-analytically comparing the overall behavioral
problems of children with previous single and multiple RPs during
infancy to HCs (studies=26, n=31,177), those with RPs had
significantly more behavioral problems (SMD =0.381, 95% CI=
0.296-0.466, p < 0.0001) (Figure 2).

p<0.001) in the clinical sample compared to the community
(SMD =0.348, 95% CI=0.275-0.422, p<0.001)
(Table 2). Effect sizes were alike, regardless of the follow-up

sample

age (see Table 3).

Comparison of single and multiple RPs

The overall behavioral problems of children with single RPs
(studies =23, n=26,789) and with multiple RPs during infancy
(studies=8, n=7474) were significantly more pronounced
compared to HCs (single RPs: SMD =0.372, 95%, CI 0.281-

TABLE 2 Primary outcomes and specific behavioral problem outcome categories.

OVERALL BEHAVIORAL PROBLEMS

CUMULATIVE INCIDENCE

COMPARISON OF ANY RPs TO HEALTHY CONTROLS

SUB-GROUP Incidence SMD Result: p-value Heterogeneity
p-value I?
All Studies 18 (2873) 0.233 26 (31,177) 0.381 <0.001 <0.001 56.9
Community sample 11 (2603) 0.201 19 (30,057) 0.348 <0.001 0.070 34
Clinical sample 7 (270) 0.300 7 (1120) 0.685 <0.001 <0.001 782
Strict* 16 (1682) 0.234 24 (23,806) 0.381 <0.001 <0.01 65.4
Lenient” 2 (1191) 0.233 2 (7371) 0.333 <0.001 0.84 0.00
Crying problems 6 (609) 0.268 11 (9116) 0.493 < 0.001 <0.001 66.6
Sleeping problems 4 (1060) 0231 7 (5319) 0.266 < 0.001 0.206 29.1
Eating problems 0 3 (11,228) 0.231 0.072 0.256 26.6
Single RPs® 13 (2182) 0.228 23 (26,789) 0.377 <0.001 56.1 <0.001
Multiple RPs® 6 (687) 0.248 8 (7474) 0.415 <0.001 77.1 <0.001
<6 months 8 (892) 0.274 13 (11,012) 0.405 <0.001 <0.001 63.7
>6 months 10 (1981) 0.208 13 (21,585) 0.355 <0.001 0.020 50.1

EXTERNALIZING PROBLEMS

All Studies 11 (1544) 0.201 16 (25,702) 0.362 <0.001 0.001 62.065

INTERNALIZING PROBLEMS

All Studies 8 (1443) 12 (13,865) 0.343 <0.001 0.602 0.000

ADHD

All Studies 8 (1065) 0.242 11 (15,019) 0.461 <0.001 0.071 41.701

SMDs (standardized mean differences) >0 indicate that a specific continuous outcome (e.g., symptom severity) was more pronounced in those with regulatory problems (RPs).
P-values < 0.05 were considered statistically significant and are marked in bold together with the respective SMD. For more details about overall behavioral problems see Online
Resource 1 Supplementary Table S3 and Online Resource Supplementary Table S5 for subgroup analyses of the outcomes externalizing problems, internalizing problems and
ADHD; CI = confidence interval; Coeff = coefficient; N = number of comparisons; n = number of subjects; n/a = not applicable; SMD = standardized mean difference.

Strict definition = structured interview or questionnaire based.

®Lenient definition = one-item parent report.

“Including separate single and multiple RPs within a study.
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A Study name Hedges'sg  95% ClI p-Value Hedges's g and 95% CI
Degangi, 2000 1.965 [0.792; 3.138] 0.001 i
Degangi, 1993 1.855  [0.153; 3.556] 0.026 -

Thunstrém, 2002 1.645 [0.057; 3.233] 0.042
Savino, 2007 1.297 [0.585; 2.009] 0.000 —
Rao, 2004 0.969 [0.293; 1.644] 0.005 —
Neu, 2003 0.946 [0.304; 1.587] 0.004 —
Scher, 2005 0.915 [0.115; 1.715] 0.025 o
Wolke, 2002 0.721 [0.366; 1.077] 0.000 -
Smarius, 2017 0.704 [0.506; 0.902] 0.000 -
Canivet, 2000 0.446 [0.110; 0.782] 0.009 ——
Dahl, 1994 0.391 [-0.088;0.871] 0.109
Papousek, 2001 0.390 [0.003; 0.778] 0.048 ——
Motion, 2001 0.385 [0.014; 0.756] 0.042 -
Forsyth, 1991 0.345 [-0.005;0.694] 0.053 -
Santos, 2015 0.340 [0.240; 0.440] 0.000 -
O'Callaghan, 2010 0.323 [0.200; 0.447] 0.000 -
Cook, 2019 0.316 [0.151; 0.481] 0.000 -
Cook, 2020 0.292 [-0.147;0.731] 0.192 =
Hyde, 2012 0.274 [0.126; 0.423] 0.000 -
Rautava, 1995 0.259 [0.072; 0.445] 0.006 -
Becker, 2004 0.245 [-0.046;0.535] 0.098 r
Bilgin, 2020 0.243 [0.132; 0.354] 0.000 -
Wake, 2006 0.216 [0.016; 0.416] 0.035 -
Bell, 2018 0.211 [-0.033;0.456] 0.091 -
Elliott, 1997 0.204 [-0.452;0.860] 0.541 =
Ostberg, 2011 0.111 [-0.072;0.294] 0.236 r'
Random effects model 0.381  [0.296; 0.466] <0.001 ¢

400 200  0.00 2.00 4.00

Favours HC Favours RP

n BP cases/n RP Cumulative incidence and 95% CI

B Study name Cumulative incidence 95% ClI
Degangi, 1993 0.556  [0.251; 0.823]
Degangi, 2000 0.500 [0.302; 0.698]
Wolke, 2002 0.453  [0.336; 0.575]
Zuckerman, 1987 0.446 [0.323; 0.577]
Savino, 2007 0.417  [0.287; 0.559]
Santos, 2015 0.311 [0.270; 0.356]
Thunstrém, 2002 0.280  [0.140; 0.482]
Becker, 2004 0.275  [0.203; 0.362]
Neu, 2003 0.250 [0.108; 0.478]
Forsyth, 1991 0.191 [0.129; 0.274]
Desantis, 2004 0.179  [0.076; 0.364]
O'Callaghan, 2010 0.171 [0.146; 0.200]
Papousek, 2001 0.150 [0.080; 0.264]
Hyde, 2012 0.150 [0.121; 0.185]
Price, 2012 0.138  [0.099; 0.189]
Cook, 2020 0.119  [0.073; 0.188]
Cook, 2019 0.110  [0.077; 0.156]
Degangi, 1996 0.103  [0.039; 0.243]
Random effects model 0.236 0.186; 0.295

FIGURE 2
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Overall behavioural outcomes (any regulatory problems vs. healthy controls). Forest plot of (A) standardized mean difference (Hedges's g) and (B) cumulative
incidence for overall behavioural problems in children with any regulatory problems (RPs) in infancy vs. healthy controls (HC). SMDs > 0 indicate that a specific
outcome was more pronounced in the RPs than the HC group. Black whiskers mark the 95% confidence interval (Cl)

0.462, p<0.0001; multiple RPs: SMD =0.419, 95% CI 0.200-
0.639, p<0.001). Children with multiple RPs during infancy
did not show significantly more overall behavioral problems
than those with single RPs (studies =4, n =961, SMD =0.149,
95% CI=-0.250-0.549, p=0.463)
Supplementary Table S4).

(see  Online Resource

Frontiers in Child and Adolescent Psychiatry

Type of rp: crying vs. Sleeping vs. Eating
problems

The overall behavioral problems of children with excessive crying
(SMD =0.493, 95% CI=0.336-0.651, p<0.001) and sleeping
problems (SMD =0.266, 95% CI=0.138-0.395, p<0.001) were
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TABLE 3 Comparison of overall behavioral problems in single RPs vs. multiple RPs vs. healthy controls and different age groups at follow-up.

OVERALL BEHAVIORAL PROBLEMS SINGLE RPs vs. MULTIPLE RPs vs. HEALTHY CONTROLS

COMPARISON N (n) SMD Result: p-value Heterogeneity
p-value
Single RPs vs. HCs 23 (26,789) 0372 <0.001 <0.01 56.1
Multiple RPs vs. HCs 8 (7474) 0.419 <0.001 <0.001 77.1
Single RPs vs. Multiple RPs | 4 (961) 0.149 0.463 <0.001 82.5

OVERALL BEHAVIORAL PROBLEMS OF ANY RPs vs. HEALTHY CONTROLS AND DIFFERENT AGE GROUPS AT FOLLOW-UP

3-6 years 21 (31,495) 0.363 <0.001 0.008 48.1
7-10 years 7 (4138) 0.334 <0.001 0.201 352
11-14 years 4 (9347) 0.395 <0.001 0.002 48.9

SMDs (standardized mean differences) > 0 indicate that a specific continuous outcome (e.g., symptom severity) was more pronounced in those with regulatory problems (RPs).
P-values < 0.05 were considered statistically significant and are marked in bold together with the respective SMD; CI = confidence interval; Coeff = coefficient; HCs = healthy
controls; N = number of comparisons; n = number of subjects; SMD = standardized mean difference.

significantly more pronounced compared to HCs, while no
significant effect on childhood outcomes emerged in those with
eating problems during infancy (SMD =0.231, 95% CI=-0.021-
0.482) (see Table 2 and Online Resource Supplementary
Table S3). In-between subgroup differences (crying vs. sleeping vs.
eating problems) were not significant (p =0.128).

Externalizing problems, internalizing
problems, and ADHD

Children with previous RPs were also more frequently affected by
externalizing problems (RPs: cumulative incidence = 0.201, 95% CI =
0.141-0.279; HCs: cumulative incidence =0.067, 95% CI=0.028-
0.151, SMD =0.362, 95% CI=0.253-0.472, p=0.001), internalizing
problems (RPs: cumulative incidence =0.160, 95% CI = 0.120-0.209;
HCs: cumulative incidence =0.083, 95% CI=0.063-0.109, SMD =
0.343, 95% CI=0.284-0.403, p<0.001), and ADHD (RPs:
cumulative  incidence =0.242, 95% CI=0.157-0.354; HCs:
cumulative incidence =0.076, 95% CI=0.026-0.201, SMD =0.461,
95% CI 0.317-0.605, p=0.071) (Table 2). For subgroup and meta-
regression analyses see Online Resource Supplementary Table S5.

Discussion

This meta-analysis aimed to comprehensively quantify the
association between RPs in infancy and the occurrence of behavioral
problems during childhood. A total of 30 prospective longitudinal
studies were included to examine the association between RPs and
behavioral problems across a wide range of clinically relevant
outcomes, including overall problem behavior, externalizing
behavior, internalizing behavior, and ADHD symptoms.

Results indicate a cumulative risk of 23.3% for children with RPs
compared to 6.7% for HCs to develop overall behavioral problems
throughout their childhood (2-14 years). Considering that the
incidence of behavioral problems is nearly 4 times more frequent

after RP’s (even though the effect sizes were small to medium only),

Frontiers in Child and Adolescent Psychiatry

early prevention could have a substantial effect by shifting the
distribution in the total population for millions of children worldwide.

Our analysis found that behavioral problems after RPs were
extensive and include externalizing behavior, internalizing
behavior, and ADHD which is in line with the results of the meta-
analysis by Hemmi et al. (16). We also found comparable effect
sizes regardless of the follow-up age, indicating that the behavioral
problems that are reported in young children who had already
suffered from RPs, do not seem to improve with age.

The underlying reasons that might explain the association
between RPs and behavioral problems during childhood cannot be
explained by our analysis. From a relational perspective, due to the
complex early interplay between parents and infants in the
development of self-regulation, one can differentiate behavioral,
environmental, developmental, interactional, and mental health
variables on the parental and infant side which might contribute to
ongoing behavioral problems later on (4, 7, 70).

Our results are in line with a cascade model of child development:
Early problems with regulation may provide the starting point of a
trajectory of dysregulated behaviors, such as problems to sustain
attention (51, 71). Consequently, RPs that develop at an early stage
in life may affect learning processes and the ability to regulate
emotions and behaviors later in childhood as well, predicting a
higher risk for clinical disorders in childhood and adolescence (72).
Developmental milestones might not be accomplished, leading to
continuing deficits reflected in later behavioral problems (13). In
contrast to this model, which suggests that a high amount of
problems during infancy may lead to more severe problems during
childhood, our results do not indicate a significant difference with
regards to behavioral symptom severity during childhood depending
on the extent of RP (single or multiple RPs) during infancy.

However, these results should be interpreted carefully as this
analysis was based on four studies only: Three out of these four
studies (11, 53) found evidence that multiple RPs were associated
with more behavioral problems than single RPs, while data of one
study presented opposite results (73), leading to an overall non-
significance in this meta-analytic comparison. Looking at single RPs
in sub-group analyses for overall behavioral problems, SMDs were
0.493 for crying problems and 0.266 for sleeping problems. It might
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be that the overall severity of single and/or multiple RPs — other than
the type and amount of RPs — other than the type and amount of RPs -
might be of importance: The association of RPs and behavioral
problems was way more pronounced in the clinical sample (SMD =
0.685) compared to the community sample (SMD =0.348). These
results are underlined by a study that found “persistent excessive
crying” to be associated with a higher risk to develop multiple RPs (74).

From a neurobiological perspective, RPs in infancy, attention
problems, and internalizing behavior in childhood have been
associated with dysregulation of the hypothalamic-pituitary-adrenal
(HPA) axis (67, 75, 76).
regulation  has

Furthermore, more deficient self-

been demonstrated in a particular gene
polymorphism of the dopaminergic system contributing to multiple
RPs (77), ADHD, and externalizing behavior in childhood (78).
Thus, self-regulatory problems primarily obvious as RPs in infancy
may be expressed as other forms of emotional dysregulation in
early childhood, such as disrupted mood and anger disorder,
anxiety, impulsivity or hyperactivity in preschoolers, with an
elevated risk for behavioral problems in childhood (7, 73, 79).
Evidence suggests preterm birth, infant temperament or general
cognitive impairment as precursors of behavioral or attention
problems which have been also associated with an elevated risk for
RPs (73, 80-83). These results are affirmed by our subgroup analysis
for overall behavioral problems that showed stronger effect sizes in
clinical samples compared to community samples. A possible
explanation could be that clinically referred children might already
have been exposed to multiple risk factors, such as obstetric
adversities or severe relational or psychosocial family problems (16).
However, not all infants with early vulnerability and RPs develop
behavioral problems in childhood. To investigate associated
trajectories or underlying factors more precisely, longitudinal
studies are needed which take the mutual parent-child-model with
different factors from both perspectives into account and include
the prenatal period, which might shape infant’s regulatory skills
before birth (4, 27, 84). Besides the challenges that cause distress in
parents of an infant with primary self-regulatory deficits, there are
several parental factors that may promote RPs, affect the parent-
infant interaction, and need further attention in future studies.
Among them, parental mental health, particularly maternal
depression, hostility and anxiety, parental mentalization, and the
quality of parenting behavior are central (4, 7, 23, 70). If parents
able

difficultness, or cannot read the infant’s signals and react in a

are less to co-regulate and compensate an infant’s
prompt and sensitive way to it due to their own impairment, there
might be an elevated risk for persistent RPs and later behavioral or

attentional problems (4, 70, 84, 85).

Strengths and limitations

The findings of the conducted meta-analysis are consistent with
the existing meta-analysis by Hemmi et al. (16) and extend the scope
of the negative impact of RPs on childhood behavioral problems. A
considerable effort was made to include as much data as possible
in this meta-analysis whilst maintaining strict inclusion criteria:
Additional information from eleven studies was included in this
meta-analysis. Using strict inclusion criteria and methodological
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rigor, we aimed to rule out as many sources of potential bias as
possible. In this context, we excluded three studies that Hemmi
et al. (16) had included (including a control group with transient
RPs and a follow-up age younger than two years). Moreover, we
expanded methods by also reporting on the cumulative incidence
of behavioral problems during childhood.

There was high heterogeneity in the data. Identified studies were
heterogeneous with respect to sample characteristics, RP definition,
measurement instruments, number of subscales, outcomes, and
follow-up duration (range 2.5-11 years) which likely contribute to
the heterogeneity of the results. Many different forms of defining
and assessing RPs existed across countries and centers.
Consequently, the use of standardized tools that focus on parent and
infant behaviors for enhanced comparability in further research is
needed. Since most studies assessed infant RPs and child behavior
using parent reports rather than objective measures or clinician
observation, a reporting bias might influence the results. For
example, maternal “overrating” of the children’s behavior might be
rooted in maternal stress and/or the continued perception of the
child as being difficult (20, 73). Therefore, in future research more
objective and multi-informant measures of child behavior (e.g,
clinical observation, teacher reports), parental characteristics, and the
parent-infant interaction should be used (86).

Moreover, some studies showed co-occurrence of RPs but only
reported behavioral problem outcomes for single RPs and did not
control for any other RPs. Previous research found that crying,
sleeping, and eating problems often coexist (6, 13). Hence, non-
reported or non-assessed co-occurrence of RPs might lead to a
biased conclusion regarding the effects of single RPs. More
longitudinal prospective studies are needed to enable a profound
investigation of the association of RPs, behavioral problems, and
potential confounders. Although we included a set of study-specific
moderators in the meta-regressions, the inclusion of other essential
moderators, such as maternal depression, preterm birth, parent-
infant interaction, childhood trauma or childhood attachment was
limited because comparable information of potentially relevant

confounders was often lacking.

Clinical implication

From a clinical perspective, our findings highlight the need for a
better understanding of predictors of childhood behavioral problems
and clinical disorders. The results suggest the importance of early
monitoring, detection, and intervention for families with an infant
affected by RPs to prevent the development of further behavioral
problems. From a primary health care perspective, this is crucial
information for pediatricians and parental counseling in childcare.

Overall, the knowledge about the impact of RPs on later
behavioral problems should be used to develop and evaluate
specific prevention programs focusing, for example, on parent-
infant psychotherapy (87, 88). The mutual perspective of RPs
offers several optional starting points for interventions for
disrupted parent-infant interactions to reduce parental stress and
foster further child development. Strengthening parent$ self-efficacy
to adapt to their infant’s needs and difficulties is just as important
as identifying and emotional  distress,

treating particularly
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postpartal depression or anxiety which might keep parents from
adequately understanding or supporting their infant (70).

Conclusion

The present findings provide a comprehensive view of the
development of behavioral problems in children with RPs. Results
showed a robust positive association with small to medium effect
size between RPs in infancy and childhood problem behavior and
indicate the importance of further prospective longitudinal studies
on the association between infant RPs and child development.

Though we found no significant difference regarding single RPs
compared to multiple RPs, these findings should be replicated
longitudinally and promote further investigations and interventions
for infants with a single RP as well. With the help of prevention
programs, RPs could be identified and treated at an early stage,
reducing long-term consequences. Moreover, untreated behavioral
problems and clinical disorders are associated with high health
care costs and represent a relevant burden for affected families
(89). Therefore, family counselors and pediatricians should assess
potential crying, sleeping, and eating problems and the level of
parental stress in a structured way at regular intervals during
infancy to identify those who might be at risk of persistent RPs
and developing behavioral problems in childhood.
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Preschool-based mother-child
emotional preparation program
improves emotional connection,
behavior regulation in the home
and classroom: a randomized
controlled trial
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and Michael M. Myers'*

Department of Pediatrics, Columbia University Irving Medical Center, New York, NY, United States,
2Department of Psychiatry, Columbia University Irving Medical Center, New York, NY, United States,
*Department of Psychology, Williams College, Williamstown, MA, United States, “Mailman School of Public
Health, Columbia University, New York, NY, United States, *Children’s Learning Centers of Fairfield
County, Stamford, CT, United States

Introduction: Based on the theory that increasing emotional connection and
reducing emotional stress between mother and child at home will reduce
dysregulated behavior in the classroom, we tested a novel family-based school
intervention aimed at facilitating mother-child emotional connection. This
question has gained great importance following the COVID-19 pandemic, as child
mental health has been declared a national emergency.

Methods: Subjects were randomized into two groups; one (Control: n=32)
receiving the standard curriculum in a large community-based preschool
education program, and another (MCEP) receiving the standard curriculum plus
the Mother Child Emotional Preparation Program (MCEP: n=30). Two to eight
MCEP mother-child pairs participated in eight elective weekly 2-h group sessions
over a 16-week period. During the 2-h sessions, the pairs were engaged in face
to face calming sessions. At 6 months post-enrollment, we assessed mother-child
emotional connection on the Welch Emotional Connection Screen (WECS). In
addition, mothers and teachers completed validated questionnaires and instruments.
Results: We found that the percentage of MCEP mother-child pairs who became
emotionally connected at 6 months was five-fold higher than Control pairs
(47.4%, vs. 8.3% p =0.004, effect size = 0.44). Also at six months, MCEP children
had fewer behavioral symptoms (p=0.024)) (effect size >0.5); fewer autism
symptoms (p = 0.048) (effect size = 0.53); fewer emotional symptoms (p =0.01)
(effect size >0.76); better personal, social skills (p=0.045) (effect size =0.51);
better executive function (p=0.032) (effect size =0.59). Importantly, teachers
reported MCEP children showed more improved behavior in the classroom,
compared to controls.

Abbreviations

ASQ, ages and stages questionnaire; ATEC, autism treatment evaluation checklist; Brief-P, preschool version of the
behavior rating inventory of executive function; CES-D, center for epidemiologic studies depression scale; CLC,
children’s learning centers of fairfield county; EC, emotional connection; MCEP, mother-child emotional
preparation program; FNI, family nurture intervention; NS, nurture specialist; SDQ, strength and difficulties
questionnaire; SWYC, survey of wellbeing of young children; WECS, Welch emotional connection screen; post-tx,
post-treatment.
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Discussion: This trial was retrospectively registered in the clinicaltrial.gov registry
(NCT02970565) on April 9, 2019.

KEYWORDS

emotional dysregulation, classroom behavior, relational health, socioemotional behavior,
family intervention, ASQ questionnaire, autism treatment evaluation checklist, Welch
Emotional Connection Screen

Introduction

Antisocial behavior in preschool-aged children has been
increasing for decades in the US (1, 2). Preschoolers now have
the highest rates of school expulsion of all age groups. Such
adverse behavior in childhood often leads to lifelong social
exclusion and considerable personal distress into adulthood (3)
(4), and imposes high public and private expenditure for
treatments (5-7).

During the conduct of this study, the problem worsened as the
result of the COVID-19 pandemic. The situation has left teachers
increasingly burned out—A recent survey of over 4,500 preK-12
teachers at nationwide public, private and charter schools (8)
asked, How has your teaching changed during the 2021-2022
year? Among other categories, respondents reported

o Overall workload increased 81%;

o Spending more time addressing students’ mental health
increased 80%;

o Classroom interruptions during instruction increased 45%.

Over the last 10 years, numerous Cochrane reviews and meta-
analyses have examined the efficacy and effectiveness of various
intervention programs designed to tackle the rising problem of
emotional, behavioral, and developmental disorders in preschool-
aged children. Interventions include psychosocial interventions for
ADHD
inhibition and anxiety (10), cognitive behavioral therapy (CBT)

(9), psychological interventions targeting behavioral

(11), school-based interventions to prevent anxiety and depression
in young children (12), Incredible Years Teacher Classroom
Management (IYTCM) for adverse socioemotional behavior (13)
and Parent Management Training (PMT) for behavior problems (14).

There are numerous interventions for preschool children that treat
parents and children together. Parent-Child Interaction Therapy
(PCIT) is a well-established treatment for behavioral, hyperactivity
and oppositional-defiant problems in children, with more than 40
years of research behind it (15). A variation of PCIT, PCIT-ED,
focuses on emotion development (16). Cool Little Kids, focuses on
anxiety (17) and Child-parent psychotherapy (CPP) is a well-
studied psychodynamic treatment that targets the parent’s and the
child’s experience of their relationship as the most

Some preschool-based interventions include families. However,
the focus of these interventions is on improving the individual
child’s development. For instance, Ray et al. (18) developed the
Increased Health and Wellbeing (DAGIS)
intervention to enhance preschoolers’ self-regulatory abilities and

in  Preschools

energy balance-related behaviors through a program involving
and the
demonstrated no improvement when accounting for parental

educators children’s families. However, results
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education level. Kochanska (19) found that in a longitudinal
study of parent-preschool-aged child pairs, high “mutual
responsive orientation,” corresponded to mothers using less
power and children internalizing more maternal values and rules.
A recent meta-analysis showed evidence that parenting programs
integrated into early childhood education may have an effect on
children’s behavioral outcomes (20). While these studies involved
family members, their outcome measures concentrated on the
child or on the mother alone, not on the dyad.

The systematic reviews listed above point out that some
interventions for preschool-aged children have shown both
efficacy and effectiveness. However, nearly all reviews conclude
that current interventions show limited or inconclusive effects on
overall adverse classroom behavior. Another common conclusion
is that due to small effect size and due to the length and cost of
treatment programs, current treatment models are not suitable in
their present form for wide scaling that would meet the emergent
needs (21, 22). The shortage of effective behavioral interventions
has left preschool educators struggling to find alternative solutions.

To address the problem, we developed a novel school-based
Preparation (MCEP) in
partnership with the Children’s Learning Centers of Fairfield

program—Mother-child Emotional

County (CLC), a leading community-based pre- school education
program serving ~1,000 families annually in Stamford, CT.
The challenge was to develop a scalable, low-cost group
treatment model that would avoid placing significant financial,
administrative or teaching burden on the Center’s already
stretched resources. The goal was to reduce classroom behavioral
disturbances such that the teachers could deliver their curriculum
with fewer disruptions. MCEP is a preventative group family
intervention that is designed to help parents prepare the child
emotionally for the pre-school educational experience. MCEP is
based on calming cycle theory (23). The theory predicts that
repeated mother-child calming sessions can reduce child adverse
behavior at home and in school.

MCERP is novel in its engagement of both mother and child in a
full range of emotional expression during mutual sensory calming
sessions. Our hypothesis is that empathy is evoked when the
mother (or other person) expresses the full range of their deep
feelings. When a child responds to the mother’s expression of
emotion and shows signs of empathy to the mother, a temporary
break in connection begins to repair. Repair needs to be mutual
and on-going to be effective for both members of the pair. Both
the mother and child learn that repair can be achieved through
emotional communication. The connected child is thereafter able
to connect and co-regulate with teachers and others once the
pattern is established with the mother and family members. CLC
leadership has reported that the children who were in the MCEP
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program changed the classroom environment with their positive
affect and better regulated behavior so much so that teachers
were freer to address problems such as learning difficulties of the
non- symptomatic children for whom teachers did not have the
band-width to address prior to MCEP.

We found that MCEP improved mother-child emotional
connection as assessed by the WECS and significantly improved
We discuss the
implications of our findings for preschool education, along with

child behavior at home and in school.

strengths and limitations of the study.

Methods
Trial design

The MCEP study was a parallel-group, single blind RCT that
was approved by the Columbia University IRB (AAAT0109).
Subjects for this study were a non-probability convenience
sample of mainly low socioeconomic status families. The method
is presented as per the CONSORT guidelines (24). The trial was
prospectively  registered in the registry
(NCT02970565).

clinicaltrial.gov

Participants and setting

The study was conducted at Children’s Learning Centers of
Fairfield County in Stamford, CT, a community-based preschool
education center. CLC has eight sites and three programs: School
Readiness, Child Development and Head Start (25). Families must
meet various criteria to be eligible for enrollment in one of CLC’s
programs (Head Start & Early Head Start, Child Development and
School Readiness). According to CLC’s Parent Manual (25),
programs vary by funding and eligibility requirements. Head Start
is a free federal program that operates under a standardized
curriculum with eligibility based on poverty. In the Child
Development program, parents must work 30 h per week to be
eligible for specific Connecticut-funded programs (25).

Recruitment

We recruited families continuously from all CLC programs.
Study staff recruited at orientations, teacher/parent meetings and
distributed flyers during child drop-off/pick-up. Teachers signed
a consent form to collect teacher- report data. CLC staff
discussed the study with parents and encouraged teacher
referrals. The primary recruitment method was recruiting
mothers in-person during child drop-off/pick-up.

Eligibility

Children were eligible for the study if they were between the
age of two and four- and one-half years of age at the recruitment
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date. In addition, the child had to be a singleton without any
genetic or congenital disorder or motor disability. Mothers had
to be at least 18 years old, able to speak, read and write in
English or Spanish; and be living with her child full-time.
Exclusion criteria for mothers included: severe mental illness or
medical

involvement with the Department of Children and Families;

any other conditions preventing play activities;
struggling with drug or alcohol abuse; pregnancy (second
trimester) that could interfere with the lap-based procedures (see
below); or wunable to commit to the study schedule.
Demographics for each group at each time point are presented in

Supplementary Figure S1.

Consent procedures

After verbal consent, mothers completed Study Eligibility and
Demographics Forms, and the CLC Release information sharing
in person or by phone, with the CLC Release signed at the first
in-person contact. Mothers signed a consent form at the time of
the baseline assessment and then, if allocated to the intervention
arm, were assigned to a MCEP group.

Randomization

Participants arrived 30 min before the first MCEP session for
group assignment. Prior to first subject enrollment, a computer-
generated block randomization sequence ensured balanced
assignment. Based on the group’s size as estimated prior to the
first session, cards denoting MCEP or Control were placed in
envelopes. Upon arrival, we handed the mother a sealed
envelope. If control, we informed the mother she was
randomized to the CLC Standard Curriculum and that she may
leave. If intervention, we asked mothers and children to stay for
the first MCEP group session. See Consort flow Chart (Figure 1)
for final group assignment numbers. Note: In Figure 1, the
number of subjects shown at enrollment (baseline), and at the
first and second follow-up (approximately 2 and 6 months)
reflect the number of subjects with scorable videos. The numbers
of subjects with questionnaire data were, in some cases, different

from the number with videos.

Control group

Control group children participated in the CLC standard
curriculum with no additional procedures. Classroom activities
varied by age and ability, and classroom structure varied by
program. All CLC programs used the Connecticut Early Learning
and Development Standards and the Connecticut Preschool and
Assessment Framework combined with the Creative Curriculum
(25). CLC’s Head Start Program uses the Creative Curriculum, in
addition to the Head Start Child Development and Early
Learning Framework. Child Development and School Readiness
programs used Connecticut Data Observation and Tracking
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Recruited (n=256) n=166 Total Excluded
SCREENING * n=104 Refused
* n=24 Full-time employment
> ° n=11 Aged ou't waiting to start
* n=24 Diagnosis
ERIEOULA AR . * n=24 Dept. Children & Families
Randomized (n=90) « n=24 Pregnancy
* n=24 Other
P CONTROL MCEP
WECS coded WECS coded
(n=41) (n=49)
ATTRITION Withdrew (n=5) Withdrew (n=8)
Not codable (n=3) Not codable (n=12)
POST- Codable WECS Codable WECS
TREATMENT (33) (29)
Codable WECS Codable WECS
FIGURE 1
Consort chart. WECS, welch emotional connection screen; MCEP, mother-child emotional preparation; n = sample size.

System, and CLC’s Head Start and Early Head Start sites use the
Teaching Strategies Gold system to track student progress (25).
CLC teaches emotional literacy through the Yale RULER
curriculum at all sites.

Intervention methods

Mother-child dyads randomized to the intervention arm
received facilitated MCEP group calming sessions. In this study,
two specially trained Nurture Specialists, both licensed clinical
social workers, facilitated the parent-child intervention and
provided emotional support during sessions. Each mother-child
dyad participated in two to eight 2-h group sessions over 16
weeks, which we held in a classroom or small meeting room.

As described in prior literature (26, 27), calming sessions
consisted of a child sitting on the mother’s lap and cycling through
a range of verbal and non-verbal emotional expressions. A key goal

Frontiers in Child and Adolescent Psychiatry

of the session was to assure the dyad maintained close physical and
sensory contact throughout the session.

This communication typically dealt with current or past upsets
or other previously unprocessed feelings. A successful calming
session included four phases. In the first phase, DISCOMFORT
AND DISTRESS, the mother and child displayed and expressed
separate distress for routine topics. Children sometimes rejected
their mother’s request to sit and talk by wriggling away,
becoming restless and dysregulated, or by being unable to control
their own emotional state.

The second phase, CONFLICTS AND UPSET, involved the
mother and child expressing upset about the other’s behavior.
The child’s separate distress often prompted the mother to feel
her own disrupted connection. The Nurture Specialist helped the
mother and child identify and express their feelings to one
another. For example, Mom, tell your child: how you feel when
he/she doesn’t look at you; how you want to feel when you're
together; how you feel when you are apart from them; How you
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feel when your child screams/hits/kicks. How you feel during a
tantrum.

The child was prompted to tell mom: what makes you mad, sad
or worried; how you feel when mom goes to work; how you feel
when you can’t buy candy; when you are worried about mom.
Sometimes in this phase, the mother cried (e.g., feeling sadness
discussing separation or joy at the story of the birth), which also
led to the child orienting to her and to feel her emotional state.
The child often responded to the mother’s upset with tender
Mothers
touch, genuine

behaviors and empathic communication. were

encouraged to wuse comforting emotional
expression, soothing, and eye contact to mutually resolve the
upset and bring each other into a calm state.

Once the upset was fully processed, the dyad typically began to
soften toward one another and reached mutual resolution. This
signaled the beginning of the third phase, CONFLICT
RESOLUTION. In this phase, Nurture Specialists used verbal
prompts to help the mother elicit her deep emotion by tapping
into her emotional memories, by way of asking to tell the child
her birth story or other stories when she was the child’s age. In
response to the mother’s emotional expression, the child will
often orient to the mother’s face with direct gaze, rapt attention
and, often, loving touch. Once conflicts and upset were processed
and the two were oriented to one another without rejection, they
reciprocated by tenderly hugging and gazing at each other
warmly and began to discuss good as well as upsetting behavior
(e.g., child noncompliance or maternal inattention or separation),
and talked about plans to avoid upsets.

The final stage of the calming session, MUTUAL CALM, was
characterized by cuddly closeness, with mother and child
breathing quietly, maintaining a deep mutual gaze and warm,
open verbal and non-verbal communication, with observable
relaxation and reciprocal pleasure in each other’s embrace.
Following the first session, mothers made a brief report of their
home calming sessions (e.g., handling of tantrums and child
noncompliance). Following each session, the Nurture Specialists
encouraged mothers to continue preventative and reparative
calming sessions on a regular basis at home, especially during
conflict, tantrums or signs of upset.

Assessment tools

Welch emotional connection screen (WECS)

We measured mother-child emotional connection using the
Welch Emotional Connection Screen (WECS) assessment tool
(28). WECS
indicators of emotional connection coded

concurrent validity was demonstrated using
in observational
software by independent teams of coders. The WECS construct
validity was established by showing pairs rated emotionally
connected had healthier autonomic responding in the still-face
paradigm (SFP) and more approach-seeking behavior with
mother during the recovery phase of the SFP (28). WECS
predictive validity was shown by demonstrating pairs rated
emotionally connected at age 6 months had fewer behavior
problems at age 3, as reported by mothers (29).
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We trained a team of six coders blinded to all other study data
on a remote platform. Coders first achieved reliability with scores
of the WECS creators on a training set of mother and preschool-
aged child videos derived from other samples, with each coder
required to achieve an intra-class correlation for each dimension
of the WECS of at least 0.85. Thereafter, the team advanced to
coding 13 cases from the current CLC trial sample. We
established further reliability by having coders cross-code one
another’s cases. Coders achieved reliability with one another
individually with scores no lower than 0.85. The average intra-
class correlation coefficients for each dimension of the WECS
pooled across coders were: Attraction =0.93, Vocal =0.93, Facial
=0.95, Each
repeated WECS observations. The baseline and post-treatment

Sensitivity/Reciprocity = 0.94. study pair had
WECS scores were coded by different coders, such that no
blinded coder coded the same dyad more than once.

The WECS composite emotional connection score is made up
of four behavioral modes of expression, as defined by Hane et al.
(28). They are:

1. Mutual Attraction (shared gaze, mutually seeking physical
closeness and proximity)

2. Mutual Vocal Communication (warmth in vocal tone and
amount and content of vocal behavior of mother; consistent
and warm vocal responsiveness from child; connection
through voice);

3. Mutual Facial Communication (expressions of positivity,
laughter, joy and and sustained eye gaze);

4. Mutual Sensitivity and Reciprocity (well-timed reciprocal social
sensitivity to each other’s expressed emotions).

The WECS is scored on a nine-point Likert scale, starting at 1.00.
The lowest rating corresponds to the least emotionally connected.
Scores increase by .25 increments up to a total of 3.00, which
corresponds to the most emotionally connected rating. The four
separate mode scores are totaled to give a WECS total score. A
score equal to or greater than 9.00 was the threshold for
determining whether a study pair were emotionally connected. In
a few cases, it was not possible to score one of the modes of
expression. In these cases, we totaled the other three scores,
divided by three and multiplied by four to obtain an estimate of
the total score.

The Welch orienting lapcheck

We used the Welch Orienting Lapcheck (Figure 2) to test the
pair’s emotional reaction to one another. This test is designed to
capture the behavior and physiology associated with the mother
and infant/child autonomic socioemotional reflex (ASR) (30)
which is triggered when the two encounter one another
physically and emotionally face to face. The test begins when the
mother seats her infant on her lap or asks her child to sit on her
lap. The mother was instructed to interact normally with her
child for 2-5min. The test is video-recorded and mother and
infant/child are wired for electrocardiograms (ECG). Behaviors
were coded with the Welch Emotional Connection Screen
(WECS) (28).
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FIGURE 2

Schematic showing face to face orientation during Welch Orienting
Lapcheck. The face to face orientation and physical contact is
necessary to trigger the autonomic socioemotional reflex (ASR). The
behaviors that result from the autonomic reflex are measured using
the Welch emotional connection screen (WECS) and determine
whether the autonomic “states” of the pair are “connected” or
“disconnected”.

Center for epidemiologic studies depression scale
(CES-D)

We measured mothers” depression on the CES-D. The CES-D
is a 20-question self-report form that asks the individual to rate
whether he or she experienced a given emotion (e.g., “I felt

» o«

fearful”) “rarely or none of the time”, “some or a little of the
time”, “occasionally or a moderate amount of time” or “most or
all of the time” (31). Mothers completed the CES-D at the

baseline, post-treatment and 6-month time points.

Survey of well-being of young children (SWYC)

The SWYC, a short, simple questionnaire completed by the
parent of a child under 5 years, captures the parent’s assessment
of children’s motor, language, social and cognitive development,
as well as emotional/behavioral functioning, and any familial risk
factors (32). It covers three domains of functioning: Behavior and
Emotion, Family Risk Factors, and Development. Mothers
completed the appropriate survey according to the child’s age at
each time-point.

Autism treatment evaluation checklist (ATEC)

The ATEC, developed by Rimland and Edelson (33) at the
Autism Research Institute, was completed by mothers in this study.
It consists of 4 subtests: I. Speech/Language Communication (14
items); II. Sociability (20 items); III. Sensory/Cognitive Awareness
(18 items); and IV. Health/Physical/Behavior (25 items). We
present results using the total score across these subtests.
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Strength and difficulties questionnaire (SDQ)

The SDQ is a brief behavioral parental report questionnaire for
children 3-16 years old (34). The version used in this study
included 25
symptoms, conduct problems, hyperactivity/inattention, peer

items divided between five scales: emotional

relationship problems, prosocial behavior.

Ages and stages questionnaire (ASQ)

The ASQ was developed by Jane Squires and Diane Bricker
(35, 36) and in this study was filled out by mothers. It consisted
of six items covering five developmental areas: communication,
gross motor, fine motor, problem solving, and personal-social.

Behavior rating inventory of executive function—
preschool (Brief-P)

The Brief-P examines everyday behaviors associated with
specific domains of executive functioning in children aged 2-5
years (37). It was completed by mothers in this study and
includes 63 items in five non-overlapping scales forming a
Global Executive Composite (GEC) and three overlapping
summary indexes each with two scales based on theoretical and
statistical considerations. The Inhibitory Self-Control Index
(ISCI) is composed of the Inhibit and Emotional Control scales,
the Flexibility Index (FI) is composed of the Shift and Emotional
Control scales, and the Emergent Metacognition Index (EMI) is
composed of the Working Memory and Plan/Organize scales.

Blinding

Study staff (other than the NSs) outcome assessors, and coders
were blinded to the randomization sequence. Mothers were not
blinded.

Statistical methods

The primary, pre-declared outcome for this RCT was the
percent of dyads judged to be emotionally connected at the
Post-treatment and 6-month time points. Emotional connection
Yes/No codes were converted into 1/0 and analyses of
covariance, controlling for baseline were used to test for
intervention effects. Additional analyses compared groups’
emotional connection over time. Specifically, chi-squared
analyses were used to test for group differences in the
percentage of dyads that changed from not connected at
baseline to connected at follow-up. Effect size calculations were
based on either Cohen’s-d or the Phi-coefficient.

We analyzed depressive symptoms (CES-D) using repeated
measures ANOVA across the three data acquisition time-points
(baseline, Post-Intervention and 6 month). We analyzed the
effects of the intervention at the post- treatment and 6-month
time points for the SWYC using analyses of covariance,
controlling for baseline SWYC scores. We computed correlations
(Pearson) to determine relationships between the WECS four

factors and the WECS composite score and the SWYC (see
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Supplementary Table S2). These analyses were conducted for the
overall group combining controls and intervention and then, for
each group separately. Finally, we analyzed total scores or
selected items from four additional questionnaires (ATEC, SDQ,
ASQ, Brief-P) administered at the 6-month time- point using
analyses of covariance, controlling for baseline scores.

Results

MCEP mother-child pairs were more
emotionally connected at 6 months

The RCT primary outcome of this RCT was mother-child
emotional connection, as measured on the Welch Emotional
Connection Screen (WECS). The CONSORT flow diagram
(Figure 1) shows the numbers of mother- child pairs from
screening to enrollment between 2018 and 2020. We enrolled
and group assigned at total of 90 pairs (41 control; 49 MCEP).
Supplementary Table S1 provides demographic characteristics of
pairs at three time-points.

We hypothesized that a greater percentage of MCEP pairs (vs.
Control pairs) would be emotionally connected post-treatment
(end of intervention) and at the 6-month follow-up. Table 1
the effects of the
connection when assessed at post-tx (2-months) and 6-months.

summarizes intervention on emotional
At Baseline and post- treatment there was no significant
difference between groups. However, at the 6-months, a greater
percentage of MCEP pairs (47%) were emotionally connected
compared to controls (16%) (p—0.007, effect size =0.83) (see
Figure 3).

A second set of analyses assessed how many pairs remained
emotionally connected between post-intervention and six
months. We found that at 6 months MCEP pairs remained
connected, while Control pairs significantly decreased (47.4%, vs.
8.3% p =0.004, effect size =0.44) (see Supplementary Figure S1).

In addition to the above analyses based on the binary coding of
WECS scores (EC+ or EC—, using a cut-off of 9 or better for EC+)
we also ran ANOVAs using the total WECS scores across the four
domains (attraction, vocal communication, facial communication,
sensitivity). As for the binary coding, there was a highly
significant effect of MCEP on WECS total scores at 6 months
(Effect Size =0.81). Below are the means (+SE) for WECS total
scores at the Post-Tx and 6-month time points.

TABLE 1 WECS scores at post-Tx and 6 months.

L cowa  wer

At Post-Tx 8.22+0.22 8.37+0.23 F(1,60) =0.21,
(n=33) (n=29) p=0.65
(Median = 8.50) (Median = 8.67)
At 6 months 7.43 £0.26 8.61 £0.26 F(1,62) =10.56,
(n=32) (n=32) p=0.002,
ES=0.81

(Median = 7.38) (Median = 8.75)

COVID had no effect on the treatment scores. Two-way ANOVA analyses on the
interaction between intervention and COVID was not significant [F(1,60) = 1.00,
p =0.32]. MCEP, mother-child emotional preparation; p = Probability; ES, effect
size; n = sample size.
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p=0.35
Effect Size= 0.01

p=0.007
Effect Size= 0.83

40% J‘ J‘
n=29 n=32
% mother-  30%
child pairs
emotionally o
connected 20%
10%
0%
Control MCEP Control MCEP
Post-treatment 6 Mo. Follow-up
FIGURE 3

Mother-child emotional connection. Percent of pairs rated emotionally
connected on the Welch emotional connection scale (WECS) at the end
of the 8-weeks intervention and at 6 months follow-up. Note the %
MCEP pairs emotionally connected remained approximately the same,
while the % SC pairs emotionally connected actually dropped from
33% to 16%. MCEP, mother-child emotional preparation; n=sample
size.

MCEP mothers reported significant
behavioral improvement at 6 months

SWYC preschool pediatric symptom checklist

Figure 4 shows the values for the total number of symptoms
reported by parents for four SWYC subscales (Externalizing,
Internalizing, Attention Problems, and Parenting Challenges). At
both the Post-Intervention and 6-month time points, MCEP
significantly decreased the number of child behavioral symptoms
(4.29 vs. 2.13, p=0.024, with an effect size greater than 0.5.

Four domains of the WECS (mutual attraction, facial, vocal and
sensitivity). Across all subjects, at the 6-month time-point, all WECS
codes were negatively correlated with behavioral problems (ie.,
better WECS scores were associated with fewer problems; only
facial scores did not reach statistical significance). However, when
broken down by group at 6 months, none of these correlations
were significant in the control group whereas the total WECS,
vocal and facial scores were significantly related to behavioral
symptoms in the MCEP group (see Supplementary Table S2).

Four other parent-rated measures of behavior

Six aspects of the WECS codes were analyzed; emotionally
connected yes/no, total WECS score and scores for each of the
four modes. Significant findings from analyses of four additional
assessments are presented. There were no differences at baseline
for ATEC, SDQ, and Brief-P. There was no baseline measure for
ASQ. At six-month follow-up, these results show that MCEP
children had fewer symptoms of autism (ATEC total score),
fewer emotional problems (SDQ, emotional symptoms), better
social interactions (ASQ, personal-social), and improved
cognitive flexibility (Brief-P, Set shifting). (For complete statistics,
see Supplementary Table S3). The effect sizes are robust,
ranging from .68 to .91 for the four behavioral outcome
measures at 6-month follow-up. This indicates strong sustained

effects of the intervention (see Figure 5).
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p=0.05
Effect Size= 0.47 p=0.024

Effect Size= 0.56

SWYC g4
Total
Score

w

n=33

n=34

Control MCEP Control MCEP
End of Intervention Six Months

FIGURE 4

Comparison of SWYC scores. Total scores for the 18 item Survey of Well-Being of Young Children (SWYC) preschool pediatric symptom checklist at time-
points 1 and 2. These analyses control for SWYC total scores at baseline (at time of enrolment). Baseline scores were included in these ANOVAs. MCEP,
mother-child emotional preparation; n = sample size.

