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The purpose of this study was to systematically review the empirical literature on
maternal bonding and associations with infant physical, psychological, and social
development. Nineteen articles met inclusion criteria and were included in a qualitative
synthesis (79 effect sizes); fifteen articles were suitable for aggregation in a series of 14
meta-analyses (5 effect sizes). All mean effects were in the expected direction, with higher
maternal bonding contributing to infant developmental outcomes, including higher
attachment ‘quality (r = .35) and parent-reported lower colic rating (r = .22), easier
temperament«(="19), and positive infant mood (r = .27). Consistent with theoretical
explanatory:models, the review provides support for the hypothesis that maternal bonding
plays a role in fostering more optimal infant development. The review also identifies a

paucity of empirical work on this topic and provides directions for future research.
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The powerful affectional bond between a mother and her child first develops during
pregnancy, permeating maternal behaviour and care through the antenatal and postnatal
periods (Condon, 1993; Korja et al., 2010). A positive affectional connection between mother
and infant facilitates the provision of care by the mother, and the maintenance of an affective
environmentin*which the infant feels safe to explore, learn, and develop age-appropriate
autonomy. Theoretically, the connection is reciprocal and vital for optimal infant
development (Ainsworth, Blehar, & Waters, 2014; Winnicott, 1965). To date, no systematic
meta-analytic reviews of which we are aware provide empirical data on these associations;
yet such research has potential to guide prevention and targeted intervention strategies to
improve maternal bonding and in turn, infant development.

Matérnal bonding refers to a mother’s self-reported emotional connection to her child.
During pregnancy, mothers typically develop internalised representations of their unborn
child accompanied by an affectional tie to the fetus, often referred to as antenatal maternal
bonding (Condon, 1993). A positive bond during pregnancy is associated with engaging in
behaviours ‘of affiliation and affection, such as talking to the unborn child, and positive health
practices, suehsas‘abstaining from drugs (Condon, 1993; Cranley, 1981; Van der Zalm,
1995). Postnatal maternal bonding refers to a mother’s emotional tie to her infant. Maternal
perceptions of a positive postnatal bond are indicated by a mother’s felt pleasure in
interacting withrher infant, developing competence in her own capacity to understand and
meet her infant’s needs, and acceptance and tolerance of the demands of the maternal role
(Condon & Corkindale, 1998). Maternal perceptions of the postnatal affectional bond reflect
pleasure in maternal-infant interactions, which influence an infant’s capacity for affective
signalling (Bornstein, 1989; Grant, McMahon, Reilly, & Austin, 2010). Higher bonding is
theoretically expressed through behaviours such as maternal sensitivity and emotional
availability (Feldman, Weller, Leckman, Kuint, & Eidelman, 1999), which invite interaction
and encourage.hedlthy social-emotional behaviours (e.g., interest, touch, smiles, play,
adaptivity, approach, emotional regulation) and development.

Condon«(1993) suggests that a mother’s internalised representation of her child is
increasingly-€laborated upon during pregnancy, with antenatal bonding providing structure
for the subsequent development of postnatal bonding (Condon & Corkindale, 1998). In a
sample of 372 mothers, Rossen et al. (2016) found that higher antenatal bonding
prospectively predicted higher postnatal bonding at all pregnancy trimesters, after controlling
for a range of demographic and postnatal covariates. Although postnatal bonding appears to

have its roots in antenatal bonding, birth marks the introduction of additional complexities; a
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mother is required to integrate her perceptions of motherhood and her child with new
realities, including the characteristics of her infant (Condon, 1993; Solomon & George,
1996). Given the complexities unique to each period, it is important to examine how the
maternal bond in both phases might shape development in infancy.