A ATEC B SDQ c ASQ D Brief-P

18 p=0.023 3 p=0.005 60 p=0.011 - p=0.033
ES=0.68 ES=0.7 ES=0.68 ES=0.91
2.5 58 I 14
2 56 ] 12 F ‘I ‘
Total , 10 ‘
54
Scores 15 _I_ 8 ll
| 52 ‘
| I 50 ‘ s :
0.5 P ]
| \ N 2 |
‘ 0 “ a6 L
n=28 n=32 n=26 n=27 n=30 n=29 n=32
B control | mcep
FIGURE 5

Child behavior outcomes at 6-month follow-up. Total scores on four widely used behavioral measures in preschool-aged children. The results for ATECT,
SDQ, Brief-P were controlled for baseline. There was no baseline for ASQ. Note that MCEP scores were significantly better than controls on all four
measures. (A) ATEC, autism treatment evaluation checklist—fewer autism symptoms. (B) SDQ, strength and difficulties questionnaire—fewer emotional
symptoms. (C) ASQ, ages & stages questionnaire—better personal, social skills. (D) Brief-P, preschool version of the behavioral rating inventory of
executive function—better executive function. Note that the large effect size (ES) indicates the intervention effect is large enough to be noticeable in
the average size class. The analyses for each measure control for baseline (at the time of enrolment). MCEP, mother-child emotional preparation; n =
sample size.
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Teachers reported MCEP children showed
significant behavioral improvement in at 6
months

Prior to the onset of COVID and the resultant cancellation of
live classroom sessions, the SDQ was filled out by the CLC teaching
staff. In total, there were 21 teacher reports that spanned
enrollment to the 6- month time point (controls, n=11; MCEP,
n=10).

At the time of enrollment (baseline) the total SDQ scores
for emotional behavioral disorders did not differ between
controls (mean=7.6, SD=5.0) and MCEP (mean=8.5, SD
=4.6), t=0.46, p=0.65). The change (0-6 months) in SDQ
Total Difficulties
Conduct Scale + Hyperactivity Scale + Peer Problem Scale)

Score (Total Score=Emotional Scale+

approached statistical significance (t=1.89, p=10.076), with
MCEP children showing greater declines in problems from
baseline to six-months (control mean=+0.82, SD =5.96;
MCEP mean = —3.30, SD =3.92) with an effect size (Cohen’s
d) of 0.76. The percentage of control children which
showed a decline in Total Difficulties was 36% in controls
(4 of 11) vs. 80% in MCEP (8 of 10; X*>=4.07, p=0.044,
effect size (Fisher’s Z=0.47) (see Figure 6).

For 20 of these 21 teacher reports, we also had parent
reports. Concordant with the teacher reports, mother SDQ
reports indicated 40% (4 of 10) of the control and 80% (8
of 10) of the MCEP children showed reductions in total
EBD scores from enrollment to the 6-month time point.
For baseline (enrollment) SDQ EBD total scores, there was
a good correlation between parent (mother) and teacher

p=0.04
Effect Size= 0.47
0.9
0.8 I
0.7
% children n=11
whose SDQ. 06
scores
. 0.5
improved
. from 0.4
baselineto 6
months 0.3
n=10
0.2
0.1
0
Control MCEP
FIGURE 6
Teacher rated SDQ. According to the teacher, the percentage of control
children which showed a decline in total difficulties was 36% (4 of 11) vs
80% in MCEP (8 of 10); X2 = 4.07, p = 0.04, effect size (Fisher's Z = 0.47).
SDQ, strength and difficulties questionnaire; MCEP, Mother-child
emotional preparation.
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and MCEP
a general

Pre-COVID cohort, N=29 (control
r=0.53, p=0.003. This
agreement between mothers and teachers on how children

scores.
combined), indicates
were behaving. During COVID teachers reports could not
reflect school behavior as children were remote.

Maternal depressive symptoms (CES-D)

We analyzed CES-D scores without controlling for various
covariates and found no significant reduction in mother-
reported depressive symptoms in either group. However, we
considered whether there might be factors that could impact
CES-D scores that need to be taken into account. Accordingly,
we re-ran ANOVAs on 6-month scores for several possible
covariates; child sex, maternal age, pre/post COVID, child age at
enrollment, ACES scores. Of these covariates, two were found to
be significant correlates of CES-D scores at 6 months, child age
and the ACES score. When these two variables were included in
the model, the effects of MCEP were found to be significant [F
(1,63) =5.34, p=0.024].
covariates impacted the effects of MCEP on maternal depressive

To better understand how these

systems we ran post-hoc tests in which subjects were stratified by
age and in which extreme values of ACES scores (>5, n=6) were
excluded.

We found that mothers of children over four had higher CESD
scores. The first of these analyses showed that the effects of MCEP
on reducing CES-D scores were significant for mothers with
children <4 years of age (control n=20, mean =12.1+10.0SD;
MCEP n =23, mean=6.5+6.65D, t=2.19, p=0.035, ES=0.60).
For mothers with children of age there was no significant effect
of MCEP and CES-D scores were lower than for the younger
cohort (control n=13, mean =4.9 +5.6SD; MCEP n =11, mean
=44+£6.58D, t=2.19, p=0.035, ES=0.60). Thus, MCEP was
found to reduce maternal symptoms but not in mothers of older
children whose CES-D scores were much lower at baseline.

In the second analysis we excluded the 6 mothers who
reported high levels of childhood trauma 3 control (mean
CES-D=20.0) and 3 MCEP (mean CES-D=17.3). After
removing these 6 subjects, the effects of MCEP were
significant (control n =30, mean =8.2+7.8SD; MCEP n=31,
mean=4.7 £+4.28D, t=2.17, p=0.035, ES=0.59). These
analyses suggest that the depressive symptoms of women
with high levels of childhood trauma were resistant to the
positive effects of MCEP. However, most women showed
decreases in depressive symptoms 6 months after entering
the MCEP program.

School staff survey showed widespread
support for continuing the MCEP program

During the second half of the MCEP study, CLC staff were
asked if they thought this program should be continued. A total
of 72 teachers and staff responded and 89%
continuation of MCEP and its integration into CLC (see Figure 7).

supported
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Results of a survey conducted among CLC preschool education staff following the completion of the randomized controlled trial. Question: “Should the
MCEP program be integrated into the standard curriculum?” CLC, Children’s Learning Centers of Fairfield County; MCEP, mother-child emotional
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Discussion

The results of this RCT conducted within a community-based
preschool education curriculum show that the group MCEP
intervention model was successfully implemented and resulted in
significant positive changes in emotional connection and in both
parent and teacher-reported child behavior at home and in the
classroom. We found that MCEP increased the percentage of
emotionally connected dyads 6 months after enrollment in the
study, as measured by the Welch Emotional Connection Screen
(WECS) assessment tool. The emotional connection construct
describes a shared “behavioral state”, which is measurable via the
WECS. As stated
connection construct was validated in a prematurely born sample

in the methods section, the emotional
at 4 months of age. Our findings presented here validate the
emotional connection construct in a preschool-aged child
population.

We found that MCEP dyads not connected at the time of
enrollment were five times more likely to become emotionally
connected by the 6-month follow-up. In addition, dyads in the
intervention group showed ~50% reduction in behavioral
problems as measured on the SYWC assessment measure.
There were also less symptomatic emotional behaviors (SDQ),
fewer symptoms related to autism (ATEC), improved socio-
emotional function (ASQ), and greater cognitive flexibility
(Brief-P).

We referred to this preschool intervention as Mother-child
Emotional Preparation- (MCEP) to distinguish it from Family
Nurture Intervention in neonatal intensive care unit model (FNI-
NICU), which Welch and team designed for mothers and
prematurely born infants. Both FNI-NICU and MCEP are based

Frontiers in Child and Adolescent Psychiatry

on the same calming cycle theoretical framework, which is not
age-specific (26).

The FNI-NICU model was designed to overcome mother and
infant autonomic stress and dysregulation after premature birth.
The intervention was adapted from clinical practices developed
by Welch in the 1970’s (38). RCTs of FNI-NICU at Morgan
Stanley Children’s Hospital of New York (ClinicalTrials.gov
identifier NCT01439269) showed that intervention babies had
significantly accelerated brain development and autonomic
regulation by term age (39-41), and that results at term age
correlated with significantly improved neurodevelopment,
social-relatedness, and attention at the 18-month follow-up
(42). In addition,
improved quality of maternal care (42) and improved maternal

mothers of intervention babies showed

anxiety and depressive symptoms at 4-months (23). Both FNI
mothers and children had better physiological regulation at 5
years (43). The results show that an intervention aimed at
enhancing mother-infant emotional connection can improve
biobehavioral functioning and developmental trajectories of
preterm infants.

Studies have demonstrated that child behavior and physiology
are mediated by family and community relationships (44, 45).
These relationships influence the child’s socioemotional and
physiological wellbeing. The mother-child relationship serves as
the primary biological and psychological stress-modulating
relationships (47-48). Thus, a stressful mother-child relationship
child’s
development, and stress responsivity (49, 50). It is crucial to

can impair the socioemotional and neurological
repair a suboptimal mother-child relationship as early as possible
during development to avoid chronic activation of their stress

response systems (51).
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Many current therapies focus on behavior and stress responses
of the dysregulated child apart from the mother (52) Such therapies
aim to help the child self-manage emotions and emotion-related
motivational and physiological states in order to change the
(53). At the core of
temperamental regulation is a construct of effortful control,

child’s behavior and temperament

defined as “the efficiency of executive attention—including the
ability to inhibit a dominant response and/or to activate a
subdominant response—to plan, and to detect errors” (54).

As noted in the introduction, there are many tested
interventions for preschool children. However, none of these has
leveraged the power of engaging both mother and child together
in developing emotional connection and co- regulation (vs. self-
regulation) in a school-based program and none have shown the
breadth of improvements demonstrated using MCEP. MCEP is
novel in active engagement of both mother and child in early
childhood relationship-based intervention paving the way for
sustained effects on child development and relational health
23, 26, 28, 39, 41-43). Results of this MCEP trial add to
evidence that calming cycle theory and mother-infant emotional
connection set the foundation for optimal child emotional and
behavioral development.

In many interventions in this age group in similar settings, the
child is treated separately from the parent. Teachers often serve as
parental stand-ins and focus on self-regulatory activities (55-58).
These interventions aim to enhance teacher-student relationships
and improve child classroom behaviors by helping the child to
better self-regulate emotions.

Other programs, such as Nurse Family Partnership target the
foundational mother-child relationship in the home to support
better socioemotional behavior in the classroom (59). A limited
number of Head Start studies of programs that allow parents to
become more directly engaged in additional parent-child
activities, such as parent-child play, reading bedtime routines,
reading daily, and reading frequency, have shown an overall
positive effect on classroom behavior (60).

CLC currently employs the RULER (61) school-based teaching
program and strategy within its standard curriculum to improve
adverse child classroom behavior. RULER is designed to modify
the quality of classroom social interactions, so that the social
climate becomes more supportive, empowering, and engaging.
This is accomplished by teaching children emotion regulation by
solidifying their emotion identification skills, and integrating
skill-building lessons and tools so that teachers and students
develop their emotional literacy. The teaching-focused RULER
model proved somewhat effective in the classroom. However,
CLC staff reported the program was not keeping up with the
growing numbers and severity of dysregulated child behavior in
the classroom.

In this group model, mothers and children engaged in calming
sessions at school and continued in the home prior to encountering
the daily pre-school socioemotional classroom experience. The
intervention is based on calming cycle theory (26, 27), which
posits that child socioemotional behavior is autonomic state-
dependent (as opposed to psychological
Symptomatic anti-socioemotional behavior in the home and at

trait-dependent).
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school is the result of autonomic state dysregulation. MCEP
changes anti-socioemotional behavior to pro- socioemotional
behavior through regular parent-child calming sessions that
reinstate adaptive parent-child co-regulation of the child’s and
mother’s autonomic states. Once established, the co-regulation
may extend to school teachers and staff and pro-socioemotional
behaviors emerge. Note the high percentage of CLC teachers
(89%) (Figure 7) who want MCEP to be included in the
standard curriculum MCEP involves fostering close, authentic
and reciprocal emotionally calming interactions between mother
and child during group sessions. MCEP targets mutual mother-
child emotional connection as a powerful mediator of the dyad’s
ability to cope with stress (26, 27).

MCERP is novel in its engagement of both mother and child in a
full range of emotional expression during mutual sensory calming
sessions. Our hypothesis is that empathy is evoked when the
mother (or other person) expresses the full range of their deep
feelings. When a child responds to the mother’s expression of
emotion and shows signs of empathy to the mother, a temporary
break in connection begins to repair. Repair needs to be mutual
and on-going to be effective for both members of the pair. Both
the mother and child learn that repair can be achieved through
emotional communication. The connected child is thereafter able
to connect and co-regulate with teachers and others once the
pattern is established with the mother and family members. CLC
leadership has reported that the children who were in the MCEP
program changed the classroom environment with their positive
affect and better regulated behavior so much so that teachers
were freer to address problems such as learning difficulties of the
non- symptomatic children for whom teachers did not have the
band-width to address prior to MCEP.

Limitations

Subjects for this study were a non-probability convenience
sample of mainly low socioeconomic status, which could limit
result generalizability. Their lack of access to behavioral,
emotional and developmental care options may have limited the
effect sizes of MCEP measures. We conducted several secondary
and ancillary analyses. As no penalty for multiple assessments
were applied to these tests, our results should be considered
preliminary. However, one of the two prospectively declared
outcome tests for emotional connection (time-point 2), was
found to be significant at the 0.015 level. COVID interrupted
and ended many of the follow-ups. Nonetheless, it is important
to note that effect sizes on all the outcomes were substantial and
of potentially great importance to the well-being of the child,
mother and their relational health.

Conclusion

The calming sessions employed in MCEP engage mothers and
children in face-to-face interaction in a mutually calming way that
achieves emotional connection without the need for expensive
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curriculum or toys/stimuli. The simplicity of MCEP underlies both
the scalability and the efficacy of the program. The skills acquired
by the pair generalize to home readily, as minimal time is required
to reconnect emotionally and mutually calm with each other
each day.

As well, MCEP techniques are feasible and actionable, because
expenses are minimal and techniques may be applied in multiple
settings or at any time point. Improvements in mother-child
emotional connection and in child behavior were significant,
with large effect sizes. The fact that these effects were
independent of maternal ACES is highly meaningful in this
challenged preschool population. MCEP is easily scalable to other
community preschools as well as to kindergartens because it
could be executed by the schools’ own childhood professional
staff trained in the MCEP program.

Future directions

While the MCEP program also showed improvement in
maternal depressive symptoms, this effect was moderated by a
maternal history of childhood adversity. Given the small
number of participants reporting high ACES in this study, it is
imperative to do future research with a larger sample size. It
would be especially fruitful to recruit women who have a
history of childhood adversity, who may be struggling with
childhood behavioral problems at home. Future studies will
include other important variables, such as the efficacy of a
Father-child emotional preparation program. Remote schooling
during COVID prompted the development of a virtual model of
MCEP. We are currently conducting feasibility trials of the
virtual MCEP model to test its efficacy and effectiveness. While
challenging initially, preliminary results suggest that a remote,
internet-based platform speeds dissemination and makes MCEP
more accessible, not just to mother and child but to the whole
family at home. Moreover, a virtual model may prove
generalizable to diverse populations without compromising
efficacy and effectiveness
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Infant regulatory problems and
the quality of dyadic emotional
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United States, "Department of Psychiatry, Columbia University Irving Medical Center, New York, NY,
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Background and aims: Close autonomic emotional connections with others
help infants reach and maintain homoeostasis. In recent years, infant
regulatory problems (RPs, i.e., crying, sleeping, and feeding or eating
problems) have surged. This study has two aims: (1) Provide proof-of-concept
that dyadic autonomic emotional connection between infants and parents can
be reliably assessed with a brief screening, irrespective of language and
culture. (2) Assess in a heterogeneous pilot sample whether the persistence of
RPs during infancy is negatively associated with the quality of dyadic
autonomic emotional connection.

Methods: 30 children aged 3—-68 months (47% female) and their parents (83%
mothers) were assessed during regular neonatal follow-up visits in Germany.
Seven (23%) dyads were immigrants whose primary language was not German.
At each assessment, paediatricians asked parents about infant's crying,
sleeping, and feeding or eating problems. Dyadic interactions were rated by a
multilingual team with the standardised universal Welch Emotional Connection
Screen (UWECS) on four dimensions (attraction, vocalisation, facial
communication, sensitivity/reciprocity).

Results: Aim 1: An international team of raters was trained remotely to rate the
UWECS. Reliability of @ >.90 with standard raters was achieved irrespective of
language mismatches (i.e., all raters scored several videos with languages they
did not understand). Intra-class correlation coefficients (/ICCs) among five
main raters for the four uWECS dimensions ranged from .98-.99. Aim 2:
Infants (n =15 assessed longitudinally) had mean RP scores of 1.20 (SD =
1.26). Dyads had mean uWECS scores of 7.06 (SD =2.09). Linear regression
analysis showed that more persistent RPs in infancy were associated with
lower UWECS scores [B=-.53, 95% Cl=(-147, -.18), p=.017], after
controlling for child sex and gestational age.
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Conclusion: This study provides proof-of-concept that the quality of mutual
autonomic emotional connection among socio-culturally and linguistically
heterogeneous samples can be reliably assessed with the uWECS, a brief
screening that can be easily implemented in clinical practice. Pilot data
suggests that persistent RPs during infancy are negatively associated with the
quality of dyadic autonomic emotional connection. Replication of these
findings in larger samples is warranted. Future studies need to address
how to facilitate successful emotion regulation for today's children and

future generations.

KEYWORDS

regulatory problems, dyadic interactions, emotional connection, behaviour observation,

linguistic heterogeneity

Introduction

Societies and human life across the world are rapidly changing
due to factors such as global warming and increased migration.
Across cultures, our species’ evolution and survival universally
depend on the formation of close relationships with others (1, 2).
Ludwig and Welch (3) have proposed that social interaction
between mother and infant is a dynamic process that already
starts in utero and follows a conditional autonomic
socioemotional reflex (ASR) and emotional connection. The ASR
is dynamically shaped by reciprocal learning and co-regulatory
change via various biological cycles, such as sleep-wake,
signalling, feeding, and breathing (3). These co-regulatory or
calming cycles of emotional connection are intended to facilitate
homoeostasis, and their quality has profound impact on infant

-

development that can last life-long (3). Here, mother-infant
autonomic emotional connection is qualitatively distinct from the
widely used more colloquial or “psychological” emotional
connection construct (4). However, rates of both types of
emotional connection have been low in recent years, while
infants and parents have been under severe mental stress (5-7).
Simultaneously, infant regulatory problems (RPs, i.e., crying,
sleeping, and feeding or eating problems) have surged in recent
years (8, 9), with many parents seeking support from health
professionals. Research suggests a continuous feedback loop, with
infant RPs increasing parenting stress (10), while stressed parents
may respond with poorer parenting quality (11, 12), which may
then further exacerbate poor regulatory behaviour in their children
(13). In light of these challenges for today’s families, we lack
information about the association between infant regulatory
problems and the quality of emotional connection with their parents.

Autonomic emotional connection is dependent upon vocal
signalling, feeding, and sleeping, which are fundamental for
(14).

difficulties with self-regulating these behaviours may result in

infant survival and healthy development Persistent
RPs such as waking up many times and not settling back to
sleep at night or neophobia to food (15, 16). Most early RPs are
transient, but a combination of multiple problems or persistent
RPs are associated with high risk for behaviour regulation
difficulties (17-22) and emotional disorders later in life (23). The

definition of infant RPs includes excessive crying after 3 months
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of age, as well as feeding and/or sleeping problems after 6
months of age (24). Approximately 20% of infants experience
some of these RPs (18, 25), while previous studies have found
that 2%-9% may have persistent RPs across more than one
assessment point (15, 24, 26).

In general, self-regulation is a multifaceted construct including
complex bodily and behavioural-cognitive functions. Of these,
emotion and behaviour regulation are particularly relevant for
children’s school readiness, wellbeing, and life-course success
(27, 28). Consequently, researchers, practitioners, and families
alike are highly interested in environmental factors such as
parenting that can support children’s growing self-regulatory
skills. For instance, maternal sensitivity, defined as adaptive,
prompt, and responsive parenting has been found to foster
dyadic co-regulation of behaviour (29, 30). However, social
interactions are bidirectional in nature, and characterised by
constant feedback loops. Accordingly, early social behaviour and
caregiving should not be seen as unidirectional but instead
assessments should capitalise on the bidirectionality and
mutuality in the exchange of behaviours (1, 31). Here, two key
features are synchrony and autonomic emotional connection, i.e.,
the dynamic and reciprocal adaptation of behaviours, co-
regulation, and shared affect between two interactive partners
(32). High synchrony is associated with healthy development
across multiple dimensions (33), while early-life risks such as
maternal chronic stress or preterm birth are negatively associated
with dyadic synchrony (29, 34-37).

Synchrony and mutual autonomic emotional connection are
not culturally-specific constructs, they are universal and form
fundamental building blocks of human behaviour. In light of
growing cultural and linguistic diversity worldwide due to
increased migration (38, 39), the availability and implementation
of equitable assessment tools that use a universally accessible
language has become paramount. Minimal and easy language
approaches provide solutions for overcoming some of the
complexity, ambiguity, and cultural variability of emotion words
(40), so that assessment tools can be valid and reliable for use in
a wide range of countries and professional settings.

The original Welch Emotional Connection Screen (WECS)
(31, 40) was created to specifically assess the parent-child
autonomic emotional connection construct. In this study, we use
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a version of the WECS that was made universally accessible using a
minimal language version with Clear Explicit Translatable
Language (31, 40), now referred to as the universal uWECS.

The current study has two aims:

(1) Provide proof-of-concept that dyadic autonomic emotional
connection between infants and parents can be reliably
assessed with the brief uWECS screening, irrespective of
raters’ and participants’ languages and cultures.

(2) Assess in a pilot sample whether the persistence of RPs during
infancy is negatively associated with the quality of dyadic
autonomic emotional connection. We hypothesized that
infants with more persistent RPs would have lower quality
of dyadic emotional connection with their mothers or fathers.

Materials and methods

Data were collected as part of a retrospective single centre
cohort study. The study protocol was approved by the ethics
committee of the University Duisburg-Essen (23-11268-BO).
Children aged 3-68 months and their parents were assessed as
part of regular neonatal follow-up visits at a children’s hospital
in a large metropolitan region in Western Germany. Assessments
with infants aged 24 months and younger were corrected for
prematurity, while assessments with children older than 24
months were carried out according to chronological age.

Regulatory problems

As part of neurodevelopmental examinations during regular
neonatal follow-up visits at 3, 6, and 12 months of age,
paediatricians asked parents about their infant’s crying, sleeping,
and feeding or eating behaviour. Definitions of crying, sleeping,
and feeding or eating problems were derived from previous
studies (24, 41). Specifically, paediatricians entered free text of
the specific problems as described by parents at each visit,
including intensity, frequency, and situational context into the
database. Text chunks were extracted and jointly coded by a
multiprofessional team (BM, JJ) according to the predefined
protocol. Specific problems ranged from excessive, prolonged
(>3h daily) and intensive crying without apparent reason
resulting in bluish lips and hands at 3 months, to problems with
sleeping through the night, frequent waking and difficulties
falling back to sleep at 12 months, or very picky eating or refusal
of solid food, for example. The occurrence of clinical problems
in one or more areas at an assessment was coded as 1 (vs. 0 =no
problem). These were then summed into a variable that indicated
the persistence (0=never to 3=RPs at all assessment points
throughout infancy).

Dyadic interactions

Video recording was performed to assess the quality of
emotional connection between child and parent either before
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medical and standardised testing during follow-up or at the end
of the appointment, depending on the regulatory state of the
child (i.e., awake and not hungry at the start of the interaction
recording). Parents were instructed to hold their child on their
lap so they could be in good eye contact with each other. They
were asked to interact with their child as they normally would
for 3-5 min in their mother tongue (L1) without using any
objects, toys, or food. The video camera was positioned on a
tripod so that the child’s face could be seen well in profile, as
could the parent’s face while the dyad was sitting on a chair.
Sounds and speech were recorded via an integrated
microphone. The dyad was left alone in the room for the
observation period, but a staff member was nearby in visual

and/auditory contact.

uWECS

Video-recorded dyadic interactions between children and
parents were rated by a multilingual international team with
the Welch Emotional Connection Screen in Clear Explicit
Translatable Language (WECS-CETL) (31, 40, 42), now
referred to as the Universal WECS (uWWECS) (see Hane et al.,
this special edition). The team of trained raters consisted of
multiple professions, including neonatologists, psychologists,
an occupational therapist, and a paediatric nurse. The WECS
is a short interactive task and coding system, it has very good
Higher
connection is correlated with healthier infant autonomic and

concurrent and construct validity. emotional
behavioural stress responding (31). The WECS has been
validated for infancy and into preschool age (31, 43, 44). The
WECS (attraction,
vocalisation, facial communication, and sensitivity/reciprocity)
that were translated from the CETL words of the uWECS into
the different
according to a structured group process of translation within
the training context as needed. Like the WECS, the uWECS

includes dimensional scores and a binary rating of the dyad’s

includes four continuous dimensions

languages represented among the coders

emotional connection (yes/no; see Supplementary Appendix 1
for a parallel presentation of the full English and German
uWECS positive and negative dimensional coding descriptions).

Each dimension was coded on a scale from 1 (lowest) to 3
(highest)
Appendix 2). Attraction was coded according to bidirectional

according to 0.25 intervals (see Supplementary
gaze, physical proximity to each other, and mutual touch. Higher
scores were given for gazing at, leaning into, and touching or
reaching for the other with the goal of maintaining or
establishing a connection. Gaze aversion or physical avoidance
received low scores. Vocalisation was rated according to
mutual warmth in vocal tone, amount of vocal stimulation
from the mother, vocal or behavioural responsiveness from the
child, and overall reciprocity of utterances. A high score was
given to dyadic partners whose vocal behaviour was directed
to the other to establish or maintain a connection. A low score
was given for silence, lack of reciprocity, a negative/harsh tone
of voice, or prolonged infant fussing or crying. Facial
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communication was coded according to mutually positive
emotions expressed with the face such as smiling, joy, and
empathy. Low scores were given for flat or negative facial
affect, or when expressed emotions were not reciprocally
matching each other. Sensitivity/Reciprocity was determined
based on the dyad’s social sensitivity to each other’s expressed
emotions or anticipated/identified needs. Harmonious and
synchronous interactions received high scores.

Reliability analyses (Aim 1) were carried out on the
individually scored dimensions. Here, by design, this proof-of-
concept study included language mismatches such that each rater
scored several videos of dyadic interactions in languages they did
not understand. For Aim 2, the scores on each dimension were
averaged across all raters and then summed into one continuous
uWECS score (range 4-12). For the final binary rating, in line
with previous studies (31), dyads with a continuous uWECS
score >9 were considered emotionally connected.

Biological and medical characteristics

Information on infant sex, perinatal medical risks, and age at
assessment was retrieved from medical records.

TABLE 1 Descriptive sample characteristics.

10.3389/frcha.2023.1304235

Parent questionnaires

Mothers and fathers answered a set of demographic and
psychosocial background questions, including information on
their level of education according to the International Standard
Classification of Education (ISCED) (45), mother tongue (L1),
and country of birth.

Results
Table 1 shows that the 30 children in the sample had

risks
backgrounds. Seven (23%) dyads had an immigrant background

comparatively high perinatal and were of diverse
and spoke a first language other than German during the uWECS
assessment. The subsample assessed longitudinally throughout

infancy (n=15) was characterised by equally high diversity.

Aim 1

An international, multiprofessional team of raters in Germany
and Finland was trained remotely by MW and AH with weekly

Total sample

Longitudinal subsample

(N=30) (n=15)
Child sex [female, n (%)] 14 (47%) 10 (67%)
Gestational age [weeks, M (SD)] 30.80 (4.18) 29.60 (3.96)
Birth weight [grams, M (SD)] 1,660 (853) 1,500 (837)
Multiples [yes, n (%)] 11 (37%) 5 (33%)
Perinatal medical risks
Intraventricular haemorrhage [IVH, grade 1-2, n (%)] 6 (20%) 3 (20%)
Periventricular leukomalacia [PVL, n (%)] 0 0
Necrotizing enterocolitis [NEC, n (%)] 1 (3%) 1 (7%)
Focal intestinal perforation [FIP, n (%)] 2 (7%) 0
Respiratory distress syndrome [RDS, n (%)] 19 (63%) 10 (67%)
Bronchopulmonary dysplasia [BPD, n (%)] 4 (13%) 2 (13%)
Regulatory problems at 3 months [n (%)] 13 (46%)* 6 (40%)
Regulatory problems at 6 months [n (%)] 7 (27%)* 6 (40%)
Regulatory problem at 12 months [n (%)] 7 (27%)* 7 (47%)
Regulatory problem persistency [M (SD)] - 1.20 (1.26)
Age at uWECS assessment [months, M (SD)] 26.63 (24.31) 34.60 (22.25)
UWECS score [M (SD)] 7.06 (2.09) 7.43 (1.98)
Emotionally connected [yes, n (%)] 9 (30%) 5 (33%)
uWECS language [1 (%)]
German 23 (77%) 12 (80%)
Turkish 2 (7%) 2 (13%)
Russian 2 (7%) -
Kurdish 2 (7%) -
Twi 1 (3%) 1 (7%)
uWECS adult partner [n (%)]
Biological mother 23 (77%) 12 (80%)
Biological father 5 (17%) 2 (13%)
Foster mother 2 (7%) 1 (7%)
Mothers’ education [ISCED level, M (SD)] 5.17 (2.02) 5.13 (1.92)
Fathers’ education [ISCED level, M (SD)] 5.28 (1.71) 5.20 (1.66)

#Please note that only a subsample was assessed.
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1.5-hour sessions between October 2022 and February 2023 to
administer and rate the uWECS. The training started with coding
instructions for US-based dyadic interaction videos in English or
Spanish language (see Hane et al,, this edition). From December
2022, videos with participants from Germany were used. The
training group members independently scored 10 videos for
blinded reliability testing in February 2022. Reliability of o>.90
on the continuous dimensions and of kappa=1.0 on the binary
uWECS score with the standard raters (MW, AH) was achieved
irrespective of language mismatches (i.e., all raters scored two to
six videos with languages they did not understand). Next, the
German-Finnish rating team scored the 30 dyads in the current
sample (n=23 spoke German, n=7 spoke Russian, Turkish,
Kurdish, or Twi during the interaction) and reliabilities were
reassessed on group-level. Again, by design, there were language
mismatches such that the German raters each scored seven
videos they did not understand, while the Finnish rater
understood none of the languages used in any of the
interactions. Despite this heterogeneity, intra-class correlation

TABLE 2 Associations between persistency of regulatory problems in
infancy and uWECS scores (n = 15).

Dependent variable| B |[SE' B8  p 95% confidence

10.3389/frcha.2023.1304235

coefficients (ICCs) among the five main raters for the four
uWECS dimensions ranged from .98-.99. Dyads had mean
uWECS scores of 7.06 (SD=2.09, range 4.10-9.95, 30% were
emotionally connected).

Aim 2

The 15 children who had been assessed longitudinally
throughout infancy and childhood had mean RP scores of 1.20
(SD =1.26). Dyads had mean uWECS scores of 7.43 (SD =1.98,
33% were emotionally connected) at mean age 34.60 months
(SD =22.25, range 12-68 months). A multivariable linear regression
analysis showed that the persistence of RPs in infancy
(predictor of interest) was negatively associated with uWECS
scores [B=-.82, SE=.29, B=-53, 95% Cl=(—1.47, -.18),
p=.017], after controlling for child sex and gestational age
(see Table 2 and Figure 1).

Discussion

This proof-of-concept study shows that the quality of mutual

dyadic emotional connection among socio-culturally and

uWECS interval for B linguistically heterogeneous samples can be reliably assessed with
Regulatory problems ~82 129 | -53 | 017 147, 18 the brief 3-minute uWECS, despite a-piori planned language
Gestational age 28 | .09 | .56 | .011 .08, .48 . .. L.
- mismatches between raters and participants. In addition,
Child sex 95 |76 | 23 | 242 -74, 2.63 i o )
confirming our hypothesis, pilot data showed that the persistence
R? Linear =0.243
10.00
.
L]
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FIGURE 1
Association between the persistence of RPs during infancy and the uWECS score of mutual autonomic emotional connection (n = 15).
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of RPs in infancy was negatively associated with the quality of
emotional connection, after controlling for child sex and
gestational age.

Calming cycle theory proposes that the ASR and autonomic
emotional connection are fundamental building blocks of all
mammalian behaviour (3). Accordingly, although acknowledging
that each and every culture is shaped by unique contextual
processes, it can be argued that a universal instrument such as
the uWECS reliably captures the quality of mutual autonomic
emotional connection across highly heterogeneous groups of
dyads across diverse international contexts. Providing this proof-
of-concept is critically important for evidence-based research and
practice with globally growing cultural and linguistic diversity
due to increased migration (38, 39). Indeed, although long
neglected, the availability and implementation of equitable
assessment tools that use a simple, universally accessible language
has become paramount in the health sciences (40, 46). Moreover,
it is well established that using their L1 in early dyadic
interactions of parents with their children should be encouraged
facilitated (47-49).
recommendations that recognise the value and importance of

and Therefore,  following  such
families’ linguistic and cultural heritage, mothers and fathers are
always instructed to use their L1 during the uWECS interaction.
Providing proof-of-concept that raters from very heterogeneous
professional and language backgrounds can reliably code these 3-
minute standardised interactions for emotional connection helps
overcome the global lack of equitable, culture-fair screening
tools (50) and associated language barriers, misunderstandings,
and misdiagnoses.

Our results confirmed our hypothesis that more persistent RPs
in infancy were prospectively associated with lower quality of
mutual emotional connection between children and their
mothers or fathers. Infant RPs represent both causes and
consequences of broken emotional connection within a complex
continuous feedback loop of co-regulatory changes that include
foundational biological cycles such as signalling, sleep-wake,
feeding, and breathing (3, 51, 52). Our pilot sample consisted of
children born preterm with an average gestational age of 29.60
weeks, who had spent the first weeks of their lives in the
neonatal intensive care unit (NICU). It is well documented that
on top of the neurodevelopmental problems and medical
complications triggered by preterm birth, the neonatal treatment
itself causes pain and trauma that may affect the development of
the stress response system (53, 54). At the same time, infants’
mothers also need to recover from the medical complications
and trauma associated with a preterm birth, while both mothers
and fathers face the stress of caring for a severely ill newborn.
This may have long-term adverse consequences for the quality of
mutual emotional connection and co-regulation (55, 56), and
even result in severe consequences such as shaken baby
syndrome (57). However, human nature has also equipped us
with the ability to repair broken emotional connections (3, 7, 58),
which deserves special attention among dyads at-risk for persistent
dysregulation. The uWECS offers a valuable screening tool for
early identification of suboptimal ASR and autonomic emotional
connection, while its integrated treatment component, the Family
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Nurture Intervention, provides a seamless opportunity to help
dyads reconnect and repair their natural ability to co-regulate (7, 59).

This study has several strengths but also limitations. We were
able to provide proof-of-concept that a heterogeneous team of
health
videorecordings of the brief uWECS interactions independent of

care professionals can reach reliability in rating
language with only few remote sessions. The data from our
clinical sample were collected prospectively and coded according
to predefined protocols. A detailed documentation of participants’
background characteristics allows comparison of their contextual
experiences to other samples. However, overall our sample was
very small, we did not assess mothers” and fathers’ perceived daily
mental health which

confounders, and infant RPs were evaluated as part of an

stress levels or represent important
anamnestic approach during standard follow-up care. Replication
of findings as part of large, socioeconomically and culturally

diverse, prospective observational studies is warranted.

Conclusion

This study provides proof-of-concept that the quality of dyadic
autonomic emotional connection among linguistically diverse
samples of infants and their parents can be reliably assessed with
the uWECS, a brief screening that can be easily implemented in
clinical practice. Pilot data suggests that persistent RPs during
infancy are negatively associated with the quality of dyadic
emotional connection. Replication of these findings in large and
heterogeneous samples is needed. Future studies need to address
how to facilitate successful emotion regulation for today’s
children and future generations.

Data availability statement

The datasets presented in this article are not readily available
because there is no consent to the transfer of data to third
parties for participants’ privacy right reasons. Requests to access
the datasets should be directed to britta.huening@uk-essen.de.

Ethics statement

The studies involving humans were approved by Ethical
Committee of the Medical Faculty, University Duisburg-Essen,
Germany. The studies were conducted in accordance with the
local legislation and institutional requirements. Written informed
consent for participation in this study was provided by the
participants’ legal guardians/next of kin.

Author contributions

JJ: Investigation, Methodology, Project administration, Writing
- original draft, Writing - review & editing, Conceptualization,

Data curation, Formal Analysis, Supervision, Validation,

frontiersin.org


mailto:britta.huening@uk-essen.de
https://doi.org/10.3389/frcha.2023.1304235
https://www.frontiersin.org/journals/child-and-adolescent-psychiatry
https://www.frontiersin.org/

Jaekel et al.

A-KD: Data
Investigation, Methodology, Writing - review & editing. MB:

Visualization. Conceptualization, curation,
Data curation, Investigation, Methodology, Writing — review &
editing,  Validation. JB: Data  curation, Investigation,
Methodology, Validation, Writing - review & editing. EJ-O:
Investigation, Methodology, Writing - review & editing. MR:
Methodology,

Resources. RL: Methodology, Writing - review & editing,

Investigation, Writing - review & editing,
Conceptualization, Validation. AH: Methodology, Supervision,
Writing - review & editing, Resources. MW: Conceptualization,
Methodology, Resources, Supervision, Validation, Writing -
review & editing. BH: Methodology, Project administration,
Resources, Supervision, Writing — review & editing, Investigation,
Writing - original draft, Conceptualization, Data curation,

Funding acquisition, Validation.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Open access funding was enabled and organised by the project
DEAL, University of Duisburg-Essen.

Acknowledgments

We would like to thank all of the participating families. Special
thanks and acknowledgement are due to Cliff Goddard and Nils

References

1. Ludwig R], Welch MG. Darwin’s other dilemmas and the theoretical roots of
emotional connection. Front Psychol. (2019) 10:683. doi: 10.3389/fpsyg.2019.00683

2. Tomasello M. The ultra-social animal. Eur J Soc Psychol. (2014) 44(3):187-94.
doi: 10.1002/ejsp.2015

3. Ludwig R], Welch MG. How babies learn: the autonomic socioemotional reflex.
Early Hum Dev. (2020) 151:105183. doi: 10.1016/j.earlhumdev.2020.105183

4. Lardier DT Jr, Merrill EA, Cantu IN. Psychological sense of community and
motivation toward collective social change among community coalition members of
color in the Southwestern United States. ] Commun Psychol. (2021) 49(2):547-63.
doi: 10.1002/jcop.22479

5. Bianco C, Sania A, Kyle MH, Beebe B, Barbosa J, Bence M, et al. Pandemic
beyond the virus: maternal COVID-related postnatal stress is associated with infant
temperament. Pediatr Res. (2023) 93:253-9. doi: 10.1038/s41390-022-02071-2

6. Brasseler M, Fink M, Mitschdorfer B, Reimann M, Skoda E-M, Biuerle A, et al.
Psychological burden during the COVID-19 pandemic in female caregivers of preterm
versus term born children. Children. (2023) 10(5), 787. Available at: https://www.
mdpi.com/2227-9067/10/5/787 doi: 10.3390/children10050787

7. Ludwig R], Welch MG. Wired to connect: the autonomic socioemotional reflex
arc. Front Psychol. (2022) 13. doi: 10.3389/fpsyg.2022.841207

8. Friedmann A, Buechel C, Seifert C, Eber S, Mall V, Nehring I. Easing pandemic-
related restrictions, easing psychosocial stress factors in families with infants and
toddlers? Cross-sectional results of the three wave CoronabaBY study from
Germany. Child Adolesc Psychiatry Ment Health. (2023) 17(1):76. doi: 10.1186/
s13034-023-00618-7

9. Perez A, Gobel A, Stuhrmann LY, Schepanski S, Singer D, Bindt C, et al. Born
under COVID-19 pandemic conditions: infant regulatory problems and maternal
mental health at 7 months postpartum. Front Psychol. (2022) 12. doi: 10.3389/fpsyg.
2021.805543

10. Georg AK, Schroder-Pfeifer P, Cierpka M, Taubner S. Maternal parenting
stress in the face of early regulatory disorders in infancy: a machine learning

Frontiers in Child and Adolescent Psychiatry

10.3389/frcha.2023.1304235

Jaekel for providing their linguistic expertise and scientific
input to the translations of the English uWECS into German and
other languages.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/frcha.2023.
1304235/full#supplementary-material

approach to identify what matters most. Front Psychiatry. (2021) 12. doi: 10.3389/
fpsyt.2021.663285

11. Jaekel J, Leyendecker B. Parenting behavior of Turkish migrant and German
mothers with Pre-school children. Psychologie in Erziehung Und Unterricht. (2009)
56(1):1-15. ISSN  0342-183X. https://www.reinhardt-journals.de/index.php/peu/
article/view/681

12. Yaman A, Mesman ], van Ijzendoorn MH, Bakermans-Kranenburg M]J.
Perceived family stress, parenting efficacy, and child externalizing behaviors in
second-generation immigrant mothers. Soc Psychiatry Psychiatr Epidemiol. (2010)
45(4):505-12. doi: 10.1007/s00127-009-0097-2

13. Breeman LD, Jaekel J, Baumann N, Bartmann P, Bauml JG, Avram M, et al.
Infant regulatory problems, parenting quality and childhood attention problems.
Early Hum Dev. (2018) 124:11-6. doi: 10.1016/j.earlhumdev.2018.07.009

14. Berger A, Kofman O, Livneh U, Henik A. Multidisciplinary perspectives on
attention and the development of self-regulation. Prog Neurobiol. (2007) 82
(5):256-86. doi: 10.1016/j.pneurobio.2007.06.004

15. Olsen AL, Ammitzbell J, Olsen EM, Skovgaard AM. Problems of feeding,
sleeping and excessive crying in infancy: a general population study. Arch Dis Child.
(2019). archdischild-2019-316851. doi: 10.1136/archdischild-2019-316851

16. Popp L, Fuths S, Seehagen S, Bolten M, Gross-Hemmi M, Wolke D, et al. Inter-
rater reliability and acceptance of the structured diagnostic interview for regulatory
problems in infancy. Child Adolesc Psychiatry Ment Health. (2016) 10:21. doi: 10.
1186/s13034-016-0107-6

17. Baumann N, Jaekel ], Breeman L, Bartmann P, Bauml JG, Avram M, et al. The
association of infant crying, feeding, and sleeping problems and inhibitory control
with attention regulation at school age. Infancy. (2019):1-19. doi: 10.1111/infa.12305

18. Bilgin A, Baumann N, Jaekel J, Breeman LD, Bartmann P, Bauml ]G, et al.
Early crying, sleeping, and feeding problems and trajectories of attention problems
from childhood to adulthood. Child Dev. (2020) 91(1):e77-91. doi: 10.1111/cdev.
13155

frontiersin.org


https://www.frontiersin.org/articles/10.3389/frcha.2023.1304235/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/frcha.2023.1304235/full#supplementary-material
https://doi.org/10.3389/fpsyg.2019.00683
https://doi.org/10.1002/ejsp.2015
https://doi.org/10.1016/j.earlhumdev.2020.105183
https://doi.org/10.1002/jcop.22479
https://doi.org/10.1038/s41390-022-02071-2
https://www.mdpi.com/2227-9067/10/5/787
https://www.mdpi.com/2227-9067/10/5/787
https://doi.org/10.3390/children10050787
https://doi.org/10.3389/fpsyg.2022.841207
https://doi.org/10.1186/s13034-023-00618-7
https://doi.org/10.1186/s13034-023-00618-7
https://doi.org/10.3389/fpsyg.2021.805543
https://doi.org/10.3389/fpsyg.2021.805543
https://doi.org/10.3389/fpsyt.2021.663285
https://doi.org/10.3389/fpsyt.2021.663285
https://www.reinhardt-journals.de/index.php/peu/article/view/681
https://www.reinhardt-journals.de/index.php/peu/article/view/681
https://doi.org/10.1007/s00127-009-0097-2
https://doi.org/10.1016/j.earlhumdev.2018.07.009
https://doi.org/10.1016/j.pneurobio.2007.06.004
https://doi.org/10.1136/archdischild-2019-316851
https://doi.org/10.1186/s13034-016-0107-6
https://doi.org/10.1186/s13034-016-0107-6
https://doi.org/10.1111/infa.12305
https://doi.org/10.1111/cdev.13155
https://doi.org/10.1111/cdev.13155
https://doi.org/10.3389/frcha.2023.1304235
https://www.frontiersin.org/journals/child-and-adolescent-psychiatry
https://www.frontiersin.org/

Jaekel et al.