Maternal*bonding is underpinned by the integration of oxytocin and dopamine in
striatum. OXxytocin and dopamine systems support multiple motivational behaviours,
including social orienting and seeking, and contact maintaining. Connectivity among these
systems during bond formation enables plasticity of the brain reward system and
reorganisation of neural networks (Feldman, 2017). This process of the mother forming a
selective and enduring bond with her child is accompanied by mental, emotional, and
behavioural’changes that facilitate physical and psychological proximity (Feldman et al.,
1999; Insel & Young, 2001; Kendrick, 2000). During interactions, mothers and infants have
been shown to demonstrate synchronised nonverbal behaviour (i.e., gaze, affect, vocal,
touch), heart rate, oxytocin response, cortisol response to stress, and brain oscillations in
alpha and gamma rhythms (Feldman, 2017). “The capacity to give and receive love and
maintain long-terth bonds is increasingly recognised as key to human thriving, impacting
well-being, positive outlook in the face of adversity, physical health, and better aging”
(Feldman, 2017, p. 94). Individual differences related to the timing and intensity of bonding
remain uncleargthough an amalgam of psychological, interpersonal, and biological
mechanisms is likely. For example, perinatal depression and anxiety are associated with
bonding, which may be related to difficulties with emotion regulation being a common
feature amongst these symptom profiles (Brockington, 2004; Rossen et al., 2016). Stable
personality factors may also contribute to self-reported bonding, with research indicating
links between emotional stability and extraversion and stronger maternal-infant bonds (de
Cock et al., 2016).

The constructs of bonding and attachment are often confused or conflated. This is
compoundedbyithe fact that many bonding assessment instruments are referred to as
“attachment’measures (Condon, 1993; Condon & Corkindale, 1998; Cranley, 1981). Indeed,
researchers-often refer to a mother’s felt bond toward her infant as attachment, as this
relationship relates to the development of feelings of love and protection toward the infant
(Walsh, 2010). Bonding and attachment are interrelated constructs, however they are
motivated by different goals and governed by different behavioural systems. Bowlby (1969,
p. 377) argues “There is a strong case... for restricting the term attachment to the behaviour

typical of the child to parent and the behavioural system responsible for it, and to avoid using
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it to describe the complementary behaviour and behavioural system of the parent”. More
specifically, bonding is a function of the Caregiving Behavioural System, serving to protect
and comfort the infant in times of distress or threat. The Attachment Behavioural System is
activated when an individual feels threat or distress and seeks to elicit care and protection.
Attachment represents the patterning of the infant’s behaviour and expectations of the
mother’s caregiving responses assessed observationally (Ainsworth, 1989; Cassidy & Shaver,
2016). In contrast, bonding specifically refers to the mother’s self-reported emotional
connectionsto her child. This confusion in the literature regarding the definition and
measurement of bonding may explain why numerous studies have established associations
between infant attachment and development (Ainsworth, 1989; Bowlby, 1969; Cassidy &
Shaver, 2016; Groh, Fearon, van [Jzendoorn, Bakermans- Kranenburg, & Roisman, 2017),
yet few studies have explored the influence that bonding may have on infant social-emotional
development.

Branjerdporn, Meredith, Strong, and Garcia (2017) recently synthesised the available
research on'a mother’s felt emotional connection to her infant during pregnancy and infant
developmental.outcomes. While the authors termed this construct maternal-infant attachment,
the conceptual ' content within this review closely approximates our definition of antenatal
bonding. Data were qualitatively synthesised according to developmental domain: infant
temperament (= 5), adaptive behaviour (n = 2), and milestone attainment (n = 1). Their
study found evidence that higher antenatal bonding was associated with more optimal infant
development in infants aged 0-26 months, with outcomes including: normal levels of activity
(i.e., not overactive; Davoudi, 2012); regular physiologic functions, such as sleep and hunger
(Priel & Besser, 2000); approach to new stimuli (Davoudi, 2012; Priel & Besser, 2000);
adaptable temperament (Davoudi, 2012; Priel & Besser, 2000); less intense temperament
(i.e., less high energy responses; Davoudi, 2012; Priel & Besser, 2000); positive overall
mood (Davoudi,.2012; White, Wilson, Elander, & Persson, 1999); attentive temperament
(Davoudi, 2012)sthigher sensory threshold (i.e., more stimulation required to evoke a
response; Davoudi, 2012); lower colic rating (Escallier, 1995); and increased developmental
milestone attainment (Alhusen, Hayat, & Gross, 2013). Only one association was identified
that linked higher maternal bonding with a less optimal outcome — lower (total) sleep time in
infancy (Speltzer, O’Beirne, & Bishop, 2008). Taken together, the authors found evidence to
suggest that higher maternal bonding was generally associated with more optimal infant
development, but concluded that results should be interpreted with caution due to the limited