19. Jusiene R, Breidokiene R, Pakalniskiene V. Developmental trajectories of mother
reported regulatory problems from toddlerhood to preschool age. Infant Behav Dev.
(2015) 40:84-94. doi: 10.1016/j.infbeh.2015.04.003

20. Williams KE, Sciberras E. Sleep and self-regulation from birth to 7 years: a
retrospective study of children with and without attention-deficit hyperactivity
disorder at 8 to 9 years. ] Dev Behav Pediatr. (2016) 37(5):385-94. doi: 10.1097/
DBP.0000000000000281

21. Winsper C, Wolke D. Infant and toddler crying, sleeping and feeding problems
and trajectories of dysregulated behavior across childhood. J Abnorm Child Psychol.
(2014) 42(5):831-43. doi: 10.1007/s10802-013-9813-1

22. Wolke D, Rizzo P, Woods S. Persistent infant crying and hyperactivity problems
in middle childhood. Pediatrics. (2002) 109(6):1054-60. doi: 10.1542/peds.109.6.1054

23. Jaekel J, Heinonen K, Baumann N, Bilgin A, Pyhald R, Sorg C, et al. Associations
of crying, sleeping, and feeding problems in early childhood and perceived social
support with emotional disorders in adulthood. BMC Psychiatry. (2023) 23(1):394.
doi: 10.1186/512888-023-04854-1

24. Cook F, Giallo R, Hiscock H, Mensah F, Sanchez K, Reilly S. Infant regulation
and child mental health concerns: a longitudinal study. Pediatrics. (2019) 143:3.
doi: 10.1542/peds.2018-0977

25. Hemmi MH, Wolke D, Schneider S. Associations between problems with crying,
sleeping and/or feeding in infancy and long-term behavioural outcomes in childhood: a
meta-analysis. Arch Dis Child. (2011) 96(7):622-9 628p. doi: 10.1136/adc.2010.191312

26. Winsper C, Bilgin A, Wolke D. Associations between infant and toddler
regulatory problems, childhood co-developing internalising and externalising
trajectories, and adolescent depression, psychotic and borderline personality disorder
symptoms. J Child Psychol Psychiatry. (2020) 61(2):182-94. doi: 10.1111/jcpp.13125

27. Blair C, Raver CC. School readiness and self-regulation: a developmental
psychobiological approach. Annu Rev Psychol. (2015) 66:711-31. doi: 10.1146/
annurev-psych-010814-015221

28. Moffitt TE, Arseneault L, Belsky D, Dickson N, Hancox RJ, Harrington H, et al.
A gradient of childhood self-control predicts health, wealth, and public safety. Proc
Natl Acad Sci U S A. (2011) 108(7):2693-8. doi: 10.1073/pnas.1010076108

29. Jaekel J, Wolke D, Chernova J. Mother and child behaviour in very preterm and
term dyads at 6 and 8 year. Dev Med Child Neurol. (2012) 54(8):716-23. doi: 10.1111/j.
1469-8749.2012.04323.x

30. Li S-C. Biocultural orchestration of developmental plasticity across levels: the
interplay of biology and culture in shaping the mind and behavior across the life
span. Psychol Bull. (2003) 129(2):171-94. doi: 10.1037/0033-2909.129.2.171

31. Hane AA, LaCoursiere JN, Mitsuyama M, Wieman S, Ludwig RJ, Kwon KY,
et al. The welch emotional connection screen: validation of a brief mother-infant
relational health screen. Acta Paediatr. (2019) 108(4):615-25. doi: 10.1111/apa.14483

32. Leclére C, Viaux S, Avril M, Achard C, Chetouani M, Missonnier S, et al. Why
synchrony matters during mother-child interactions: a systematic review. PLoS One.
(2014) 9(12):e113571. doi: 10.1371/journal.pone.0113571

33. Davis EP, Stout SA, Molet ], Vegetabile B, Glynn LM, Sandman CA, et al.
Exposure to unpredictable maternal sensory signals influences cognitive
development across species. Proc Natl Acad Sci U S A. (2017) 114(39):10390-5.
doi: 10.1073/pnas.1703444114

34. Papousek M, von Hofacker N. Persistent crying in early infancy: a non-trivial
condition of risk for the developing mother-infant relationship. Child Care Health
Dev. (1998) 24(5):395-424. doi: 10.1046/j.1365-2214.2002.00091.x

35. Pratt M, Singer M, Kanat-Maymon Y, Feldman R. Infant negative reactivity
defines the effects of parent-child synchrony on physiological and behavioral
regulation of social stress. Dev Psychopathol. (2015) 27(4ptl1):1191-204. doi: 10.
1017/50954579415000760

36. Richter D, Kramer MD, Tang NKY, Montgomery-Downs HE, Lemola S. Long-
term effects of pregnancy and childbirth on sleep satisfaction and duration of first-time
and experienced mothers and fathers. Sleep. (2019) 42:4. doi: 10.1093/sleep/zsz015

37. Tarullo AR, St. John AM, Meyer JS. Chronic stress in the mother-infant dyad:
maternal hair cortisol, infant salivary cortisol and interactional synchrony. Infant
Behav Dev. (2017) 47:92-102. doi: 10.1016/j.infbeh.2017.03.007

38. Abubakar I, Aldridge RW, Devakumar D, Orcutt M, Burns R, Barreto ML, et al.
The UCL-lancet commission on migration and health: the health of a world on the
move. Lancet. (2018) 392(10164):2606-54. doi: 10.1016/s0140-6736(18)32114-7

39. UN. International Migrant Stock 2020 (2020). Available at: https://www.un.org/
development/desa/pd/sites/www.un.org.development.desa.pd/files/files/documents/
2021/Jan/undesa_pd_2020_international_migrant_stock_documentation.pdf

Frontiers in Child and Adolescent Psychiatry

42

10.3389/frcha.2023.1304235

40. Goddard C, Vanhatalo U, Hane AA, Welch MG. Adapting the Welch Emotional
Connection Screen (WECS) into minimal english and seven other minimal languages.
In: Goddard C. (editor). Minimal languages in action. London: Palgrave Macmillan,
Cham (2021). doi: 10.1007/978-3-030-64077-4_9

41. St James-Roberts I, Peachey E. Distinguishing infant prolonged crying from
sleep-waking problems. Arch Dis Child. (2011) 96(4):340-4. doi: 10.1136/adc.2010.
200204

42. Fagan MA, Frosch CA, Middlemiss W, LaCoursiere JN, Owen MT, Hane AA,
et al. The practical utility of the welch emotional connection screen for
rating parent-infant relational health. Infancy. (2019) 24(6):881-92. doi: 10.1111/
infa.12311

43. Brustad A. Family Nurture Intervention, Emotional Connection, and Lap Test
Behavior at Age Four in Preterm Mother-Child Dyads. Williamstown, MA: Williams
College (2019).

44. Frosch CA, Fagan MA, Lopez MA, Middlemiss W, Chang M, Hane AA, et al.
Validation study showed that ratings on the welch emotional connection screen at
infant age six months are associated with child behavioural problems at age three
years. Acta Paediatr. (2019) 108(5):889-95. doi: 10.1111/apa.14731

45. UNESCO. International Standard Classification of Education. ISCED 2011
(2012).

46. van Swol LM, Chang C-T. Plain language formatting of health advice messages
may help to increase accessibility and understanding through more elaboration and
processing of the message. JAMA Pediatr. (2023) 177(9):892-3. doi: 10.1001/
jamapediatrics.2023.2698

47. Hemberg J, Sved E. The significance of communication and care in one’s mother
tongue: patients’ views. Nordic J Nurs Res. (2021) 41(1):42-53. doi: 10.1177/
2057158519877794

48. Kuchirko YA, Schatz JL, Fletcher KK, Tamis-Lemonda CS. Do, say, learn: the
functions of mothers’ speech to infants. J Child Lang. (2020) 47(1):64-84. doi: 10.
1017/50305000919000308

49. Leyendecker B, Willard ], Agache A, Jaekel J, Spiegler O, Kohl K. Learning a host
country: a plea to strengthen parents’ roles and to encourage children’s bilingual
development. In: Silbereisen RK, Titzmann PF, editors. The Challenges of Diaspora
Migration-Interdisciplinary Perspectives on Israel and Germany. 1st edition. London:
Routledge (2013). p. 289-304. https://www.taylorfrancis.com/chapters/edit/10.4324/
9781315614403-19/learning-host-country-plea-strengthen-parents-roles-encourage-
children-bilingual-development-1-birgit-leyendecker-jessica-willard-alexandru-agache-
julia-j%C3%A4kel-olivia-spiegler-katharina-kohl

50. Scholmerich A, Leyendecker B, Citlak B, Caspar U, Jaekel J. Assessment of
migrant and minority children. Zeitschrift fiir Psychologie / J Psychol. (2008) 216
(3):187-94. doi: 10.1027/0044-3409.216.3.187

51. Hunter H, Allen KB, Liu R, Jaekel J, Bell MA. Examining the bidirectional
relationships between maternal intrusiveness and child internalizing symptoms in a
community sample: a longitudinal study from infancy to middle childhood. Depress
Anxiety. (2021) 38(12):1245-55. doi: 10.1002/da.23207

52. Paschall KW, Mastergeorge AM. A review of 25 years of research in
bidirectionality in parent—child relationships: an examination of methodological
approaches. Int | Behav Dev. (2016) 40(5):442-51. doi: 10.1177/0165025415607379

53. Grunau RE, Cepeda IL, Chau CMY, Brummelte S, Weinberg J, Lavoie PM, et al.
Neonatal pain-related stress and NFKBIA genotype are associated with altered cortisol
levels in preterm boys at school age. PLoS One. (2013) 8(9):¢73926. doi: 10.1371/
journal.pone.0073926

54. Hiining BM, Jikel J. Frithgeburtlichkeit und langfristige folgen bis ins schulalter.
Kindheit und Entwicklung. (2021) 30(1):37-50. doi: 10.1026/0942-5403/a000326

55. Feldman R. The adaptive human parental brain: implications for children’s
social development. Trends Neurosci. (2015. doi: 10.1016/j.tins.2015.04.004

56. Treyvaud K, Lee KJ, Doyle LW, Anderson PJ. Very preterm birth influences
parental mental health and family outcomes seven years after birth. J Pediatr.
(2014) 164(3):515-21. doi: 10.1016/j.jpeds.2013.11.001

57. Talvik I, Alexander RC, Talvik T. Shaken baby syndrome and a baby’s cry. Acta
Paediatr. (2008) 97(6):782-5. doi: 10.1111/j.1651-2227.2008.00778 x

58. Welch MG, Ludwig R]. Calming cycle theory and the co-regulation of oxytocin.
Psychodyn Psychiatry. (2017) 45(4):519-40. doi: 10.1521/pdps.2017.45.4.519

59. Ludwig RJ, Grunau RE, Chafkin JE, Hane AA, Isler JR, Chau CMY, et al.
Preterm infant heart rate is lowered after family nurture intervention in the NICU:
evidence in support of autonomic conditioning. Early Hum Dev. (2021) 161:105455.
doi: 10.1016/j.earlhumdev.2021.105455

frontiersin.org


https://doi.org/10.1016/j.infbeh.2015.04.003
https://doi.org/10.1097/DBP.0000000000000281
https://doi.org/10.1097/DBP.0000000000000281
https://doi.org/10.1007/s10802-013-9813-1
https://doi.org/10.1542/peds.109.6.1054
https://doi.org/10.1186/s12888-023-04854-1
https://doi.org/10.1542/peds.2018-0977
https://doi.org/10.1136/adc.2010.191312
https://doi.org/10.1111/jcpp.13125
https://doi.org/10.1146/annurev-psych-010814-015221
https://doi.org/10.1146/annurev-psych-010814-015221
https://doi.org/10.1073/pnas.1010076108
https://doi.org/10.1111/j.1469-8749.2012.04323.x
https://doi.org/10.1111/j.1469-8749.2012.04323.x
https://doi.org/10.1037/0033-2909.129.2.171
https://doi.org/10.1111/apa.14483
https://doi.org/10.1371/journal.pone.0113571
https://doi.org/10.1073/pnas.1703444114
https://doi.org/10.1046/j.1365-2214.2002.00091.x
https://doi.org/10.1017/S0954579415000760
https://doi.org/10.1017/S0954579415000760
https://doi.org/10.1093/sleep/zsz015
https://doi.org/10.1016/j.infbeh.2017.03.007
https://doi.org/10.1016/s0140-6736(18)32114-7
https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/files/documents/2021/Jan/undesa_pd_2020_international_migrant_stock_documentation.pdf
https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/files/documents/2021/Jan/undesa_pd_2020_international_migrant_stock_documentation.pdf
https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/files/documents/2021/Jan/undesa_pd_2020_international_migrant_stock_documentation.pdf
https://doi.org/10.1007/978-3-030-64077-4_9
https://doi.org/10.1136/adc.2010.200204
https://doi.org/10.1136/adc.2010.200204
https://doi.org/10.1111/infa.12311
https://doi.org/10.1111/infa.12311
https://doi.org/10.1111/apa.14731
https://doi.org/10.1001/jamapediatrics.2023.2698
https://doi.org/10.1001/jamapediatrics.2023.2698
https://doi.org/10.1177/2057158519877794
https://doi.org/10.1177/2057158519877794
https://doi.org/10.1017/s0305000919000308
https://doi.org/10.1017/s0305000919000308
https://www.taylorfrancis.com/chapters/edit/10.4324/9781315614403-19/learning-host-country-plea-strengthen-parents-roles-encourage-children-bilingual-development-1-birgit-leyendecker-jessica-willard-alexandru-agache-julia-j%C3%A4kel-olivia-spiegler-katharina-kohl
https://www.taylorfrancis.com/chapters/edit/10.4324/9781315614403-19/learning-host-country-plea-strengthen-parents-roles-encourage-children-bilingual-development-1-birgit-leyendecker-jessica-willard-alexandru-agache-julia-j%C3%A4kel-olivia-spiegler-katharina-kohl
https://www.taylorfrancis.com/chapters/edit/10.4324/9781315614403-19/learning-host-country-plea-strengthen-parents-roles-encourage-children-bilingual-development-1-birgit-leyendecker-jessica-willard-alexandru-agache-julia-j%C3%A4kel-olivia-spiegler-katharina-kohl
https://www.taylorfrancis.com/chapters/edit/10.4324/9781315614403-19/learning-host-country-plea-strengthen-parents-roles-encourage-children-bilingual-development-1-birgit-leyendecker-jessica-willard-alexandru-agache-julia-j%C3%A4kel-olivia-spiegler-katharina-kohl
https://doi.org/10.1027/0044-3409.216.3.187
https://doi.org/10.1002/da.23207
https://doi.org/10.1177/0165025415607379
https://doi.org/10.1371/journal.pone.0073926
https://doi.org/10.1371/journal.pone.0073926
https://doi.org/10.1026/0942-5403/a000326
https://doi.org/10.1016/j.tins.2015.04.004
https://doi.org/10.1016/j.jpeds.2013.11.001
https://doi.org/10.1111/j.1651-2227.2008.00778.x
https://doi.org/10.1521/pdps.2017.45.4.519
https://doi.org/10.1016/j.earlhumdev.2021.105455
https://doi.org/10.3389/frcha.2023.1304235
https://www.frontiersin.org/journals/child-and-adolescent-psychiatry
https://www.frontiersin.org/

& frontiers | Frontiers in

") Check for updates

OPEN ACCESS

EDITED BY
Anna Katharina Georg,
Heidelberg University Hospital, Germany

REVIEWED BY

Christine Puckering,

University of Glasgow, United Kingdom
Julia Jaekel,

University of Oulu, Finland

Wnurinham Silva,

University of Oulu, Finland, in Collaboration
with Reviewer [JJ]

*CORRESPONDENCE
Sofie Weber Pant
pant@sdu.dk

RECEIVED 30 October 2023
ACCEPTED 29 December 2023
PUBLISHED 15 January 2024

CITATION
Pant SW, Holstein BE, Ammitzbeoll J,
Skovgaard AM and Pedersen TP (2024)
Community health nurses’ concerns about
infant regulatory problems are predictive of
mental disorders diagnosed at hospital: a
prospective cohort study.

Front. Child Adolesc. Psychiatry 2:1330277.
doi: 10.3389/frcha.2023.1330277

COPYRIGHT

© 2024 Pant, Holstein, Ammitzbell, Skovgaard

and Pedersen. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Child and Adolescent Psychiatry

Original Research
15 January 2024
10.3389/frcha.2023.1330277

Community health nurses’
concerns about infant regulatory
problems are predictive of mental
disorders diagnosed at hospital: a
prospective cohort study

Sofie Weber Pant*, Bjern Evald Holstein, Janni Ammitzball,
Anne Mette Skovgaard and Trine Pagh Pedersen

National Institute of Public Health, University of Southern Denmark, Copenhagen, Denmark

Introduction: Regulatory problems of eating, sleeping, and crying in infancy
may index mental health vulnerability in older ages, and knowledge is needed
to inform strategies to break the developmental trajectories of dysregulation in
early childhood. In this study, we examined the prospective associations between
infant regulatory problems at the age of 8—10 months identified by community
health nurses (CHN) and mental disorders diagnosed in hospital settings in
children aged 1-8 years.

Methods: From a cohort of all newborn children in 15 municipalities in the Capital
Region of Copenhagen (N =43,922) we included all children who were examined
by CHNs at the scheduled home visit at the age of 8-10 months (N = 36,338).
Outcome measures were |CD-10 mental disorders diagnosed at public hospitals
and reported to the National Patient Register. Logistic regression included data on
child and family covariables obtained from population registers.

Results: The CHNs reported concerns regarding sleep in 7.7% of the study
population, feeding and eating in 19.1%, combined sleeping and eating problems
in 3.6%, and incessant crying in 0.7%. A total of 1,439 children (4% of the
study population) were diagnosed in hospital settings with an ICD-10 mental
disorder between the ages of 11 months and 8 years. Analyses adjusted for a
range of perinatal and family adversities showed an increased risk of any
neurodevelopmental disorder among children with CHN concerns of feeding and
eating (odds ratio (OR) 1.36 (95% confidence interval (Cl) 1.14-1.63)) and co-
occurrent problems of feeding and eating and sleep (OR 1.60 (95% Cl 1.14-2.26)).
For autism-spectrum disorders, an increased risk was seen among children with
co-occurrent problems of both feeding and eating and sleep (OR 1.73 (95% CI
1.07-2.79)). Concern about feeding and eating was also associated with an
increased risk of behavioral and emotional disorders (OR 1.27 (95% Cl 1.03-1.56)).
Concern about incessant crying at the age of 8-10 months was not associated
with a diagnosed mental disorder, but findings may reflect low statistical power
due to low frequency of concern.

Discussion: CHN concerns mirror a group of developmentally vulnerable children.
Further research is needed to explore the possibilities of preventive intervention
within the general child health surveillance to address the developmental
psychopathology of dysregulation in early ages.

KEYWORDS

children, community health nurses, incessant crying, eating problems, infants,
mental disorders, sleeping problems, regulatory problems
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1 Introduction

Persistent problems of feeding, sleeping, and incessant crying
in infancy are often referred to as infant regulatory problems
(RP) (1-3). RPs represent the extreme on a continuum of
problem severity, ranging from normal variations to problems
that exceed deviations in the normal development, overall
influencing the wellbeing of the child (1-3). Infants’ regulation of
sleep, feeding and eating, and emotional reactions matures
during the early postnatal months, highly influenced by innate
vulnerabilities and the external regulatory support provided by
the parents. The first 4 months of life are a period of adaptation
and maturation in which transitory problems of regulation is
frequent (3). The current conceptualization of RPs includes
problems that are pervasive and persistent over time, and
exceeding the variations being considered within the normal
developmental range (4). Still, the concept and definition of RPs
in infancy is not fully validated (5, 6). Different criteria and
questions are used across studies to define when the problems
are outside the normal range (3, 5).

According to the available literature, RPs may affect one-fifth of all
infants (1, 2, 4). There is an increased risk seen in children born with
perinatal adversities, as well as children from families of psychosocial
adversities, and in particular maternal mental health problems and
parent—child relational problems (2). Longitudinal data have found
that RPs in infancy are associated with a wide range of mental
health problems in childhood and adolescence (1, 3-21). The
frequency and possible developmental impact of RPs point to public
health approaches to the early detection and interventions
addressing infants with RP. This is to reduce the developmental risk
of mental health problems in childhood and beyond, as well as the
long-term consequences of such problems (22-24).

A meta-analysis from 2011 that included clinical/high-risk as
well as community-based studies found an overall increased risk
of behavioral problems, externalizing, and attention-deficit/
hyperactivity disorder (ADHD) later in childhood among
children with RPs in infancy (1). A meta-analysis from 2023 (6)
found a cumulative risk of behavioral problems of 23.3% for
children with RPs compared to 6.7% for healthy controls. The
outcome measures included externalizing behavior, internalizing
behavior, and ADHD, most often assessed by parents’” use of rating
scales. The meta-analysis did not find any important subgroup
differences or moderating effects among children with infancy RPs.
The effect sizes were comparable regardless of the follow-up age. In
addition, studies exploring the neurodevelopmental outcome of
infancy RPs in clinical as well as population-based cohorts have
found associations with autism spectrum disorders (ASD) and
ADHD (3, 5, 7-14, 16-19, 21, 25).

The co-occurrence of two or more RPs has consistently been
found associated with an increased cumulative risk of mental
disorders (3, 4, 18). Moreover, co-occurrent or combined RPs
have been suggested to be infancy markers of early dysregulation
into the

behavioral dysregulation of a range of mental disorders later in

vulnerability tracking emotional, cognitive, and

development (4, 18). Among the potential perinatal and

Frontiers in Child and Adolescent Psychiatry

10.3389/frcha.2023.1330277

psychosocial risk factors investigated, particularly preterm birth,
maternal mental health problems and parent—child relationship
problems have been found associated with increased developmental
risk in infants with RPs (2, 14, 25-27). Altogether, the available
evidence suggests that RPs in infancy may predict psychopathology
across childhood and beyond (18). These suggestions point to the
identification of RPs in infancy providing a window of opportunity
to target intervention toward developmental cascades of
dysregulation early in childhood through strategies to improve the
parenting of vulnerable infants (2-4, 23).

Within the community child healthcare, a window of
opportunity to target infancy RPs may be provided by health
professionals working with infants and their families. In Denmark,
the municipality child healthcare includes scheduled home visits
from community health nurses (CHNs) to all families with a
newborn child. These services are free of charge and attended
by more than 95% of families with infants (20, 28). The CHNs
are registered nurses with a 1.5-year formalized education,
including the theoretical and clinical aspects of child assessments
and communication with parents. In accordance with the
recommendations from the National Health Authority, the CHNs
offer at least five home visits during the first postnatal year. The
main agenda of the home visits is the CHN’s evaluation of the
child’s physical and mental health, and a dialog with the parents
about the developmental needs of the child, including action
regarding further support or referrals if needed. In connection
with the home visits, the CHN fills in a standardized record. The
record is based on the CHN’s examination and observation of the
child and on a conversation with the parents and is an overall
conclusion regarding the child’s development and wellbeing (20,
28, 29). If the child does not develop age-appropriately, the CHN
records a concern for that area, including concern relating to
sleep, eating, or crying. In the international literature, the CHN’s
recordings are described as a concern, attention, or red flag, which
indicate that something is different, wrong, odd, or troubling (30).

Although there are many studies that demonstrate an association
between RP in infancy and mental health problems in childhood,
there are still many unsolved issues. For instance, only few studies
investigated the mental disorders according to defined diagnostic
criteria, such as the criteria of the International Classification of
Diseases, ICD-10 (5, 14). In addition, only few studies included a
broad range of mental disorders as outcome measures (1, 4, 6).
Further, the pattern of association between specific kinds of
dysregulation and mental health problems varied across studies,
and so did the effect sizes. Yet another unsolved issue relates to
confounding due to well-established risk factors underscoring the
need for comprehensive adjustment for confounders in studies of
the prospective association between RPs in infancy and mental
disorders in childhood.

The aim of this study was to examine the prospective
association between CHN-observed concerns of RPs in infancy
and child mental disorders diagnosed within hospital settings.
The main hypothesis was that indicators of RPs identified in
municipality settings during infancy would be predictive of
mental disorders diagnosed later in childhood.
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2 Methods
2.1 Study design and study population

The study is based on a prospective cohort of children followed
from birth to their eighth birthday. The study included data on the
standardized recordings from home visits from municipalities who
are part of the Child Health Database collaboration. These
recordings contain a range of information on family factors and
child development, and they include recordings of the CHN’s
concerns about sleeping problems, eating problems, and
incessant crying. Among the available data, we used information
about RPs from the home visit when the child was aged 8-10
months, considering that problems within the first 6 months
may be transitory and fading (2, 20). The records also included
the child’s unique person identification number making it possible
to link data from the CHN’s recordings to data from Danish
national registers (the National Birth Register, the Danish National
Patient Register, and the Civil Registration System). For the present
study, we applied the following criteria of inclusion criteria: (1) all
newborns from 15 municipalities in the Copenhagen region in
Denmark, representing a mixture of metropolitan, urban, and rural
areas; (2) children born between 1 January 2002 and 31 December
2010, i.e., they had their eighth birthday before 1 January 2019; (3)
having data about regulatory problems and other requested data
from the CHN records; (4) no diagnosed mental disorder before
the age of 11 months; and (5) having data about all applied
covariates (confounder variables). The total number of children
born in the 15 municipalities between 2002 and 2010 was 43,922.
The eligible study population included the 36,338 children who
complied with the inclusion criteria. Not all children had data on
all three RPs explored (N =9,712) and only for a few children had
the CHN registered a concern for all three regulation problems (n
=11). Because of that, we did not conduct analyses with combined
data on all three RPs. The analyses of sleeping problems used a
subpopulation of 31,322 children, the analyses of eating problems
used a subpopulation of 26,437 children, the analyses of combined
sleeping and eating problems used a subpopulation of 25,960
children, and the analyses of incessant crying used a subpopulation
of 13,987 children.

2.2 Measures

The predictor variables were regulatory problems at the age of
8-10 months derived from the CHNSs’ records. The CHN registered
a concern in the child’s record at the home visit at the age of 8-10
months if the CHN had concerns about RPs. The records are based
on the overall conclusion from the parents’ information and
observations of the child during the home visit. To optimize the
reliability of the recordings, the CHN used a manual of
definitions. The CHN registered a concern regarding the
following: (1) sleep if the child had not developed a stable sleep
pattern, or if the child’s sleep did not meet the child’s need for
sleep, summarized as a dichotomous variable, +/- concern
regarding sleep; (2) feeding and eating in case of deviation from
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this definition: “The child gets a combination of breast milk/
formula and solid food; there are no eating problems; the
child drinks from a cup; the food meets the nutritional
recommendations from the health authorities”, summarized as a
dichotomous variable, +/- concern regarding feeding and eating,
and (3) incessant crying if it is not possible to comfort the child
when crying, summarized as a dichotomous variable, +/-
concern regarding incessant crying. The term concern is a
traditionally used by Danish CHNs
worrisome or risky conditions in the child or the caregiver

concept to describe
environment (22), just like the concept’s attention and red
flag (30).

The main outcome variable was any mental disorder diagnosed
in clinical settings at hospitals from a child aged 11 months to the
child’s eighth birthday. The mental disorders comprise all F-
diagnoses (F00-F99) from the ICD-10 Classification of Mental
and Behavioral Disorders: clinical descriptions and diagnostic
guidelines (31). This included general developmental disorders
(F70-F79), specific developmental disorders (F80-83), pervasive
(F84-89),
disorders (F90), attention-deficit disorder without hyperactivity

and other developmental disorders hyperkinetic
(F98.8), mood disorders, emotional and stress-related disorders
(F30-F34, F38-F45, F48, F93), disorders of eating and sleep
(F50-F51, F98.2), disorders of behavioral (F91-F92), and of
social functioning (F94.1-F94.2, F94.8). Information on mental
disorders in clinical settings was obtained from the Danish
National Patient Register, which included all hospital contacts
with a 100% coverage (32). Referrals and treatments at hospitals
are free of charge in Denmark. The clinical diagnostic
assessments included examinations in pediatric and psychiatric
in- and outpatient and emergency settings completed by medical
doctors in accordance with the diagnostic criteria of ICD-10 (33).

We summarized the outcome data into three dichotomous
variables: at least one diagnosed mental disorder between the ages
of 11 months and 8 years (yes, no), at least one diagnosed
neurodevelopmental disorder (34), including intellectual disability,
autism-spectrum disorders and disorders of hyperactivity and
inattention (yes, no), and at least one diagnosed behavioral or
emotional disorder (yes, no).

The analyses included a range of covariates from three sources.
From the National Birth Register: gestational age (born in the 37th
week or later vs. before); birth weight (<2,500, 2,500-3,999, and
>3,999 g); congenital malformation (yes, no); mother’s age at
childbirth (<25 vs. >25); father’s age at childbirth (<25 vs. >25);
pregnancy complications (yes, no); cesarean section (yes, no);
and Apgar score (9-10 vs. less). From the Civil Registration
System: parents’ education at childbirth (5 or more years of
completed university education, other higher education,
completed high school, completed vocational education, and
primary school); family composition (child lives with both
parents, yes vs. no); and parents’ origin (2, 1, or 0 parents of
Danish origin). From the CHN records: Concern about the
mother’s mental health in the first 6 months after delivery,
defined as “signs of depressive mood, anxiety, sleep problems,
neglect of overt problems, or referred to psychiatric care”

(dichotomized into concern at 0 vs. at least one home visit); and
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concerns about the parent-child relationship in the first 6 months
after delivery, defined as any deviation from the following
description: “The child is attended to; has appropriate clothing;
the parents offer the child stimulating activities, are calm and
confident in their behavior resulting in a positive interaction; the
parents can detect and meet the child’s needs; the parents are
aware of the child’s weeping and can comfort the child; the
parents understand and respond properly to older siblings’
reactions” (dichotomized into concern at 0 vs. at least one
home visit).

2.3 Statistical procedures

The first step was contingency tables for the inspection of data
and use of the chi-square test for heterogeneity. The second step
was logistic regression analysis of the association between
regulatory problems at the age of 8-10 months and diagnosed
mental disorders from the age of 11 months until the eighth
birthday, adjusted for the abovementioned covariates. The logistic
regression analysis used RPs (one at a time, followed by a
combination of sleeping and eating problems) as independent
variables with diagnosed mental disorders as the outcome
variables. The adjustment for covariates included three steps.
Model 1 adjusts for all prenatal and perinatal conditions (sex,
parity, gestational age, birth weight, congenital malformation,
pregnancy complications, cesarean section, Apgar score, mother’s
age, father’s age, parents’ education, parents’ employment, family
composition, parents’ origin). Model 2 adjusts for exposures
within the first 6 postnatal months as measured by the CHN’s
concern about the mother’s mental health and the CHN’s
concerns about the parent-child relationship. Finally, Model 3
adjusts for the entire list of covariates from Models 1 and 2.

2.4 Data protection and ethical issues

The data collection was approved by the Research &
Innovation Organization at the University of Southern Denmark
(registration number 11,667) and the Danish Regional Council
(registration number R-22030405), and it complied with national
regulations of data protection and consent. Data were passed on
from the municipalities to the National Institute of Public
Health, as described in the Data Protection Legislation, and
comply with the Danish codex for integrity in research (35).
Linkage with register data was administered by Statistics
Denmark and the involved researchers did not have access to
personal identification.

3 Results
3.1 Descriptive information

In Table 1, the characteristics of the eligible and the applied
study populations are illustrated by all the included variables.
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The composition of the eligible and the applied study
populations are almost identical. The proportion of infants with
sleep problems, eating problems, combined sleeping, and eating
problems and problems with incessant crying was 7.7%, 19.1%,
3.6%, and 0.7%, respectively. Of the eligible study population, 4%
had been diagnosed with at least one mental disorder in the

period between 11 months and 8 years.

3.2 Logistic regression analyses

Tables 2-5 show the odds ratio (OR) (95% confidence interval
(CI)) for mental disorders between the ages of 11 months and 8
years by RPs at the age of 8-10 months. A significant association
was seen between sleeping problems at the age of 8-10 months and
at least one behavioral or emotional disorder (OR 1.39 (95% CI
1.07-1.81)) (Table 2). The associations between sleeping problems
and mental disorders attenuated when adjusted for the covariates
measured within the first 6 postnatal months (concerns about the
mother’s mental health and the parent-child relationship).

Significant associations were seen between eating problems at
the age of 8-10 months and three of the outcome variables
(Table 3): at least one diagnosed mental disorder (adjusted OR
1.32 (95% CI 1.14-1.54)); at least one behavioral or emotional
disorder (adjusted OR 1.27 (95% CI 1.03-1.56)); and at least one
neurodevelopmental disorder (adjusted OR 1.36 (95% CI 1.14-
1.63)). Once again, the association between eating problems and
mental disorders attenuated when adjusted for concerns about
the mother’s mental health and parent—child relationship (Table 3).

Table 4 shows the longitudinal associations of a combination of
sleeping and eating problems. These combined problems were
associated with a significantly increased risk of at least one
mental disorder (adjusted OR 1.43 (95% CI 1.07-1.92)) and at
least one neurodevelopmental disorder (adjusted OR 1.60 (95%
CI 1.14-2.26)), and among them, of diagnosed autism-spectrum
disorders (adjusted OR 1.73 (95% CI 1.07-2.79)), but not
disorders of hyperactivity and inattention. When adjusting for
exposures regarding the mother’s mental health and the parent-
child relationship within the first 6 postnatal months, an overall
pattern of attenuations of associations was seen (Table 4).

Finally, Table 5 shows that problems of incessant crying were
not associated with an increased risk of diagnosed mental
disorders. In these analyses, the adjustment for covariates, both
those concerning prenatal, perinatal, and postnatal conditions,
resulted in a considerable reduction of the OR estimates.

4 Discussion

4.1 Main findings

More than 20% of all infants have at least one CHN-reported
regulatory problem, which is a prevalence estimate corresponding
to prevalence estimates reported from studies using other kind of
informants (1, 17). Approximately 4% of the infants in the
population received at least one diagnosis of a mental disorder
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TABLE 1 The eligible and applied study populations characterized by all included variables.?

Eligible total Applied study populations
study population . . . . .
(N = 36,338) Sleeping problems | Eating problems | Sleeping and eating | Incessant crying
n (%) subpopulation subpopulation subpopulation subpopulation
(N=31,322) n (%) (N=26,437) n (%) (N=25,960) n (%) (N=13,987) n (%)

Regulatory problems at age 8-10 months
Sleeping problems — 2,403 (7.7) — — —
Eating problems — — 5,053 (19.1) — —
Sleeping or eating problems — — — 5,794 (22.3) —
Sleeping and eating problems — — — 942 (3.6) —
Incessant crying problems — — — 93 (0.7)
Diagnosed mental disorder
At least one diagnosed mental 1,439 (4.0) 1,246 (4.0) 1,064 (4.0) 1,043 (4.0) 545 (3.9)
disorder between 11 months and
8 years
At least one diagnosed behavioral 710 (2.0) 622 (2.0) 533 (2.0) 524 (2.0) 281 (2.0)
or emotional disorder
At least one diagnosed 970 (2.7) 840 (2.7) 710 (2.7) 697 (2.7) 364 (2.6)
neurodevelopmental disorder
including disorders of intellectual
disability, ASD, and ADHD
Autism spectrum disorders (F84) 456 (1.3) 404 (1.3) 345 (1.3) 340 (1.3) 193 (1.4)
Disorders of hyperactivity and 500 (1.4) 429 (1.4) 366 (1.4) 362 (1.4) 203 (1.5)
inattention (F90, F98.8)
Intellectual disability (F70-79) 194 (0.5) 162 (0.5) 134 (0.5) 130 (0.5) 59 (0.4)
Perinatal covariates
Male sex 18,606 (51.2) 15,933 (50.9) 13,420 (50.8) 13,127 (50.6) 7,235 (51.7)
First born child 14,646 (40.4) 12,793 (40.8) 10,797 (40.8) 10,601 (40.8) 5,753 (41.1)
Gestational age <37 weeks 2,278 (6.3) 1,9741 (6.2) 1,606 (6.1) 1,573 (6.1) 844 (6.0)
Birth weight <2,500 g 1,635 (4.5) 1,388 (4.4) 1,138 (4.3) 1,110 (4.3) 625 (4.5)
Birth weight >4,000 g 6,305 (17.4) 5,485 (17.5) 4,559 (17.2) 4,480 (17.3) 2,423 (17.3)
Congenital malformation 2,188 (6.0) 1,896 (6.1) 1,614 (6.1) 1,581 (6.1) 840 (6.0)
Pregnancy complications 3,050 (8.4) 2,645 (8.4) 2,279 (8.6) 2,237 (8.6) 1,098 (7.9)
Cesarean section 3,050 (21.0) 6,537 (20.9) 5,677 (21.5) 5,562 (21.4) 2,870 (20.5)
Apgar score <9 832 (2.3) 722 (2.3) 590 (2.2) 584 (2.3) 312 (2.2)
Mother’s age <25 years 4,398 (12.1) 3,699 (11.8) 3,076 (11.6) 2,997 (11.5) 1,689 (12.1)
Father’s age <25 years 2,293 (6.3) 1,905 (6.1) 1,571 (5.9) 1,538 (5.9) 886 (6.3)
Family covariates
High parental level of education” 10,601 (29.2) 9,167 (29.3) 7,929 (30.0) 7,844 (30.2) 4,180 (29.9)
Child lives with both parents 32,191 (88.6 27,902 (89.1) 23,477 (88.8) 23,067 (88.9) 12,358 (88.4)
Two parents of Danish origin 27,417 (75.5) 23,886 (76.3) 20,166 (76.3) 19,822 (76.4) 10,468 (74.8)
Two parents in employment® 30,229 (83.2) 26,291 (83.9) 22,277 (84.3) 21,889 (84.3) 11,911 (85.2)
Concerns about the mother’s 9,945 (27.4) 8,538 (27.3) 7,197 (27.2) 7,034 (27.1) 3,827 (27.4)
mental health in the first 6
months after delivery
Concerns about parent—child 3,944 (10.9) 3,304 (10.6) 2,667 (10.1) 2,571 (9.9) 1,378 (9.9)
relationships in the first 6
months after delivery

°ASD, autism-spectrum disorders; ADHD, attention-deficit/hyperactivity disorder.

PParents’ educational attainment at the child's birth, categorized into five hierarchical levels from higher education (5 or more completed years at university) to primary
school only (9 years at school); each child was categorized by the parent in the household with the highest education.
“In employment and/or education, for mothers defined as before maternity leave; sickness benefit included in employment. Data on employment refer to the year before

the year of birth.

between the ages of 11 months and their eighth birthday, a figure
that also corresponds with findings from other studies with similar
sources of data (33).

CHNS’ concerns regarding sleeping problems at the age of 8-10
months were not predictive of hospital diagnosed mental disorders
before the child’s eighth birthday, when adjusted for potential
confounders. For comparison, Winsper and Wolke (3) found an
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association between parent-reported sleeping problems in infancy
and childhood dysregulated behavior measured by the parent’s
questionnaires. This is consistent with the findings in the meta-
analyses by Hemmi et al. (1) and Galling et al. (6), in which
most studies were based on parents’ reports at baseline as well as
at the outcome measurement. Persistent sleeping problems in
infancy were also associated with behavior problems, attention,
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TABLE 2 Crude and adjusted OR (95% CIl) for diagnosed mental disorders from the age of 11 months to the eighth birthday by sleeping problems at age
8-10 months (n = 31,322).°

Outcome measure Crude OR (95% Cl) Model 1° Model 2¢ Model 3¢

At least one diagnosed mental disorder 1.19 (0.97-1.45) 1.18 (0.97-1.45) 1.08 (0.88-1.32) 1.11 (0.90-1.36)
At least one behavioral or emotional disorder 1.39 (1.07-1.81) 1.39 (1.07-1.81) 1.24 (0.95-1.62) 1.28 (0.98-1.67)
At least one diagnosed neurodevelopmental disorder 1.19 (0.93-1.51) 1.18 (0.93-1.51) 1.07 (0.84-1.37) 1.11 (0.87-1.41)
Autism-spectrum disorders (F84) 1.14 (0.81-1.62) 1.16 (0.82-1.65) 1.07 (0.75-1.52) 1.11 (0.78-1.58)
Disorders of hyperactivity and inattention (F90, F98.8) 1.07 (0.76-1.52) 1.06 (0.75-1.50) 0.95 (0.67-1.35) 0.98 (0.69-1.39)
Intellectual disability (F70-79) 1.14 (0.66-1.97) 1.10 (0.63-1.91) 0.93 (0.54-1.62) 0.95 (0.54-1.65)

Bold values indicate a statistically significant result.

#OR, odds ratio; Cl, confidence interval.

PAdjusted for sex, parity, gestational age, birth weight, congenital malformation, pregnancy complications, cesarean section, Apgar score, mother's age, father's age,
parents’ education, parents’ employment, family composition, parents’ origin.

“Adjusted for concerns about the mother's mental health in the first 6 months after delivery, concerns about the parent—child relationship in the first 6 months after
delivery.

dAdjusted for sex, parity, gestational age, birth weight, congenital malformation, pregnancy complications, cesarean section, Apgar score, mother's age, father's age,
parents’ education, parents’ employment, family composition, parents’ origin, concerns about the mother’'s mental health in the first 6 months after delivery, concerns
about the parent—child relationship in the first 6 months after delivery.

TABLE 3 Crude and adjusted OR (95% CI) for diagnosed neurodevelopmental disorders before the eighth birthday by eating problems at the age of 8-10
months (n = 26,437).2

Outcome measure Crude OR (95% Cl) Model 1° Model 2¢ Model 3¢

At least one diagnosed mental disorder 1.36 (1.18-1.57) 1.40 (1.21-1.63) 1.25 (1.08-1.45) 1.32 (1.14-1.54)
At least one behavioral or emotional disorder 1.32 (1.08-1.61) 1.38 (1.12-1.70) 1.20 (0.97-1.47) 1.27 (1.03-1.56)
At least one diagnosed neurodevelopmental disorder 1.41 (1.19-1.68) 1.45 (1.21-1.73) 1.28 (1.07-1.53) 1.36 (1.14-1.63)
Autism-spectrum disorders (F84) 1.28 (1.00-1.65) 1.38 (1.06-1.78) 1.23 (0.95-1.59) 1.29 (0.99-1.67)
Disorders of hyperactivity and inattention (F90, F98.8) 1.17 (0.91-1.50) 1.21 (0.94-1.57) 1.03 (0.80-1.34) 1.11 (0.85-1.44)
Intellectual disability (F70-79) 1.68 (1.15-2.45) 1.41 (0.95-2.10) 1.40 (0.95-2.08) 1.25 (0.84-1.85)

Bold values indicate a statistically significant result.

?OR, odds ratio; Cl, confidence interval.

PAdjusted for sex, parity, gestational age, birth weight, congenital malformation, pregnancy complications, cesarean section, Apgar score, mother's age, father's age,
parents’ education, parents’ employment, family composition, parents’ origin.

“Adjusted for concerns about the mother's mental health in the first 6 months after delivery, concerns about the parent-child-relationship in the first 6 months after
delivery.

9Adjusted for sex, parity, gestational age, birth weight, congenital malformation, pregnancy complications, cesarean section, Apgar score, mother's age, father's age,
parents’ education, parents’ employment, family composition, parents’ origin, concerns about the mother's mental health in the first 6 months after delivery, concerns
about the parent—child relationship in the first 6 months after delivery.

TABLE 4 Crude and adjusted OR (95% CI) for diagnosed neurodevelopmental disorders before the eighth birthday by combined sleeping and eating
problems at the age of 8-10 months (n = 25,960).%

Outcome measure Crude OR (95% Cl) Model 1° Model 2° Model 3¢

At least one diagnosed mental disorder 1.42 (1.06-1.89) 1.58 (1.18-2.12) 1.28 (0.96-1.71) 1.43 (1.07-1.92)
At least one disorder of behavior and emotions 1.52 (1.03-2.23) 1.65 (1.12-2.43) 1.34 (0.91-1.98) 1.46 (0.98-2.16)
At least one diagnosed neurodevelopmental disorder 1.55 (1.11-2.17) 1.76 (1.26-2.47) 1.38 (0.99-1.93) 1.60 (1.14-2.26)
Autism-spectrum disorders (F84) 1.58 (0.99-2.53) 1.89 (1.18-3.03) 1.48 (0.93-2.37) 1.73 (1.07-2.79)
Disorders of hyperactivity and inattention (F90, F98.8) 1.15 (0.68-1.94) 1.31 (0.78-2.22) 1.02 (0.60-1.72) 1.14 (0.67-1.94)
Intellectual disability (F70-79) 1.75 (0.85-3.59) 1.65 (0.80-3.41) 1.33 (0.65-2.73) 1.37 (0.66-2.88)

Bold values indicate a statistically significant result.

2OR, odds ratio; Cl, confidence interval.

Adjusted for sex, parity, gestational age, birth weight, congenital malformation, pregnancy complications, cesarean section, Apgar score, mother's age, father's age,
parents’ education, parents’ employment, family composition, parents’ origin.

“Adjusted for concerns about the mother’'s mental health in the first 6 months after delivery, concerns about the parent—child relationship in the first 6 months after
delivery.

9Adjusted for sex, parity, gestational age, birth weight, congenital malformation, pregnancy complications, cesarean section, Apgar score, mother's age, father's age,
parents’ education, parents’ employment, family composition, parents’ origin, concerns about the mother’'s mental health in the first 6 months after delivery, concerns
about the parent-child-relationship in the first 6 months after delivery.

and hyperactivity problems in the studies by Schmid and Wolke We found CHNSs’ concern of eating problems at the age of 8-10
(17) and the study by Baumann et al. (7). Both studies were  months associated with an increased risk of at least one behavioral or
methodologically different from our study since they included a  emotional disorder, and at least one diagnosed neurodevelopmental
population-based sample of neonatal high-risk children and used  disorder. This finding is in line with other studies using observations
baseline parent interviews and neurological examinations. recorded by community physicians and health nurses (5, 13) or
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TABLE 5 Crude and adjusted OR (95% CI) for diagnosed neuro-developmental disorders before the eighth birthday by incessant crying at age 8-10
months (n = 13,987).°

Crude OR (95% C) _ Model 1° Model 2°  Model 3¢ |

At least one diagnosed mental disorder 1.71 (0.74-3.93) 1.53 (0.66-3.59) 1.49 (0.64-3.43) 1.41 (0.60-3.32)
At least one behavioral or emotional disorder 2.21 (0.81-6.06) 1.93 (0.69-5.38) 1.85 (0.67-5.12) 1.71 (0.61-4.78)
At least one diagnosed neurodevelopmental disorder 1.69 (0.62-4.63) 1.50 (0.53-4.22) 1.49 (0.54-4.09) 1.41 (0.50-3.98)
Autism-spectrum disorders (F84) 2.40 (0.75-7.66) 2.21 (0.68-7.20) 2.20 (0.69-7.03) 2.13 (0.65-6.95)
Disorders of hyperactivity and inattention (F90, F98.8) 0.74 (0.10-5.31) 0.59 (0.08-4.37) 0.63 (0.09-4.52) 0.53 (0.07-4.01)
Intellectual disability (F70-79) ¢ ¢ ¢ ¢

?OR, odds ratio; Cl, confidence interval.

Adjusted for sex, parity, gestational age, birth weight, congenital malformation, pregnancy complications, cesarean section, Apgar score, mother's age, father's age,
parents’ education, parents’ employment, family composition, parents’ origin.

“Adjusted for concerns about the mother's mental health in the first 6 months after delivery, concerns about the parent—child relationship in the first 6 months
after delivery.

9Adjusted for sex, parity, gestational age, birth weight, congenital malformation, pregnancy complications, cesarean section, Apgar score, mother's age, father's age,
parents’ education, parents’ employment, family composition, parents’ origin, concerns about the mother's mental health in the first 6 months after delivery, concerns

about the parent—child relationship in the first 6 months after delivery.
*Not calculated, too few observations.

parent interviews (17) as baseline information in infancy and
measuring the outcome at the ages of 1.5, 8, or 10-12 years. The
effect size was smaller in the current study, which conducted a
comprehensive adjustment for confounders.

The combination of sleeping and eating problems was predictive
of at least one diagnosed mental disorder and at least one diagnosed
neurodevelopmental disorder, and in particular ASD, but not
ADHD. In a high-risk sample, Schmid and Wolke (17) found
persistent RPs predictive of a diagnosis of ADHD at school age, even
when controlled for psychosocial and neurological confounders,
such as gestational age, sex, maternal age at birth, socioeconomic
status (SES), parent-infant relationship index, family adversity
index, psychosocial stress index, and breastfeeding. Finally, we did
not find any association between incessant crying at 8-10 months of
age and diagnosed mental disorders in childhood. The significance
of excessive or incessant crying in infancy has been explored in
several high-risk as well as community-based samples, overall
suggesting an increased risk of neurodevelopmental disorders (1, 3,
7, 8, 15-17, 36). The study by Lemcke (36) had many similarities
with our study: it included a large, unselected Danish study
population and used hospital-based diagnoses as the outcome
measure. Still, in the study by Lemcke, RPs were measured by
interviews with mothers when the child was aged 6 and 18 months
and children were followed until the age of 11 years, which includes
a period of increasing incidence of referrals to hospital around the
first year of schooling. The findings from this study point to
incessant crying at 6 months and sleeping problems at 18 months
being associated with later neurodevelopmental disorders, although
with modest effect sizes. For comparison with our study, the lack of
significance of associations might reflect an observation period, not
including the peak of referrals and diagnoses of ASD and ADHD,
the extensive confounder control, and finally, limited power due to a
relatively small number of cases (n = 93).

Compared to most studies exploring the association between
infancy RPs and mental health outcome later in childhood as
reviewed by Hemmi et al (1) and Galling et al. (6), the
associations found in the current study were weaker overall, which
may be explained by the following. First, in contrast to most prior
studies but one, we used mental disorders diagnosed in the
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hospital settings as the outcome, thus including bias of referral
regarding the most common mental health problems, namely
emotional and behavioral problems, which seldomly extend the
threshold of referral to hospital settings in younger ages. These
kinds of problems are rather treated in a community setting or
settings of private practicing psychologists (33). Second, most other
studies used parent-reported questionnaires that cover the more
common emotional and behavioral problems. Third, in contrast to
other studies of the longitudinal associations of RPs using parents
as informants at both baseline and follow-up, we used CHNs as
informants at baseline, and clinical disorders diagnosed in clinical
settings as the outcome. This approach reduces the risk of
informant bias; however, on the other hand it might introduce bias
due to referrals being associated with the expressed concern of the
CHNs. Finally, in comparison with prior studies, our study
highlights the possibilities of extensive confounder control using
the CHNS’ records and comprehensive information from Danish
national registries covering all citizens in the population (35).
When including data from the first 6 months of the child’s life to
adjust for influences regarding the mother’s mental health and the
parent—child relationship, we found a clear attenuation of the
longitudinal associations, in line with findings from other studies
(2, 25, 27). Overall, we consider the character of baseline as well as
outcome information, and the extensive confounder control
applied in the present study to the weakening of the statistical
associations between RPs and mental disorders.

Our study explored measures of concern of RPs recorded by
CHNs working within municipality healthcare, and this particular
methodological approach has to be considered when discussing the
associations found. We used the CHN’s overall concern about the
child’s sleeping, feeding and eating, and excessive crying as the
index of RPs, acknowledging that this index needs further
validation. Further, making use of existing service settings as the
frame of baseline assessments, leave us with unmeasured
confounding due to potential intervention done within the study
period from measuring exposure and outcome, including initiating
referrals to hospital settings. Importantly, the content of Danish
community healthcare includes the possibilities of individualized
support to parents of vulnerable infants and, furthermore,
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possibilities of referral to specialized treatment within the
municipality or the health services. Unfortunately, our data do not
allow for the exploration of character or the magnitude of
intervention offered in municipality settings in the time span
explored. Still, the potentials of identification infancy markers of
psychopathology based on the CHN (20, 22, 23) has been further
explored within municipality settings in Denmark, resulting in the
development of standardized measures to identify and intervene

toward early developmental psychopathology (5, 24, 28, 37).

4.2 Strengths and limitations

The strengths of the study include the longitudinal design, the
large and unselected study population, the use of health
professionals’ systematic assessment of RPs in infancy, including
clinical diagnoses of mental disorders from national population
registries, and the comprehensive adjustment for confounders
using data from registers and databases with a complete coverage
of the population. The major limitation of our study is the
validity of the CHNSs’ data regarding RPs, which has not been
examined. Still, the data collection by CHNs follows specific
guidelines to strengthen the reliability of the recordings.

4.3 Implications

In this study, the CHNSs’ observations followed specific
guidelines and are described as concerns, which indicate that
something is different or troubling (30). Future studies may
benefit from using available standardized assessment methods
developed and validated for CHNS early identification of
regulatory problems in a community health setting (5, 28).
Moreover, it is important to further explore mediating and
moderating factors influencing the longitudinal associations
between RPs and mental disorders. Further, previous studies
have found that children with multiple RPs are especially at risk
for mental disorders (I, 3, 4, 18), and further investigation of
studies characterized by CHNSs’ concerns regarding multiple RPs
is needed. Our study focused on referred children diagnosed in a
hospital setting, leaving emotional and behavioral disorders
sparsely explored as these conditions rarely lead to referral to
hospital settings in younger ages. It means that we are potentially
excluding many children with undiagnosed mental health
problems. Wishing to include emotional and behavioral mental
disorders in children calls for more global psychometric
measures feasible for use in population-based research, e.g.,
measures such as the Strengths and Difficulties Questionnaire.

From a clinical and public health point of view, the findings
from the present study highlight the relevance of identifying RPs
among infants to potentially break developmental trajectories
leading to mental disorders. Importantly, identifying early
problems should be followed by an intervention addressing the
parenting of vulnerable infants, overall helping parents to meet
the needs of infants with regulatory problems, to be applied in
clinical as well as in municipality settings. Danish community
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healthcare includes the services from CHNs, who are trained to
identify children who are not developing in an age-appropriate
way and to communicate with parents about the developmental
needs of the child (24). Still, research is needed to further
explore CHNS’ potentials regarding the prevention of mental
health problems in early childhood (37), and specifically, how the
existing CHN surveillance program can deliver the frame for
intervention to infants with regulatory problems.

Data availability statement

The data analyzed in this study is subject to the following
licenses/restrictions: To get access to data underlying this article,
approval from both the Danish Regional Council and the
individual municipalities is necessary. Requests to access these
datasets should be directed to TP, tppe@sdu.dk.

Ethics statement

This study was reviewed and approved by the Research &
Innovation Organization at the University of Southern Denmark
(registration number 11,667) and the Danish Regional Council
(registration number R-22030405), and it complied with national
regulations of data protection and consent.

Author contributions

SP: Formal Analysis, Writing - original draft, Conceptualization,
Data curation, Investigation, Methodology. BH: Writing - original
draft, Conceptualization, Investigation, Methodology. TP: Writing -
review and editing, Conceptualization, Data curation, Investigation,
Methodology, Project administration. JA: Writing - review and
editing, Conceptualization, Investigation, Methodology. AS: Writing
- review and editing, Conceptualization, Investigation, Methodology.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article.

The Novo Nordisk Foundation (grant number NNF22SA0080562)
provided economic support for the article production. The funding
agencies did not interfere in the study design, data collection, analysis,
interpretation, writing of this article or the decision to submit
the manuscript for publication. None of the authors received any
honorarium, grant, or other form of payment to produce
the manuscript.

Acknowledgments

We thank the leading and practicing community health nurses
in the participating municipalities for their dedicated provision of

frontiersin.org


https://doi.org/10.3389/frcha.2023.1330277
https://www.frontiersin.org/journals/child-and-adolescent-psychiatry
https://www.frontiersin.org/

Pant et al.

data and senior researcher Bjarne Laursen for data management
and the linking of CHN data and register data.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

References

1. Hemmi MH, Wolke D, Schneider S. Associations between problems with crying,
sleeping and/or feeding in infancy and long-term behavioural outcomes in childhood:
a meta-analysis. Arch Dis Child. (2011) 96:622-9. doi: 10.1136/adc.2010.191312

2. Olsen AL, Ammitzbell J, Olsen EM, Skovgaard AM. Problems of feeding, sleeping
and excessive crying in infancy: a general population study. Arch Dis Child. (2019)
104:1034-41. doi: 10.1136/archdischild-2019-316851

3. Winsper C, Wolke D. Infant and toddler crying, sleeping and feeding problems
and trajectories of dysregulated behavior across childhood. J Abnorm Child Psychol.
(2014) 42:831-43. doi: 10.1007/s10802-013-9813-1

4. Asmussen ], Davidsen KA, Olsen AL, Skovgaard AM, Bilenberg N. The
longitudinal association of combined regulatory problems in infancy and mental
health outcome in early childhood: a systematic review. Eur Child Adolesc
Psychiatry. (2023). doi: 10.1007/s00787-023-02262-0. [Epub ahead of print].

5. Ammitzbell ], Thygesen LC, Holstein BE, Andersen A, Skovgaard AM. Predictive
validity of a service-setting based measure to identify infancy mental health problems
- a population-based cohort study. Eur Child Adolesc Psychiatry. (2018) 26:711-23.
doi: 10.1007/s00787-017-1069-9

6. Galling B, Brauer H, Struck P, Krogmann A, Gross-Hemmi M, Prehn-Kristensen
A, et al. The impact of crying, sleeping, and eating problems in infants on childhood
behavioral outcomes: a meta-analysis. Front Child Adolesc Psychiatry. (2023)
1:1099406. doi: 10.3389/frcha.2022.1099406

7. Baumann N, Jaekel J, Breeman L, Bartmann P, Biumi JG, Avram M, et al. The
association of infant crying, feeding, and sleeping problems and inhibitory control with
attention regulation at school age. Infancy. (2019) 24:768-86. doi: 10.1111/infa.12305

8. Bilgin A, Baumann N, Jaekel J, Breeman LD, Bartmann P, Bdumi JG, et al. Early
crying, sleeping, and feeding problems and trajectories of attention problems from
childhood to adulthood. Child Dev. (2020) 91:€77-91. doi: 10.1111/cdev.13155

9. Breeman LD, Jaekel ], Baumann N, Bartmann P, Bauml JG, Avram M, et al. Infant
regulatory problems, parenting quality and childhood attention problems. Early Hum
Dev. (2018) 124:11-6. doi: 10.1016/j.earlhumdev.2018.07.009

10. Cook F, Giallo R, Hiscock H, Mensah F, Sanchez K, Reilly S. Infant regulation
and child mental health concerns: a longitudinal study. Pediatrics. (2019) 143:
€20180977. doi: 10.1542/peds.2018-0977

11. Hyde R, O’Callaghan MJ, Bor W, Williamd GM, Najman JM. Long-term
outcomes of infant behavioral dysregulation. Pediatrics. (2012) 130:¢1243-51.
doi: 10.1542/peds.2010-3517

12. Jaekel J, Sorg C, Breeman L, Baumann N, Bilgin A, Biumi ]G, et al. Early
regulatory problems and parenting: life-long risk, vulnerability or susceptibility for
attention, internalizing and externalizing outcomes? Eur Child Adolesc Psychiatry.
(2021) 30:1523-31. doi: 10.1007/s00787-020-01632-2

13. Jaspers M, de Winter AF, Buitelaar JK, Verhulst FC, Reijneveld SA, Hartman
CA. Early childhood assessments of community pediatric professionals predict
autism spectrum and attention deficit hyperactivity problems. J Abnorm Child
Psychol. (2013) 41:71-80. doi: 10.1007/s10802-012-9653-4

14. Lemcke S, Parner ET, Bjerrum M, Thomsen PH, Lauritsen MB. Early regulation
in children who are later diagnosed with autism spectrum disorder. A longitudinal
study within the Danish National Birth Cohort. Infant Ment Health ]. (2018)
39:170-82. doi: 10.1002/imh;j.21701

15. Lemcke S, Parner ET, Bjerrum M, Thomsen PH, Lauritsen MB. Early
development in children that are later diagnosed with disorders of attention and
activity: a longitudinal study in the Danish National Birth Cohort. Eur Child
Adolesc Psychiatry. (2016) 25:1055-66. doi: 10.1007/s00787-016-0825-6

16. Olsson MB, Carlsson LH, Westerlund J, Gillberg C, Fernell E. Autism before
diagnosis: crying, feeding and sleeping problems in the first two years of life. Acta
Paediatr. (2013) 102:635-9. doi: 10.1111/apa.12229

17. Schmid G, Wolke D. Preschool regulatory problems and attention-deficit/
hyperactivity and cognitive deficits at school age in children born at risk: different

Frontiers in Child and Adolescent Psychiatry

10.3389/frcha.2023.1330277

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

phenotypes of dysregulation? Early Hum Dev. (2014) 90:399-405. doi: 10.1016/j.
earlhumdev.2014.05.001

18. Winsper C, Bilgin A, Wolke D. Associations between infant and toddler regulatory
problems, childhood co-developing internalising and externalising trajectories, and
adolescent depression, psychotic and borderline personality disorder symptoms.
J Child Psychol Psychiatry. (2020) 61:182-94. doi: 10.1111/jcpp.13125

19. Shephard E, Zuccolo PF, Idrees I, Godoy PBG, Salomone E, Ferrante C, et al.
Systematic review and meta-analysis: the science of early-life precursors and
interventions for attention-deficit/hyperactivity disorder. ] Am Acad Child Adolesc
Psychiatry. (2022) 61:187-226. doi: 10.1016/j.jaac.2021.03.016

20. Skovgaard AM, Olsen EM, Christiansen E, Houmann T, Landorph SL, Jorgensen
T. Predictors (0-10 months) of psychopathology at age 11/2 years—a general
population study in the Copenhagen Child Cohort CCC 2000. J Child Psychol
Psychiatry. (2008) 49:553-62. doi: 10.1111/j.1469-7610.2007.01860.x

21. So M, Dziuban EJ, Pdeati CS, Holbrook JR, Claussen AH, O’Masta B, et al.
Childhood physical health and attention deficit/hyperactivity disorder: a systematic
review and meta-analysis of modifiable factors. Prev Sci. (2022). doi: 10.1007/
$11121-022-01398-w. [Epub ahead of print].

22. Skovgaard AM, Houmann T, Christiansen E, Olsen EM, Landorph SL, Lichtenberg
A, et al. Can a general health surveillance between birth and 10 months identify children
with mental disorder at 1(1/2) year? A case-control study nested in cohort CCC 2000. Eur
Child Adolesc Psychiatry. (2008) 17:290-8. doi: 10.1007/s00787-007-0666-4

23. Skovgaard AM. Mental health problems and psychopathology in infancy and
early childhood. An epidemiological study. Dan Med Bull. (2010) 57:B4193.

24. Skovgaard AM, Wilms L, Johansen A, Ammitzbell ], Holstein BE, Olsen EM.
Standardised measuring the health of infants and toddlers in community health
services. Ugeskr Leager. (2018) 180:V12170960. [In Danish: Standardiseret
monitorering af spad- og smaberns helbred i de kommunale sundhedsordninger].

25. Schmid G, Schreier A, Meyer R, Wolke D. Predictors of crying, feeding and
sleeping problems: a prospective study. Child Care Health Dev. (2011) 37:493-502.
doi: 10.1111/j.1365-2214.2010.01201.x

26. Claussen AH, Holbrook JR, Hutchins HJ, Robinson LR, Bloomfield J, Meng L,
et al. All in the family? A systematic review and meta-analysis of parenting and family
environment as risk factors for attention-deficit/hyperactivity disorder (ADHD) in
children. Prev Sci. (2022) 19:1-23. doi: 10.1007/s11121-022-01358-4

27. Micali N, Rask CU, Olsen EM, Skovgaard AM. Early predictors of childhood
restrictive eating: a population-based study. J Dev Behav Pediatr. (2016) 37:314-21.
doi: 10.1097/DBP.0000000000000268

28. Ammitzbell J, Holstein BE, Wilms L, Andersen A, Skovgaard AM. A new
measure for infant mental health screening: development and initial validation.
BMC Pediatr. (2016) 16:197. doi: 10.1186/s12887-016-0744-1

29. National Health Authority. Guidance on preventive services for children and
youth. Copenhagen: Danish National Health Authority (2011). [In Danish:
Vejledning om Forebyggende sundhedsydelser til born og unge].

30. Vasquez E, Pitts K. Red flags during home visitation: infants and toddlers.
J Community Health Nurs. (2006) 23:123-31. doi: 10.1207/s15327655jchn2302_5

31. World Health Organization. The ICD-10 classification of mental and behavioural
disorders: clinical descriptions and diagnostic guidelines. Geneva: World Health
Organization (1992).

32. Mors O, Perto GP, Mortensen PB. The Danish psychiatric central research register.
Scand J Public Health. (2011) 39(Suppl 7):54-7. doi: 10.1177/1403494810395825

33. Dalsgaard S, Thorsteinsson E, Trabjerg BB, Schullehner J, Plana-Ripoll O, Brikell
I, et al. Incidence rates and cumulative incidences of the full spectrum of diagnosed
mental disorders in childhood and adolescence. JAMA Psychiatry. (2020) 77:155-64.
doi: 10.1001/jamapsychiatry.2019.3523

34. Thapar A, Cooper M, Rutter M. Neurodevelopmental disorders. Lancet
Psychiatry. (2017) 4:339-46. doi: 10.1016/52215-0366(16)30376-5

frontiersin.org


https://doi.org/10.1136/adc.2010.191312
https://doi.org/10.1136/archdischild-2019-316851
https://doi.org/10.1007/s10802-013-9813-1
https://doi.org/10.1007/s00787-023-02262-0
https://doi.org/10.1007/s00787-017-1069-9
https://doi.org/10.3389/frcha.2022.1099406
https://doi.org/10.1111/infa.12305
https://doi.org/10.1111/cdev.13155
https://doi.org/10.1016/j.earlhumdev.2018.07.009
https://doi.org/10.1542/peds.2018-0977
https://doi.org/10.1542/peds.2010-3517
https://doi.org/10.1007/s00787-020-01632-2
https://doi.org/10.1007/s10802-012-9653-4
https://doi.org/10.1002/imhj.21701
https://doi.org/10.1007/s00787-016-0825-6
https://doi.org/10.1111/apa.12229
https://doi.org/10.1016/j.earlhumdev.2014.05.001
https://doi.org/10.1016/j.earlhumdev.2014.05.001
https://doi.org/10.1111/jcpp.13125
https://doi.org/10.1016/j.jaac.2021.03.016
https://doi.org/10.1111/j.1469-7610.2007.01860.x
https://doi.org/10.1007/s11121-022-01398-w
https://doi.org/10.1007/s11121-022-01398-w
https://doi.org/10.1007/s00787-007-0666-4
https://doi.org/10.1111/j.1365-2214.2010.01201.x
https://doi.org/10.1007/s11121-022-01358-4
https://doi.org/10.1097/DBP.0000000000000268
https://doi.org/10.1186/s12887-016-0744-1
https://doi.org/10.1207/s15327655jchn2302_5
https://doi.org/10.1177/1403494810395825
https://doi.org/10.1001/jamapsychiatry.2019.3523
https://doi.org/10.1016/S2215-0366(16)30376-5
https://doi.org/10.3389/frcha.2023.1330277
https://www.frontiersin.org/journals/child-and-adolescent-psychiatry
https://www.frontiersin.org/

Pant et al.

35. Thygesen LC, Daasnes C, Thaulow I, Brennum-Hansen H. Introduction to
Danish (nationwide) registers on health and social issues: structure, access, legislation,
and archiving. Scan ] Public Health. (2011) 39:12-6. doi: 10.1177/1403494811399956

36. Lemcke S. The early signs of ADHD and autism in toddlers (Dissertation). The
Danish National Birth Cohort, University of Copenhagen (2013).

Frontiers in Child and Adolescent Psychiatry

52

10.3389/frcha.2023.1330277

37. Skovgaard AM, Bakermans-Kranenburg M, Pontoppidan M, Tjernhgj-Thomsen
T, Madsen KR, Voss I, et al. The Infant Health Study—promoting mental health and
healthy weight through sensitive parenting to infants with cognitive, emotional,
and regulatory vulnerabilities: protocol for a stepped-wedge cluster-randomized trial
and a process evaluation within municipality settings. BMC Public Health. (2022)
22:194. doi: 10.1186/s12889-022-12551-z

frontiersin.org


https://doi.org/10.1177/1403494811399956
https://doi.org/10.1186/s12889-022-12551-z
https://doi.org/10.3389/frcha.2023.1330277
https://www.frontiersin.org/journals/child-and-adolescent-psychiatry
https://www.frontiersin.org/

& frontiers | Frontiers in

") Check for updates

OPEN ACCESS

EDITED BY
Julia Jaekel,
University of Oulu, Finland

REVIEWED BY

Devon LoParo,

Emory University, United States

Dieter Wolke,

University of Warwick, United Kingdom
Sanne Lemcke,

Aarhus University Hospital, Denmark

*CORRESPONDENCE
Janni Ammitzball
jaama@sdu.dk

RECEIVED 31 October 2023
ACCEPTED 23 January 2024
PUBLISHED 13 February 2024

CITATION

Ammitzbell J, Olsen AL, Landorph S, Ritz C
and Skovgaard AM (2024) Regulatory
problems and developmental
psychopathology within the first 2 years of
living—a nested in cohort population-based
study.

Front. Child Adolesc. Psychiatry 3:1330999.
doi: 10.3389/frcha.2024.1330999

COPYRIGHT

© 2024 Ammitzbell, Olsen, Landorph, Ritz and
Skovgaard. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Child and Adolescent Psychiatry

Original Research
13 February 2024
10.3389/frcha.2024.1330999

Regulatory problems and
developmental psychopathology
within the first 2 years of living—a
nested in cohort population-
based study

12%

Janni Ammitzbegll"**, Anne Lise Olsen’, Susanne Landorph’,
Christian Ritz' and Anne Mette Skovgaard'

*National Institute of Public Health, Faculty of Health Sciences, University of Southern Denmark,
Copenhagen, Denmark, 2Center of Infant and Toddler Health, National Institute of Public Health,
Copenhagen, Denmark, *Child and Adolescent Psychiatric Department, Region Sjaelland,
Roskilde, Denmark

Background: Infancy regulatory problems (RP) of sleep, feeding and eating, and
excessive crying are thought to play a key role in the development of
psychopathology in childhood, but knowledge of the early trajectories is limited.
Objective: To explore RP at ages 8—-11 months and the associations with mental
health problems at 1¥2 years, and assess the influences of maternal mental health
problems and relationship problems.

Methods: RP was explored in a nested in-cohort sample (N = 416) drawn from a
community-based cohort (N =2,973). Cohort children were examined by
community health nurses, using a mental health screening, which included
seven items of RP. Follow-up at 1%z years included diagnostic assessment
according to the International Classification of Diseases, ICD-10, and the
Diagnostic Classification of Mental Health and Developmental Disorders in
Infancy and Early Childhood: Revised edition, DC:0-3R. Data analyses included
logistic regression models and analyses of the mediation effect of maternal
mental health and relationship problems.

Results: RP of sleep were associated with a 2-fold increased risk of child
mental disorder specifically sleep disorders, adjusted odds ratio (OR) 9.3 [95%
confidence interval (Cl): 2.0-42.9], disorders of behavior and emotions,
adjusted OR 2.9 (95% CI: 1.0-8.4), and DC:0-3R regulatory disorders, adjusted
OR 2.7 (95% CI: 1.0-7.5). Children with RP of feeding and eating showed an
increased risk of overall mental disorder, adjusted OR 1.4 (95% ClI. 0.7-2.4),
and specifically, feeding and eating disorders, adjusted OR 6.0 (95% Cl: 1.6—
21.7), disorders of behavior and emotions, adjusted OR 2.2 (95% Cl: 0.9-5.8),
as well as DC:0-3R regulatory disorders, adjusted OR 1.6 (1.0-7.5). RP of
emotional regulation were associated with increased risk of any mental
disorder, adjusted OR 1.5 (1.0-2.4), and specifically behavioral and emotional
disorders, adjusted OR 2.2 (95% CI: 0.9-5.9) and DC:.0-3R relationship
disorders, adjusted OR 1.8 (95% Cl: 0.9-3.8). The mediation effect of maternal
mental health problems and relationship problems ranged between 0% and 48%.
Conclusion: RP at ages 8—11 months is associated with increased risk of ICD-10
and DC:0-3R disorders at 1% years. Study findings highlight a group of
vulnerable infants in need of preventive intervention to break the early
trajectories of psychopathology.

KEYWORDS

regulatory problems (RP), infancy, developmental psychopathology, mental disorders,
community-cohort
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Introduction

Mental health development in infancy and early childhood
includes the dynamics of the infants’ inborn capacities and the
progressive integration of physiological and emotional
influences, as well as the attentional and cognitive stimulation.
Overall, the infants’ development occurs within a frame of the
increasingly differentiated reactions to internal and external
sensory inputs, coregulated and nurtured by the parents (1, 2).
Along with the maturation of child’s self-regulation, the child
becomes increasingly able to express a variety of needs and
emotions that parents can respond to, and depending on the
congenital resources of the infant and the resources of
caregivers, this process can be facilitated or impaired (3). The
regulation of sleep, appetite, feeding and eating, and sensitivity
in reactions to internal as well as external stimuli are central
features in the infants’ development, and studies of premature
infants and infants with developmental vulnerabilities have shed
light on the longitudinal impact of problems in the regulation
of sleep, appetite, feeding and eating, and sensitivity in
reactions to annoying internal and external stimuli (2, 4). Also,
infants born at term and without developmental vulnerabilities
may suffer from excessive crying, sleep problems or problems in
feeding and eating. Nevertheless, these problems are mostly
temporary, usually fading during the first 6 months of living,
along with increasing maturity of the infants’ regulatory
capacities and the parents increasingly effective coregulation
2, 3). A minor part of the infant population may, however,
suffer from persisting problems beyond 6 months, broadly
conceptualized as temperamental difficulties or regulatory
problems (RP). These problems challenge the parenting, and
longitudinally they are considered to influence the mental
health of the child (5). Within the field of early developmental
psychopathology,  problems on  the regulation  of
neurophysiological and emotional/behavioral reactions have
gained increasing interest in clinical settings (6), reflected by
the conceptualization of regulatory disorders as a clinical entity
(7) and the development of the Diagnostic Classification Zero-
to-Three (8). The concept of RP—including excessive crying,
sleep problems, and problems of feeding and eating (9-11) —
have been investigated in clinical samples as well as community
studies (9, 10), regarding both solitary problems of sleeping,
crying, or feeding and eating, as well as co-occurring combined
or complex RP. Longitudinal studies of RP cover a wide range
of outcomes, including cognitive development (12, 13);
attachment (14); attention (15); disorders of neurodevelopment,
including pervasive developmental disorders and autism
disorders (16-20) as well as attention deficit and hyperactivity
disorder (ADHD) (11, 18, 19, 21-23). In particular, childhood
and dysregulation (10, 11), and

internalizing and externalizing problems (24) have been found

behavioral problems
to be associated with infancy RP. Notably, a dose-response
pattern has been suggested in which increasing numbers of RP
may track into developmental paths of dysregulation having
childhood (11);
persistence across development, leaving the child with an

onset in early and, possibly, showing
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increased risk of symptoms of depression, and psychotic and
borderline personality disorder in adolescence (25).

The risk factors of RP have repeatedly been shown to include a
range of pre-, peri-, and postnatal factors associated with child
neurodevelopmental vulnerability, including preterm birth, as
well as factors associated with compromised psychosocial
resources in the family (9, 10, 26). The importance of maternal
mental health problems in early child development is
increasingly documented (27-29), and the early parent-child
relations and the quality of parenting is suggested to play a key
role in the risk mechanisms leading to child psychopathology
(18, 20).

vulnerability of the child is suggested to be influenced by parents’

Specifically regarding RP, the developmental
mental health via parents’ emotional availability, and—beyond
nurturing and care—their ability to interpret and respond to the
signals and reactions of the child (11, 15, 30-32). However, the
available literature yields no firm conclusions regarding the
influence of maternal mental health problems and parent-child
relationship problems on the early risk mechanisms of RP and
emotional and behavioral dysregulation and developmental
psychopathology (9, 32, 33).

A meta-analysis including 22 clinical and community studies of
infancy RP (10) found externalizing problems and problems of
attention deficit and hyperactivity, ADHD, to be the strongest
outcome of any regulatory problem, with a particularly high risk in
families of multiple risks. This meta-analysis was recently updated
to include a total of 30 clinical as well as community-based studies
published in 1987-2020 (9). A total of 34,582 participants were
included, assessed at baseline at 6.5 + 4.5 months, and at follow-up
at ages 5.5+2.8 years. Most of the studies reviewed concerned
excessive crying (13) and sleep (9), whereas feeding and eating
problems were investigated in only three studies. The cumulative
incidence for behavioral problems during childhood was 23.3% in
children with RP, with a higher risk found among infants with
multiple RP (9). The study limitations highlighted include the
data and unvalidated
definitions of RP, measurement problems, and reporting bias as

heterogeneity of the study samples,
most studies build on parents’ reports both at baseline and
outcome. Moreover, the authors of the recent review underscore
the need to include measures of parental health and the parent-
child relation as potential mediators (9).

Longitudinal studies of combined regulatory problems in early
childhood investigated in community-based studies have recently
been specifically reviewed (32). This review highlights the gap in
epidemiological studies of the early course of RP as advance
markers of developmental psychopathology tracking into the
range of mental health problems in early childhood (32).

In sum, the available research evidence converges on the
longitudinal risk associated with RP in infancy, underscoring the
need for research that specifically adds to the knowledge on
early developmental trajectories of dysregulation as a prerogative
to preventive intervention to address mental health in
early childhood (9-11).

The possibilities of identification of infants in need of
preventive intervention regarding mental health have previously

been explored in the Copenhagen Child Cohort using the
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municipality child health surveillance and settings and routines of
community health nurses (CHNS) as the frame (34). Based on the
finding of a window of opportunity at child ages 8-11 months, a
standardized measure, PUF [Mental Health Development (in
Danish: Psykisk Udvikling og Funktion)], has been developed
and validated to capture the range of potential mental health
vulnerabilities in early ages. The PUF includes 28 items covering
child development and behavioral and emotional regulation, of
which three items concern sleep; four items feeding and eating;
and four items emotional regulation, including excessive crying
(16, 35, 36). The overall predictive validity of the PUF as a
screening measure has previously been explored using an item-
response analytic approach suggests that a cutoff at three or
more problems across the 28 PUF items are predictive of
psychopathology measured as ICD-10 diagnoses. In addition,
previous investigation of the very early pathways of RP of
sleeping, feeding and eating, and excessive crying measured as
the CHNs global concern recorded at home visits between birth
and 6 months, and RP measured using the PUF at 8-11 months
(31), suggest that RP beyond the first 2 months of living may
develop seemingly independent of early exposures to maternal
mental health problems and parent—child relationship problems (31).

Nevertheless, research data on the developmental pathways of
RP and associated psychopathology in the first years of living is
scarce, leaving a gap in knowledge on targets of intervention to
effectively address RP in a period of life in which intervention
has the strongest preventive potential regarding the child’s future
mental health.

Objectives

This study aims to extend the investigation of the longitudinal
associations of RP measured in community settings at child ages
8-11 months and clinically diagnosed mental health problems and
psychopathology at age 1Y, years, with a specific focus on the
mediating role of maternal mental health problems and mother-
infant relationship problems in early infancy (0-6 months).
We hypothesize that the different kinds of RP will be differentially
associated with child psychopathology within the same area of
mental health, but also that RP may act as a transdiagnostic
marker of dysregulation and overall mental health vulnerability.
Also, we hypothesize that the mediating effect of maternal
mental health problems and mother-infant relationship
problems on the risk associations may differ across areas of

child psychopathology.
Materials and methods
Setting, study population, and design
The study was conducted within the healthcare settings of 11
Danish municipalities, in which CHNs offer home visits to all

infant families. In these municipalities, the CHNs use a
standardized record, at child ages 0-2, 2-6, and 8-11 months, to
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systematically register the information obtained regarding child
health and development, parent-child relations, and the family
background. The CHN’s recordings include information from the
parents as well as the results of the CHNs’ child assessments and
observations of parent-child relations at the home visit [for
detailed information of the setting and records see Ref. (31)]. In
the study municipalities, the CHNs use the PUF measure at the
home visit at ages 8-11 months to make the overall evaluation of
child mental health (35) (see Supplementary Appendix I).

The study population was consecutively enrolled from March
2011 to April 2013, and of 3,263 children enrolled, a total of
2,973 (91%) having full data on the PUF assessment at ages 8-11
months were included. A nested in-cohort sample of children
with three or more problems according to the overall PUF
assessments (N=237), and children from a random sample of
every seventh from the remaining cohort of low problems scores
(N=179) were diagnostically assessed at age 1Y% years [see Ref.
(16) for further description of the sampling]. The background
characteristics of the study sample compared to the remaining
cohort have been described in a previous paper (16), and are
shown in Supplementary Appendix II.

Measures

RP at 8-11 months were identified by CHNs using the PUF
measure (16, 36), and we defined RP as at least one problem
recorded in one of the domains of sleeping (three items), feeding
and eating (four items), or emotional regulation including
excessive crying (four items) (see Supplementary Appendix I).
Combined RPs were defined as two or more simultaneously
recorded RP in at least two domains of either sleeping, feeding
and eating, and emotional regulation; all dichotomized into yes/
no variables.

At 1% vyears, the children were examined during a 2 hour
session with the parent being present throughout, using a
previously validated procedure (37, 38). The assessments were
child infant-toddler
psychologist. Assessments included interviewing the parents,

done by a research nurse and an
developmental testing, as well as clinical observations and video
recordings of the child’s behavior during play and during a meal,
both in interaction with the parents and in interaction with the
examiners. The parents’ interview included the Mannheim Eltern
Interview; the Child Behavior Checklist (CBCL) 1%-5, parent
version; the Checklist for Autism and Toddlers (CHAT) and the
Toddler (ITSCL) (for further

description of the assessment measures see Ref. (38). An infant-

Infant Symptom  Checklist
toddler psychologist examined the child’s development using the
Bayley Scales of Infant and Toddler Development (BSID II).
Parent—child relations were examined using the Parent-Infant
Early Relation Assessment, providing standardized information
on the communication, interaction, and emotional relations
between parent and child. In line with the procedure described
in Skovgaard et al. (38), two child psychiatrists experienced in
infant and toddler mental health (AO, AS) reviewed the
information obtained at the child assessment to complete the
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diagnostic assessment in accordance with the defining criteria of
the International Statistical Classification of Diseases, 10th
Revision (ICD-10) (39) and the Diagnostic Classification of
Mental Health and Developmental Disorders of Infancy and
Early Childhood: Revised edition (DC:0-3R) (8). The diagnostic
assessment included independent rating of all cases and
discussion to obtain consensus in case of divergence among the
two raters (38). The assessments were blinded to the group
members of the high vs. the low score group. The reliability of
diagnostic assessment at ages 1% years using measures as in the
present study has previously been established (37).

Danish population registries and the Community Health
Nurses Record provided comprehensive information on a range
of child and family variables, including child sex, gestational age,
whether parents were cohabiting at the time of the child’s birth,
the parents’ country of birth, and parents’ years of schooling (35).

Assessments of maternal mental health problems and mother—
child relationship in the first six postnatal months were done by
CHNs at home visits at child ages 2-4 weeks, 2-3 months, and
4-6 months. During the home visits of mean 60 min, the CHN
follows a standardized manual to evaluate whether the mother
has mental health problems or not, based on the mother’s
information during the home visit, and the CHN’s evaluation on
other
psychological problems (31). The CHN evaluates the parent-

the presence of depressive symptoms, anxiety, or
child relationship from the parents’ description of their relation
to the child and from her observation of the mother’s handling
of the child, the emotional expressions, quality of contact, and
the overall interaction between the mother and child. The CHN
made her final recordings based on the presence of a problem or

not, in accordance with the manual (31).

Data analyses

Descriptive statistics included the frequencies of RP and the
background characteristics of child and parents at baseline, and
of ICD-10 and DC:0-3R disorders diagnosed at age 1% years.

The items of RP were included in the analyses as dichotomized
variables (Table 1). We analyzed outcome in the following main
groups of ICD-10 diagnoses: neurodevelopmental disorders (F84,
F88, F89, F90, F80.9, F80.2, F70.9, and R41.8); emotional and
behavioral disorders (F91, F92, F93, F94.1, F94.2, and F94.8);
feeding and eating disorders (F98.2); sleep disorders (F51); and
the DC:0-3 R diagnoses regulatory disorders and relationship
disorders. Associations between RP at age 8-11 months and the
main groups of ICD-10 and DC:0-3R disorders were examined
by logistic regression models and results were reported as odds
ratio (OR) with 95% confidence interval (CI).

The regression models included four steps: first, we included
sex, gestational age, cohabitating parent, parents’ country of
birth, and parent schooling. Second, we separately added
health. Third, we added mother—child
relationship variables. Finally, we included all variables from

maternal mental

steps 1-3 simultaneously. These analyses were based on

complete-case data (omitted participants with any missing data

Frontiers in Child and Adolescent Psychiatry

10.3389/frcha.2024.1330999

for one or more of the variables adjusted for). Mediation analysis
for binary outcomes was carried out following the general
methodology by MacKinnon et al. (40). Specifically, proportions
mediated for early maternal mental health problems and
relationship problems were estimated by means of the ratio
between the direct mediated effect and the total effect using
estimates on the log odds scale (41). Accompanying approximate
95%
corresponding standard errors on the log odds scale. Due to the

confidence intervals were also estimated using the
small sample size statistical tests were not applied as power was
low as is the case for many mediation analyses (42). However, a
tentative cutoff for claiming substantial mediation around 30%-
40% may be used (41). Statistical analyses were performed with
the statistical program SAS, version 9.4 (SAS Institute Inc., Cary,

NC, USA).

Results

The background characteristics of study participants (N =416)
are shown at Table 2, and for comparison with the entire cohort in
Supplementary Appendix II.

The description and frequency of RP in the study sample are
shown in Table 1. Overall, the most common problem at ages
8-11 months was RP of feeding and eating affecting 39.4% of the
study participants, whereas RP of emotional regulation including
excessive crying affected 28.6%, and RP of sleeping 21.6%. A
total of 114 children (27%) had two or more RP.

Overall, a total of 115 children were diagnosed with an ICD-
10 disorder, of which neurodevelopmental disorders and
disorders of behavior and emotions, and adjustment disorders
were the most common (see Supplementary Appendix III).
Among DC:0-3R diagnoses, regulatory disorders were
(9.1%); the DC:0-3R
diagnoses of relationship disorders were the most common of
all diagnoses, found in 66 of the children (15.9%) (see

Supplementary Appendix III).

diagnosed in 38 children whereas

The univariate associations of maternal mental health problems
and mother—child relationship problems recorded between birth
and child age 6 months, and RP at ages 8-11 months, and main
groups of ICD-10 and DC:0-3R disorders at 1% years are shown
in Supplementary Appendix IVA and B. Univariate analyses
showed no significant associations between early maternal and
relationship problems and RP at 8-11 months, whereas maternal
mental health problems were associated with increased risk of
any ICD-10 disorder OR 1.7 (95% CI: 1.1-2.8) and DC:0-3R
regulatory disorders OR 2.0 (95% CI: 1.0-4.1). Mother—child
relationship problems were associated with increased risk of any
ICD-10 disorder OR 2.1 (95% CIL: 1.1-4.1), and in particular
DC:0-3R relationship disorders OR 2.5 (95% CL 1.2-5.2).
Logistic regression models of the associations between RP and
main groups of ICD-10 diagnoses at 1% years are shown in
Table 3. RP of sleep was associated with a more than 2-fold
increased risk of any mental disorder, adjusted OR 2.6 (OR 95%
CL: 1.3-5.2), and behavioral and emotional disorders, adjusted
OR 2.9 (95% CI: 1.0-8.4). Associations were overall independent

frontiersin.org


https://doi.org/10.3389/frcha.2024.1330999
https://www.frontiersin.org/journals/child-and-adolescent-psychiatry
https://www.frontiersin.org/

Ammitzboll et al.

10.3389/frcha.2024.1330999

TABLE 1 Variables of regulatory problems (RP) assessed by community health nurses (CHNs) at child ages 8-11 months (N = 416). Stratified on children of
high and low risk of mental health vulnerability.?

Regulatory problem Description Frequency, n (%)
High Low
scores scores
(n=237) | (n=179)

Sleeping

Stable sleeping pattern The child has established a steady pattern for sleeping and being awake

Falling asleep time The child falls asleep within 1 hour

Interrupted sleep The child is able to sleep at least three consecutive hours
Any problem of sleep regulation 82 (34.5) 8 (4.5)
Regulation of eating and feeding

Appetite regulation The child indicates clearly when it is hungry or full

Eats too little The child has to be pressured to eat enough

Refusal to eat The child refuses food even though it has not eaten for a long period of time

Vomiting without otherwise being ill The child vomits more than once a week
Any problem of eating and feeding regulation 152 (63.9) 12 (6.7)
Emotional regulation, incl. excessive crying

Generally happy and satisfied The child is happy and satisfied more than 80% of its waking time

Often irritable, fussy, dissatisfied The child has at least two episodes every day where it is irritable, fussy, dissatisfied

Cries often The child cries more than 1 hour every day

Emotionally blunted The child shows no happiness, has limited facial expression and seems sad more than 50% of its

waking time
Any problem of emotional regulation, incl. 108 (45.5) 11 (6.2)
excessive crying
Combined problems
Problems in >2 of the above areas Any combination of problems from at least two of the above areas of sleeping, eating and 112 (47.1) S ()b
feeding and emotional regulatory problems

FAmmitzbell et al. (16).
®Less than five numbers in a cell are not reported to secure anonymity.
TABLE 2 Background characteristics of the study participants (N = 416).

ample characte eque 0 g 0

Child factors

Gender
Male 213 (51.2) 0 (0)
Female 203 (48.8)

Gestational age
Preterm (<37 weeks) 32 (7.9) 13 (3.1)
Term (>37 weeks) 371 (92.1)

Family factors

Parent born outside a Nordic country
Yes 108 (26.0) 0 (0)
No 308 (74.0)

Mother’s years of schooling
Low (<10 years) 28 (10.5) 149 (35.8)
High 239 (89.5)

Parents living together at child’s birth
No 24 (6.0) 18 (4.3)
Yes 374 (94.0)

Mother mental health problems
Yes 117 (31.1) 40 (9.6)
No 259 (68.9)

Mother—child relationship problems
Yes 40 (10,6) 38 (9.1)
No 338 (89.4)

For a more detailed overview of the characteristics of the participants at 1%z years
(N = 416) and the remaining cohort see Supplementary Appendix Il.

of adjustment for child perinatal and family adversities and
maternal mental health problems and relationship problems in
the first 6 months of the child’s life. The mediation proportion
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of both maternal mental health problems and relationship
problems were 11% (CI: 0-51) or less.

RP of feeding and eating was associated with an increased
risk of any ICD-10 disorder, however, attenuated in adjusted
analyses, adjusted OR 1.4 (95% CI: 0.7-2.4). Maternal mental
health problems in the first 6 months of the child’s life
accounted for a mediation proportion of 22% (CI: 0-70) on
outcome, whereas relationship problems showed no influences.
No significantly increased risk was found between RP of
feeding and eating and behavioral and emotional disorders or
neurodevelopmental disorders.

The associations of RP of emotional regulation including
excessive crying and any ICD-10 disorder faded in analyses
adjusting for a range of child, family, and relational adversities,
adjusted OR 1.1 (95% CI: 0.6-2.1). The mediation proportion on
outcome was highly influenced by relationship problems 48%
(CL: 0-88), but not by maternal mental health (mediation
proportion 0%). Regarding the associations between RP of
emotional regulation and behavioral and emotional disorders,
adjusted OR 2.2 (95% CI: 0.9-5.8), the mediating proportion of
maternal mental health problems and relationship problems were
5% (CL: 0-50) or less. Combined RP was associated with
increased risk of any ICD-10 mental disorder, adjusted OR 1.9
(95% CI: 1.0-3.5), and the mediating proportion of maternal
mental health problems and relationship problems were 7% (CI:
0-48) and 13% (CI: 0-52), respectively. Likewise, an increased
risk of behavioral and emotional disorders was found in children
with combined RP, adjusted OR 2.4 (95% CI: 0.9-6.4), and
the mediating proportion due to maternal mental health

57 frontiersin.org
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TABLE 3 Associations (OR) for main groups of ICD-10 of mental disorders at 1Yz years by regulatory problems at 8-11 months and mediation proportion
(MP %) of early (0-6 months) maternal mental health problems and relationship problems (N = 416).

Any ICD-10 | Any ICD-10

Any
disorder® disorder®

disorder®

developmental

Any developmental = Any behavioral or
disorder® emotional
disorder®

Any behavioral or
emotional
disorder®

Regulatory problem OR (CI) OR (CI) OR (CI) OR (CI) OR (CI) OR (CI)
MP% (CI) MP% (CI) MP% (CI)
Sleeping problem (n = 90) 2.9 (1.8-4.7) 2.6 (1.3-5.2) 1.7 (0.8-3.6) 1.0 (0.3-3.3) 2.2 (1.1-4.7) 2.9 (1.1-8.2)
10% (0-45) - 11% (0-51)
Fating and feeding 1.5 (1.0-2.4) 1.3 (0.7-2.4) 1.0 (0.5-2.1) 0.5 (0.2-1.4) 0.9 (0.4-1.8) 1.1 (0.4-3.1)
problem (n = 164) 22% (0-70) - -
Problems of emotional 1.5 (1.0-2.4) 1.1 (0.6-2.1) 1.1 (0.5-2.4) 0.5 (0.2-1.7) 2.0 (0.9-4.0) 2.2 (0.9-5.9)
regulation incl. excessive 48% (0-88) - 5% (0-56)
crying (n=119)
Combined RP (n=114) 2.3 (1.4-3.6) 1.9 (1.0-3.5) 1.2 (0.5-2.5) 0.4 (0.1-1.4) 1.6 (0.8-3.3) 2.4 (0.9-6.4)
7% (0-48)/ - 4% (0-52)/
13% (0-52) 8% (0-54)

Bold: p-value <0.05.
2Unadjusted (N = 416).

°Adjusted for gender, gestational age, parent born outside a Nordic country, mother less than 10 years of school, parents not living together at childbirth, and maternal
mental health problems and mother—child relationship problems measured at child ages 0—-6 months (N = 247).
“MP: the mediation proportion % (Cl) of early (0—6 months) maternal mental health and relationship problems by mean of the ratio between the mediated effect and the

total effect.

problems and relationship problems was 4% (CI: 0-52) and 8%
(CI: 0-54), respectively.

Opverall, no increased risk of neurodevelopmental disorders was
found in children having infancy RP, whether being RP of sleeping,
feeding, and eating, emotional regulation or combined RP.