number and low quality of many of the available studies.
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The Branjerdporn et al. (2017) review provided a much needed synthesis of the extant
research linking antenatal bonding and infant development; however, three specific
limitations are noted here. First, the review was confined to associations between antenatal
bonding and infant development. Examination of both the antenatal and postnatal periods
remains important, given: (1) the complexities unique to each period (Condon, 1993; Rossen
et al., 20174 Solomon & George, 1996), and (2) the paucity of available research on bonding
and infant development. Second, the review reported only on statistical significance and
direction ofieffects, rather than reporting specific correlation values (i.e., no information
provided on the yjmagnitude of associations) nor any meta-analytic estimate of the population
effect. Third, thereview restricted the search to a narrow array of developmental outcome
domains, and within these, did not have a sufficient number of studies for meta-analysis.
Addressing these limitations would allow more studies to be retrieved and for the results to
be examined through meta-analysis.

The Current Review

The'aims of this systematic review and meta-analysis were to: (1) identify studies that
prospectivelysexafhined the impact of antenatal or postnatal maternal bonding on infant
developmental eutcomes; (2) extract effect sizes for these associations; (3) group similar
infant developmental outcomes together and assess the design and quality of the studies
included; and,«(4) conduct a meta-analysis for each infant outcome domain (depending on
study availability), including information on the strength and direction of observed effects.
Outcomes of maternal bonding were restricted to the period of infancy (the first 24 months of
postnatal life) given: (1) it is proximal to the measurement of antenatal and postnatal
bonding; (2) it is a critical time of development characterised by marked physiological,
physical, and psychological change; and, (3) early life events influence the child’s capacity to
cope with its environment in later life (Bornstein, 2014; Fraser et al., 2012; Gluckman,
Hanson, & Mitcheéll, 2010). Finally, we note that whilst paternal bonding is also likely to play
a role in infant'social-emotional development both directly, and indirectly via the partner
relationshipr(esgsy fathers play an important role in supporting the mother’s wellbeing;
Barker, llesg& Ramchandani, 2017), we chose to focus on maternal bonding given the
limited researchyayailable on paternal bonding and child development.

Method
Data Sour ces
The method adhered to Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) guidelines (Moher, Liberati, Tetzlaff, & Altman, 2009). The systematic
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search procedure included an electronic and grey literature search, as well as forward and
backward citation analysis. The following electronic databases were searched for peer-
reviewed articles (including theses): PsycINFO (EBSCOhost platform); MEDLINE
Complete (EBSCOhost platform); Informit; CINAHL Complete (EBSCOhost platform); and,
Embase. Searchterms were developed for four concepts: maternal, bonding, infant, and,
longitudinal. Search terms for the four concepts included both free text terms and subject
headings. Including subject headings allowed for increased specification of search terms;
including key free text terms allowed for records without subject headings to be captured (for
example, records recently added to the database). Due to discrepancies in terminology, we
included a wide range of search terms to describe bonding, including terms such as
‘attachment’. See Supporting Information Table S1 for search terms and Table S2 for search
syntax (for all databases). Search terms on infant developmental outcomes were not included
so as to retrieve récords on all possible outcomes. No limits were applied to searches so that
records without categorisation were captured. The grey literature search involved the
examination,of the first 100 citations (10 pages) in a Google search. It also involved
contacting authers of studies where the relevant variables were included in an article but the
associationsiwere not reported. Finally, Web of Science was used to review citation and
reference lists of: (1) included studies; and, (2) relevant reviews on maternal bonding.
Eligibility criteria. Eligible studies were identified by first screening titles and
abstracts, and then reviewing full text. For both stages of screening, G.L. screened 100% of
articles and L.R. screened 10% of articles for reliability analysis; some articles also required
discussion [G.L., G.Y., L.R., J.LA.M., and D.H.] to determine whether they met eligibility
criteria. Studies were included in the review if they met the following criteria: (1) available in
English; (2) human sample; (3) empirical and peer-reviewed (i.e., conference abstracts,
commentaries, editorials, literature reviews, and case studies were excluded; theses were
included);.(4).included a measure of maternal bonding (self-reported or inferred through
interview) during'the antenatal or postnatal period (gestation-24 months postpartum); (5)
included a measure of developmental outcome during infancy (0-24 months); (6) longitudinal
design, wheré' maternal bonding was tested as the predictor and infant development as the
outcome, with-agminimum of one month between assessment time-points; (7) not a parenting
intervention study, unless findings of a control group were reported (because parenting
intervention may impact bonding; Feldman, Eidelman, Sirota, & Weller, 2002; Willinger,
Diendorfer-Radner, Willnauer, Jorgl, & Hager, 2005); and, (8) reported (or provided on