As shown in Table 4, a pattern of association of problems
within the same domain of mental health was seen in children
with RP of sleeping, showing a more than 9-fold increased risk
of an ICD-10 sleep disorder at 1% years, adjusted OR 9.3 (95%
CL: 2.1-42.9), mediated by less than 10% (CI: 0-42) by
maternal mental health problems and relationship problems in
infancy. Likewise, children with RP of feeding and eating
showed a highly increased risk of feeding and eating disorder,
adjusted OR 4.6 (95% CI: 0.9-22.7). Also, children with RP of
emotional regulation showed an increased risk of behavioral
and emotional disorders, adjusted OR 2.2 (95% CI: 0.9-5.8),
overall indicating continuity of

specific  problems of

dysregulation within the first years of living. Associations of
problems from different areas of psychopathology were seen
among children having RP of sleeping in infancy, being at an
increased risk of feeding and eating disorders too, adjusted OR
3.7 (95% CI: 0.8-16.2), whereas no such patterns were seen
regarding RP of feeding and eating, and RP of emotional
regulation. The mediating proportion on outcome was 8% (CIL:
0-48) or less.

The outcome of DC:0-3R diagnoses of regulatory disorders
(Table 5) was characterized by increased risk seen across the
range of RP in infancy, but most pronounced in RP of sleeping,
adjusted OR 2.7 (95% CI: 1.0-7.5). Overall, associations to DC:0-
3R regulatory disorders faded in analyses adjusting for the range
of child, family, and relational adversities (Table 5). Regarding
sleeping RP, the mediating proportion of maternal mental health
problems and relationship problems were 11% (CL: 0-52) and
18% (CIL: 0-63), respectively, whereas no mediating effect was

TABLE 4 Associations (OR) for disorders of sleeping and eating and feeding at 12 years by regulatory problems at 8-11 months and mediation
proportion (MP %) of early (0-6 months) maternal mental health problems and relationship problems (N = 416).

Eating and feeding disorder®

Eating and feeding disorder®

Sleep disorder® | Sleep disorder®

Regulatory problem OR (CI) OR (CI) OR (CI) OR (CI)
MP% (CI) MP% (CI)
Sleeping problem (n = 90) 2.8 (1.0-8.4) 3.7 (0.8-16.2) 7.1 (2.3-21.9) 9.3 (2.0-42.9)
_ 8% (0-42)
Eating and feeding problem (n = 164) 6.0 (1.6-21.7) 4.6 (0.9-23.7) 2.1 (0.7-6.2) 2.4 (0.6-9.9)
Problems of emotional regulation incl. 0.4 (0.1-1.8) 0.8 (0.2-4.3) 1.4 (0.5-4.3) 0.5 (0.1-3.0)
excessive crying (n=119) - -
Combined RP (n=114) 2.8 (1.0-8.1) 3.5 (0.8-14.5) 5.1 (1.7-15.5) 5.6 (1.2-25.6)
_ 7% (0-48)

Bold: p-value <0.05.
#Unadjusted (N = 416).

bAdjusted for gender, gestational age, parent born outside a Nordic country, mother less than 10 years of school, parents not living together at childbirth, and maternal
mental health problems and mother—child relationship problems measured at child ages 0—6 months (N = 247).
“MP: the mediation proportion % (ClI) of early (0—6 months) maternal mental health and relationship problems by mean of the ratio between the mediated effect and the

total effect.
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TABLE 5 Associations (OR) for DC:0-3R diagnosis of regulatory and relationship disorders at 1%2 years by regulatory problems at 8-11 months and
mediation proportion (MP %) of early (0-6 months) maternal mental health problems and relationship problems (N = 416).

_ Regulatory disorder® | Regulatory disorder® | Relationship disorder® | Relationship disorder®

Regulatory problem OR (CI: 95%) OR (CI) OR (CI) OR (CI)
MP% (CI) MP% (CI)

Sleeping problem (1 = 90) 2.0 (1.0-4.2) 2.7 (1.0-7.5) 1.5 (0.8-2.6) 1.4 (0.6-3.2)
11% (0-52)/ 17% (0-72)
18% (0-56)

Eating and feeding problem (n = 164) 1.6 (0.8-3.1) 1.6 (0.6-4.2) 1.2 (0.7-2.0) 1.4 (0.7-2.9)

Problems of emotional regulation incl. 1.7 (0.9-3.4) 1.2 (0.4-3.3) 1.8 (1.0-3.1) 1.8 (0.9-3.8)

excessive crying (n =119) - -

Combined RP (n=114) 1.4 (0.7-2.9) 1.5 (0.5-4.1) 1.4 (0.8-2.5) 1.7 (0.8-3.5)

- 11% (0-63)

Bold: p-value <0.05.

@Unadjusted (N = 416).

PAdjusted for gender, gestational age, parent born outside a Nordic country, parents less than 10 years of school, patent living together at childbirth, and maternal mental
health problems and mother—child relationship problems measured at 0—-6 months (N = 247).

“MP: the mediation proportion % (CI) of early (0—6 months) maternal mental health and relationship problems by mean of the ratio between the mediated effect and the
total effect.

seen in children having RP of feeding and eating and emotional  have been based on a diverse range of questionnaires to parents
regulation including excessive crying. (9, 10, 32), leaving comparisons between studies challenging.
Associations of infancy RP and DC:0-3R relationship disorders ~ Among studies using elaborated questionnaires, a study exploring
were seen across the range of problems, but most pronounced for ~ RP over the first 18 months (33) in very preterm and preterm
RP of emotional regulation including excessive crying, adjusted OR  infants used items at 6 and 18 months which are very similar to
1.8 (95% CI: 0.9-3.8). Notably, maternal mental health problems  ours, except for the feeding and eating item used in our study
had no mediating effect on outcome, whereas mother-child  “vomits without otherwise being ill,” and three items on
relationship problems accounted for a mediating proportion of  emotional regulation: “not happy and satisfied”; “often irritable
17% (CI: 0-72). and fussy”; “emotional blunted.” For comparison with the
Combined RP was associated with an increased risk of ICD-10  influential ALSPAC study (11), the same differences are seen
diagnosis, adjusted OR 1.9 (95% CI: 1.0-3.5), and particularly sleep ~ regarding items concerning indicators of feeding and eating
disorders, adjusted OR 5.6 (95% CI: 1.2-25.6), whereas no  problems, whereas the indicators of sleeping problems overall
significant associations were found to DC:0-3R regulatory and  correspond to the three sleep items used in our study at ages 8-
relationship disorders (Tables 3-5). 11 months: “The child has not yet established a stable sleep
pattern”; “difficulties falling asleep”; and “interrupted sleep.” The
items on crying in the previously mentioned studies correspond
Discussion to one of the items on emotional regulation in our study (16,
36), whereas our other indicators of emotional regulation are
In this longitudinal study, nested in a community-based cohort, ~more in line with the one used in the Mannheim Study of
we found infancy RP of sleeping, feeding and eating, and emotional ~ Children at Risk, building temperamental difficulties (43).
regulation including excessive crying being associated with an The landmark study by DeGangi et al. (44) investigated
increased risk of ICD-10 and DC:0-3R disorders diagnosed by  symptoms of DC:0-3 regulatory disorders within the following
experienced clinicians at child ages 1% years. This increased risk ~ domains: self-regulation, including variables on fussiness,
persisted in analyses adjusted for exposures to a range of perinatal  irritability, crying, self-calming; attention; sleep; eating and
child and family adversities, including maternal mental health  feeding; tactile and auditory hypersensitivity; and emotional
problems and relationship problems within the first 6 months of  functioning wusing ITSCL, to parents (45). Based on a
the child’s life. Specific analyses focusing on the mediating  differentiated approach to the severity of RP in infancy and
proportion of maternal health problems and relationship  comprehensive measurements of child psychopathology at ages
problems showed less than 50% mediation. 30 months, this study highlighted that mild to moderate
The study was embedded in the municipality child healthcare ~ symptoms of regulatory disorders seem to fade over time,
in 11 municipalities in which the community health nurses, = whereas severely disturbed children continued with impairing
CHNs, wuse the validated PUF measure to screen for symptoms across the range of diagnoses investigated, including
developmental vulnerabilities at child ages 8-11 months (35). sleep disorders and parent—child relationship disorders (44). The
The PUF measure includes validated items on RP of sleeping, = measurements of regulatory problems in this study have much in
feeding and eating, and emotional regulation including excessive = common with the items used in our study, and the longitudinal
crying (see Supplementary Appendix I). Most other studies of RP  findings do also concur with our findings, overall highlighting a
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group of regulatorily challenged children who suffer from
persistent problems across their first years of living.

Findings from newer studies focusing on RP within the first
years of living have shown a strong correlation of regulatory
problems measured at ages from 6 tol8 months (33) and up to
36 months (11). Among studies exploring mental health
outcomes of infancy RP, several population-based cohorts have
found an increased risk of parent-reported internalizing and
externalizing or emotional and behavioral problems and
disorders in older ages (11, 25, 30, 46, 47). In line with previous
findings on mental health outcomes in older children, we found
a highly increased risk of behavioral and emotional disorders
identified already at 1% years. Further, by including the range of
child mental health problems and disorders in a comprehensive
examination at follow-up, we extend the current understanding
of the early pathways of dysregulation and developmental
psychopathology in young ages (33, 44). We thus found
homotypic stability of problems within the same domain e.g,
infancy problems of sleeping being associated with clinical
symptoms and diagnoses of sleep disorders at 1% years; and
feeding and eating problems being associated with symptoms and
diagnoses of feeding and eating disorders at 1Y% years. Also, a
tendency of heterotypic association was seen among children
with RP of sleeping and ICD-10 disorders of feeding and eating,
overall indicating a transdiagnostic impact of having any RP.
Homotypic continuity is characterized by consistency, similarity,
and predictability of behaviors or internal states across different
developmental phases, whereas heterotypic continuity does not
imply longitudinal consistency of specific problems or symptoms,
but rather an unspecific predictability across domains of mental
health (48). Our findings based on data from very early
childhood thus add to the knowledge on homotypic and
heterotypic stability of psychopathology, which hitherto mostly
have been explored in older ages.

Analyses of the mediating proportion of maternal mental
health problems and mother—child relationship problems in early
infancy indicate that maternal health problems may have an
impact on the outcome in infants having RP of feeding and
eating, whereas parent-child relationship problems seem to
influence the outcome in infants with RP of emotional regulation
in particular. In contrast, problems with sleeping appeared to be
influenced to a lesser extent in general, but equally by maternal
mental health problems and mother—child relationship problems.
Still, our findings are far from conclusive due to small sample
size and low power of calculations. However, being based on a
community-based population and including the adjustment for a
range of potential confounders, the study findings add to the
current knowledge on the complex longitudinal influences of
parental and relational factors (18, 49, 50). Previous research has
highlighted the mediating role of maternal depression and
anxiety and the impact of parental sensitivity on infants’ stress
reactivity and dysregulation (24, 30, 51-54), underscoring the
overall importance of further investigation of the link between
infancy RP and parenting quality (15). As suggested, this
approach may run in parallel with research in methods to
improve parenting among regulatory vulnerable infants (55, 56).
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Overall, the findings from the present study agree with findings
from previous longitudinal population-based studies exploring
outcomes of infancy RP (9, 10). Of these, the vast majority have
been studying parent-reported internalizing and externalizing
problems and disorders in school-ages and beyond [see Ref. (32)
for an overview]; a few have investigated neurodevelopmental
disorders in clinically referred children (19, 22). Across these
studies exploring a longer developmental period, the risk of
unmeasured confounding is considerable, overall hampering the
possibilities of identification of overt targets of preventive
intervention in early childhood (32).

In contrast, we have been able to describe risk associations and
developmental psychopathology within a narrow age span and in a
developmental period, in which intervention has the highest
preventive potentials. Moreover, by describing frequently
occurring developmental phenotypes of impairing child problems
that challenge parenting in a key developmental period, our
study findings may be directly transferable to clinical and public
health settings, in which parents of infants with RP have contact
with health professionals, and so potentially ameliorate the
possibilities of early identification and timely intervention.

Early identification of developmental vulnerability has to run in
parallel with strategies to promote child development and reduce
the risk of mental health problems and disorders (57), optimally
integrating sensitive parenting and social learning as described,
for example, in the Video-based Intervention to Promote
sensitive Parenting (VIPP), which has shown promising results,
also among regulatory disturbed infants (56, 58, 59).

Strengths and limitations

The major strengths of the study include the large population-
based study sample; the standardized assessments of RP at
baseline (35); information on RP; and child, relational and family
characteristics from standardized municipality records, as well as
data on possible confounders obtained from national registries.
Further strengths
examinations at 1% years and the diagnostic classification of

include the comprehensive face-to-face
psychopathology according to ICD-10 and the Diagnostic
Classification of Mental Health and Developmental Disorders
of Infancy and Early Childhood, DC:0-3R (8) with
established reliability (37).

Notably, the combination of information from parents and
community health nurses at baseline, and the follow-up
assessments blinded of RP at baseline, by experienced clinicians,
altogether optimizes the validity of data collected, and overall
reduces the risk of information bias.

The study is embedded in existing service settings and carried
out by CHNs which is a strength regarding the generalizability of
the results of the study.

However, the strengths of being based on existing municipality
settings and the existing routines of the CHNs must be understood
in relation to the psychometric uncertainties given by the
conditions of measuring RP within these settings. The items

included as measures of RP in our study have been preliminary
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examined concerning the construct and predictive validity (16, 36),
but the reliability of the CHNs assessments and recordings of the
RP items has not been established.

Notably, the most important limitations of the study concern
the validity of the concept of RP, being far from well-defined,
leaving  considerable methodological ~challenges to the
assessments and classification of RP, and thereby challenging
comparisons between studies. Still, these limitations are universal
to all studies of RP, as highlighted in recent reviews (9, 32).

Another limitation of our study concerns the potential
selection bias, given a lower participation of children from
families of higher socioeconomic risks, but on the other hand, a
relatively higher participation of children having maternal mental
health and relationship problems reported within the first 6
months of the child’s life. This selective dropout has been
accounted for in the adjusted analyses, and overall, it is not
considered to qualitatively influence the results found (60).

Even though our sample size was not very small (N=416),
several of the variables recorded in the municipality health nurse
record were missing. This particularly influences the power of
mediation analyses, which therefore mostly should be seen as
data exploration for generating hypotheses about potential
mediation effects. Notably, as missing data appeared to occur
completely at random, our findings based on complete-case

(adjusted) analyses remain unbiased.

Conclusion, implications, and future
research

Children who show RP of sleeping, feeding and eating, and of
emotional regulation including excessive crying in late infancy (8-
11 months) have an up to doubled risk of mental disorders at 1%
years, most pronounced regarding RP of sleeping. Exploring a
population-based sample and being able to adjust for potential
perinatal or psychosocial family determinants, the study findings
point to RP as important markers of mental health vulnerabilities
that should be addressed promptly to prevent the progression
from dysregulation tracking into child psychopathology in
older ages.

The phenomenology and developmental pathways of RP
shown call for methods of preventive intervention that focus on
parents’ abilities to understand and meet their child’s regulatory
vulnerability in a sensitive and developmentally appropriate way.
These methods should be applied in clinical as well as in public
health settings, such as the municipality child healthcare service;
and overall, be built on evidence-based measures to promote
sensitive parenting and strategies of social learning.

However, more research is needed to validate the clinical and
developmentally important aspects of regulatory problems in
early childhood, as well as research into measures of the reliable
identification of these problems. Likewise, more research is
needed to qualify effective and feasible methods of sensitive
parenting with the potential to break the developmental
trajectories
in childhood.

of dysregulation and psychopathology early
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Helping parents to cope with
infant regulatory disorders
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Thomas Coram Research Unit, University College London, London, United Kingdom, ?Research
Department of Behavioural Science and Health, University College London, London, United Kingdom

The term Regulatory Disorders (RDs) refers to infants and young children who
cry a lot, have poorly organised sleep-waking, or whose feeding is impaired.
The characteristic they share is a failure to acquire autonomous self-control of
these key behaviours, which most children develop in the first postnatal year.
The concept of RDs is helpful in highlighting this question of how infant
self-requlation is, or isn't, accomplished, in drawing these characteristics
together and distinguishing them from others, and in focusing research and
clinical attention on a common, but relatively neglected, set of concerns for
families. The main focus for research into RDs has been on the nature and
causes of the infant behaviours involved. Here, the aim is to highlight the part
played by parents, since that is central to the provision of clinical services for
RDs. Three points are made. (1) The contributions of parents include:
detection and monitoring of RDs; generating the resulting healthcare service
costs; maintaining their own wellbeing, since that is in their infant's best
interest; delivering interventions to help infants and families, which are almost
always provided by parents. Parenting may be involved in maintaining RDs in
some cases. (2) Substantial differences exist between infant RD cases in the
behaviours involved, the age at which they present, the complexity and
severity of the RD, and in their persistence over time and age. Most cases
have one, rather than all three RDs, making them the most common type
seen by clinicians. Evidence is summarised that interventions tailored to fit the
RD involved can be effective in these cases. Multiple and sustained RDs are
much rarer, but associated with greater risk of long-term psychological and
behavioural impairments. They are a priority, but less is known about the
contributions of parenting and child factors to these cases. (3) The focus on
parents with infants requires joined-up paediatric and adult mental health
services. After summarising three main requirements for such services, an
example designed to fulfil these requirements is described to illustrate what a
service for supporting families with RDs might look like.

KEYWORDS

infant crying, infant sleep, infant feeding, regulatory disorders, parenting

Introduction

One of the most important tasks for young children is to develop control of their own
sleep, waking and feeding behaviours. This transition to infant autonomous regulation of
these crucial behaviours does not always go smoothly. The term Regulatory Disorders
refers to cases involving prolonged infant crying, poorly organised sleep-waking, or
impaired feeding. Surveys have found that more than a third of infants exhibit at least
one of these behaviours, making them common challenges for parents and families and
costly concerns for healthcare systems (1, 2). For brevity, we will refer to infant and
child Regulatory Disorders and their synonyms Regulatory Disturbances and Regulatory

64 frontiersin.org
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Problems as RDs. Together with this collection of articles, the
publication of three systematic reviews, the most recent including
meta-analysis of 30 studies, is evidence of the growing interest
in RDs (3-5).

Historically, the main focus for research into RDs has been on
the nature and causes of the infant behaviours involved. In
contrast, the aims in this article are to: (1) Highlight the
importance of parental contributions and the need for equal
attention to them; (2) Propose that the focus for primary
healthcare services should include supporting parents in gaining
skills;
developed by psychologists and psychiatrists to support parental

coping (3) Summarise the evidence that methods
mental health, including cognitive behaviour therapy, provide
cost-effective techniques for this purpose.

Because our focus is on parents, it is worth saying at the outset
that we do not intend to imply that parents cause infant RDs. There
is ample evidence that all three RDs are associated with parental
factors, such as anxiety, depression, and parenting behaviours,
particularly in clinical samples (6-15). However, these are
observational studies, which leave the direction of causation
unclear. That is, these studies cannot establish whether the
parenting factor was the initial trigger for the infant RD, whether
the infant RD caused the parental problem, or whether a third
factor (such as genetic confounding) contributed to both parental
and infant elements. We cannot assume that all infants are
inherently good at regulating their crying, sleep, or feeding. Some
may be slower to mature or learn, or have a strong biological
basis to their behaviour, so that they need extra parenting
support compared to most infants. There is evidence, for
example, that some babies cry a lot in spite of highly sensitive
and responsive parenting (16, 17).

In principle, randomised controlled trials (RCTs), which
intervene to change parenting behaviours in one group, compared
to a control group, provide the strongest evidence about
causation. We will examine the available RCTs in more detail
below, but it is sufficient here to note that the findings are
complex and leave causal directions uncertain. Similarly, a recent
systematic review of the evidence was unable to conclude whether
inadequate parenting contributes to infant RDs (5). Behaviour
genetic studies, which provide a powerful tool for examining
causation, indicate too that RDs are complex problems with
multiple interacting causes (18-21). Lastly, there is evidence that
factors within young infants are often involved (22). However,
these factors are heterogeneous, that is, they vary greatly between
cases. Understanding that diversity is essential for interventions
designed to help infants and their families, particularly where
parents are responsible for delivering the interventions, as they
usually are. We will return to develop these points below.

Heterogeneity among infant and child
RDs

The term and concept of RDs is helpful in identifying
characteristics shared by some young children, distinguishing
them from other characteristics such as intellectual impairments,
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and focusing research and clinical attention on a common, but
relatively neglected, set of concerns for families. As noted above,
the three RD types share a focus on the acquisition of
autonomous self-control, that is, young children’s ability to
regulate their own crying, sleeping and feeding behaviours.

Although the notion of RDs is helpful, there are substantial
differences between individuals in the behaviours involved, the
age at which they present, the complexity and severity of the RD,
and in their persistence over time and age. Infant crying and
parental concern about unexplained or “excessive” crying peaks
at about 5-6 weeks of age, occurs most often in the afternoon
and evening, and reduces substantially by 12 weeks of age
(23-26). In contrast, infant sleep problems involve waking at
night in older infants (27, 28). Newborn infant sleeping periods
are short and vary little between day and night. By three months
of age, most infants begin to sleep for longer periods in the night
than day, and by six months about 70% of them have the long
night-time sleep periods typical of mature sleep-waking and
highly valued by parents (27). The approximately 30% of infants
who do not make this transition are said to have poorly
regulated sleep, or “sleeping problems” (27).

The development of infant feeding self-regulation is particularly
complex. From birth, infants need to coordinate sucking, breathing
and swallowing to establish effective feeding. Sucking is initially
automatic and reflexive, but becomes voluntary by four months of
age. Infants must learn to recognise, respond to, and express their
internal biological signals of hunger and satiety to caregivers to
regulate milk intake. At about six months complementary feeding
begins, during which infants acquire oral motor skills in biting,
chewing and swallowing a range of textures and flavours, as well
as the ability to self-feed. Disorders of feeding can occur if any of
these aspects of early feeding is impaired. Feeding problems often
emerge during key feeding transitions, such as moving from
breast- or bottle-feeding to cup-feeding, starting solid foods, or at
the initiation of self-feeding.

It is important to distinguish clinically relevant feeding
problems from developmentally typical behaviours that parents
nevertheless find troublesome. Refusal of new foods (neophobia)
affects many toddlers towards the end of the first year, but often
resolves with time. “Picky eating” is the rejection of both familiar
and unfamiliar foods, leading to inadequate variety or quantity of
foods consumed, which too is common among infants and
toddlers (29, 30).

In contrast, severe and prolonged feeding disturbances are
classified as either “avoidant/restrictive food intake disorder”
(ARFID) (29) or pediatric feeding disorder (PFD) (31). ARFID is
defined as persistent failure to meet appropriate nutritional and/
or energy (calorie) requirements, alongside any of: failure to
achieve expected weight gain or weight faltering; significant
nutritional deficiency; dependence on nutritional support (e.g.
tube-feeding or nutritional supplements); or marked interference
with psychosocial functioning. Feeding disturbances can occur in
any of, or all of, three domains: feeding/eating too little (poor
appetite and low interest in feeding/food); eating a very restricted
number of foods (avoidance of foods based on sensory
sensitivity, such as texture or taste); or fear of feeding/eating due
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to conditioned aversion (often following unpleasant consequences
such as vomiting or abdominal pain). For ARFID to be
diagnosed the feeding disturbance cannot be caused solely by a
concurrent medical or developmental condition or must exceed
that which would be expected with the condition; lack of
available food and culturally sanctioned practice must also be
ruled out. PFD is broader than ARFID and includes feeding
disturbances directly caused by medical co-morbidities and
developmental delay, as well as those occurring in healthy infants
who are otherwise developing as expected. PFDs are defined as
the inability to consume sufficient food and liquids to meet
nutritional and hydration requirements (e.g., infant is growing
slower than expected or experiencing weight faltering), and
include feeding impairments linked to any of medical, nutritional,
skill-based or psychosocial dysfunction. Chronic (vs. acute) PFDs
persist for > 3 months. Both ARFID and PDF are relatively new
definitions (first appearing in 2013 and 2019, respectively).

As well as differences in the developmental course of the three
RD types, most individuals have one or other, not all three. Their
prevalence varies according to the definition and methods used, but
parents typically report excessive crying in around 10%-20% of
1-3-month-old infants (26, 32), and sleep problems in about 30%
of 6-12-month-old infants (28, 33, 34). About 25% of parents
report a feeding difficulty of some kind in otherwise healthy
infants (1), and up to 50% of infants and toddlers are reported
to be “picky eaters” (30). In comparison, in a large cohort of
five-month-old German infants, 4.2% had both sleep and feeding
problems, 4.6% crying and sleeping problems, 3.9% crying and
feeding problems, and just 1.9% had all three RDs (22).

In the long-term, the causes underlying these differences
between RD cases are an important target for research. There is
already evidence that infants and toddlers with multiple and
persistent RDs are particularly likely to have serious long-term
such as attention,

impairments cognitive and behavioural

problems (3, 4, 35). This alone indicates a need to prioritise
identification and support for these cases. In addition, it suggests
that some individuals have impaired physiological and/or
psychological regulatory systems which are responsible both for
their early RDs and for later impairments in their social,
emotional and behavioural development. However, that does not
seem to be true for most cases with single crying, sleeping or
feeding RDs (4, 36-40). The peak in infant crying in the early
weeks typically resolves without any intervention by 3-4 months
of age, and most infants who cry a lot at this early stage then
develop normally (36, 38, 41). Crying problems do occur at later
ages, but are much rarer and are associated with long-term
mental and behavioural impairments, suggesting that these cases
may differ from those whose crying is confined to the early
months (40, 42-45). Most infant and toddler sleep problems are
transitory or intermittent, so that only around 5% have sleep
problems across multiple ages (46-48). However, severe and
persistent  sleeping problems do predict later disorders,
particularly anxiety and emotional disorders, in some cases
(49, 50). Chronic picky eating (from infancy or toddlerhood to
childhood), children

(approximately 3%-4%) (30, 51, 52): for most, this is a transient

also affects a small number of
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phase. Yet, single infant feeding RDs, too, are sometimes
associated with emotional and behavioural disturbances later in
childhood (53, 54). What distinguishes these cases remains
uncertain, although here too RD severity may be a key factor.
For example, one study found that 63% of infants diagnosed
with ARFID between 1.5 and 3 years of age continued to have
moderate or severe malnutrition at 11 years of age (53). Adults
seeking treatment for ARFID commonly report longstanding
highly selective feeding beginning in early infancy, such as only
accepting one type of formula, or having difficulty transitioning
from exclusive milk-feeding onto solid foods (55).

Unless this heterogeneity between, and even within, the three
RDs is explicitly recognised, the risk is that infants found to have
them will be thought of as a homogeneous group with a
common underlying neuro-behavioural and psychological
condition needing a common treatment. Indeed, some reports
have already grouped individuals with single and multiple RDs
together without acknowledging their diversity.

Because RDs have only recently been recognised by researchers
and clinicians, we lack routine surveillance methods for identifying
them. It follows that research studies have had to devote
considerable resources to finding cases, particularly those with
multiple problems which are much rarer. This alone makes it
easy to understand why some recent studies have amalgamated
multiple and persistent RD cases (22, 35). Yet, there is already
evidence that single crying, sleeping and feeding problems often
involve normal individual differences in developmental processes,
while infant learning is more critical for sleeping RDs, and some
forms of feeding disorders, than for excessive crying in early
infancy (1, 17, 56, 57). It follows that any remedial intervention
needs to take these differences, as well those between single and
multiple RD cases, into account. Clinicians need to know that
most RD cases they encounter will involve single problems, and
to have resources available to identify them and to deliver a
suitably tailored, cost-effective, intervention. In turn, being given
this guidance by their trusted healthcare professional should
provide many parents with immediate reassurance and practical
help. We will revisit below what such a service might look like.

Parental contributions to infant and
child RDs

1. Identification of RDs and Impact on Healthcare Services.

For obvious reasons, parents, not infants or young children,
approach healthcare services for guidance and are responsible for
the associated costs. Ideally these initial contacts should lead to
objective measures to distinguish the infant behaviours and
identify the physiological and psychological factors underlying
them. Existing methods, such as audio and video recording,
polygraphy, and actigraphy can provide some evidence of this
type  (58-60). these
cumbersome, expensive, have their own limitations (61), and are

However, methods are currently

not widely used. Instead, most studies have relied on parental
reports of RDs, measured as yes/no responses or ratings of RD

frontiersin.org


https://doi.org/10.3389/frcha.2024.1322962
https://www.frontiersin.org/journals/child-and-adolescent-psychiatry
https://www.frontiersin.org/

St James-Roberts and Llewellyn

severity (e.g., none/mild; moderate; severe), overlooking the
that
vulnerabilities influence how parents perceive, respond to, and

evidence individual ~ parental  characteristics and
report infant RDs (62-64). It follows that, where a parental
report is all that is available, it is unclear how far it measures an
infant or parent. This is less critical for clinical purposes, since
clinicians start with a parental report of a RD, then seek to
unravel the infant, parental, and situational factors involved step
by step. Further, interventions for RDs are almost always
delivered by parents, so that supporting them is likely to be
inherent in any intervention. Fortunately, methods for screening
parental wellbeing are available for clinical use and can be
included in the intervention process. For research trying to
understand the infant part of RDs, however, objective measures
which distinguish infant from parental components of RDs are
needed. The implication is that parental reports are a key part of
clinical practice, but should be thought of as “red flags”
identifying families in need of support rather than as definitive
measures of infants or children.

2. The clearest evidence that parental responses to RDs may

sometimes contribute to good or poor outcomes at later ages
trials (RCTs). In
particular, there is substantial RCT evidence that intervention

comes from randomised controlled
programmes based on behavioural principles and delivered by
parents are effective in improving night-time sleeping in
infants 6 months old or older (27, 56). There are, however,

caveats to this conclusion:

« The findings apply in the short to medium term, but often
wash out long-term, such as by 9 years of age (65). This
leaves unclear whether parents did not sustain their
allotted parenting methods, or whether the child’s
underlying vulnerabilities re-asserted themselves.

o Although many parents find behavioural programmes
helpful and (66-68) find them
unacceptable and consider their disadvantages to
outweigh their benefits (69).

o In infants under six months old, most RCTS have found

effective some

behavioural interventions effective in preventing sleep
problems (57, 70-75) but some found little or no benefit
(76-78). This may be because of infant immaturity,
because many parents experiment with a variety of
parenting methods during early infancy (79, 80), or
because these studies failed to achieve significant
differences between intervention and control groups.
Parents sometimes omit to follow all the recommendations
involved in behavioural programmes (17), making RCTs
involving infants particularly hard to carry out. When
planning clinical interventions, parents’ individual and

culturally-based judgements need to be taken into account.

In sum, these RCT findings indicate that behavioural methods can
be recommended by professionals to help many families to manage
infant sleep problems in the short to medium term (65). As well as
this evidence, clinicians need to assess parents’ preferences, and
discuss other ways of coping, from the outset (47).
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With regard to feeding problems, the consensus among
clinicians is that a parent need not worry if a child is:

o Eating something from each of the main food groups on most
days (vegetables or fruit; potatoes, pasta, bread or rice; meat,
fish or pulses; milk, cheese or yoghurt)

«+ Gaining weight as expected (i.e., following their weight centile)

o Active and healthy

However, many parents find feeding problems to be stressful and
there is clinical and epidemiological evidence that parents who
feel anxious about their infant’s food or milk intake may adopt
controlling (e.g., pressuring or force-feeding) or indulgent feeding
practices (e.g., cajoling or making a different meal), which can
prolong or exacerbate feeding problems (6, 9, 64). Instead,
responsive feeding—responding

appropriately, quickly, and

sensitively to an infant’s feeding cues—is considered by

professional ~organisations worldwide to be the optimum
approach for parents to follow to support infants in developing
healthy feeding behaviours. With responsive feeding, parents
offer age-appropriate foods, model eating, provide structure
(what, when and where to feed) and set reasonable limits; infants
are allowed to reject or accept foods, and to self-feed without
pressure. Responsive feeding is a core recommendation for the
prevention and treatment of infant feeding problems, with
parents being advised to focus on how to feed rather than the
amount of food consumed by the infant (64).

Within a responsive feeding framework, a helpful recent review
has summarised the different behavioural strategies parents could
implement for each type of feeding problem (64). The UK’s
Scientific  Advisory Committee on Nutrition, too, has
recommended: (1) repeated exposure to new foods (giving the
infant many opportunities to try a new food, without pressure) is
important for their acceptance; and (2) offering a variety of
foods helps infants increase their acceptance of new flavours
(81). A single RCT found that following a “baby-led weaning
(letting the infant self-feed from the start of

complementary feeding) resulted in earlier self-feeding, less

approach”

pickiness and greater enjoyment of food at 2 years of age,
compared to traditional spoon-feeding (65). More RCTs are
needed, but this evidence indicates that parents can be supported
in preventing or resolving feeding difficulties if they arise and, at
the very least, not making them worse (44).

Altogether, the evidence above makes it plausible that
parenting in response to early RDs may sometimes influence
later child development outcomes. It also points to parenting
strategies which may form part of a clinical intervention which is
helpful for many RD cases involving sleep or feeding problems
in at least the short to medium term.

Twin studies are powerful designs for disentangling the relative
contribution of genetic and environmental influences on variation
in behaviour, and there have been several such studies of infant
sleep and feeding (although not infant crying). On the whole,
these studies indicate that both genetic and environmental factors
are important, although their relative influence varies across the
behaviours. In infancy, genetic factors explain only 17% of the
variation in parent-reported sleep duration, with environmental
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factors playing the most important role and, in particular, those
that are shared entirely by co-twins (e.g., parental sleep hygiene
practices) (82). In contrast, genetic factors play a major role in
shaping variation in some feeding behaviours, explaining
53%-84% of individual differences in enjoyment of feeding,
responsiveness to feeding cues, satiety sensitivity and feeding
speed, during the period of exclusive milk-feeding at around
3 months of age (18). Picky eating and neophobia also show
moderate to high genetic influence (46% and 58% respectively)
in toddlerhood (16 months), while environmental influences
shared by co-twins are more important for picky eating (46%)
than for neophobia (22%) (19). In the first longitudinal study of
picky eating and neophobia combined, spanning 5 age points
from toddlerhood to early adolescence, shared environmental
influence was only observed at 16 months of age, but had
disappeared by early childhood; on the other hand, genetic
influences on picky eating and neophobia increased over time
(e.g., from 60% at 16 months of age to 84% by 3 years of age)
(20). The most recent systematic review, too, has concluded that
feeding disorder causation typically involves a complex process of
interplay between genetic and parenting factors (83). There is no
evidence of shared environmental influence on ARFID; rather,
susceptibility to this disorder is largely heritable (79%), at least in
childhood (21). Collectively, these twin studies indicate that
parents may find it easier to resolve sleep problems than feeding
problems, and that feeding problems may be more modifiable in
infancy and toddlerhood than in childhood. These studies also
underline that parents are often not to blame for the onset of
feeding problems, and that they may need considerable support
with managing them.

Although RCTs and behaviour genetic studies provide strong
evidence about causation, they are difficult and costly to
implement, particularly where long-term follow-up is involved.
Instead, most studies, particularly of multiple RDs, have
employed observational designs, often prospectively at successive
ages, using statistical analyses to unravel the contribution of
infant and parental factors. In particular, the Bavarian
Longitudinal Study has followed up a large cohort of medically
at-risk infants and families from birth (35, 84), incorporating
normative community groups and a parallel study in Finland for
comparison. Strengths include some use of objective measures
and reports from professionals to substantiate parental reports.
In their most recent publication, this study has followed up the
participating infants to 26-30 years of age (22). Broadly, these
researchers propose a “cascade” model whereby early multiple
and persistent RDs predispose some individuals to emotional,
behavioural, and attentional problems in childhood, which then
predispose them to psychological, behavioural and social
regulatory disorders as adolescents and adults, independent of
the contribution of parenting factors. These conclusions are
reminiscent of the New York Longitudinal Study of temperament
in the 1960s-80s, which first provided scientific credence for the
view among parents that some children are constitutionally
difficult. However, with the advances in methodology and
conceptual modelling employed by the Bavarian study, their
conclusions are particularly authoritative.
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While the Bavarian study may be the leading one of its kind, a
2020 systematic review of relationships between parenting
behaviour and infant regulation examined 107 studies, most of
which were observational (5). They found few consistent results.
about the
contribution of inadequate parenting to infant RD development,

They were unable to draw any conclusions
but found evidence of a relationship between positive parenting
behaviour and positive infant self-regulation, with differences
according to age, measurement method and infant behaviour.
Specifically, maternal sensitivity, responsiveness, supportiveness
and positive affect were associated with good infant self-
regulation. Whether this relationship reflects effects of parenting
on infant behaviours, indicates that well-regulated infants are
easier for parents to care for, or is due to a third factor such as
shared genetic influence, remains unclear. Rather, the implication
of this finding is to point to the need for more methodologically
robust studies of how RDs affect parental emotions and coping
behaviours, as well as studies of positive and negative parenting.

Targeting healthcare interventions
for RDs

Arising from the points made above, an obvious question is
whether infant crying, sleeping and feeding problems are
problems for infants or parents? The starting point, at least for
healthcare interventions, is to anticipate “both”. Despite calling
them infant problems, the immediate impact of RDs is on
parents. Although many parents cope, there is evidence that
substantial numbers will experience distress, frustration, anxiety
and/or depression (12, 13, 85), while a small minority will harm
the infants in their care (86). Even if the infants involved are
healthy, parental wellbeing is in their best interests. Regardless,
too, of whether parents maintain infant RDs, they have to cope
with them on a daily basis and, in most cases, to deliver the
intervention programme clinicians recommend. The lack of
evidence that parenting causes infant RDs needs to be kept in
mind, since parents who perceive clinicians to be blaming them,
or who lose trust in their clinician, are unlikely to maintain
involvement as partners in supporting their infant’s development.

Historically, recognition of the need to focus on parents as part
of RDs can be traced back to the need to prevent “Shaken Baby
Syndrome”, now known as Abusive Head Trauma (87). This
form of infant abuse was found to result in brain injury and
often triggered by infant crying (88). Studies of ways to raise
parental awareness of the dangers of Abusive Head Trauma, and
evaluations of their effectiveness, followed (88). Other adverse
outcomes of infant crying reported include abandoning breast
feeding, over-feeding, and impaired parent-child relationships
and child development (89). Since that time, the list of RDs has
broadened to include other behaviours which challenge parents,
and services to safeguard infants and children have been
introduced by many healthcare providers (90).

The focus on parents with infants requires traditional
professional boundaries to be crossed, to join up paediatric and
adult mental health services. As these joined-up services embed
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in healthcare systems, there is a need to consider what form they
should take and who should provide them. Their nature is likely
to depend on the healthcare systems involved and the resources
available to them. Because we are most familiar with the UK
National Health Service, we will focus on the experience and
evidence accumulated in the UK, but the core requirements seem
likely to be similar across countries and healthcare systems.
Requirement 1: The services need to be embedded in primary
healthcare, that is, in provisions which provide front-line
surveillance, monitoring and safeguarding for all parents with
infants and young children, with links to tertiary services where
needed. In the UK, General
Practitioner doctors, community nurse Midwives and Health

specialised treatments are
Visitors, and allied professionals, provide services of this sort. In
particular, Health Visitors provide statutory healthcare for all
families at ages which coincide with infant RDs, traditionally
involving home visits which allow them an opportunity for
surveillance. Approached from an adult mental health
perspective, the UK Maternal Mental Health Alliance, and
Managed Clinical Network for Perinatal Mental Health in
Scotland, have developed services to support parental
(particularly maternal) mental health in the community (91-93).
These adult services do not at present include an explicit focus
on infant RDs, in spite of evidence that irritable, unsettled
infants can trigger mental health impairments in vulnerable
mothers (94). They do not yet provide joined-up services, but
have the potential to develop them.

Requirement 2: The services must be shown to be effective, and
cost-effective, in supporting families tackling RDs. In particular,
where attention to RDs needs to be added to existing workloads,
the service needs to deliver better value for money. As an
example, studies of interventions to prevent Abusive Head
Trauma in Canada and North America have published evidence
that the interventions are cost-effective over the longer-term (95).
In the UK, the National Institute for Health and Care Excellence
recommends a stepped-care model for parental wellbeing
support, including during the postnatal period (92). This model
involves use of low-cost supports in most cases, with more
expensive interventions, such as direct one-to-one contacts,
reserved for cases with additional needs. Fortunately, suitable
online healthcare provisions, such as websites and apps, have
coincided with these recommendations (96-99).

Requirement 3: the service needs to include two main elements:
(i) gathering information about the infant behaviours involved,
including their impact on parents and the need for further steps
to support infant wellbeing; (ii) exploring and supporting
parents’ coping, including their emotions, thoughts and actions.
Many parents find RDs stressful and they are associated with
parental frustration and poor mental health (12, 13, 85). While
the direction of causation remains uncertain, interventions need
to assess, support and safeguard both infants and parents.

Clinical groups in America and Germany have developed
family interventions designed to support both parents and
infants and children, including those with RDs (100, 101).
Because they are delivered by clinicians directly to parents, they
may be relatively expensive, particularly for primary care use in
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the general community. To date, most of the evidence of their
effectiveness has come from case-studies without control groups,
but one controlled study compared three such treatments with
routine services when delivered to 193 mothers with postpartum
depression. The treatments included interaction guidance based
on Mc Donough’s (101) principles, a psychodynamic treatment
which included a focus on parental attachment, a non-directive
counselling approach, and treatment as usual in the UK NHS
(102). Compared to routine services, all three interventions
reduced maternal depression at 4.5 months, although only
psychodynamic therapy met clinical criteria for improvement.
of the
improvements at the 9-month outcome assessments and none of

However, none interventions continued to show
them improved on the spontaneous rate of remission from
depression at longer-term (9, 18 or 60 month) outcomes.
Similarly, a randomised controlled trial of a psychological
intervention to improve maternal depression in the UK found
improvements, but not clinically significant long-term benefits
(103). It is plausible that cases where maternal postnatal
depression is triggered by an infant RD will remit if the RD
involved resolves, but the evidence available does not, as yet,

confirm that explanation.

An example: the Surviving Crying (SC)
service and study

Because of the fledgling nature of services to support parents of
infants with RDs, this intervention is briefly described to give a
blueprint for what a service for families with RDs might look
like. As its title indicates, the intervention was developed to
support parents with infants they judge to be crying excessively.
This includes recognising that infant crying, and parental
concern about it, peak in the first few postnatal months, and that
interventions involving parenting can be helpful, but not reliable
in stopping the “unsoothable” crying bouts which are the
primary concern for many parents (85, 104). It follows that
interventions for this RD type need to be delivered early, rapidly,
and to target helping parents to cope in getting through this
trying period.

The SC intervention includes three main elements: a website, a
booklet based on the website, and a short programme of Cognitive
Behaviour Therapy (CBT) sessions delivered to parents by a
specially trained healthcare professional, such as a Health Visitor
(89). All participating parents are provided with the website and
booklet, while about half choose to have the, more expensive,
CBT sessions (89). CBT-based methods were selected because of
evidence of their effectiveness in supporting adult mental health
and wellbeing, including parents during the postnatal period, and
because they are recommended for this purpose by the National
Institute for Health and Care Excellence (105).The CBT-based
sessions with parents follow a manual designed to provide the
professional with step-by-step guidance. Typically, sessions start
with history-taking to identify the crying features worrying the
parent, since these are what have brought the parent to seek
help. As well as the crying amount, this commonly includes
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parent’s inability to soothe the baby, concern that the crying is a
sign of ill health, worry that the baby is not getting enough to
eat, and anxiety that the crying is the parent’s fault and reflects
inadequate parenting. The Crying Patterns Questionnaire (25)
provides a brief standardised, freely available, interview for
collecting this information. This is used to assess the crying,
show parents their concerns are being taken seriously, confirm
the infant’s health, provide reassurance and guidance, and
identify any follow-up or referral needs. When used at successive
ages, it allows progress to be tracked.

This first part of the session needs to be tailored to the RD in
question. The Brief Infant Sleeping Questionnaire (34) is suitable
for screening for infant sleep problems, and the Infant and Child
Feeding Questionnaire can identify infants or children at risk of
a paediatric feeding disorder (106). “What matters to me” is a
questionnaire developed by parents of children with ARFID
(107) to capture their concerns, perceived impact on their child
and themselves, and their hopes for treatment/goals, which can
be used to assess outcomes that parents value highly.

The second part of each session turns attention to the parent
(s), using CBT-based techniques to support them in developing
coping strategies which help them manage their emotions and
actions and ensure their own and their infant’s wellbeing. Steps
to take if the baby’s crying becomes overwhelming are prominent
both in the CBT-based and  website/booklet.
Standardised questionnaire assessments of depression and anxiety

sessions

are used to track parents’ mental health and wellbeing. This part
of the intervention appears likely to be broadly similar across
different RD types.

The findings from this study so far are that receipt of the SC
materials was associated with improvements in parental mental
health and coping, that both parents and Health Visitors wanted
the SC materials to be included in the NHS, and that Health
Visitors could be trained, mostly online, to deliver the materials
successfully under routine NHS conditions (108). Supported by
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Introduction: Many studies have documented the profound impact that the
mother-child relationship has on child sociality and behavior. However, the
biological mechanisms that govern the relationship are poorly understood. We
developed a mother-child emotional preparation program (MCEP), based on a
novel autonomic nervous system learning mechanism. MCEP is hypothesized
to condition the child’s autonomic nervous system to better meet the
preschool socioemotional classroom challenges.

Methods: We conducted a randomized controlled trial of MCEP, comparing a group
of children receiving standard curriculum with children receiving standard curriculum
plus MCEP. Previously, we reported that the MCEP mother-child dyads (vs controls)
were more emotionally connected at six months post intervention and MCEP
children (vs controls) displayed better socioemotional behavior at home and in the
classroom. At six months post intervention, mothers and children underwent a
stressful interaction-interruption paradigm, during which we acquired child ECG.
We analyzed heart rate and several measures of child heart rate variability obtained
during the 10-minute post-stress recovery period.

Results: We found that MCEP children showed better autonomic regulation
following the stressor, as measured by lower heart rate (p=0.017) and
increased high frequency respiratory sinus arrhythmia (RSA) or vagal tone
(p =0.043). Surprisingly, despite a sample size limited by COVID (n =12 and
12), the effect sizes were large (g's ranging from 0.89 to 1.09). In addition, we
found significant correlations with large effect sizes between autonomic
measures and scores on the Welch Emotional Connection Screen (WECS).
Discussion: These findings support the conclusion that MCEP had a significant
positive impact on child autonomic regulation in response to stress, which
correlates with behavioral assessments of emotional connection. We discuss
theoretical considerations and the implications of our findings for preschool
education programs in general. This trial was retrospectively registered
(clinicaltrial.gov registry NCT02970565) three months after the start of the first
recruitment on April 9, 2019.

KEYWORDS

autonomic regulation, mother-child, socioemotional behavior, preschool behavior,
emotional connection, autonomic conditioning, stress responding
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Introduction

Antisocial behavior in preschool-aged children has been
increasing for decades. In the US preschoolers now have the
highest rates of school expulsion of all age groups (1). Antisocial
behavior in childhood often leads to lifelong social exclusion and
considerable personal distress and dysfunction into adulthood
(2) and
for treatments (3, 4).

imposes high public and private expenditure

Antisocial behavior among preschool-aged children has
worsened because of the COVID-19 pandemic and has been
declared a national emergency (5).

Over the last 10 years, numerous reviews and meta-analyses
have examined the efficacy and effectiveness of various
intervention programs designed to address the rising problem of
emotional, behavioral, and developmental disorders in preschool
aged children, including psychosocial interventions for ADHD
(6); psychological interventions targeting behavioral inhibition
and anxiety (7); cognitive behavioral therapy (CBT) (8); school-
based interventions to prevent anxiety and depression in young
children (9); Incredible Years Teacher Classroom Management
(IYTCM) for adverse socioemotional behavior (10), and Parent
management training (PMT) for behavior problems (11).

Overall,

inconclusive effect on overall adverse classroom behavior and

results of such interventions show limited or
most are not suitable in their present form for scaling, due to
small effect size and/or the limited availability, length and cost
The

increasingly burned out, and preschool educators struggling to

of treatment programs. situation has left teachers
find alternative solutions.

To address the preschool behavioral problem (12), we co-
developed a novel Emotional Preparation program (MCEP) with
Children’s Learning Centers of Fairfield County (CLC), a leading
community-based pre-school education program serving ~1,000
families annually in Stamford, CT. MCEP is a preventative group
family intervention facilitated by trained specialists and designed
their child for
socioemotional experience. We conducted a randomized
controlled trial (RCT) of MCEP at CLC (ClinicalTrials.gov
Identifier: NCT03442439), comparing a group of children

receiving CLC’s standard curriculum with a group receiving

to help parents prepare the pre-school

standard curriculum plus MCEP.

Previously, we reported that the MCEP mother-child dyads
(vs. controls) were more emotionally connected at six months
post accrual and MCEP children (vs. controls) displayed better
socioemotional behavior at home and in the classroom (13). In
addition to
physiological data to better inform decisions on whether to

behavioral benefits, we recorded real-time
integrate the preventative practices into CLC’s preschool standard
curriculum. Specifically, we examine here the effects of MCEP on
child physiological responding to stress, as measured by heart
rate and heart rate variability in-vivo, during a 20-min recovery
period after a series of interrupted interactions with their mother.

It is well-established that individual differences in the quality of
parent-child interaction are associated with infant and child stress

response at a physiological level (14, 15). Electrocardiogram (ECG)
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methodology has been utilized by previous studies to measure
in vivo cardiac activity as an assessment of stress reactivity and
recovery (16). Infant parasympathetic regulation during a
relational stressor is associated with maternal sensitivity (17, 18),
parental responsiveness (19), and mother-child coordination of
affective behaviors (20).

We have proposed that mothers and infants are biologically
designed to co-regulate one another’s autonomic state through an
autonomic ‘calming cycle’ conditioning process. The process
starts during gestation and results in the formation of an
interpersonal autonomic socioemotional reflex (ASR) (21, 22),
which can be measured by Welch Emotional Connection Screen
(WECS) (23).

Measuring the mother and infant relationship in terms of the
autonomic socioemotional reflex (ASR) requires rethinking the
biological mechanisms mediating the mother-child relationship.
Conventional constructs, such as attachment and bonding, focus
on conscious and unconscious cortical learning mechanisms. In
contrast, ASR theory posits that mother/infant emotions are
controlled by highly conserved primitive learning mechanisms
operating outside of consciousness. ASR theory proposes that
specialized primary autonomic (ie., cardiac) reflexes form
between mother and fetus during gestation via autonomic
learning or conditioning.

We posit that the ASR (24) is present in all vertebrate species,
and is arguably mediated by the oldest and most highly conserved
learning  mechanism—functional ~ Pavlovian or autonomic
conditioning (21, 25). Our theoretical advance is that the
autonomic conditioning mechanism can be exploited (e.g., via
calming cycle intervention) to lower average resting HR in the
face of socioemotional challenge (26).

The idea was inspired by a phenomenon originally reported by
Pavlov in 1925 when he described how the emotional relationship
between a dog and trusted master profoundly impacted the dog’s
cardiac function and behavior. Pavlov’s term for the
phenomenon was “cardiac” or ’social’ reflex (27). We have
applied Pavlov’s concept to the specific mother-child relationship.
Due to their critical role in infant and child development,
we have termed the mechanism the autonomic socioemotional
reflex (ASR).

The ASR is a special case of the highly conserved orienting
reflex. highly
socioemotional pathologies in infants and children, including

Dysfunctional orienting is correlated  with
social fear, anger, anxiety, depression and autism. Orienting
stems from activation of highly conserved autonomic defensive
and appetitive motivational systems that evolved to sustain life,
assuring the survival of species. In this respect, the ASR orienting
phenomenon in humans does not differ significantly from other
species, from which it was conserved.

The ASR mechanism provides a biological explanation for
mother-infant behaviors that are measured on the uWECS. In
previous studies, we have shown the orienting behaviors of
preterm infants at 4 months as measured on the WECS
correlated with cardiac physiology (Hane).

WECS behaviors reflect the
physiology that is driving the behavior. Therefore, the WECS can

Theoretically, autonomic
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be used to monitor the health of the mother/infant autonomic
relationship. We have reported mother-child behavior as
measured with the WECS In a separate report in this special
issue (Welch et al). This study reports the cardiac.

Over the past few decades, vagal tone research among
newborns and children has yielded important insights into social
behavior, social interactions, and human psychology (28, 29).
Heart rate variability, defined as the variation in intervals
between consecutive heartbeats, has been used as a physiological
indicator of regulatory processes, reflecting changes in autonomic
regulation of heart rate. The sympathetic nervous system and
parasympathetic nervous system both play a role in the
regulation of heart rate, and to some extent can be indexed by
measures of variability (30, 31). For example, the standard
deviation of R-R peak intervals reflects overall variability, which
is influenced by both sympathetic and parasympathetic nervous
system activity (SNS and PNS respectively). Whereas, variation in
successive R-R intervals, often termed high frequency HRV or
respiratory sinus arrhythmia (RSA), largely reflects PNS activity
mediated by the vagus nerve.

The theory that RSA (changes in heart rate with respiration}
were due to variation in parasympathetic control of heart rate
was originally based on Hering’s observations that specific vagal
fibers that were cardioinhibitory had a respiratory rhythm (32).
Confirmation from years of basic and clinical research by many
investigators has led to the conclusion that measuring changes in
heart rate that occur at frequencies associated with respiration
provides an indirect index of vagal tone (33-35).

Vagal tone helps maintain the dynamic autonomic regulation
important for cardiovascular health. In a healthy human heart,
there is a dynamic relationship between the PNS and SNS. PNS
control predominates at rest, resulting in an average (adult) HR
of 75bpm (36). The vagus nerve can exert its effects more
rapidly (<1s) than sympathetic nerves (>5s) (37). Since these
divisions can produce opposite actions on HR, their net effect on
HR depends on their balance of activity. While the SNS often
changes reciprocally to PNS activity, under some conditions
the two can be activated or increased at the same time
(i.e., co-activated) (38).

Our primary hypothesis in this study was that MCEP would
lead to an increase in cardiac parasympathetic activity, indexed
by the amplitude of RSA, or vagal tone. This was based on
findings from our prior studies of the effects of Family Nurture
Intervention (FNI) for preterm infants, an intervention with the
same emotional connection goals as MCEP. In that trial, we
found that FNI accelerated the maturation of vagal tone during
the stay in the neonatal intensive care unit (Insert ref 46). In
long term follow-up studies, FNI increased vagal tone out to
5 years of age (39). Accordingly, in the current trial of MCEP we
hypothesized that the MCEP intervention, also designed to
increase mother/child emotional connection would lead to
increases in vagal tone.

Two secondary hypotheses were also specified based on prior
results. As noted above we have recently published results from
CLC RCT which showed that children
randomized to the MCEP intervention group were more likely

the preschool
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to be emotionally connected as indexed by WECS scores six
months after the last intervention session (13). Here we tested
the hypothesis that there would be significant relationships
between emotional connection scores on the WECS and
physiology. Also based on this prior paper we hypothesized
that HR and/or vagal tone would be correlated with scores on
the SWYC.

Hypothesis 1. At six months post intervention, children in the
MCEP group (vs. control group) would have higher vagal tone and
lower HR during the 20-min recovery period.

Hypothesis 2. Vagal tone and HR would be correlated
(positively and negatively respectively) with scores on the WECS
(i.e., higher WECS scores would be associated with higher vagal
tone and lower HR during the 20-min recovery period.

Hypothesis 3. HR and vagal tone of children in the MCEP
group (vs. control group) would be associated with better
behavioral outcomes as assessed by the SWYC.

Materials and methods
Study design

This study was a parallel-group, single blind randomized
controlled trial. The method is presented as per the CONSORT
guidelines (40). This trial was registered in the clinicaltrial.gov
registry (NCT03908268) on April 9, 2019 (Note that after
registration the name of the intervention was changed from
Family Nurture Intervention to Mother Child Emotional
Preparation- MCEP). The central hypothesis of the RCT was that
children in the treatment group would show increased short- and
long- term emotional connection, as measured by the Welch
Emotional Connection Screen (WECS). The study also assessed
the impact of MCEP on child behavior in the home and
classroom and autonomic markers of child emotion regulation.
CLC’s goal was to determine whether MCEP could be and
should be added to CLC’s standard curriculum.

Participants and setting

MCEP was developed to be integrated into the standard
curriculum at the CLC school locations. Children’s Learning
Center of Fairfield County (CLC), a community-based preschool
facility that provides high quality, early childhood education
programs for children between six weeks and five years of age at
eight locations throughout Stamford, Connecticut (Children’s
Learning Centers of Fairfield County, 2016). Programs provided
by CLC include Head Start, Early Head Start, and School
Readiness and Child Development. Participants of the study were
recruited by study staff at CLC orientations and teacher/parent
meetings. Flyers were also distributed to CLC families during
child drop-off and pick-up times. Teachers signed a consent
form to enable collection of teacher-report data. CLC staff also
discussed the study with enrolling parents and encouraged
teachers to refer their students.
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The National Education Association has placed a priority on
(41).
Accordingly, CLC standard curriculum includes RULER, an

socio-emotional learning for students and educators
evidence-based approach that teaches a child to recognize and
labeling emotional feelings (42). The MCEP

compliments RULER but differs in strategy. MCEP engages the

intervention

parents in emotional connection activities to be practiced in the
home that proactively promote parent-child co-regulation, which
in turn sustains positive feelings and ability to co-regulate with
the teachers during the school day.

Eligibility

Families were eligible for this study according to the following
criteria: had a child that was 2-4.5 years of age at the recruitment
date; mother was at least 18 years old; mother was able to speak,
read, and write in English or Spanish; mother lived with her
child full-time. In addition, the child had to be a singleton
without a genetic or congenital disorder or motor disabilities.
Mothers were excluded from the study if they had severe mental
illness or any other medical conditions preventing play activities;
were involved with the Department of Children and Families;
struggled with drug or alcohol abuse; were advanced in
pregnancy (2nd trimester or further) which would interfere with

10.3389/frcha.2024.1308210

their ability to conduct lap-based procedures (described below);
or were unable to commit to the study schedule.

Consent procedures

Mothers were verbally consented and then asked to fill out
Study Eligibility and Demographics Forms, as well as a CLC
Release of Information Form. If an eligible mother did not have
time, forms were completed over the phone later, and the CLC
Release was signed at the first in-person contact at the time of
their baseline assessment.

Randomization process

Following consent, subjects were assigned to either one of two
groups: An intervention group, which participated in the standard
curriculum plus two to eight 2-hour calming sessions in a group
setting; or, a control group, which received only the standard
CLC curriculum (See Figure 1 Consort Chart).

The control group children participated in the standard CLC
curriculum, with no additional procedures. Classroom activities
varied by age and ability. Classroom structure also varied by

Recruited (n=256) n=166 Total Excluded
SCREENING ¢ n=104 Refused
* n=24 Full-time employment
> ° n=11 Aged out waiting to start
* n=24 Diagnosis
22T . * n=24 Dept. Children & Families
Randomized (n=90) « n=24 Pregnancy
* n=24 Other
Y
ASSIGNMENT CONTROL MCEP
Codable WECS Codable WECS
(n=41) (n=49)
ATTRITION Withdrew Withdrew
(n=5) (n=8)
POST- Missing physiology Missing physiology
TREATMENT (24) (29)
Subjects with usable Subjects with usable
6-MONTHS epochs 2 time points epochs 2 time points
(12) (12)
FIGURE 1
Consort chart. MCEP, Mother-Child Emotional Preparation; n = sample size; WECS, Welch Emotional Connection Screen.
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program. For example, although most CLC students are enrolled in
a full-day program, some attend a half-day program.

Intervention methods

The intervention group dyads participated in MCEP sessions
led by two specially trained licensed clinical social workers
(Nurture Specialists). Two to eight dyads participated in each
session, which was held in CLC space. In this study, the Nurture
Specialists were licensed social workers. Sessions took place on a
variable schedule over the course of sixteen weeks (i.e., mothers
chose any 8 of 16 weeks to attend). The Nurture Specialists
engaged mother-child dyads in calming sessions.

Calming sessions began with the child sitting facing mother on
her lap. Behavior typically cycled through four distinct phases (43):
(1) Separate mother and child distress. Mothers were asked to look
at the child, describe behavior she wants to see from the child, and
express any feelings in response to the child’s current or home
behavior. This typically elicited protest, crying or avoidant
orienting behavior from the child. The child often pushed the
mother away or tried to escape from the lap. (2) Mutual
engagement of distress. While expressing her feelings, mothers
would also express frustration and describe negative emotions,
and sometimes cry. The mother’s release of emotion, typically
triggered a change of orientation from avoidant to attraction to
the mother. (3) Mutual resolution of distress. At this point in the
session, the child often responded to the mothers’ distress with
sustained eye contact, tender behaviors and  vocal
communication, which moved the cycle in to the final stage. To
aid in completing the cycle, Nurture Specialists encouraged the
mother to use comfort touch, genuine emotional expression and
eye contact. The mother’s genuine expression of emotional
feeling most often elicited reciprocal empathic response from the
child. (4)
observable as quiet embrace, eye contact and soothing talk.

Mutual resolution and calm. Mutual calm was

During this resolution phase, the dyad engaged in mutual
comforting and settled into a state of mutual calm (ie,
autonomically co-regulated state), characterized by mother and
child breathing calmly, maintaining a deep mutual gaze, and
having open verbal and non-verbal communication with
relaxation and reciprocal pleasure in each other’s closeness.
Following the calming session, mothers were instructed to
continue these calming cycles on a regular basis at home,

especially when either child or mother was upset.

Physiology study cohort

Among the 90 participants recruited for the initial emotional
connection study from this RCT (44), largely due to the onset of
the Covid pandemic, only 34 subjects were able to returned for
ECG data collection at both the
timepoints. Of these 34, 32 were able to provide epochs for HRV

baseline and 6-month

analyses at the baseline timepoint while 29 were able to provide
epochs for HRV analyses at the 6-month timepoint. After
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filtering out all epochs that had a “Percent Good” value of less
than 70%, we were left with 273 epochs from the baseline
timepoint (provided by 31 participants) and 153 epochs from the
6-month timepoint (provided by 25 participants).

Of the remaining participants, 24 (n =12 control and n =12
MCEP) had both baseline and 6- month data to be used for
statistical analyses (Figure 1). Demographic data (age, sex, etc.) of
the 24 participants included in the statistical analysis are
presented in Table 1.

Physiological assessment

Electrocardiogram (ECG) data was collected and digitized at
1,000 Hz using a Noldus/Biopac MP160 System at approximately
six months post-accrual, as part of the Parent-Child Stress
Recovery Paradigm designed by authors Welch and Hane
(Figure 2). For this study, we analyzed ECG data collected during
the 20-minute recovery phase of the 30-min paradigm. The
paradigm is designed to test the extent to which mother and
child can recover (i.e., return to baseline parasympathetic/cardiac
physiology) stressful ~ (dysregulating) double
separation. In the paradigm, during the 20-minute recovery

following a

period, the mother sat in a chair with the child facing her in her
lap. There were no toys or distractions in the room. The mother

TABLE 1 Demographics of subjects.

Mean (SD) Mean (SD)
Age at enrollment (years) 3.99 (0.48) 3.68 (0.21)
Age at 6-month follow-up (years) 4.54 (0.47) 4.23 (0.22)
Household size 4.17 (0.94) 4.42 (0.90)
N (%) N (%)

Parental marital status

Married or living together 8 (66.7) 9 (75)
Hispanic ethnicity

Mother 9 (75) 10 (83.3)

Father 9 (75) 11 (91.7)
Mother’s education

Some schooling 1(8.3) 2 (16.7)

High school or GED 4 (33.3) 2 (16.7)

Some college or associates 5(41.7) 7 (58.3)

Bachelors or graduate degree 2 (16.7) 1(8.3)

Unknown 0 (0) 0 (0)
Father’s education

Some schooling 3 (25) 5 (41.7)

High school or GED 4 (33.3) 2 (16.7)

Some college or associates 4 (33.3) 2 (16.7)

Bachelors or graduate degree 0 (0) 2 (16.7)

Unknown 1(8.3) 1(8.3)
Employment status

Mother is employed 5 (41.7) 5 (41.7)

Missing 0 (0) 1(8.3)
State/federal assistance

Yes 7 (58.3) 7 (58.3)

Unknown 2 (16.7) 0 (0)
Male 6 (50) 4 (33.3)
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ORIENTING TEST Phone Call 1 Interaction PHONE CALL 2 RECOVERY TEST
5 min 3 min 3 min 3 min 20 min
A B C D E
———————————————— Continuous Video and ECG O e T

FIGURE 2

Parent-child stress recovery paradigm. This ~30-min face-to-face communication paradigm is designed to determine the extent to which a parent-
child dyad can return to baseline behavior (segment A) and parasympathetic/cardiac physiology following the dysregulation caused by two separation
phone calls. Dyadic behaviors are coded from video recordings with Welch Emotional Connection Screen (WECS). Autonomic physiology is measured

by heart rate and heart rate variability

was told to engage her child in conversation, and that she would
receive two separate important three-minute phone calls during
the interaction session. She was told that she should devote all
her attention to these important calls and none to her child.
Following each call, the mother was instructed to return her full
attention to her child and resume their interaction.

Welch emotional connection screen

Prior to the phone call disruption and during the 6-month
post-enrollment follow-up, mothers and children were observed
interacting in a 5min face-to-face interaction that was later
coded for EC with the WECS (23). The WECS is a brief
observational tool that assesses the degree of emotional
connection between mother and infants/children ages 0-6 years.
Dyads are rated on a 9-point scale with 25 increments for:
Mutual Attraction (use of shared gaze, proximality and touch);
Mutual Vocal Affect (mutual use of voice); Mutual Facial
Expressiveness (mutual facial affect); and Mutual Sensitivity and
Reciprocity (mutual sensing and responding to each other) to
initiate and sustain a connection with each other. A higher score
indicates a dyad who is high on EC, manifesting the capacity to
remain close, share affect, and engage in face-to-face interactions
in a calm, mutually comfortable state of togetherness.

The WECS has been validated in preterm (23); full-term (45)
infants and preschool-aged children (13).

Heart rate variability analyses (vagal tone)

There are many analytical approaches to measuring RSA but all
are based on capturing the amount of variation in heart rate that is
associated with respiration. The first step in these analyses is locate
the time when each non-artifact R-wave occurred. For this current
study we used R-DECO, an open-sourced Matlab-based graphical
user interface (46, 47) to automatically locate ECG R-wave peaks.
Then, using the interactive graphic displays of R-DECO we
inspected the ECG wave-forms and R-wave peak marks and
manually inserted, deleted or moved peaks when appropriate.
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Before computing various measures of RR-interval variability,
using our own software (see definitions below), we detected and
deleted RR interval values that were outside normal minimum
and maximum RR- intervals. For these thresholds we used
published data for three age ranges corresponding to the ages of
children in our study (29, 47). These ranges are given in Table 2.
In addition, we accepted RR-intervals only if successive R-R
intervals changed by no more than 20%.

Each 20-minute RR-interval file was analyzed in 3 min epochs
with a sliding window which overlapped epochs by 1.5 min. Within
each epoch, we calculated the percent of good data, that is, the total
number of RR-intervals accepted divided by the total number of
RR-intervals prior to the deletions based on the criteria described
above. To increase data quality, statistical analyses were restricted
to include only epochs that had percents good data greater than
70%. The values for a given subject included in these analyses
were the medians from the included epochs. Subjects were only
included in the analyses if they provided median values at both
the baseline timepoint and 6-month timepoint. Overall, these
procedures yielded an average of 8.8 good data epochs at baseline
and 6.0 good epochs at the six-month follow-up.

Our software computed many parameters which followed the
definitions and terms used by Shaffer and Ginsberg (Shaffer &
Ginsberg, 2017).

Heart Rate: The inverse of an average of all good intervals
within each epoch was used to compute mean heart rate (HR).

SDNN (Standard deviation of normal-to-normal RR-intervals, a
time-domain measure of the standard deviation of R-R Intervals
and

within an  epoch,

sympathetic influences on HR.

reflecting both parasympathetic

TABLE 2 R-R intervals for three age ranges.

R-R interval
Age range Frequency range Min ms Max ms
2.5-3.49 Years LF (Low) 428 800
3.5-4.49 Years MF (Medium) 444 867
4.5-5.49 Years HF (High) 460 923
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RMSSD (Root mean square of successive differences), a time-
domain measure of differences between R-R intervals). RMSSD is
obtained by calculating each successive R-R interval between
heartbeats and calculating the average change in R-R-intervals
from one beat to the next. Then each of these values are squared
and the result is averaged before the square of the total is
obtained. Compared to SDNN, the RMSSD is thought to be
affected more by parasympathetic activity.

Frequency-Domain Measures of R-R Interval Variability.
Autoregressive modeling was used to separate heart rate
variability into its component Low (LF) and High (HF) rhythms
that operate in different frequency ranges. Spectral power in the
LF and HF frequency bands was obtained by calculating the area
under the R-R interval time series within each band’s frequency
range: LF (0,040,15 Hz), HF (0.24-1.04 Hz). LF and HF values
were log transformed (In) prior to performing analyses.

Respiratory Sinus Arrythmia (RSA). RSA was taken as the
primary marker of cardiac-linked parasympathetic regulation. High
resting RSA can represent a flexible and adaptive physiological
response system to a challenge while a low resting RSA can reflect
maladaptive regulatory mechanisms (48). RSA in this study was
calculated using the Porges-Bohrer Method (Porges & Bohrer, 1990).

Statistical analyses

Hypothesis 1. At six months post intervention, children in the
MCEP group (vs. control group) would have higher vagal tone and
lower HR during the 20-min recovery period.

This hypothesis was tested by comparing HRV value for MCEP
subjects vs. controls at the six-month time point. However, the tests

10.3389/frcha.2024.1308210

used (ANCOVAs) took into account the values for these
parameters at baseline and, based on prior literature, also
included age and sex as additional covariates. Following these
analyses we computed effect sizes Hedge’s g (31), which
essentially describes of the

intervention was compared the variance in the data.

how large the mean effect

Hypothesis 2. Vagal tone and HR would be correlated
(positively and negatively respectively) with scores on the WECS
(i.e., higher WECS scores would be associated with higher vagal
tone and lower HR during the 20-min recovery period.

This hypothesis was tested by computing Pearson Product
Moment correlations between WECS scores obtained during
5min of face-to-face interactions while the child was on the
mother’s lap at the 6-month time point and the HR and vagal
tone values obtained during the 20-minute period of HRV analyses.

Hypothesis 3. HR and vagal tone of children in the MCEP
group (vs. control group) would be associated with better
behavioral outcomes as assessed by the SWYC.

This hypothesis was tested by computing Pearson Product
Moment correlations between SYWC scores at the 6-month time
point and the HR and vagal tone values obtained during the
20-minute period of HRV analyses.

Results

Hypothesis 1. At six months post intervention, children in the
MCEP group (vs. control group) would have higher vagal tone and
lower HR during the 20-min recovery period.

With regard to the primary outcome variables, HR was lower
and vagal tone was higher in the MCEP group. (See Figure 3).

p=0.35
Effect Size=0.01

p=0.007
Effect Size= 0.83

FIGURE 3

effects of MCEP may be observable in a small classroom size sample

40% J L
h=28 n=28
% mother-  30%
child pairs
emotionally 0
connected e
10% H
0%
Control MCEP Control MCEP
Post-treatment 6 Mo. Follow-up

Heart rate and respiratory sinus arrythmia at 4 months. Graphs showing means (+SE) for HR (A) and RSA (B) for SC and MCEP children approximately
4 months after their last intervention session. Statistics were based on analyses of covariance with sex, age at testing and baseline (enrollment) values
as covariates. The means shown were adjusted for these covariates. Note the substantial Effect sizes for both physiological measures, indicating
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Analyses of covariance testing for group differences at the
6-month time point were also run for SDNN, RMSSD, low
frequency R-R interval variability (LF), high frequency R-R
interval variability (HF) (see Table 4). Three of these measures of
HRV: SDNN (p-value = 0.027); RMSSD (p-value =0.047) and LF
power (p-value=0.028) were significantly higher in the MCEP
group. The sixth variable, HF power, did not quite reach
statistical significance (p-value=0.073). Effect size calculations
also showed that all HRV parameters assessed were much greater
in children who underwent the intervention than those who did
not (R-R interval Hedge’s g=1.09, SDNN Hedge’s g=1.00,
RMSSD Hedge’s g=0.89, LF-power Hedge’s g=0.98, HE-power
Hedge’s g =0.80, RSA Hedge’s g=0.91).

Hypothesis 2. Vagal tone and HR would be correlated
(positively and negatively respectively) with scores on the WECS
(i.e., higher WECS scores would be associated with higher vagal
tone and lower HR during the 20-min recovery period.

The test of Hypothesis 1 showed that children in the
intervention group had lower heart rates and higher vagal tone at
the six-month follow-up. The following analyses tested the
hypothesis that at this time point there would be significant
relationships between ~WECS
physiology. Results showed that for the Attraction domain and

(correlations) scores and
for the total WECS scores there were significant negative
correlations with HR; the children of dyads showing greater
mutual attraction and total WECS scores had lower HRs. In
addition, for Attraction there was significant positive correlation
with RSA. These results are given in Table 3.

TABLE 3 Correlations between WECS scores and HR and RSA at the
6-month follow-up.

WECS Domain HR RSA
Attraction (24) r=—0.511, p=0.011* (24) r=0.492, p=0.015*
Vocal (22) r=-0.367, p=0.092 (22) r=0.270, p=0.225
Facial (23) r=-.357, p=0.094 (23) r=0.267, p=0.218
Sensitivity (24) r=-.380, p=0.067 (24) r=0.313, p=0.136
Total (24) r=-.407, p =0.048* (24) r=0.053, p=0.091

Data are for the 24 subjects with good physiological recordings at baseline and
6-month included in the results above. Results are for the mutual domain and
total WECS scores. Some subjects had missing WECS codes for some domains (n).
Bolded numbers indicate significant p-value.

*Indicates that p-values remained <0.05 after controlling for child age, sex
and group.

TABLE 4 Group differences in various measures of heart rate variability.

HRV parameter

10.3389/frcha.2024.1308210

Hypothesis 3. HR and vagal tone of children in the MCEP
group (vs. control group) would be associated with better
behavioral outcomes as assessed by the SWYC.

In a prior report we found that MCEP resulted in
improvements in behavior as measured on the Survey of Well
Being of Young Children (SWYC) (13). Here, we found children
with worse SWYC scores tended to have higher heart rate
(r=+0.39, n =24, p=0.057, effect size =0.41).

Discussion

The primary aim of this study was to assess the impact of
MCEP on autonomic markers of socioemotional physiology in a
preschool population. Despite the reduced number of subjects
due to COVID, our with  the
interpretation that the MCEP intervention (vs. controls) had

findings are consistent
sustained effects on parasympathetic activity, including heart rate
and vagal tone.

Consistent with our hypothesis, children in the MCEP group
(vs. control group) showed significantly lower heart rates (longer
R-R intervals) and increases in RSA and several measures of
HRV at approximately 6-months following the intervention. In
addition, the Hedge’s g values for all HRV parameters for MCEP
vs. controls results were quite large.

Analyses of the relationships between WECS emotional
connection scores and physiology showed that children in dyads
with the lowest WECS scores (i.e., less emotionally connected)
had higher HRs and lower vagal tone (RSA) than children in the
better-connected dyads. Moreover, we have previously reported
there was an effect of MCEP on behavioral problems as
measured by the SWYC (13). Fewer problems on the SWYC
correlated with higher WECS scores (13), suggesting behaviors
measured on the SWYC should also correlate with physiology. In
fact, that is what we found. HR was correlated with SWYC
behaviors. Taken together, these findings support a link between
WECS behaviors and autonomic state.

Theoretical and research considerations

Over the past few decades, vagal tone research among newborns
and children has yielded important insights into social behavior,

P-value Effect size

R-R Interval (s) 0.59 0.04 0.55 0.04 0.017 1.09
SDNN (s) 0.05 0.01 0.04 0.01 0.027 1.00
RMSSD (s) 0.03 0.01 0.03 0.01 0.047 0.89
LE-power (see Table 2) —6.21 0.51 —6.73 0.51 0.028 0.98
HEF-power (see Table 2) —7.50 0.71 —8.09 0.71 0.073 0.80
RSA (In ms?) 4.54 0.72 3.86 0.72 0.043 0.91

FNI, family nurture intervention preschool; SC, standard curriculum; SD, pooled-weighted standard deviation.

Bolded P-value numbers = <0.05. Bolded Effect Size = highly significant.

Group Mean values were adjusted for baseline measurement, sex, and age at 6-months). Effect Size calculations are Hedge's g with a 95% Cl.
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social interactions, and human psychology (28, 29). Heart rate
variability, defined as the variation in intervals between consecutive
heartbeats, has been used as a physiological indicator of regulatory
processes, reflecting changes in autonomic regulation of heart rate.
The sympathetic nervous system and parasympathetic nervous
system both play a role in the regulation of heart rate, and to
some extent can be indexed by measures of variability (30, 31). For
example, the standard deviation of R-R peak intervals reflects
overall variability, which is influenced by both sympathetic and
(SNS and PNS
respectively). Whereas, variation in successive R-R intervals, often

parasympathetic nervous system activity
termed high frequency HRV or respiratory sinus arrhythmia
(RSA), largely reflects PNS activity mediated by the vagus nerve.
Vagal tone helps maintain the dynamic autonomic regulation
important for cardiovascular health. In a healthy human heart,
there is a dynamic relationship between the PNS and SNS. PNS
control predominates at rest, resulting in an average (adult) HR of
75 bpm (36). The vagus nerve can exert its effects more rapidly
(<1s) than sympathetic nerves (>5s) (37). Since these divisions
can produce opposite actions on HR, their net effect on HR
depends on their balance of activity. While the SNS often changes
reciprocally to PNS activity, under some conditions the two can be
activated or increased at the same time (ie., co-activated) (38).
While there is widespread agreement that modulation of heart rate
variability or vagal tone helps maintain the dynamic autonomic
regulation important for cardiovascular health, there are anomalies
in the data, referred to as the vagal paradox (49) as well as in the
possible evolutionary underpinnings of the relationship between
vagal tone and socio-emotional regulation. We have proposed that
this relationship can be explained by what we have termed the
autonomic socioemotional reflex (ASR), which in this study is an

10.3389/frcha.2024.1308210

external cardiac feedback loop mechanism dependent on mother-
child co-regulation. This external loop is distinct from the internal
self-regulating CNS feedback loop mechanisms.

We posit that the ASR (24) is present in all vertebrate species,
and is arguably mediated by the oldest and most highly conserved
learning  mechanism—functional ~ Pavlovian or  autonomic
conditioning (21, 25). Our theoretical advance is that the
autonomic conditioning mechanism can be exploited (e.g., via
calming cycle intervention) to lower average resting HR in the
face of socioemotional challenge (26).

Previously, we tested aspects of the ASR and calming cycle
theories (21, 22, 50) among prematurely born infants and their
mothers in two RCTs of Family Nurture Intervention in the
neonatal intensive care unit (FNI-NICU) (51). Results from both
trials supported the study hypotheses. In the original trial, FNI
led to greater maternal sensitivity during routine caregiving
behavioral interactions (52), lowered infant heart rate in the
hospital (26), enhanced autonomic regulation at term age (53),
accelerated brain maturation in frontal regions at term age
(54, 55), lowered symptoms of maternal depression at four months
(27), and improved neurobehavioral outcomes at 18 months of age
(56) and improved theory of mind at 4 and 5 years of age (57). In
the two RCTs of FNI-NICU, EEG analyses showed that FNI
mother-infant calming sessions in the NICU increased prefrontal
power (44) and altered the development of brain-wide cortical
activity networks such that by term age they closely resembled a
comparison group of full-term infants (58).

The results of this preschool study suggest that a calming cycle
intervention like that used in the FNI-NICU trials may be effective
in regulating adverse socioemotional behavior in preschool aged
children 2-5 years of age.

11%

All Programs

Child Development  g.p,50] Readiness

14%
100%
86%

FIGURE 4
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Implications for practice

Viewing the parent-child relationship as being mediated by
the ASR has
mentioned above, the primary reflex provides a novel target

two distinct clinical advantages. First, as
that avoids the negative stigmatizations associated with mental
health. The MCEP intervention involves routines that can be
practiced by the family in the home. Second, the ASR provides
new ways to quickly assess the health of the parent-child
emotional relationship (i.e., whether the relationship is adaptive
or maladaptive). Since the ASR physiology is correlated with
WECS behaviors, the behavioral state of the relationship can be
with the WECS. The
hypotheses and study design of this effectiveness trial were
formulated based on CLC’s

curriculum conditions. Therefore, the outcomes of the trial

monitored moment to moment

routine standard preschool
provided essential data necessary to inform possible changes in
curriculum going forward. For instance, following completion
of the study, based in part by observed changes in MCEP child
behavior, CLC staff indicated they supported making MCEP
part of standard CLC curriculum (See Figure 4). Teaches also
indicated that MCEP participation helped strengthen the
important parent-teacher alliance.

MCEP targets the parent-child relationship, the foundation of
socioemotional behavior regulation (59). This approach is
potentially less costly than comparable behavioral intervention
models. MCEP is designed to reduce the child’s stress reactivity
by engaging parents in the child’s autonomic nervous system
conditioning at home. Current models, which are typically
designed to change the thought processes of the parent or child
and to help the child self-regulate emotions at school or in
external programs, create a financial burden to the school
and community (4).

Finally, the large effect size in our classroom-size sample is
noteworthy (60). Robert Coe, from the School of Education,
University of Durham, England explains why (61). “Effect size’ is
a simple a way of quantifying the size of the difference between
two groups. It is easy to calculate, readily understood and can be
applied to any measured outcome in Education or Social Science.
It is particularly valuable for quantifying and comparing the
effectiveness of a particular intervention.” A strength of our
study is that the results allow CLC to move beyond, “Does it
work or not?” to the far more useful, “How well does it work in
the standard classroom?” Not only was the efficacy of the MCEP
statistically significant, but the size of the effect was also large,
meaning that MCEP can have a positive effect on child behavior
within the average preschool classroom. In many ways,
therefore, the size of the effect might be the most important
result of our study.

Construct validity
The emotional connection construct describes a shared behavioral

state, which is measurable via the WECS. Our previously published
behavioral findings (13) validate the emotional connection
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construct in a preschool-aged child population. The construct
co-regulation describes shared autonomic state physiology and
points to an external feed-back loop control system, in this
case between mother and child (22). This is in stark contrast
with current theory, which holds that emotional behavior is
subject to an internal feed-back loop control system. The fact
that emotional connection correlates with the child’s autonomic
state, and the child’s autonomic state can be changed through
the calming cycle intervention strongly suggests that the parent,
the mother in this case, is key in the regulation of both the
We have
proposed a sensory signaling pathway by which this co-

child’s autonomic state and the child’s behavior.

regulation occurs (22).

It is noteworthy that the baseline EC state of the dyad was
associated with recovery from stress. This finding is consistent
with our work with infants (23) and extends it to young
children, with further evidence that higher EC is associated with
the child’s ability to rejoin mother following relational stress and
recover in a healthy autonomic state. Relational stress, such as
waiting for teacher attention in the preschool classroom, is
commonplace. Children who can manage such daily stressors
with a physiological state of calmness may be less likely to show
anger, impatience, and other forms of dysregulation that place
them at-risk for removal from the preschool classroom.

There are additional aspects to this study and its findings that
should also be noted. As stated in the introduction, there have been
other intervention programs that address emotional, behavioral,
and developmental deficits in children. MCEP differs from these
programs in its simplicity and brevity, and ability to produce the
physiological results seen in this study with eight or fewer 2-hour
group sessions. In addition, the effects we see among children
who received the intervention as compared to those who did not
were measured at the 6-month timepoint, approximately 4
months after the intervention program was finished, indicating
the intervention’s sustained effect over time.

Limitations

Several limitations to this study should be considered. Firstly,
this study was done by recruiting a non-probability convenience
sample of mainly low socioeconomic status and Hispanic-
identifying individuals. The most significant limitation of the
study was the small sample sizes for subjects with both baseline
and 6-month data. Due to the impact of the COVID-19
pandemic, acquisition of physiological data was halted because a
sizeable portion of the study’s original sample were not able to
come in for their 6-month timepoint physiology assessment.
Comparing the demographic data of those enrolled vs. those who
returned, the only significant difference observed between the
two samples was that the original sample had a greater
proportion of males in the intervention group compared the
intervention group of this study. Yet, such a small sample size, it
could be possible that these results are due to chance. However,
the large effect sizes found in the study support the efficacy of

the intervention.
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Future studies

Additional analyses are needed to explore several more
questions. For example, it would be interesting to see if the
change we report here in 6-month heart rate variability occurs
gradually or suddenly. It would also be interesting to include
other variables into the model that account for variation between
subjects. Lastly, with a larger sample it would be interesting to
see if covariates such as race, ethnicity and socioeconomic status
influence these findings.
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Introduction: Excessive crying, sleeping, and eating disorders are among the
most prevalent mental health diagnoses in the first 3 years of life and involve
significant health service use. Parents of infants with excessive crying/sleeping/
eating disorders report high levels of stress, since they feel incapable of
soothing and/or nurturing their baby. Infants’ distress can lead to a breakdown
in parents’ mentalizing abilities and, more specifically, parental mind-
mindedness in the parent-child interaction. Moreover, the signals of infants
with excessive crying/sleeping/eating disorders tend to be equivocal and
difficult to read. This also might contribute to lower parent-child interaction
quality. Until now, parental mind-mindedness, which is regarded as a
prerequisite for sensitivity, has not been investigated in mothers of infants with
excessive crying/sleeping/eating disorders. We investigated whether mind-
mindedness in mothers of infants with excessive crying, sleeping and/or eating
disorders differed from a healthy control group. We supposed that mothers of
infants with excessive crying/sleeping/eating disorders would use (1) less
appropriate mind-related comments (AMRCs), and (2) more non-attuned
mind-related comments (NAMRCs) than mothers in the control group.
Methods: Our sample consisted of 44 mothers and their infants who were patients
in a socio-paediatric clinic in Germany. The children were diagnosed with
excessive crying, sleeping and/or eating disorders according to DC:0-5 (= clinical
group). The control group was composed of 64 healthy children and their
mothers. Maternal mind-mindedness was coded during a free-play interaction.
Results: Results showed that mothers of infants with excessive crying, sleeping
and/or eating disorders used both more AMRCs (p =.029) as well as more
NAMRCs (p =.006) than mothers in the control group.

Discussion: The findings are discussed in terms of implications for interventions
(e.g., enhancing mind-mindedness trough video-feedback).

KEYWORDS

maternal mind-mindedness, infancy, excessive crying, sleeping disorders, eating
disorders, regulatory problems/disorders

Introduction

Excessive crying, sleeping, and eating problems/disorders are highly prevalent in
infancy and toddlerhood, and are one of the most frequent reasons for clinical referral
(1). This symptom group is often referred to as “regulatory problems” (RPs) (2, 3). The
prevalence rates vary depending on the definition of the problem (vs. disorder), the
population as well as the applied measurements. With regard to excessive crying,
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prevalence rates vary from 5%-26% (4-6), whereas sleeping
problems range from 10%-33% (7-9), and eating problems from
15%-43% (4, 9-11). About 20% of the infants show one or more
(and in parts persistent) problems in those areas (2, 3, 12, 13).
Infants with multiple and/or persistent RPs have a heightened
risk of developing mental health problems in childhood (12, 13,
14-18), in adolescence (14), and adulthood (12, 19-22). A meta-
analysis (23) showed that about 23.3% of the infants with RPs
develop behavior problems during childhood, and that behavior
problems are particularly pronounced in infants with multiple RPs.

Theoretical models argue that persistent RPs or clinically
relevant disorders such as sleep onset or night waking disorder
or excessive crying disorder (24) are best described and
understood in a relational context: They are frequently embedded
in a family system with high psychosocial stress and problems in
the parent-child relationship/interaction (2). Indeed, studies
showed that having an infant suffering from RPs puts parents
under enormous stress (9, 25). Moreover, parents of infants with
RPs report lower levels of self-efficacy, more social isolation
2, 26, 27) and more symptoms of depression and anxiety
28, 29). Furthermore, the parent-child interaction quality in
parents of infants with RPs can be constrained (30, 31-33).
Additionally, bonding difficulties (34, 35) as well as lower parental
mentalizing abilities (36) in parents of infants with RPs are reported.

Maternal mind-mindedness (MM) is regarded as a “bridge”
between mentalization and sensitivity “at the interface between
representational and behavioral operationalization of caregiver-
child interaction” [(37), p. 408] and is defined as the caregiver’s
proclivity to view the infant as an intentional agent with
autonomous mental states. In infancy, MM is assessed using a
free-play interaction between the caregiver and the infant, coding
the caregiver's comments on the infant’s mental states as
appropriate vs. non-attuned. Appropriate mind-related comments
(AMRC:s) refer to the caregiver’s correct interpretation of the
infant’s mental state, whereas non-attuned mind-related
comments (NAMRCs) refer to incorrect interpretations. A large
number of AMRCs (controlling for overall verbosity) is
interpreted as high MM. A large number of NAMRCs
is regarded as being less optimal with regard to MM, as it is
indicative that caregivers misinterpret the child and are more
focused on their own agenda than on the child [e.g, (38)].
AMRCs and NAMRC:s are not related to each other (39-42), and
are thus regarded as independent scales of the same construct
[see also (43)] Beyond infancy, MM is assessed by coding the
number of mental attributes the parent uses when asked to
describe the child (= interview-measure).

Many studies have demonstrated that the number of the
caregiver’s AMRC:s in the parent-child interaction is predictive of
several positive outcomes on the child’s side. Examples here are
higher attachment security (44-48), better emotion regulation
(49, 50), better executive functions (51), higher empathy (52),
better theory of mind skills (53-57), and lower rates of behavior
problems (58, 59). In contrast, NAMRCs have been identified as
a risk factor for the development of behavior problems (60).
With regard to attachment security, Meins and colleagues (41)
found that both AMCRs and NAMCRs uniquely predicted child
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attachment security (disorganized vs. organized attachment
status). Interestingly, mothers of children with an insecure-
resistant attachment style produced more NAMRCs (but not
more AMRCs) than mothers of insecure-avoidant children.
Studies with populations in which psychosocial risk factors are
present showed heterogenous findings. In an investigation in which
mothers had a severe mental illness, Schacht et al. assessed MM
and found that mothers with a borderline personality disorder
showed lower MM as assessed via the interview measure (i.e.,
they used proportionally less mental attributes to describe their
child) than healthy mothers (61). In a later study, assessing
AMRCs and NAMCRs in the mother-child interaction, mentally
ill mothers scored lower than healthy mothers for both AMRCs
and NAMRCs (62), whereas in another sample, mothers with
mental illness only produced more NAMRCs than a healthy
control group (62). Investigating MM (using the interview-
measure) in a group of parents of children who had been
referred to Child Mental Health Service, lower MM (i.e., a lower
proportion of mental attributes to describe their child) was found
(63), of children with
developmental disorders, no differences in MM (also using the

whereas in samples of parents
interview-measure) were found (64, 65).
Being mind-minded towards an infant diagnosed with a
mental health disorder referring to the symptom group of RPs
(i.e, crying, sleeping and/or eating disorders) can be very
challenging for parents, since signals of those children tend to
be equivocal and difficult to read. Also, infants with RPs tend to
show more difficult temperamental features, such as fussiness
(66) and negative emotionality (28). Moreover, it is well known
that high stress, which is common in parents of infants with
RPs (2, 25), is likely to lead to a break-down of mentalizing
abilities (67). Caregivers of infants with RPs might also be
inconsistently attuned to infants, comparable to caregivers of
children with a resistant attachment style (41). Since parenting
stress (65, 68) as well as infant negative affect (69, 70) have been
identified as risk factor of low MM, we supposed that maternal
MM would be constrained in mothers of infants with excessive
crying,
supposed that mothers of infants with excessive crying/sleeping/
eating disorders would use (1) fewer AMRCs, and (2) more
NAMRCs compared to a non-clinical control group. Moreover,

eating and/or sleeping disorders. Specifically, we

as further exploratory analyses, we tested the association
between maternal MM and the number of infant disorders in
the clinical group.

Materials and methods
Study design and sample

The sample of the present study consisted of N =108 children
and their mothers. The clinical sample was a sub-sample (1 =44)
that was drawn from an ongoing study that investigated
psychosocial and genetic factors influencing early child mental
disorders. Children were inpatients at a socio-paediatric clinic in
Germany that is specialized in the treatment of early regulatory

frontiersin.org


https://doi.org/10.3389/frcha.2024.1331016
https://www.frontiersin.org/journals/child-and-adolescent-psychiatry
https://www.frontiersin.org/

Licata-Dandel et al.

and developmental disorders. Child mental disorders were
classified according to axis I of the DC:0-5 (24). The DC: 0-5 is
a multiaxial classification system for children aged 0-5 years, and
was developed as an attempt to do justice to the complexity of
mental disorders in infancy and early childhood The clinical
disorders on axis I are complemented by four other axes:
relationship context (axis II), physical health and illnesses
(axis III), psychosocial stressors (axis IV) and developmental
skills (axis V). In the present study, only axis I diagnosis
was assessed.