request) an unadjusted correlation between maternal bonding and later infant outcome.
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M easur ement of maternal bonding. We [G.L., JJA.M, L.R., D.H.] assessed (with
consensus agreement) whether purported bonding measures were a measure of the mother’s
felt bond to her child, or a measure of another related yet different construct (for example,
infant or adult attachment). Consistent with Condon and Corkindale (1998) and Lamb (1974),
we argue'that'measures of antenatal and postnatal maternal bonding require a focus on the
mother’s self-reported affective bond to her child (self-report measure or inferred through
interview), rather than factors likely to mediate or indicate the presence of bonding, such as
maternal attitudes, beliefs, or behaviours. We reviewed 77 potential measures of maternal
bonding. Of these 77 measures, 47 were excluded because they were assessed as measuring a
different construet; the remaining 30 measures progressed to item-level analysis. These 30
measures were'compared at the item-level with prototypical measures of bonding to
determine the suitability of the article being included (17 further measures were excluded).
At this stage, we identified 13 measures of maternal bonding. Only eight measures were
included in the current review, as some studies were excluded for reasons unrelated to the
bonding measure. The bonding measures are described in Supporting Information Table S3,
including infermation on the psychometrics from the original measure development studies.
Data Extraetion

Using a standardised, pilot-tested extraction sheet, data were extracted and collated
from studies that'met inclusion criteria (N = 19). Data were extracted by G.L. and
independently cross referenced by G.Y. for all studies. Data extracted included: study
characteristics; maternal bonding measure and time of assessment; infant outcome measure
and time of assessment; and effect size, p value, and sample size for the association between
maternal bonding and infant outcome. Standard effect sizes (Pearson’s r) were extracted from
14 studies. For the remaining five studies, effect sizes were converted from Cohen’s d or chi-
square to Pearson’s r using standard formulas (Borenstein, Hedges, Higgins, & Rothstein,
2011). Where multiple publications reported on the same sample and finding, preference was
given to studies'that reported on total bonding (as opposed to only including bonding
subscales), andsthen studies with the larger sample size.

Screeningfor Meta-Analysis Eligibility

With consensus agreement, we [G.L., G.Y., J.A.M., D.H.] grouped studies for meta-
analyses according to infant developmental outcomes. For each infant outcome able to be
grouped (association with bonding reported on in two or more studies), a meta-analysis was
conducted. Some outcomes clearly measured the same construct, and were easily grouped;

these included: attachment secure/insecure classifications only, colic, and the domains of
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temperament (activity, adaptability, approach, distractibility, intensity, mood, persistence,
rhythmicity, sensory threshold). We also included three additional aggregate ‘superordinate’
meta-analyses examining bonding and: (1) attachment quality (secure/insecure and
disorganised/not-disorganised classifications); (2) social-emotional outcomes (exploratory
activity, negativeraffect, positive affect, solicitation of attention, social-emotional
competence, externalising behaviours, and internalising behaviours); and, (3) temperamental
difficulty (where available, all effects for each temperamental domain were included;
otherwise, we included the effect for total temperamental difficulty). These superordinate
meta-analyses looked at the broadest categories possible and likely had more heterogeneity;
however, they allowed us to obtain meta-analytic associations using a larger number of
effects. Wetonsidered including superordinate analyses for cognitive/language and
physical/motor outcomes, however, decided through consensus agreement, that the available
infant outcomes were too heterogeneous. A total of 15 studies reporting 51 suitable effect
sizes were eligible for aggregation in the series of 14 meta-analyses, described in Table 1.
Findings of ‘outcomes unable to be grouped (association with bonding reported in only one
study for a speeific domain) were included in qualitative synthesis but excluded from the
meta-analysis. Supporting Information Table S4 provides detail on all studies included in
quantitative and qualitative synthesis.
Data Analysis