Inclusion criteria for the present study were as follows: (1)
Children were 0-18 months old, (2) mothers had good German
language competencies and spoke German with their child, (3)
children were diagnosed with one or more of the following
diagnoses according to DC:0-5: excessive crying disorder,
sleeping disorder, eating disorder. A night waking disorder was
diagnosed in 30% of the children in the clinical group. On the
other hand, 26.67% suffered from a sleep onset disorder.
Undereating disorders were diagnosed in 15% of the children,
6.67% fulfilled the criteria of an excessive crying disorder, and
21.87% of the children were diagnosed with “other eating/
sleeping/crying disorder”. Of the children in the clinical group,
65.9% had one diagnosis, while 34.1% had multiple (more than
None of the children had a
developmental delay. The mean week of gestation was M=
37.23 (SD=5.30). 9 children were born before 37 weeks of
gestation.

one) diagnoses. global

There were no significant differences between
children born before and after 37 weeks of gestation in MM
within the clinical group [AMRC (t(41)=0.23, p=.823,
NAMRC (t(41) =—1.44, p =.158].

The control group (n = 64) were participants of a longitudinal
study (2007-2017) that investigated social-cognitive development
[e.g, see (71-73)]. The third

measurement point of the longitudinal study (2008) was

from infancy to childhood

conducted when children were 12 months old. The results
recorded during this measurement point were used in the
present study. The families were recruited from public birth
records and were mainly from the middle class of an urban area
in Germany. A screening for mental health disorders was not
conducted with the control group; however, parents were asked
to report whether their child had any diagnosed physical or
mental disorder, and whether the child received any medical care
or therapy. Infants were only included if they were healthy, full-
term and did not have any pre- or perinatal complications.
Addresses were obtained through local birth records.

The ethics committee of the Technical University of Munich
approved of the study (registration number: 2019-34_9-S-SR).

Measures

Maternal MM

Maternal MM (74) was assessed using a videotaped free play
interaction in a laboratory setting (control group), respectively in
the clinic at the beginning of the hospital stay (clinical group).
The duration of the play interaction was 9 min in the control
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group and M =12.37 min (SD =3.27) in the clinical group. The
mothers and their child were seated on a carpet on the floor
where age-appropriate toys were provided (e.g., cars, dolls, plush
toys, books, toy blocks). Mothers were asked to play with their
child as they usually would do at home.

First, all comments that were mind-related were identified.
Mind-related comments were defined as any comment that (a)
uses an internal state term to comment on the infant’s mental
states (e.g., talking about desires, emotions, cognitions); or (b)
any utterance that is meant to be a dialogue said/thought by the
infant (for a more detailed description of the coding, see
(39, 75). Mind-related comments were coded as appropriate if
the coder agreed with the mother’s reading of the infant’s
current internal state (e.g., the mother says “You want the ball?”
while the infant is reaching towards the ball). Furthermore, if the
mother clarified how to proceed after a pause in the interaction,
her comment was rated as appropriate. Comments linking a
current activity with similar events in the past or future were
also coded as appropriate (e.g, the mother says “Do you
remember our car?” while the infant is playing with a toy car).

Mind-related comments were coded as non-attuned if the
mother commented upon the infant’s mental state in a non-
attuned manner. Five cases in which a mental state comment
was coded as non-attuned were described as follows: (a) if the
researcher disagreed with the mother’s reading of the infant’s
internal state (e.g., the mother says “You are bored with the
ball” while the infant is actively playing with it); (b) if
the mother commented on events which were unrelated to the
infant’s current activity (e.g., without having talked about the
grandmother before, the mother says “Do you want to visit
granny tomorrow?”); (c) if the mother tried to engage the child
in a new activity while the child was actively engaged in
something else; (d) if the mother attributed internal states to the
infant which were not implied by the infant’s behavior, but
appeared to be projections of her own internal states (e.g., the
mother says “You think about your dad whom you love so
much, don’t you?”); (e) if maternal comments were made in
which the referent was not quite clear, such as “You like that!”
when the infant was not attending to any particular object
or event.

To control for verbosity, scores for AMRCs as well as NAMRCs
were expressed as a proportion of the total number of comments,
ie, all comments (=sentences) regardless whether they
contained AMRCS/NAMRC:s or not). All the videos were coded
by one observer, and 25 percent (n=27) of the videos were
coded by another observer using the verbal transcripts of the first
coder, but watching the videos again. Cohen’s Kappa resulted an
average k value of.70.

MM has been shown to have sufficient construct and predictive
validity. For example, the number of AMRCs was found to be
positively related to both maternal sensitivity (40, 46, 76) and
child attachment security (41, 44). Also, MM has been related to
children’s developmental outcomes: As an example, the number
of AMRC:s resulted as a better predictor for later child theory of
mind skills than maternal sensitivity (40). Furthermore, there is
evidence for temporal stability of NAMRCs (55).
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TABLE 1 Comparison of demographic characteristics between groups.

Characteristics

Clinical group ' Control group | p

(n=44) (n=64)
Maternal age (years), mean (SD) 33.04 (4.17) 33.24 (4.37) 490
Education/qualified for 63.6% 75.0% 217
university entrance, %
Child age (months), mean (SD) 9.61 (4.02) 11.63 (.41) .002**
Child gender, % 45.5% 43.8% 739
Single child, % 68.3% 65.6% 570

**p < .01, two-tailed significance level.

Statistical analyses

The analyses were conducted using SPSS 29. First, significant
group differences between the clinical group and the control
group were investigated using t-Tests. Intercorrelations between
all study variables were conducted in the entire sample. In order
to figure out whether there were differences in AMRCs and
NAMRCs between the clinical group and the control group, two
ANCOVAs with group as factor and child age as covariate were
conducted. Since two confirmatory analyses were carried out,
p-values of the ANCOVAs were adjusted for multiple testing
using the Bonferroni-method. Effect sizes were interpretated
according to Cohen (77) (n%yar. =0.01 =small, 7%, =0.06 =
medium, 7°par. = 0.14 = large effect). In the clinical group, further
exploratory analyses (correlations) between MM and number of
child diagnoses were conducted.

Results
Descriptive analyses

Firstly, the two groups were compared with regard to their
demographic characteristics. Significant group differences only
emerged with regard to child age (see Table 1); thus, child age
was included as a covariate in further inferential analyses.

The descriptives of maternal MM are depicted in Table 2. The
number of both AMRCs and NAMRCs were calculated as weighted
scores, dividing the number of AMRCs and NAMRCs through the
total number of comments.
of the study variables (demographic
characteristics, AMRCs and NAMRCs) were carried out using
the entire sample (N =108) (Table 3).

Intercorrelations

TABLE 2 Frequencies of total comments and mind-mindedness

comments, as well as frequencies of mind-mindedness comments

10.3389/frcha.2024.1331016

TABLE 3 Intercorrelations among the study variables (N = 108).

Variables 1 2 3 4 |5 6 7
1. AMRCs -

2. NAMRCs .09 -

3. Maternal education .02 .09 -

4. Child gender —.02 -06 | —.07 -

5. Child age —. 450 -.16 -.03 .09 -

6. Maternal age .03 -04 | —02 | .02 | .06 -

7. Single child .01 —-.06 -.05 .04 .01 —.29* -

*p<.05 ***p<.001, two-tailed significance level; AMRCs and NAMRCs are

weighted scores.

Inferential analyses

Two ANCOVAs with group (clinical/nonclinical) as factor and
(1) AMRCs as well as (2) NAMRCs as dependent variables and
child age as a covariate were calculated. Results showed that
mothers in the clinical group produced significantly more AMRCs,
F(1, 105)=6.16, Pponferroni =029, Npar. =.06, as well as more
NAMRGs, F(1, 105)=9.20 Paonferroni = 006, 7pare. =08, than the
control group (see Figure 1). Given our sample size of N=108,
these effect sizes can achieve a power of 0.73 and 0.82 respectively.

Further exploratory analyses between maternal MM and the
number of child disorders (single vs. multiple disorders) within
the clinical group showed a significant positive correlation
between NAMRCs and the number of child disorders, r=.338
(p=.025), whereas the number of AMRCs were not significantly
related to the number of disorders (r=—.233, p=.128).

Discussion

The present study is the first study to investigate maternal
MM in a group of infants with mental health disorders and to
apply the DC:0-5 in order to diagnose excessive crying,
sleeping, and eating disorders (Table 4). In the study, maternal
MM in mothers of infants with excessive crying, sleeping and/or
eating disorders were compared to maternal MM in a
nonclinical control group. We supposed that mothers in the
clinical group would use less AMCRs and more NAMCRs than
mothers of the control group.

Regarding the descriptive results, correlational analyses
revealed that infant age was negatively associated with AMCRs.

TABLE 4 Frequency and percentages of diagnoses.

weighted by total comments. Diagnosis Frequency %
o Sleep onset disorder 16 25.81
C|In(lrfa=| A?At;aup COI’?;;’C;' 69430 up Night waking disorder 18 29.03
Undereating disorder 9 14.52
Mean (SD) | Range | Mean (SD) @ Range Exzessive crying 4 6.45
Total Comments 81.45 (42.45) 15-203 103.36 (34.97) 18-181 Other crying/sleeping/eating disorders

AMRCs 5.18 (4.67) 1-23 4.19 (4.08) 0-17 Other sleeping disorders 6 9.68
NAMRCs 1.18 (1.60) 0-6 0.59 (1.08) 0-5 Other eating disorders 8 12.90
Weighted AMRCs 0.07 (0.04) 0.01-0.21 0.04 (0.03) 0.00-0.11 Other crying disorders 1 1.61

Weighted NAMRCs 0.02 (0.02) 0.00-0.10 0.00 (0.01) 0.00-0.03 Multiple selection of different diagnoses possible.
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the Bonferroni-method.

p=.006
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Group differences regarding maternal MM (controlling for child age; error bars show standard errors); *p <.05, **p <.01, two-tailed significance level.
AMRCs (appropriate mind-related comments) and NAMRCs (non-attuned mind-related comments) are weighted scores. P-values were adjusted using

This might indicate that with growing age, children’s mental states
become harder to read, likely because their theory of mind further
develops (78), and when they begin to walk, their social world
becomes increasingly larger (79). However, these results should
not be overstated due to the exploratory character of the analyses.

Inferential analyses showed that mothers in the clinical group
used both more AMRCs as well as more NAMRCs than the
control group, with a moderate effect size. This result was
surprising as we expected mothers to make less AMRCs instead
of more AMRGCs. It indicates that parents of infants with
excessive crying, sleeping and/or eating disorders do not lose
their interest, but rather have a high propensity to comment on
their infant’s mental states—which is likely to happen as a result
of repeated experiences of unsuccessful attunement. In fact, they
tend to use lots of mind-related comments, probably as desperate
attempts to make sense of their child’s equivocal signals. This
is comparable to hyper-mentalizing (i.e., the tendency to
excessively try to make sense of behaviors, often leading to
misinterpretations of others’ mental states), which is also
regarded as low reflective functioning (80). The results of this
study are thus to a certain extent in line with studies reporting
lower MM as well as lower reflective functioning in parents of
children with mental health problems (63, 81, 82). Specifically,
our findings are to a certain extent in line with Georg et al. who
with
regulatory problems (36). Pre-mentalizing isn’t directly comparable

found more pre-mentalizing in mothers of infants
to the MM coding, as MM doesn’t assess if mother’s comments
are hostile. Pre-mentalizing means that parents don’t see infants’
behavior as an expression of their mental states, and thus view it

as hostile vs. that they mentalize but misinterpret their child’s

Frontiers in Child and Adolescent Psychiatry

mental states. However, what often follows from pre-mentalizing is
that parents attribute the wrong intentions to the child which is
comparable to some types of NAMCRs. Our results also fit to
Meins et al’s (56) finding that mothers of infants with an
insecure-resistant attachment style produce more NAMRCs than
mothers of infants with an insecure-avoidant attachment style:
Mothers of so-called “difficult” children (ie., children with an
insecure-ambivalent attachment style and/or children with a
regulatory disorder) seem to have the tendency to refer a lot to
the child’s mental states, but often misinterpret their child’s
signals. Thus, consistently taking the child’s perspective seems to
be much more difficult for parents having a “difficult to read”-
child with a mental health disorder/regulatory disorder.

Further exploratory analyses showed that the number of child
disorders was related to more NAMRGCs, indicating that severity
of the child’s mental illness is associated with a greater
probability to misinterpret the child’s mental states. It might be
that parents of an infant with excessive crying or/and sleeping/
eating disorders, in some instances, tend to interpret the infant’s
signals as being intentional and hostile against the parent since
they are not successful in soothing or nurturing their baby. This
experience can, in turn, lead to high stress levels, feelings of guilt,
but also aggression (83, 84). In the case of high stress, reflective
functioning in the context of relationships tends to break down,
leading to more pre-mentalizing modes (85).

In sum, the present study supports theories on parental
reflective functioning [e.g., (85)]. It shows that maternal MM can
be rather inconsistent (both appropriate and non-attuned) in the
context of infant mental health disorders/regulatory disorders.
This could be the starting point of a vicious circle in the
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parent-child interaction (2, 86) and enhance the risk of negative
sequel with regard to child development (13, 16). However, both
directions of effects seem reasonable. Parents may be more
inconsistent in MM as a result of the child’s difficulties/disorder,
or inconsistent MM may influence child difficulties/disorder.
This unanswered question should be investigated in depth by
applying a longitudinal
after childbirth.

Following up on Bilgin and Wolke’s (87) findings that there

design beginning ideally directly

were no reciprocal relations between infant regulatory problems
and maternal sensitivity, it might be that the production of many
AMRCs compensates for many NAMRCs. This would implicate
that using many NAMRCs does not necessarily lead to lower
sensitivity, given that mothers use more AMRCs at the same
time. This hypothesis should be tested in subsequent studies.

Strengths and limitations

This is one of the first studies to use the DC:0-5 for diagnosing
mental health disorders in infancy. Furthermore, this is the first
study using the observational measure of MM in the context of
infant mental health disorders. Thus, a strength of the study is
the exclusive use of objective measures, which are known to be
more valid than self-report measures [e.g., (88)].

The study also has some limitations. First, mental health status
was not assessed via a diagnostic tool in the control group. Thus, it
cannot be ruled out completely that mental health disorders were
also present in the control group. Another limitation is that both
participants of the clinical as well as the control group were
rather highly educated, which limits generalizability of the
results. Furthermore, whereas the control group was assessed in
2008, the clinical group was recruited from 2020 to 2023. Thus,
it cannot be ruled out that the assessment of the two groups in
different decades might have affected our results. Even if research
doesn’t report any significant changes in means of MM across
mothers born in different decades, the study should be replicated
with mothers raising their kids in the same decade. Also, causal
conclusions may not be drawn from our findings due to the
cross-sectional design of the study. As mentioned above, future
studies
measurement points in order to rule out the direction of effects.

should use a longitudinal design with several

Implications for clinical practice

Our findings have important implications for intervention. As
prior research has shown that maternal MM can be regarded as
prerequisite for sensitivity (44), and is a predictor of child secure
attachment (40), it is worth focusing on the improvement of
MM in the treatment of excessive crying, sleeping, and eating
disorders. Our results indicate that especially parents who have a
child with multiple
intervention in the context of severe RPs targeting toward

disorders need help urgently. Early

strengthening the parent-child relationship is crucial in order to
prevent negative developmental pathways (89). One intervention
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that focuses explicitly on parental reflective functioning is
“Minding the Baby” [MTB, (82)]. MTB is an attachment-based,
interdisciplinary home visiting intervention, aiming at the
promotion of parental reflective functioning from pregnancy
onward. It includes integrating elements of infant-parent
psychotherapy, adult psychotherapy, family/couple counseling as
well as concrete support of the parent. Slade et al. demonstrated
the effectiveness of the intervention (82). The authors showed
that reflective functioning was more likely to increase over the
course of the intervention in mothers of the intervention group
compared to mothers of the control group, and that infants of
the intervention group were more likely to show secure
attachment. Furthermore, video intervention therapy [VIT, (90)]
is a well-established and widely used intervention in the
treatment of infant regulatory disorders [see also (3)]. Thus, a
combination of a mentalization based approach together with
interventions targeting at enhancing maternal sensitivity also on
a behavioral level (e.g., through video feedback) might be a
very helpful approach in the context of early regulatory
disorders. Further research is needed to evaluate the effectiveness
of concrete intervention strategies in the context of early
regulatory disorders.
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Introduction: Using clear explicit translatable language, we translated the Welch
Emotional Connection Screen into a new universal language instrument, the
English uWECS. In this study, we had two aims: Aim 1 was to establish
concurrent validity of the uWECS by comparing scores coded by primary
Spanish-speaking coders using the Spanish translation of the uWECS to scores
coded by bilingual, secondary Spanish-speaking coders using the oWECS. Aim
2 was to establish the criterion-related validity in terms of oWECS and uWECS
performance in tracking change in autonomic emotional connection (AEC)
during the course of an intervention among preschool aged children.
Methods: We created a library of 52 five-minute Spanish-speaking mother-child
videos that were collected during a randomized controlled trial of Mother-Child
Emotional Preparation intervention (MCEP). The videos were collected at two time
points, at enrollment and at a 6-month follow-up. The subsample of Primary
Spanish-Speaking dyads from the MCEP study were coded by two independent
teams of coders. We trained primary English-speaking (bilingual Spanish) coders
on the oWECS, using the original training program. A different team of primary
Spanish-speaking coders coded the same cases using the novel uWECS guide
and trained briefly for reliability with the Spanish UWECS translation materials.
Results: We found that the Spanish oWECS and Spanish uWECS ratings from the
baseline and 6-month follow-up observations were robustly correlated, with
intraclass correlations ranging from .81 to .84 and all p-values<.001, thus
demonstrating sound concurrent validity for the uWECS. The oWECS and
UWECS scores also achieved parallel results when evaluating the efficacy of
the MCEP for primary Spanish-speaking dyads. Both the AEC scores of the
oWECS [F(1, 27)=4.31, p<.05] and the scores of the uUWECS [F(1,27) = 4.06,
p<.05] similarly demonstrated significant change post intervention, thus
demonstrating sound criterion-related validity of the uWECS.
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Discussion: These findings demonstrate that the uWECS can be used to measure
parent/child AEC in linguistically diverse populations and cultures.

KEYWORDS

emotional behavior, screening tool, translatability, emotional connection, mother-child
interaction, videotape assessment

Introduction

Research focusing exclusively on translation of observational
methodologies for use by linguistically diverse populations is
scarce. However, cross-cultural validation of observational
methods is necessary to validate the construct being coded. Only
if the instrument itself is readily translatable, is it possible to
determine whether the measure is capturing the same central
construct in a way that is applicable, meaningful, and relevant
across cultures and languages (1). Some self-reported health
status measures have been adapted for use in languages other
than the source language (2). However, the cross-cultural
adaptation process is also important when an instrument is used
in a different language/setting/time to reduce the risk of
introducing bias into a study (3). Research questionnaires are not
always translated appropriately before they are used in new
temporal, cultural or linguistic settings (4). The results based on
such instruments may therefore not accurately reflect the central
constructs they are designed to measure.

In recent years, efforts have been made to translate and adapt
Western assessment tools that measure emotional constructs for
use in diverse languages and cultures, e.g., tools that assess a
child’s psychological self-regulation of emotions, or the child’s
ability to identify and manage their emotions and feelings (5, 6).
The same attention has not been paid to the translation of
observational methodologies used to rate mutual emotional
constructs between parents and young children. However, one
recent study demonstrates the importance and challenges
involved in doing so. Schneider and colleagues coded the quality
of mother-child interaction to validate the Responsive Interaction
for Learning (RILF) measure for use with Brazilian families (7).
This study applied back-translation (English to Portuguese, and
back again to English) before training primary or exclusively
Portuguese-speaking coders to ensure the cultural and linguistic
validity of the coding. This back-translation approach revealed
that some terms did not clearly translate (e.g., “mind reading”)
and scaling and descriptive anchors were not relevant as written
(e.g., 3 items were reworded and scaling changed/extended).
These issues were resolved by modifying the RILF, in order to
make it relevant for Portuguese coders—resulting in a validated
Portuguese version of the measure, the RILF-P (7). Importantly,
the same labor-intensive procedure would need to be followed
for adapting the RILF to other languages.

The uWECS overcomes this issue with one core translation of
the instrument—i.e., translating the WECS into Clear, Explicit,
Translatable Language (CETL); (8) to assess the behavioral
indicators of autonomic emotional connection between mother
and child. Autonomic emotional connection (AEC) is a construct
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that describes the emotional behaviors of mother and baby that
are triggered by the autonomic nervous system. Based upon
clinical observations of parents and children from diverse
cultures speaking multiple languages, we created a novel
tool, the original English Welch Emotional
Connection Screen (0oWECS) to assess the AEC construct. The
idea behind the oWECS was that the AEC construct itself was
intuitive and common to all cultures and therefore language

assessment

should not be a barrier. The primary language of the oWECS
authors was English and the instrument was validated in English
using conventional psychometric measures in English (9). The
English oWECS assessment form consists of four behavioral
subscales: Attraction, Vocal Communication, Facial Communication
and Sensitivity-Reciprocity, along with a maximum of four very
simple and user-friendly English descriptors to help the coder
determine a score for each subscale domain (See Figure 1). Training
on the oWECS included viewing a webinar in English and rating a
set of training videos of English-speaking mother-child dyads.
Trainees typically took a few weeks to achieve reliability and then
advanced to using the oWECS in their research or clinical practice.
In the course of oWECS trainings and usage, it turned out that
the simple English descriptors on the oWECS form led to
interpretive and semantic confusion for both native and non-
native English speakers, as well as for coders with different levels
of education. A collaboration between author Welch and authors
Vanhatalo and Goddard, who are experts in the field of natural
semantic metalanguage (10, 11) led to creation of a version of
the oWECS that was linguistically accessible to users across
cultures, the Universal WECS (uWECS) (See Figure 2) (8). In so
doing, the team utilized ~65 so-called semantic primes, words
that can be translated into any known language and retain their
semantic representation, and that are unable to be defined using
simpler terms. For example, while the term “mutual gaze” is not
directly translatable into every language. Hence mutual gaze in
the oWECS is written as “mother often looks at child’s face; at
the same time child looks at the mother’s face” in uWECS.
Recently, in partnership with the Children’s Learning Centers
of Fairfield County (CLC), we completed a
controlled trial (RCT) of Mother-Child Emotional Preparation
intervention (MCEP) (ClinicalTrials.gov Identifier: NCT03442439).
CLC is a leading community-based pre-school education program

randomized

serving ~1,000 diverse families annually in Stamford, CT. The
trial compared a group of children receiving CLC’s standard
curriculum with a group receiving standard curriculum plus
MCEP. The school teaches emotional literacy (ie., seeks to
increase children’s “emotional intelligence”) through the Yale
RULER curriculum, with an emphasis on English and Spanish.
However, reaching all students is a challenge, since CLC students
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4 N
ATTRACTION
1.0 2.0 3.0
I_l l—l
Avoid proximity Variable behaviors Cozy proximity
Little mutual gaze Brief, not consistent Mutual gaze
Aversion Warm touch
Distant Drawn to each other
\, J
FIGURE 1
The original English version of the welch emotional connection screen (cWECS).

ATTRACTION

[ 225 [ 25 275 |3 ]

MOM AND CHILD DON'T WANT TO BE CLOSE

Mom doesn’t want to be very close to child. Mom doesn’t feel something
good when child’s body is touching his/her body.

Child doesn't want to be very close to Mom. Child doesn't feel something good
when Mom's body is touching his/her body.

Mom doesn’t often touch child with her hands. She doesn’t touch child’s face
with her face.

If Mom touches child, child doesn’t want it. Child says “No” to Mom. Child can
say it with words, child can say it with the face, child can say it with the body.

If child touches Mom, Mom doesn’t want it. Mom says “No” to child. Mom can
say it with words, she can say it with the face, she can say it with the body.

Mom doesn't often look at child’s face, Mom doesn’t often look at child's
eyes.

Child doesn't often look at Mom’s face, child doesn’t often look at Mom's eyes.
When Mom doesn't look at child's face for a long time, child doesn't do

anything. When child doesn’t look at Mom's face for a long time, Mom doesn't
do anything.

7 @ THE MARTHA G WELCH CENTER
L www.EmotionalConnection.org/uUWECS

FIGURE 2

The English version of the universal welch emotional connection screen (UWECS) score sheet. Shown is the Attraction subscale with descriptors in
clear, explicit translatable language. The idea behind the universal assessment tool is that the descriptors can easily be translated into any
language and that by themselves the descriptors provide sufficient information to the observer that no additional training is necessary.

1

MOM AND CHILD BOTH WANT TO BE VERY CLOSE

Child feels something very good because Mom’s body is touching his/her body.
Mom feels the same.

Child very much wants to be close to Mom. Mom very much wants to be close
to child.

Mom often looks at child's face. Mom feels something very good when she sees
child’s face. Child often looks at Mom'’s face. Child feels something very good
when he/she sees Mom’s face.

It is often like this for some time: Mom looks at the child’s eyes, at the same
time child looks at Mom’s eyes.

Mom feels something very good because of it. Child feels something very good
because of it.

Mo often touches child with her hands, she often touches child’s face with her
face. When Mom does this, child feels something very good. At the same time
Mo feels something very good.

Child often touches Mom with his/her hands, child often touches Mom’s face
with his/her face. When child does this, Mom feels something very good. At the
same time, child feels something very good.

© 2023 The Trustees of Columbia University in the City of New York.
English UWECS V.1.0 Al Rights Reserved

come from as many as 30 different countries. MCEP is different
from the RULER program in that it aims to increase the child’s
regulatory capacity by fostering AEC with the parent, as opposed
to emotional intelligence of the child. The primary outcome of the
RCT was AEC, as measured by the oWECS. In a separate
publication (see Welch et al. in this special collection (12), we
report that MCEP significantly improved AEC, as well as behavior
regulation in the classroom and in the home.

In this paper, we use data from the MCEP RCT to validate the
uWECS. We used videotaped interactions between mother-child
subjects who were primary Spanish speaking to code the uWECS
and who were blinded to the coding of the oWECS, which was
coded by bilingual, primary English/secondary Spanish speaking
coders. In doing so, we sought to demonstrate that the Spanish
translation of the uWECS, when coded by Primary Spanish-
Speaking coders, would yield results similar to the oWECS, when

Frontiers in Child and Adolescent Psychiatry

coded by coders who had access to much more elaborate
behavioral descriptors written in English.

We had two aims: (1) to demonstrate concurrent validity of the
Spanish uWECS, by having primary Spanish speaking coders
(Spanish®) code the Spanish uWECS, compared with original
oWECS coding by bilingual English”/*Spanish coders as
presented in the MCEP efficacy study (12) and; (2) to
demonstrate criterion-related validity by examining whether the
uWECS ratings performed similarity to the oWECS ratings in
evaluating the efficacy of the MCEP for only those dyads who
spoke Spanish throughout the study (ie., in the intervention
sessions and in the observations filmed for research purposes).
We hypothesized that the Spanish uWECS would: (1) achieve
concurrent validity with the oWECS and (2) demonstrate
validity ~with oWECS
demonstration of the efficacy of the MCEP program.

criterion-related vis-a-vis  similar
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Methods

Mother-child emotion preparation
(MCEP) trial

Mother-Child Emotion Preparation (MCEP) is a preschool
mother-child intervention aimed at improving mutual emotion
expression and autonomic emotional connection (AEC) between
mother and child in a culturally and linguistically diverse sample.
MCEP is a culturally competent program, in the sense that it
encourages mothers to communicate when possible in the mother’s
primary language (e.g., the language spoken to the mother when she
was a child). We conducted a randomized-controlled trial of MCEP
together with Children’s Learning Centers of Fairfield County in
Stamford, CT, (CLC) a community-based preschool education
center. Mothers signed a consent form at the time of the baseline
assessment and randomized to either a standard CLC curriculum
group (SC) or a SC plus MCEP intervention group (MCEP). See
Welch et al. (12), for a full description of the MCEP study.

Mother-child dyads randomized to the MCEP group received
facilitated MCEP calming sessions in a group setting (4 to 8
mother-child pairs per group). Two specially trained Nurture
Specialists (NSs), both licensed clinical social workers, facilitated
the parent-child intervention and provided emotional support
during sessions. Each mother-child dyad participated in two to
eight two-hour group sessions over sixteen weeks, which took
place in a classroom or small meeting room at CLC. Calming
sessions consisted of a child sitting on the mother’s lap and
cycling through a range of verbal and non-verbal emotional
expression. This communication typically dealt with current or
past upsets or other previously unprocessed feelings. A successful
calming session included mother and child expressing a full
range of emotions, including discomfort and distress, conflict
and upset, conflict resolution and mutual calm. See (12) for a
full description of the MCEP sample and procedure.

The efficacy of the MCEP across the full RCT sample has been
demonstrated and includes increased mother-child emotional
connection, reduced behavior problems as per teacher and parent
report (12) and healthier autonomic responding to stress in
children (13).

Subjects

Children were eligible for the study if they were between 2 and
4.5 years of age at the recruitment date. In addition, the child had
to be a singleton without genetic or congenital disorder or motor
disability. Mothers had to be at least 18 years old, able to speak,
read and write in English or Spanish; and be living with her
child full-time. Mothers were excluded for severe mental illness
or any other medical conditions preventing play activities;
involvement with the Department of Children and Families;
struggling with drug or alcohol abuse; pregnancy (second or
third lap-based
procedures (see below); and if they were unable to commit to the

trimester) that could interfere with the

study schedule.
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More than half of families enrolled in the MCEP trial identified
as Latinx, first-generation immigrants who spoke Spanish at home.
This subgroup was bilingual, with Spanish being the primary
language spoken and English being a second language.

From the subjects in the trial, we selected the sub-cohort of 52
primary Spanish-speaking dyads (See Table 1). There were two
language groups at the time of enrollment, one whose primary
language was Spanish and one whose primary speaking language
was English. The two groups do not differ significantly from one
another on these demographics (all p-values >.10). While 50% of

TABLE 1 Demographics of participants at time of enrollment.

Primary Spanish
speaking

Primary English
speaking

n=38

Age at enrollment Mean £ SD Mean £ SD
Mothers’ age (years) 33.65 (4.79) 35.11 (5.24)
Child 3.9 (.39) 3.65 (.51)
Sex of child
Male 26 (50.0) 23 (60.5)
Female 26 (50.0) 15 (39.5)
n (%) n (%)
Ethnicity of mother
Hispanic 52 (100) 19 (50)
Non-Hispanic 0 19 (50)
Race of mother
White 9 (17.3) 11 (28.9)
Black 0 7 (18.4)
Asian 0 4 (10.5)
Hawaiian/Pacific 0 1(2.6)
Islander
Indigenous 0 1(2.6)
Other/not Reported 43 (82.7) 14 (36.8)
Mother relationship status
Single 8 (15.4) 11 (28.9)
Married 23 (44.2) 22 (57.9)
Partner/Cohabitating 12 (23.1) 1(2.6)
Partner/living Apart 3 (5.8) 0
Separated 5(9.6) 2 (5.3)
Divorced 0 2 (5.3)
Not Reported 1(1.9) 0
Mothers’ education
Some schooling 14 (26.9) 7 (18.4)
High school or GED 18 (34.6) 13 (34.2)
Some college or 11 (21.2) 6 (15.8)
associate’s
Bachelor’s and/or 8 (15.4) 10 (26.4)
graduate degree
Unknown 1(1.9) 2 (5.3)
Mothers’ employment
Employed 30 (57.7) 20 (52.6)
Unemployed 21 (40.4) 17 (44.7)
Unknown 1(1.9) 2 (5.3)
State/federal assistance
Receive assistance 28 (53.8) 20 (52.6)
Do not receive assistance 18 (34.6) 14 (39.5)
Unknown 6 (11.5) 3(7.9)
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the English-speaking subsample identified as Hispanic, those
mothers reported English as their primary language spoken at
home and hence were not in the sub-cohort used for the present
study. Spanish-speaking mothers identified as Hispanic, and the
large majority did not report their race, perhaps due to the lack
of breadth in the demographic categories provided. Due to
Covid-related school closures, there was a higher than anticipated
attrition at the 6-month follow-up visit (See (12). Of the 52
Spanish-speaking families at the time of enrollment, 31 returned,
representing 40.4% attrition from school closure. Those who did
not return did not significantly differ from those who did, with
all p-values on key demographics >.10.

Assessment tools
Original welch emotional connection screen [oWECS; (9)]
The primary outcome for the MCEP trial was autonomic emotional
connection (AEC), as assessed on the original Welch Emotional
Connection Screen (0WECS) (9). The Lap-Check test is designed
to capture the behavioral indicators of the AEC construct (see
Figure 3), including the concomitant physiology (13), both of
which are associated with the mother and infant/child autonomic
socioemotional reflex (ASR) (14).

The oWECS rates mother-child AEC on four modality
subscales: mutual Attraction, Vocal Communication, Facial
Mutual and  Reciprocity  (see

Figure 2). Each WECS dimension is rated on a 9-point scale,

Communication, Sensitivity
with scale anchors tied to behavioral descriptions at 1 (low),
and 3 (high).
increments between each anchor (ie., 1, 1.25, 1.5, 1.75, 2, 2.25,
2.5, 2.75, 3). A high score on each dimension indicates that the
dyad is emotionally connected via this modality. For this study,

2 (variable/mixed), Scale ranges include.25

these four-dimensional WECS scores were averaged to create a

10.3389/frcha.2024.1346121

interpretation—e.g., an oWECS score of 1-1.5 is low; 1.75-2.25
mid-range; and 2.5-3 high on AEC.

Mother-child AEC was assessed at baseline (i.e., enrollment)
and 6-months following enrollment during a brief (5 min)
emotional exchange known as the Welch Orienting Lap Check
(12). During the Lap Check, mothers sat with their child on their
lap in a face-to-face position and engaged with their child as
they usually would for 5min. There were no toys, food items,
drinks, electronic devices, books or other objects of distraction in
the room. Electrocardiogram (ECG) recordings were acquired
from mother and child during this observation (for ECG results,
see Myers et al., under review).

Universal welch emotional connection screen (WWECS)
The oWECS coding instrument was translated using Clear,
Explicit, Translatable Language (CETL) (See Figure 3) to provide
global access to the WECS and for any language speaker and for
varying literacy levels of coders (8). In addition to increasing
accessibility of measurement of AEC globally, the uWECS also
opens the door for valid assessment of parent-infant/child
interactions that are key to evaluating the efficacy of early
relational health interventions in diverse samples such as was
done with MCEP. CETL language is a derivative of Natural
Semantic Metalanguage (NSM) (10, 15), or a lexicon of words
identified by linguists to be translatable into any language
globally (16).

For this study, the uWECS was translated into Spanish by a
NAATI (National Accreditation Authority for Translators and
certified
linguist, who we used to ensure the highest professional

Interpreters:  https://www.naati.com.au/) translator
translation standard. Of note, the professional translation did not

differ from the translation completed by a Primary Spanish-

composite AEC score that aligns with this scaling for  speaking social worker and a Spanish-speaking undergraduate
Behavioral Autonomic Physiological
Markers Socioemotional Reflex Markers
Low
H _
High AEC Heart Rate
A . 2 --> Positive <---* &
(High oWECS . --> - y -
v » Hig
Score) Vagal Tone
High
Low AEC 2
S5 Heart Rate
B (Low oWECS <-- Negative -> a
= g Low
Score) ) -
' - Vagal Tone
FIGURE 3
Schematic showing the opposite behavioral and physiological markers associated with the autonomic socioemotional reflex. Note that the
hypothesized correlation between autonomic emotional connection (AEC) markers as assessed by the oWECS behavioral scores and physiological
markers as assessed by heart rate and vagal tone.
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research assistant. In all three cases the translation of uWECS was
additionally verified by back-translation with no words lost/altered.
Professionally translated uWECS in Arabic, Chinese (Mandarin),
English, Finnish, German, Italian, Polish, Russian, Spanish,
Turkish are available for download at www.emotionalconnection.
org.

Statistical approach

This study had two aims. The first aim was to examine the
concurrent validity of the Spanish uWECS. We hypothesized that
the scores would be highly correlated. To test this hypothesis, we
computed intraclass correlations (ICC); vs. Simple Pearson
correlations. The ICC is calculated by determining both the
linear trend and the similarity in mean values of the ratings of
coders. The ICC is hence more conservative and appropriate for
determining the reliability of observational coding with
continuous/scaled measurement. Our second aim was to examine
the criterion-related validity of the uWECS. We computed two
ANOVA’s to assess the significance of the MCEP and control
groups on the oWECS and the uWECS. We hypothesized that
the overall AEC scores on Spanish uWECS in the current study
would demonstrate efficacy of the MCEP RCT (12) similar to the

oWECS scores.

Coding

All videos were selected from the MCEP RCT on the basis of
language spoken in the observations (see Welch et al., 2023 this
edition) (See Table 2).

In Part 1 of the concurrent validity study, coders using the
English oWECS were trained to reliability by the first author, a
primary English-speaking trainer, using a slide presentation and
a practice set of videos of mother-child dyads with a wide range
of AEC scores. A team of six coders achieved reliability on the
training set of the English oWECS in 2-3 weeks. Those coders
trained on the oWECS training set then went on to achieve
interrater reliability on 20% of the full MCEP sample. This
training and coding were completed remotely (i.e., over Zoom)
in the Spring of 2020 and supervised by the first author.

TABLE 2 Concurrent validity study coding details.

Part 1 English oWECS ( )

Lapcheck VIDEOS
primary Spanish
n="52 (56%)

Lapcheck VIDEOS
primary English
n=39 (44%)

Baseline

CODERS
primary English
n=91 (100%)

10.3389/frcha.2024.1346121

In Part 2 of the concurrent validity study, two coders using the
Spanish uWECS were given a simple introduction to the concept of
autonomic emotional connection (AEC) by the first author. Coders
then achieved reliability on the uWECS working independently
with the uWECS-Spanish prompts. Training, reliability and
coding on the uWECS was completed in 2024 at Williams
College under the supervision of the first author.

In Part 1 of the concurrent validity study, the lap-check videos
of primary English- speaking dyads were recorded in English and
the Spanish speaking dyads were recorded in Spanish. All videos
in Part 1 were coded by a team of six primary English-speaking
coders, half of whom were bilingual and fluent in Spanish as a
second language. oWECS Coders achieved reliability on 16 cases
from the MCEP sample. The average intra-class correlation
coefficients for each dimension of the WECS pooled across
coders were as follows: Attraction =0.93, Vocal =0.93, Facial =
0.95, Sensitivity/Reciprocity = 0.94. Coding was then completed
by the reliable coders, with no coding of the same case twice
(ie, if a coder A coded baseline, then coder B coded the
6-month follow-up for that dyad). All coders were blind to all
other study data.

In Part 2 of the study, two primary Spanish speaking coders
trained exclusively together on the Spanish uWECS and achieved
interrater reliability across 16 cases coded independently and in
duplicate. ICC ratings were as follows: Attraction: .879; Vocal
978, Facial: .950; Sensitivity/Reciprocity: .953. Coding was then
completed by the reliable coders, with no coding of the same
case twice (i.e., if a coder A coded baseline, then coder B coded
the 6-month follow-up for that dyad). All coders were blind to
all other study data.

Results
Aim 1: concurrent validity of the uWECS

We examined concurrent validity of the uWECS by comparing
the subscales and overall AEC scores on the the English oWECS
(See Table 3).

Results showed that MCEP significantly improved AEC for
primary Spanish speaking dyads when rated with the English
OWECS and the Spanish uWECS. Results support the concurrent
validity of the uWECS.

Part 2
Spanish uWECS

Lapcheck VIDEOS
primary Spanish
n="52 (56%)

CODERS
primary Spanish

Baseline n=>52 (100%)

6 months n=31 (46%) n =236 (54%)

n=67 (100%)

6 months n=31 (46%)

n=31(100%) |

MCEP was facilitated in Spanish and in English. At baseline, 56% of the dyads were primary Spanish speaking and were faciliated by primary Spanish speaking therapist. 42% of the dyads were
primary English speaking facilitated in English. For the first part of our coding study, Spanish and English videos were coded by primary English speakers and English videos were coded by
primary English speakers. For the second coding study, Spanish videos were coded by primary Spanish coders. (See Table 3 for pooled intraclass correlations).
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TABLE 3 Pooled intraclass correlations between the English oWECS and
the Spanish UWECS scores at baseline and six months post-enrollment.

Subscales Intraclass correlation
coefficient (ICC)

Attraction 81*

Vocal communication .82*

Facial communication .84*

Sensitivity/reciprocity 81%

Average emotional connection score .86*

oWECS, original welch emotional connection screen (9); uWECS, universal welch emotional
connection screen (8); MCEP, mother-child emotional preparation program.
*p<.001.

Note that Table 3 shows the intraclass correlations between English
oWECS and Spanish uWECS pooled across the baseline and 6-month
post-enrollment observations. The associations are robust, ranging
from .81 to .84, with the composite average scores on both
instruments achieving an ICC of.86. All values are significant at
p <.001. Agreement between the ratings from blinded, independent
teams of coders on the English oWECS and the Spanish uWECS
demonstrate sound concurrent validity of the uWECS.

The validity of the uWECS opens the door for researchers
across the globe to use the instrument for research or clinical
practice without linguistic barriers for the coder.

Aim 2: criterion-related validity of the uWECS

We examined criterion-related validity of the uWECS by
comparing overall AEC scores on the English oWECS and

10.3389/frcha.2024.1346121

Spanish uWECS. First, two ANOVAs were computed to examine
the MCEP sub group and control group differences at baseline
and six months post-enrollment on English oWECS and Spanish
uWECS scores. As expected, given random assignment, there
were no significant differences at baseline between scores.
However, at 6-month follow-up, controlling for baseline scores,
analyses of covariance (ANCOVA’s) performed on the English
oWECS and Spanish uWECS data revealed that the MCEP group
showed the same significant improvement in AEC on both
instruments: English oWECS, F(1, 27) =431, p<.05, n, = .14
and Spanish uWECS, F(1, 27) =4.06, p <.05, T]; = .13 (Figure 4).
These similar results in evaluation of the AEC construct on the
two instruments support criterion-related validity of the uWECS.

Discussion

In this study, we demonstrated both concurrent and criterion-
related validity of the uWECS (8), a universally translatable version
of the original Welch Emotional Connection Screen (0WECS) (9).
Findings mark an important advance in the field of early
intervention by demonstrating the value in applying assessment
tools that work effectively and equally across cultures and
languages to interventions that may (or may not) be competent
across cultures and languages.

Results of this validation study indicate that nothing is “lost in
translation” by minimizing grammatical complexity, word choice,
and literacy level in the creation of the uWECS instrument. The

Graphs showing average overall autonomic emotional connection (AEC) scores on the English oWECS and spanish uWECS at 6 months post
enrollment. (A) The English oWECS was coded by primary English speaking coders trained to reliability via a traditional method. (B) The Spanish
UWECS was coded by primary Spanish speaking coders using only the uWECS form with little training. Note that both codings showed significant
increase in overall emotional connection scores. The Spanish uWECS results were very similar to the English oWECS results. These results confirm

A ENGLISH oWECS
F(1, 27) =4.31, p<.05
25
2.25 T
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2
Overall
AEC 175
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15 e
N=18
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Control MCEP
FIGURE 4
Aim 2 of the study by establishing criterion-related validity of the uWECS. Both analyses controlled for baseline scores.
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findings of Jakael et al., (This issue under Review) further support
that coders were able to achieve reliability in a multilingual online
training session, as the uWECS was readily translatable live and in
the training platform to both German and Finnish for a group of
coders that included both bilingual (ie., English/German or
English/Finnish) and monolingual German or Finnish coders.
The uWECS paves the way for clinicians and researchers around
the globe to reliably rate AEC with a validated uWECS instrument.

In addition to validating the uWECS in another language, the
demonstrated efficacy of MCEP for exclusively Spanish-speaking
dyads underscores the cultural competence of the MCEP. We
note that MCEP demonstrated sustained efficacy despite losing
approximately 40% of the sample size due to Covid-related
school closure. In addition, the efficacy of MCEP for Spanish as
the primary language mothers and young children suggests that
MCERP is a culturally-competent intervention for Latinx mothers
and children and that it was possible to make accessible in the
community. Given the vulnerability of Spanish children to be
removed from preschool programming (16, 17) and the evidence
that emotion understanding is a challenge for young children
who are learning English as a second language, the sustained
increase in emotional connection for mothers and children may
promote emotional awareness and understanding that carries
over to the classroom environment (12).

First- and second-generation immigrant mothers are under-
served in seeking support (18) and prefer informal programs to
support their children in their community (19). MCEP sought to
reach immigrant mothers by creating an accessible program,
provided in the trusted early childhood learning center, and with
other primary Spanish speaking mothers, children as well as
social worker. Building from a sense of community and linguistic
affiliation may have provided the safe space for mothers’
expression of emotion with children, which in turn increased the
likelihood that mothers would continue to tap into the MCEP
curriculum tools after the program ended, thus explaining the
sustained effects of MCEP on EC months after completing
the intervention.

A separate report in this special topic journal provides first
proof-of-concept that the quality of dyadic autonomic emotional
connection among culturally and linguistically diverse infants
and parents can be reliably assessed with the uWECS (see Jaekel
et al. this issue under review). The study tested the use of the
uWECS translated into German and Finnish in an online
multilingual group training program. Results showed coders
speaking diverse primary languages, including Russian, Turkish,
Kurdish and Twi, achieved sound interrater reliability when
coding videos.

Our sample of videos was collected in the school setting, with
bilingual mothers and children working with a social worker who
also spoke Spanish as their primary language. Emotion expression,
which is the focal point of MCEP, was guided by the interventionist
with all mothers encouraged to speak with their child in the
language spoken at home. Minoritized, low income and
preschoolers for whom English is a second language show more
dysregulated behavior (20), placing them at-risk for loss of a key
resource needed to succeed in future education. The findings
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here point to the value of a culturally competent assessment tool
that can be used effectively in multiple languages to measure
autonomic emotional connection between mother and child and
in the school context. Our findings support the concurrent and
criterion-related validity of the uWECS, one that can be reliably
coded by coders who speak any language.

The uWECS offers an important tool for educators. American
preschools currently lack a key resource for the children most in
need of preschool programming, such as children for whom
English is a second language (21). The uWECS is an assessment
that is
assessment tools and interventions are also lacking for first- and

tool culturally sensitive and accurate. Emotional
second-generation immigrant parents of young children (18, 22).
cultural

linguistic barriers and stigma deter help-seeking for Latinx

Fear of deportation, discrimination, incompetence,
immigrants (23). However recent evidence suggests that Latinx
adults seeking selfcare and Latinx parents seeking help for their
children report a preference to seek informal help from resources
from those who speak the same language and share the same
cultural experiences.

Young children are in need of tools to assess the relational health
with parents to improve academic success in preschool, kindergarten
and early elementary school (24). A recent study of bilingual 5-6-
year-old children found that bilingual children identify emotions as
well as monolingual children, but are not as adept at understanding
the mental sources of emotion (i.e., desires, beliefs, memories or
culture as influences of emotions) as monolingual children (25).
Hence, cultural and linguistic barriers for young children may
predispose them to manifesting dysregulated behavior because of a
lack of understanding of the emotional states of those who do not
share their language or cultural display rules.

The ‘autonomic’ emotional connection (AEC) is a novel
construct that we created to describe the mutual behaviors of
mother and baby or child that are triggered by the autonomic
nervous system. AEC differs from “psychological” emotional
connection construct that has been used in academic studies to
describe the parent-child relationship since at least the 1990s (26).
Behaviors triggered by autonomic state require special assessment
in order to differentiate them from conscious and unconscious
psychologically triggered behaviors. Conventionally validated
assessment tools that are based on “attachment” and “bonding”
theory and Psychological emotional connection constructs (27)
often measure separate psychological behaviors of infant and
mother but not the dyad’s mutually Engaged behaviors.

Limitations and future directions

This study was limited by the loss of participating dyads due to
Covid-related school closure. Hence these findings are limited by a
small sample size and the context of the Pandemic. As well, while
the MCEP delivered the curriculum in the school setting by a
primary Spanish speaking interventionist and with other primary
Spanish speaking families, it is important to note that sharing a
common language does not necessarily mean shared culture,
immigration status, or life history. It is essssential to replicate
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this work on the Spanish u-WECS with other Spanish-speaking
communities in and outside of the US. It is noteworthy that
affiliation grouping by language for the MCEP, and use of the
uWECS-Spanish demonstrated sustained effects for primary
Spanish speaking families. This points to the clear benefit of the
MCEP’s approach to intervention, the sustainability of higher EC
in Latinx dyads and the ability to validly measure emotional
connection via a translated version of the uWECS coded by
primary Spanish speaking coders. This study is limited by the
singular transaltion of the uWECS into Spanish. It is important
to assess the validity of the uWECS translated into other
languages. Adapting and validating a universal WECS instrument
paves the way for continued research in AEC globally, opening
the door for
biobehavioral construct.

continued understanding of this novel
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Introduction: The COVID-19 pandemic placed many restrictions on families and
affected the mental health of parents and children. The present study examines
how the restrictions imposed during the pandemic and parental mental health
affect early childhood psychopathology.

Method: From September 2019 to December 2021, the Outpatient Department
of Family Therapy at the Institute for Psychosocial Prevention, Heidelberg
surveyed a clinical sample of 249 families who sought consultation for early
childhood psychopathology. Early childhood psychopathology in children
aged 0-3 years was assessed using the German Questionnaire for Crying,
Feeding and Sleeping and the German version of the Child Behavior Checklist
1%2-5. The Patient Health Questionnaire provided information on parental
depressiveness and generalized anxiety. At the same time, the Stringency
Index as part of the Oxford Coronavirus Government Response Tracker
indicated the severity of COVID restrictions in Germany.

Results: Dependent comparisons did not reveal significant differences in the
infants’ regulatory problems (n =165 mean age=8 months) during the
lockdown compared to reopening phases. However, older children (n =84,
mean age = 25 months) exhibited more behavioral problems during lockdowns
compared to reopening phases (Cohen's d=0.32, p=.04). Subsequent
regression analyses confirmed a slight increase in behavioral problems only
among children aged 1.5-3 years (p =.047, R =.08), but did not indicate any
increase in parental mental health problems when more restrictions were in
place. However, parental depressiveness had a strong independent effect on
early childhood psychopathology. A hierarchical regression analysis indicated
that psychopathology in children aged 1.5-3 years is best explained by female
child gender, high parental depressiveness, and more severe restrictions
during the COVID-19 pandemic (p <.001, R%=.17) whereas early childhood
psychopathology in infants aged 0-1.5 years is more prevalent in younger
and male children with parents experiencing higher levels of depressiveness
(p<.001, R? = .26).
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Discussion: The study found no increase in infant regulatory disorders or parental
depressiveness and generalized anxiety during the pandemic. However, older
children exhibited more behavioral problems during more severe pandemic
restrictions. The study supports the provision of parent-child support during
crises and beyond, as early childhood psychopathology was strongly associated
with parental depressiveness.

KEYWORDS

COVID-19 pandemic, parental mental health, regulatory disorders, child behavioral
problems, early childhood psychopathology

1 Introduction

The COVID-19 pandemic, beginning in 2020 and lasting until
2023, affected many families. To prevent the spread of the
coronavirus, everyone’s daily life was repeatedly restricted.
Protective factors, such as leisure activities, personal social
contacts, and many childcare options for young families
disappeared during the resulting lockdown phases (1, 2). These
constraints caused previously unprecedented stressors in many
areas. Economic factors such as unemployment, along with
isolation and strain, led to a spike in psychological distress among
the general population (3), as well as among families and children.

Young children depend on their caregivers for help with
tasks such as soothing, feeding, sleeping, and exploring, as well
as during times of heightened irritation or stress (4). The
authors von Hofacker et al. (5) and Charlier (6) described early
childhood psychopathology in infants, namely regulatory
disorders, as difficulties for young children to appropriately
regulate their behavior. Early childhood psychopathology in
children aged 0-3 years includes a range of symptoms such as
excessive crying, sleep disturbances, feeding difficulties, defiant
aggressive behavior, emotional reactivity, attention problems,
depressiveness, anxiety, and social withdrawal (5, 7). The
prevalence rates of specific problems vary depending on the
child’s age (8). For example, the prevalence of excessive crying in
the first 3 months of life is approximately 16%, decreases to 6%
between months 4 and 6, and is only 2.5% in 6-month-old
children (8). Furthermore, gender differences have been found in
aggressiveness and attention problems, with girls exhibiting fewer
problems (7, 9). In infants, more boys showed regulatory
problems overall (10-12), while girls appeared to cry and wake
up less (13, 14).

Bronfenbrenner (15) developed a theoretical framework to
explain the protective and risk factors of child development,
considering environmental, situational, and interpersonal factors.
The microsystem, which includes family and daycare, is the most
immediate and influential system in this framework. This
microsystem may have been the one most affected by the
pandemic, as care options changed, and restrictions placed a
considerable burden on parents. According to Tettenborn et al.

(16), families self-reported childcare during the pandemic as

Abbreviations

burdensome. Bronfenbrenner’s model (15) suggested that this
increased burden on the parents during the pandemic may have
negative effects on their children. Tettenborn et al. (16)
concluded that the pandemic-related stress caused parents to lose
confidence in their parenting abilities, resulting in less effective
soothing attempts. The parents’ ability to co-regulate their child
may have declined, increasing the risk of developing or
maintaining child regulatory difficulties and behavioral problems.
Difficulties in caring for children during the pandemic, such as
excessive parental demands, financial difficulties, disruptions to
daily routines, or conflicts within the family, could have further
intensified early childhood psychopathology (4, 8, 17, 18).

Research indicates a significant increase in infant crying, longer
times to fall asleep, increased sleep and crying problems, and later
bedtimes during periods when COVID-related restrictions were in
place (16, 19). In March 2020, during the first lockdown, infants
experienced more frequent awakenings, which required parents
to visit their rooms more often for comfort (20). While there is
no conclusive evidence that sleep quality declined during the
pandemic, the number of children not meeting a standard for
adequate sleep increased (21). According to surveys conducted
on feeding problems, researchers found no difference between
the lockdown and reopening phases (16, 19). Feeding disorders
are caused by complex somatic and psychosocial factors (22).
Therefore, they may be less affected by increased family stressors
in the context of the pandemic. In summary, empirical evidence
suggests a correlation between the pandemic and crying and
sleeping problems, whereas the evidence regarding a correlation
with feeding problems is inconclusive. Furthermore, studies have
shown an increase in behavioral problems in young children,
such as depression, anxiety, and attention problems, with the
onset of the lockdown (9, 23).

Pre-pandemic literature suggests a correlation between parental
mental health and early childhood psychopathology. For instance,
related  difficulties
interactions are associated with early childhood psychopathology

parental depression and in parent-child
(5, 6, 24). Empirical evidence suggests that factors such as
psychosocial and prenatal stress, anxiety, postnatal depression,
mental illness, substance abuse, conflict, social isolation, and family
distress, such as poverty, are related to early childhood psychology

(4, 8, 17, 25). Postert et al. (26) and Sidor et al. (27) confirmed the

CBCL, child behavior checklist 1%2-5; PHQ, patient health questionnaire; QCFS, questionnaire for crying, feeding and sleeping.

Frontiers in Child and Adolescent Psychiatry

frontiersin.org


https://doi.org/10.3389/frcha.2024.1441969
https://www.frontiersin.org/journals/child-and-adolescent-psychiatry
https://www.frontiersin.org/

Keller et al.

relationship between parental psychological stress and their children’s
regulatory disorders in two German studies. Additionally, a
longitudinal study by Evers et al. (28) demonstrated reciprocal
effects between early childhood psychopathology and parental
stress throughout early childhood. This literature suggests that
parental mental health issues and high parental stress during the
pandemic may worsen early childhood psychopathology. In turn,
the children’s psychopathology may cause negative parental mental
health responses.

Xiong et al. (3) reported a significant increase in global
depression (15%-48%) and anxiety symptoms (6%-52%) during
the first phase of the 2020 lockdown among adults in the general
population affected by the COVID-19 pandemic. Brailovskaia
and Margraf (29) identified stress as the main predictor of
psychological distress during the pandemic, with anxiety and
depression symptoms before the first lockdown being less
predictive. A study conducted in 204 countries and territories
reported a correlation between infection rates and restricted
mobility with a higher incidence of anxiety and major depressive
disorders (30). Women and younger adults were found to be
more susceptible to anxiety and major depressive disorders than
men and older individuals (30). Generalized anxiety and
depressive symptoms also increased among parents (31, 32).
Zhang et al. (33) that
experienced higher levels of anxiety and depression during the
pandemic. In Canada and the United States, the mental health of
mothers declined even more than that of childless adults (34-36).

A study conducted between April and June 2021 found that
social distancing, concerns about the child, birth anxiety,

discovered postpartum  mothers

separation from the child, and exposure to COVID-19-related
parenting behaviors and support, were related to increased infant
psychopathology (37). This relationship was mediated by reduced
maternal well-being and maternal socioemotional investment.
Furthermore, empirical evidence suggests that the incidence of
crying and sleep disturbances increased during the pandemic when
mothers reported more depressive symptoms (19). Additionally,
high levels of maternal depression and anxiety were associated with
lower levels of maternal-infant bonding and infants’ regulatory
ability (38, 39). Provenzi et al. (38) reported that parental stress
mediated the effect of maternal postnatal anxiety on infant
regulatory capacity. Similarly, quarantine in Italy was found to
exacerbate behavioral and emotional problems in children aged 2-
14 years, mediated by parental stress (40). Furthermore, maternal
perceived stress was correlated with the time taken to calm infants,
and the amount of infant crying and fussing (41).

Taken together, the pandemic has led to an increase in
depression and anxiety (1, 3, 29). Previous research has also
demonstrated a correlation between parental mental health and
early childhood psychopathology (8, 24). It has not been
conclusively examined whether lockdowns influenced early
childhood psychopathology and whether this effect was mediated
by parental depressiveness and generalized anxiety. Additionally,
it has not been determined if these effects persist throughout
early childhood. Prevalence rates depend on the age and gender
of the children (7-9) which is why both were included as
covariates in the following analyses. Furthermore, most studies
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conducted during the pandemic relied on convenient online
samples. Examining a clinical sample of children with early
childhood psychopathology may provide insights of direct
relevance to parenting interventions in this population.

This study aims to investigate the relationship between early
childhood psychopathology and COVID-19-related restrictions,
considering parental mental health. The following relationships
were expected.

Hypothesis 1. Symptoms of early childhood psychopathology differ
between lockdown and reopening phases.

1 a. Parent-reported regulatory problems regarding crying,
fussing, and sleeping are more severe during lockdown than
during reopening phases.

1 b. There are significant differences in parent-reported feeding
difficulties between lockdown and reopening phases.

1 c. Parent-reported parent-infant co-regulation difficulties
regarding crying, fussing, sleeping, and feeding are more
severe during lockdown than during reopening phases.

1 d. Parent-reported behavioral problems are more severe during
lockdown than during reopening phases.

Hypothesis 2. When controlling for child age and gender, pandemic
restrictions predict the symptomatology of parent-reported early
childhood psychopathology.

Hypothesis 3. The effect of pandemic restrictions on the symptomatology
of parent-reported early childhood psychopathology is mediated in
part by parents’ depressiveness and generalized anxiety symptoms.

Finally, this study aims to exploratively identify the most
with childhood
psychopathology based on the data in the current study. To
identify the most relevant variables, the severity of COVID-19
restrictions, parental depressiveness and generalized anxiety as

relevant  variables  associated early

well as child gender and age are included as predictors.

2 Methods

This cross-sectional study was conducted at the Outpatient
Department of Family Therapy at the Institute for Psychosocial
Prevention of the University Hospital of Heidelberg. The data
collection period began on September 19, 2019, after receiving
approval from the Ethics Committee of the Medical Faculty of
the Heidelberg University Hospital, and before the start of the
pandemic. The collection period ended on December 21, 2021.

2.1 Procedure

All parents of children aged 0-3 years who consulted
the Outpatient Department of Family Therapy during the
respective time frame were asked to fill out questionnaires on
child psychopathology and parental mental health as part of the
routine diagnostic and outcome monitoring assessments.
A parent or caregiver, usually the mother, received print

copies of these questionnaires before the first appointment.
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Additionally, the parent questionnaire by Georg et al. (42) was used
to record numerous demographic and therapy-relevant variables.
It contains open and closed questions on areas such as birth
complications, family situation, and reason for referral.

Parents self-reported the following reasons for referral: trouble
sleeping through the night (86%), issues with child development or
other (37%), defiant behavior, crying episodes or aggressive
behavior (35%), frequent and persistent crying (34%), eating and
feeding problems (28%), and anxiety, separation anxiety or
clinging behavior (10%). A total of 22% of children had already
received treatment elsewhere.

2.2 Questionnaire for Crying, Feeding and
Sleeping (QCFS)

The Questionnaire for Crying, Feeding and Sleeping [QCES,
(43)] was used to assess early childhood psychopathology in
infants aged 0-1.5 years. Parents rated 49 items on a 4-point Likert
scale, ranging from “never or hardly ever” to “always or daily”, to
determine the child’s regulatory problems and three subscales (43).
This study utilized the scales to measure various aspects of infant
behavior and parental distress. The first scale, consisting of 24
items, measures crying, fussing, sleeping behavior, and parental
perceptions (43, 44). An additional 13 items assess infant feeding
problems, parental stress during feeding, and concerns about infant
weight (43, 44). The third scale consists of 12 items that measure
(43). The
questionnaire has been validated for children aged 0-3 years (43).

child-parent co-regulation and soothing attempts

In this study, Cronbach’s alpha ranges from .71 to .87 for the
subscales and the overall scale. Pre-pandemic data was not
available for 0- to 1.5-year-olds, as this questionnaire was only
added to the routine data collection later.

2.3 Child Behavior Checklist 1%2-5 (CBCL)

Clinical symptoms relevant for children aged 1.5 years and older
include emotional reactivity, attention problems, aggressive behavior,
anxiety, depressiveness, and social withdrawal (7). Furthermore,
sleep problems can persist as part of psychopathological symptoms
even in older children (7). Therefore, the Child Behavior Checklist
1%-5 (CBCL) was used to assess child psychopathology and
behavioral problems in children aged 1.5-3 years (7, 45). Its 99

» o«

items have response options of “not applicable”, “somewhat or
sometimes applicable”, and “accurate or frequently applicable” and
assess children’s emotional reactivity, anxiety and depressiveness,
social withdrawal,

attention problems, and sleep problems (7). The CBCL total sum

somatic  complaints, aggressive  behavior,

score in this study has a Cronbach’s alpha of .94.

2.4 Patient Health Questionnaire

The German version of the Patient Health Questionnaire

measures parents’ depressiveness with 9 items and their
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TABLE 1 Classification of the study period into lockdown and reopening
phases.

Number of
surveyed
families with
children aged
15-3

Number of
surveyed

families with
children aged
0-15

Pre-pandemic | Mar. 20, 2020 1 20
Lockdown May 05, 2020 3 1
Reopening Nov. 29, 2020 48 25
Lockdown Aug. 02, 2021 71 25
Reopening Nov. 14, 2021 28 13
Lockdown Dec. 31, 2021 14 0

Note that the classification of phases is determined by a median split of the Stringency
Index (48).

generalized anxiety with 7 items according to the DSM-IV
classification system (46, 47). The response options, including

» o«

“not at all”, “on some days”, “on more than half of the days”,
and “almost every day” indicate symptom frequency (47).
Cronbach’s Alpha for the depressiveness and generalized anxiety

scale are .80 and .87, respectively.

2.5 Stringency Index

As part of the Oxford COVID-19 Government Response
Tracker, the Stringency Index described the severity of the
restrictions imposed by governments worldwide in response to the
COVID-19 pandemic (48). School closures, home office orders,
workplace closures, event cancellations, contact restrictions, public
transportation restrictions, curfews, domestic and international
travel restrictions, and public information campaigns were
included in the calculation of the index (48). Hale et al. (48)
quantified the severity of these measures and reported daily values
by country. The values for each day were extracted for Germany
and assigned to the corresponding survey days.

In this study, the values of the Stringency Index ranged from 0 to
85.19. To test Hypotheses 2 and 3, the stringency index was used as a
continuous measure of the severity of pandemic-related restrictions
on the day of the survey. To test Hypothesis 1, the study period
was divided into phases of lockdowns and reopening. Families
who assessed their children’s symptoms and their own well-being
during the lockdown phase were compared with those who visited
the Outpatient Department of Family Therapy during periods of
less severe restrictions. The Stringency Index was subjected to a
median split to differentiate between lockdown and reopening
phases with the relaxation of measures. Table 1 offers an overview
of the identified phases. If the value on the survey day exceeded
the median of 63.43, it indicated more restrictive measures,
categorizing those days as part of a lockdown phase. If the value
was below 63.43, the measures were considered less restrictive.
Each family was assigned to either the lockdown or the reopening
phase based on the date of their data assessment in relation to
their first contact with the Outpatient Department of Family
Therapy. The median was reached between June 18, 2020, and
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July 6, 2020. This period is assigned to the reopening phase as the
index values are lower both before and after this time frame.
During these 19 days, six families were surveyed. Values were set
to 0 before the first reported COVID-19 case in Germany on
January 27, 2020, and before the recording of the index (48).

The identified phases can be linked to specific policy measures.
The survey period began on September 19, 2019. The first lockdown
was initiated with the recall of 65,000 international travelers (49) and
the nationwide closure of non-systemically relevant facilities on
March 21, 2020 (50). It ended on May 16, 2020, with initial re-
openings (51) and the official end of the first wave of infections
(52). New contact restrictions led to the second lockdown phase
on November 28, 2020 (53), which ended on August 2, 2021, with
re-openings for vaccinated and recovering individuals (54). The
third lockdown phase started on November 14, 2021, and
continued until the end of the survey period on December 31,
2021. During this period, regulations regarding the wearing of
masks were in effect, and in some instances, access was restricted
to vaccinated, recovered, or tested individuals (55).

2.6 Sample

The clinical sample consisted of families who were given age-
appropriate questionnaires on their children’s early childhood
who did not
information on their child’s age and gender or who completed less

psychopathology.  Parents provide complete
than 75% of the questionnaires were excluded, following the
recommendations of Collins et al. and Schafer (56, 57). Informed
consent for study participation was obtained from N =249 families.
Table 2 provides a detailed list of the demographic variables. On
average, the children were 14 months old (SD =10 months), with
51.41% being female. The majority of parents (74.95%) were of
German origin, and 88.25% were married. Furthermore, 21.40% of
mothers and 5.83% of fathers reported a history of mental disorders
in their lifetime.

2.7 Statistical analyses

All analyses were conducted using IBM SPSS Statistics version
27.0.1.0, G*Power version 3.1.9.7 (58) and R statistical software
version 4.2.1 and its respective packages (59-66).

To address the issue of missing values in the questionnaires, a
multiple imputation was performed based on a visual analysis
indicating that the missing values were random (57, 67). The
QCEFS exhibited 3.92% of missing values, the CBCL 2.63%, and
the Patient Health Questionnaire 0.87%.

To test Hypothesis 1, children of families who sought help
during the lockdown and reopening phases were matched by age
and gender using the propensity score (59, 68) to avoid bias. The
group surveyed during the lockdown and the group surveyed
during the reopening phases were compared using paired t-tests.
Two phases were determined for group classification using the
Stringency Index (48). The matching process resulted in 77 pairs
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of infants aged 0-1.5 years who were assessed by the QCFS, and
31 pairs of children aged 1.5-3 years assessed with the CBCL.
Given the likely gradual transitions between lockdown and
reopening phases and the varying degrees of restrictions, the
Stringency Index was utilized as a continuous measure in the
subsequent analyses to capture the nuanced effects of pandemic
restrictions. A regression analysis was used to investigate the impact
of pandemic restrictions on early childhood psychopathology. Child
age and gender were included as covariates to test Hypothesis 2,
and parental mental health was added as a mediator to test
Hypothesis 3. The proposed mediation model was first reported
correlatively. To test the mediation model, a nonparametric
bootstrap approach was performed with 10,000 Monte Carlo draws.
Finally, a hierarchical regression analysis was performed to
identify the model with the optimal fit to explain early childhood
psychopathology. The Stringency Index (48), the children’s age
and the
depressiveness were included as possible predictors. The Akaike

and  gender, parents’ generalized anxiety and
Information Criterion (69) was used as a metric for evaluating
the inclusion of new predictors with a lower Akaike Information

Criterion indicating a better model fit.

3 Results

Table 3 displays descriptive statistics for all questionnaires. The
observed overall QCFS score was below the values from a clinical
comparison sample [M=223, SD=0.35 (43)], as were the
observed parental depressiveness [M=11.7, SD=5.00, (70)], and
the parental generalized anxiety [M=14.18, (71)]. In accordance
with the established cutoff value of 64 proposed by (45), the mean
sum score on the CBCL was below the threshold for clinical
significance.

TABLE 2 Demographics of the final study sample.

Sample size N 165 84

Child mean age in months (SD) 8.09 (4.41) 26.58 (6.66)
Number of girls (%) 83 (50.30) 45 (53.57)
Mother mean age in years (SD) 32.88 (4.37) 34.10 (4.65)
Father mean age in years (SD) 34.66 (5.54) 35.72 (6.35)
Number of mothers of German 145 (88.96) 72 (86.75)
origin (%)

Number of fathers of German origin (%) 141 (88.13) 70 (88.61)
Number of families with more than 54 (33.33) 41 (51.90)
one child (%)

Number of mothers with a university 82 (50.93) 42 (52.50)
degree (%)

Number of fathers with a university 77 (49.36) 35 (46.05)
degree (%)

Number of married mothers (%) 118 (71.95) 64 (78.05)
Number of married fathers (%) 116 (73.41) 64 (81.01)
Number of mothers with a history of 35 (21.74) 17 (20.73)
mental disorder, lifetime (%)

Number of fathers with a history of 8 (5.03) 6 (7.41)

mental disorder, lifetime (%)
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3.1 Early childhood psychopathology during
lockdowns

Table 4 shows the results of Hypothesis 1. The score on Crying,
Fussing and Sleeping Behavior on the QCFS (43) for infants aged
0-1.5 years was 0.08 points higher during lockdown than during
reopening phases. The Co-regulation scale showed a mean
difference of 0.09. In contrast, the mean score on the Feeding
scale during lockdown was 0.06 points lower than the mean
score during the reopening phase. A dependent samples t-test

TABLE 3 Descriptive statistics of n =165 children aged 0-1.5 and n =84
children aged 1.5-3.

M (SD)

Sample with children aged 0-1.5 (n = 165)

Overall QCFS score 1.38 (0.31) 0.45, 2.08
QCES crying, fussing, sleeping 1.52 (0.42) 0.33, 2.54
QCFS feeding 55 (0.51) 0.00, 2.46
QCEFS co-regulation 2.02 (0.49) 0.58, 3.00
PHQ parental depressiveness 10.65 (5.11) 1, 25
PHQ parental generalized anxiety 8.53 (4.86) 0, 21
Sample with children aged 1.5-3 (n=84)

Total CBCL sum score 47.76 (23.90) 12, 132
PHQ parental depressiveness 7.91 (4.98) 0, 24
PHQ parental generalized anxiety 6.81 (5.00) 0,18

QCES, Questionnaire for Crying, Feeding and Sleeping (43); CBCL, Child Behavior Checklist
1%-5 (7); PHQ, Patient Health Questionnaire (47).

10.3389/frcha.2024.1441969

showed no significant differences for any of the subscales.
Consequently, Hypotheses 1 a. (I-=.47),
1 b. (1-=.24), and 1 c. (1-f = .48) were rejected.
During lockdown, the CBCL sum score (7) for children aged
1.5-3 years was 10.83 points higher. A statistically significant

Hypothesis

increase in behavioral problems among toddlers was observed
during the lockdown period compared to the reopening phases, as
indicated by a paired f-test [t (30) =1.78, p=.04, d=0.32, 95% CI
(0.53, Inf.), 1-B =.67]. Therefore, Hypothesis 1 d cannot be rejected.

3.2 The impact of pandemic restrictions on
early childhood psychopathology

Figure 1 shows the relationship postulated in Hypothesis 2. In
the infant sample between ages 0-1.5, the continuous Stringency
Index measuring COVID-19 restrictions (48) was
significant predictor of infant regulatory problems (p=.91). The
covariates infant age (p <.001) and infant male gender (p=.01)

not a

significantly predicted infant regulatory problems, assessed with
the QCFS. Therefore, Hypothesis 2 was rejected for infants
between 0 and 1.5 years.

The same analysis for 1.5- to 3-year-olds showed a significant
effect of the Stringency Index on child behavioral problems
(p=.047), in accordance with Hypothesis 2 for this age group.
Toddler age (p=.25) and gender (p=.09) did not influence the
CBCL sum score.

TABLE 4 Differences in early childhood psychopathology during phases of lockdown and phases of reopening.

M (SD) during lockdowns M (SD) during reopening t p d Cl
QCEFS crying, fussing, sleeping 1.57 (0.40) 1.49 (0.44) 1.12 13 0.13 —0.04, Inf
QCFS feeding 0.52 (0.48) 0.58 (0.54) —0.67 51 0.08 —0.22, 0.11
QCEFS co-regulation 2.08 (0.46) 1.99 (0.52) 1.12 13 0.13 —0.04, Inf
CBCL sum score® 53.0 (28.3) 42.2 (19.5) 1.78 .04* 0.32 0.53, Inf

df=76. QCFS, Questionnaire for Crying, Feeding and Sleeping (43); CBCL, Child Behavior Checklist 1%2-5 (7).

“df=30.
*p <.05.
A B
&) Infant age ®) Toddler age
<1030 #4= 0.12
COVID-19- COVID-19- .
ID-1 0.01 Regulatory 0.21 * | Behavioral
related related >
e problems oo i problems
restrictions restrictions
0.19 * -0.181
Male gender Male gender
FIGURE 1
B-weights for children aged 0-1.5 years (A) and children aged 1.5-3 years (B) as postulated in hypothesis 2. Note that COVID-19-related restrictions
were measured by the Stringency Index (48), infant regulatory problems by the Questionnaire for Crying, Feeding and Sleeping (43), and toddler
behavioral problems by the Child Behavior Checklist 1%/2—5 (7). Model (A): R = .13, F(3, 161) = 9.05, p <.001, Cohen’s ¥ = 0.17, 1- =.997. Model (B):
R? =08, F(3, 80) = 3.41, p = .02, Cohen’s £ = 0.13, 1-f = 78. 'p < .10. *p < .05. **p < .01. ***p < 001
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. 0.00
(A) | COVID-19 related-restrictions > Regulatory problems
0.39 ***
0.35 ***
Parental depressiveness
Parental generalized anxiety
o 0.24 * .
(B) | COVID-19 related-restrictions > Behavioral problems
0.31 **
0.28 **
Parental depressiveness
Parental generalized anxiety
FIGURE 2
Correlations for N = 165 children aged 0-1.5 years (A) and N = 84 children aged 1.5-3 years (B) as postulated in hypothesis 3. Note that COVID-19-
related restrictions were measured by the Stringency Index (48), infant regulatory problems by the Questionnaire for Crying, Feeding and Sleeping (43),
toddler behavioral problems by the Child Behavior Checklist 1%2-5 (7), and parental mental health by the Patient Health Questionnaire (47).

3.3 The impact of parental mental health on
early childhood psychopathology

Figure 2 depicts the postulated relationships in Hypothesis 3 and
the results of the mediation analyses with parental mental health as a
mediator. The mean parental depressiveness as measured by the
Parent Health Questionnaire (47) was 10.13 (SD=5.47) during
phases of lockdown and 9.36 (SD =4.98) during phases of reopening.
Similarly, the mean parental generalized anxiety was higher during
lockdown (M =8.04, SD=4.97) compared to phases of reopening
(M=7.87, SD=499).
significantly with parental depressiveness (r (247) = .03, p=.67) nor
with parental generalized anxiety (r(247) = —.004, p = .95).

For 0-1.5-year-old infants, the mediation analysis did neither

Pandemic restrictions did not correlate

reveal a main effect of the severity of pandemic restrictions on
regulatory problems nor an indirect effect mediated by parental
health effect with
depressiveness as a mediator: =.01, p=.89, CI (-.12, .14);
average causal mediation effect of depressiveness: f=-.01,
p=.84, CI (—.06, .05); average direct effect of restrictions with
generalized anxiety as a mediator: §=.03, p =68, CI (—.10, .16);
average causal mediation effect of generalized anxiety: f=—.03,
p=.37, CI (-.08, .03)]. Similarly, no mediation effect was

mental [average direct of restrictions

observed for children aged 1.5-3 years. However, a main effect
was identified for this age group, indicating that the severity of
pandemic restrictions significantly predicted child behavioral
problems [average direct effect of restrictions with depressiveness
as a mediator: f=.27, p=.01, CI (.08, .46); average causal
mediation effect of depressiveness: f=—.03, p=.37, CI (-.11,
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46); average direct effect of restrictions with generalized anxiety
as a mediator: f=.26, p=.01, CI (.07, 0.44); average causal
mediation effect of generalized anxiety: f=-.02, p=.63, CI
(—.09, .05)]. Nevertheless, Hypothesis 3 was rejected for both
age groups.

3.4 Best-fit model for explaining early
childhood psychopathology

Table 5 shows the best-fitting model for predicting early
childhood psychopathology. The first hierarchical regression
analysis indicated that infant age and gender, as well as parental
depressiveness, predicted regulatory problems in 0- to 1.5-year-
old infants. On average, for each additional month of age, the
score on the QCFS was lower by 0.06 standard deviations,
indicating fewer regulatory symptoms in older infants. Parents of
male infants reported higher scores by 0.35 standard deviations.
An increase in parental depression of one standard deviation was
associated with a 0.37 standard deviation increase in the QCFS
score. Overall, the model (p<.001) explained 26.35% of the
variance, as measured by the adjusted R”.

The severity of restrictions imposed during the pandemic, parental
depressiveness, and children’s age and gender significantly predicted
the prevalence of behavioral problems in 1.5- to 3-year-olds. The
severity of behavioral symptoms increased by 0.02 standard
deviations for each additional month of age and decreased by 0.34
standard deviations for male toddlers. Furthermore, when pandemic-
related limitations or parental depressiveness were higher by one
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TABLE 5 Results of a hierarchical regression analysis to explain early
childhood psychopathology.

Sample with children aged 0-1.5

PHQ parental depressiveness 0.37 <.001%**
Age in months —-0.29 <.001***
Gender (male) 0.18 .008**
Total model® - <.0017%*
Sample with children aged 1.5-3

PHQ parental depressiveness 0.32 .002%*
Stringency index 0.26 .013*
Gender (male) -0.17 097
Total model® - <.001%%*

Note that COVID-19-related restrictions were measured by the stringency index (48), infant
regulatory problems by the questionnaire for crying, feeding and sleeping (43), toddler
behavioral problems by the child behavior checklist 1%2-5 (7), and parental depressiveness
by the patient health questionnaire [PHQ, (47)]. All measures were z standardized.

2R? = 26, F(3, 161) = 20.55, 1-$=.99.

YR?= 17, F(3, 80) = 6.55, 1-B=.98.

p<.10.

*p<.05.

*p<.01.

tp <001,

standard deviation, symptoms were more severe by 0.26 and 0.32
standard deviations, respectively. The adjusted R* indicated that the
model explained 16.70% of the variance.

4 Discussion

The negative effects of the COVID-19 pandemic on the mental
health of families and young children have been demonstrated
empirically several times. Less is known about the effects in
clinical groups. The present study aimed to investigate the
impact of the COVID-19 pandemic and parental mental health
on early childhood psychopathology in a clinical sample seeking
parent-infant/toddler psychotherapy due to child behavior
problems. Consistent with Bronfenbrenner’s (15) theoretical
framework of protective and risk factors for child development,
this study postulated that the changes in care and for families
due to the pandemic negatively affected early childhood
psychopathology. This effect was expected to be partially
mediated by parental mental health. Our results showed that
pandemic restrictions and lockdowns negatively affected young
children aged 1.5-3 years, whereas an effect on children aged 0-
1.5 years was not found. The symptoms of early childhood
psychopathology became more pronounced in the older age
group under more severe restrictions on daily life. Contrary to
expectations, this effect was not mediated by parental generalized
anxiety and depressiveness. Nevertheless, parental depressiveness
negatively correlated with early childhood psychopathology in all
age groups. More severe restrictions due to the pandemic, child
female gender, and higher levels of parental depressiveness were
predictive of increased behavioral problems in children aged 1.5-
3 years, including emotional reactivity, anxiety, depressiveness,
social withdrawal,

somatic complaints, aggressive behavior,

attention problems, and sleep problems. Younger age, child male
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gender, and  high

pandemic restrictions, predicted regulatory problems in children

parental  depressiveness, but not
aged 0-1.5 years.

The findings regarding the relation of child age and gender and
regulatory problems in infants between the ages of 0 and 1.5 years
align with those of previous literature. Older and female infants
showed fewer symptoms of regulatory problems. Similarly,
previous studies independent of the pandemic reported lower
10-14).
Conversely, in the literature, behavioral problems in 1.5- to

prevalence rates for older and female infants (8,

3-year-old toddlers, particularly aggressiveness and attention
problems, are more frequently observed in male infants (7, 9).
However, the findings of this study indicated that female gender
was a marginally significant predictor of behavioral problems in
1.5- to 3-year-old toddlers. This discrepancy may be because the
present study utilized the CBCL sum score without examining
specific behavioral problems. In future studies on the impact of
pandemics, early childhood psychopathology in toddlers should
be considered in a more differentiated way, for example in
externalizing and internalizing problems, to investigate possible
gender-specific correlations.

Despite overwhelming evidence from other studies (31, 32),
parental mental health did not significantly correlate with the
severity of the pandemic’s restrictions. One reason for this may
be that parents who stayed home to care for their children did
not have to commute to work, or who worked from home may
have experienced less daily stress despite the pandemic. However,
as expected, parental depressiveness significantly predicted early
childhood psychopathology at all ages. Consequently, this study
contributes to the existing research that showed a robust
correlation between parental mental health and early childhood
psychopathology (8, 24, 28). This finding also aligns with
Bronfenbrenner’s framework, which suggests that the family
microsystem significantly influences child mental health and
development (15). According to our results, this effect is not
linked to pandemic restrictions. For children aged 1.5-3 years,
severity of COVID-19
restrictions were independent predictors of early childhood

parental depressiveness and the
psychopathology.

In children between the ages of 1.5 and 3, this study found that
the impact of the COVID-19 restrictions on the extent of early
childhood psychopathology was as expected. During periods of
increased restrictions on routines and changes in daily life
children in this age range exhibited more severe behavioral
likely
opportunities for physical activity, reduced peer contact, and

problems. The relation could result from fewer
more frequent changes in childcare arrangements. First, literature
suggests the important role of physical activity for the mental
health of children during the pandemic. Two meta-analyses
confirm that physical activity can be a protective factor for
behavioral problems and child mental health during the
pandemic in school-age children (72, 73). Despite the effect of
the pandemic on physical activity, it is plausible that the level of
physical activity declined, particularly during the winter months
when restrictions were typically more stringent. Therefore, the

impact of reduced physical activity may extend beyond the
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restrictions imposed by the pandemic. Second, reduced contact
with peers during early childhood may coincide with increased
(749,

development of skills such as managing one’s aggressive

social withdrawal and depressiveness hindering the
behavior, emotional reactivity, and attention regulation (75-77).
Third, families may have experienced many changes in childcare
responsibilities during the pandemic. As a result, children had to
adapt more frequently which could have contributed to more
child behavioral problems. As childcare external to the family is
more prevalent among older children in Germany (78), changes
in childcare, in addition to reduced physical activity and peer
contact, could have particularly affected 1.5- to 3-year-olds.

This study found no evidence to support the prediction that
regulatory problems in 0- to 1.5-year-olds would increase along
with pandemic restrictions and lockdowns in a clinical sample.
Gadermann et al. (36) found that 22% of parents reported more
family conflicts, while nearly 50% experienced increased feelings
of closeness within the family. It is possible that many families
experienced positive consequences of the pandemic restrictions,
which may have been more pronounced for children under 1.5
years of age when families care for their children at home more
often. In the United States, 65% of parents working from home
reported having childcare responsibilities while working (79).
Due to isolation, families may have experienced a closer bond
that may have strengthened parental interactional and co-
regulatory skills, which may explain why regulatory problems in
infants aged 0-1.5 years did not worsen during high pandemic
restrictions. Furthermore, pre-pandemic data was not available
for 0- to 1.5-year-olds. The pandemic may have had an overall
detrimental effect on infants’ regulatory behaviors that could not
be detected with the available data. However, for children aged
1.5-3 years, 21% of data was collected before the first case of
COVID-19 was reported in Germany and before the onset of the
first lockdown. The reported effects of pandemic restrictions on
behavioral problems may have been dominated by large
differences between pre-pandemic data and data collected during
the pandemic.

Overall, parents reported more infant regulatory problems for
newborns with symptoms decreasing with each month of age.
Thus, newborns appear particularly vulnerable to regulatory
difficulties, just as older toddlers are more vulnerable to
behavioral problems. This finding allows institutions to provide
targeted interventions to young families.

Most importantly, this study highlights the significance of
family support services, particularly during times of crisis. The
negative effects of lockdowns on child behavioral problems could
add to the burden on young families. Mental health services are
inadequate in many regions, even during times of non-crisis (80).
Parent-infant/toddler interventions can help parents cope with
the new challenges posed by children with regulatory disorders
(8). Similarly, early prevention efforts in times of crisis should
not only target parents of infants under 1 year of age but also
parents with older children. It is possible, that toddlers
experience the negative effects of lockdowns more directly
through changes in their familiar routines, physical activity and
peer interactions. Finally, parental mental health support should
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be expanded since parental depressiveness has been shown to be
an important predictor of early childhood psychopathology.

4.1 Limitations and future research

Although this study was able to include parental mental health
as a mediator, future research should consider other factors that
contribute to the development and maintenance of early
childhood psychopathology during crisis, given that the explained
variance of the included factors was less than 27%. For example,
future research should include measures of physical activity, peer
contact, and changes in child and family routines. Furthermore,
40% of the families in this study reported having more than one
child. Thus, it is difficult to attribute poor parental mental health
solely to the child presented to the Outpatient Department of
Family Therapy. Research suggests that children with more older
siblings have fewer regulatory problems (19). Moreover, factors
such as loneliness and parental stress have been associated with
poor parental mental health (3, 31), which in turn may
negatively affect early childhood psychopathology. Changes in
routines, child peer contact, number of children, parental
loneliness, and stress were not included in this analysis.
these better
understanding of the adverse effects of the pandemic on early

Considering factors may contribute to a
childhood psychopathology and should be included in future
research. The inclusion of such variables may also help explain
the different findings for 0- to 1.5- and 1.5- to 3-year-olds.
Nevertheless, this study addresses an important gap in the
literature by investigating early childhood psychopathology in the
context of the pandemic while considering parental mental
health as an essential predictor of child mental health.

This study’s design did not allow for a causal interpretation.
For instance, it is not possible to conclude that worse parental
mental health has a negative influence on early childhood
effects childhood

psychopathology on parental mental health (81) and even

psychopathology. Negative from early
reciprocal effects are possible (82). The hypotheses of this study,
however, were formulated based on Bronfenbrenner’s framework,
which assumes that parental mental health, as part of the child’s
microsystem, influences child wellbeing (15).

Furthermore, a more diverse sample should be included in
future research. Parents with low levels of education and migrant
backgrounds were particularly affected by the pandemic (1, 39).
These characteristics were not included as predictors in this
study due to their limited variability in this sample. Most
families reside in the Heidelberg region, have an above-average
socio-economic status, and are of German origin. This may lead
to confounding results in the study, as the impact of the
pandemic disproportionately affected racial and ethnic minorities
(39). However, since the sample is from the same region,
restrictions were the same for all families. Some COVID-19
policies were partly incidence- and state-dependent [e.g., (83)].
Nevertheless, future research should aim to obtain a more
diverse sample and investigate the reported relationships with
differing socioeconomic variables.
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Additionally, it is important to note that the participants in this
study were drawn from a clinical sample. Consequently, the
prevalence of parental and child psychopathology is likely higher
than that in the general population, and the effects and
relationships observed in this study may differ accordingly. It is
important to note, however, that compared to other samples
children in our study had lower levels of psychopathology. The
sample mean scores on all scales of the QCFS for children aged
0-1.5 years were lower than those of the healthy and clinical
(43).
children aged 1.5-3 years were reported to have behavioral

comparison samples Furthermore, three-quarters of
problems below clinically relevant levels (45). Nevertheless, this
study addresses a gap in the literature by examining a clinical
sample that differs from the samples used in most other studies
conducted during the COVID-19 pandemic (3).

Although this study surveyed parents with young children over
several months, the cross-sectional study design has several
limitations. This study was unable to specifically examine
intraindividual differences. Furthermore, pre-pandemic data for
this study was available for 1.5- to 3-year-old toddlers, but not
for younger infants. Considering pre-pandemic data is essential
for assessing the overall impact of the pandemic. To minimize
the potential effects of confounding variables on the results, this
study matched children regarding age and gender. Nonetheless,
future research should conduct longitudinal studies and explore
trajectories throughout early childhood.

Another limitation of this study design is that it only allowed us
to identify an increase in early childhood psychopathology and
parental mental health issues across the pandemic. The pandemic
may have imposed a greater burden on the general population,
resulting in an increased frequency of cases. Furthermore,
families that would not otherwise be affected by early childhood
psychopathology or parental mental health issues may have
experienced a burden due to the pandemic and thus sought
psychological help. Future studies should investigate whether
more families seek help in times of crisis, such as the COVID-19
pandemic. However, this will depend on the availability of and
barriers to mental health services. Additionally, it would be of
interest to determine whether there is a higher prevalence of
early childhood and parental psychopathology in the general
population during periods of pandemic.

Furthermore, the Stringency Index may not be the most
appropriate measure to assess the pandemic’s impact on
psychopathology. The division of the time periods during the
pandemic into phases of lockdowns and reopening was based on
the implementation of policy measures and a median split. First,
the personal burden imposed by the pandemic may have
accumulated over time, rather than being directly proportional to
the severity of restrictions. Mental disorders often have incubation
periods (84), and the negative effects of quarantine can persist
longer than the quarantine itself (85). Consequently, the
Stringency Index, which is used to measure the severity of
restrictions, may not always be an appropriate metric for
identifying the consequences of the COVID-19 pandemic. This is
because the effects of the pandemic are often not immediately
apparent, especially given the complex causes underlying the
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development of mental health issues and early childhood
psychopathology. Second, restrictions imposed at the onset of a
lockdown may have appeared to cause more significant disruptions
to personal life than the same measures imposed at the end of a
lockdown. Habituation effects could have reduced the perceived
threat of the prolonged second COVID-19 wave. Therefore,
personal restrictions and perceptions may provide more
informative insights than policy measures. For example, a case of
COVID-19 in the family or pre-existing medical conditions could
have influenced the perceived threat of the pandemic, while the
subjective feeling of isolation could have altered the perceived
severity of the measures. Future research should include subjective
measures of the perceived severity of the COVID-19 measures.
Nevertheless, the Stringency Index remains the most objective
measure of the severity of COVID-19 restrictions for each day.

Both parental mental health and the extent of early childhood
psychopathology were assessed through parent reports which are
not always accurate and objective (86). Some parents may have
responded in a socially desirable manner, reporting fewer family
problems than exist. This is supported by the fact that the
sample mean scores on all scales of the QCFS were lower than
those of the healthy and clinical comparison samples (43). This
finding is particularly surprising given that the families were
experiencing such high levels of distress that they were open and
motivated to seek treatment at the Outpatient Department of
Family Therapy. Further research is necessary to confirm the
findings of this study, particularly with clinically diagnosed
disorders in both children and parents using standardized clinical
assessments, like the DC: 0-5 (87).

In general, the power was above .95 for most of the analyses.
However, the power for the dependent sample t-test comparing
the lockdown and reopening phases was between .24 and .67.
These low power levels (88) may account for the absence of
any observed effects of lockdowns on regulatory disorders in
children addition, the

regression analysis explaining behavioral problems in children

aged 0-1.5 vyears. In multiple
aged 1.5-3 years with toddler age and gender as covariates had
a power of 0.78. Notwithstanding the lower power, parental
depressiveness, the level of restrictions during the
pandemic, and the children’s gender all significantly predicted

behavioral problems.

5 Conclusion

The study found no increase in infant psychopathology (0-1.5
years of age) or in parental depressiveness and generalized anxiety
in a clinical sample during the pandemic overall However,
older children (1.5-3 years of age) showed more behavioral
problems during more severe pandemic phases and with
increasing severity of pandemic restrictions. Furthermore, early
childhood psychopathology was strongly associated with parental
depressiveness and anxiety, independent of the pandemic. Further
longitudinal research is needed to fully understand the impact of
the pandemic on infants and toddlers and its interaction with
parental mental health. The significant effects of covariates like
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child age and gender on early childhood psychopathology, suggest
that more developmental, environmental and contextual variables,
such as care arrangements, children’s peer contacts, and parents’
occupational solutions, should be included in analyses to improve
the prediction of early childhood psychopathology during the
pandemic. The present study highlights the importance of
implementing parent-child interventions in early childhood,
beyond infancy, to support young families in times of crisis.
Because of the robust association between parental mental health
and early childhood psychopathology, parent-child support
services focused on parents should be available for all ages during

times of crisis and beyond.
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