Meta-analysis. The raw data file and code used to conduct the meta-analysis can be

found here; https://osf.io/sSrqm/. For meta-analyses that involved only one effect size per

study, we used the Metafor package v1.9.8 (Viechtbauer, 2010) in R software v3.3.1 (R Core
Team, 2015) and included random effects to account for study heterogeneity. For meta-
analyses that involved more than one effect per study (i.e., the social-emotional and
temperamental difficulty superordinate meta-analyses), we used a robust variance meta-
analysis approachusing the Robumeta package in R (v3.3.2; Fisher & Tipton, 2015). This
technique aceounts for multiple dependent effects via robust estimations of effect size
weights andsstandard errors (Hedges, Tipton, & Johnson, 2010; Tanner-Smith, Tipton, &
Polanin, 2016). Between-study heterogeneity was tested using the I” statistic, providing a
percentage estimate of the amount of total variability in effect size estimates that can be
attributed to heterogeneity among the true effects (Viechtbauer, 2010). We caution over-
interpretation, however, due to the small number of effect sizes identified per meta-analysis
(Sterne et al., 2011). Further, although we intended to test for bias through visual inspection

of funnel plots and using Egger’s test of asymmetry (Egger, Smith, Schneider, & Minder,
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1997), the small number of effects meant that test power was too low to distinguish chance
from real asymmetry (Sterne et al., 2011). Published guidelines were used to interpret meta-
analytic effect sizes, where r = 0.1 is small, 0.3 moderate, and 0.5 large (Cohen, 1992).

Risk of bias assessment. A components approach was adopted to assess risk of bias
in this reviewywhereby the research in each article was rated on individual criteria that reflect
the methodological risk of bias (Higgins, Thompson, Deeks, & Altman, 2003). These criteria
included: maternal bonding measure, type (self-report or interview), and time of assessment;
and infant @utcome measure, type (maternal-report or administered), and time of assessment.
These criteria were recorded during the data extraction process and sensitivity and
moderationanalyses were conducted to examine whether findings were robust to the quality
of the methodological approaches of the articles included (Higgins et al., 2003). Moderation
analysis was only conducted when there were at least two effects per level of the moderator
variable (i.e., two effects for one maternal bonding measure, and two effects for another).
When a moderation was not possible, we used sensitivity analyses to examine whether
removal of the effects from studies that employed different methodological approaches
influenced thesmagnitude of the meta analytic effect (when at least two effects were
remaining to,be,analysed).

Results
Study Selection

The PRISMA diagram is shown in Figure 1. Of the 19,813 studies identified in the
electronic and grey literature search, 19 were included in qualitative synthesis, and 15 were
included in the meta-analyses. Notably, using the Prevalence-Adjusted and Bias-Adjusted
Kappa statistic (PABAK; Byrt, Bishop, & Carlin, 1993), inter-rater reliability was high for
both title and abstract screening (PABAK = .94) and full text screening (PABAK = .91).

****Figure ] Kk kR

QualitativeSynthesis

Included studies were published between 1979-2017, with the majority published
from 2008 onwaids (n = 12). Most samples were recruited from either the United States of
America (n = 7) or Canada (n = 4). Remaining samples were recruited from the Netherlands
(n =2), and the United Kingdom, Israel, Sweden, Italy, Germany and Australia (each n = 1).
Average maternal age at Time 1 ranged from 21 to 34 years (M = 28.03, SD = 3.9). Sample

sizes that were used for correlations within each study ranged from 34 to 499 (M = 145.16,
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SD = 115.89; sum of samples across all included studies = 2,758). Study characteristics are
further described in Supporting Information Table S4, along with study predictors and
outcomes, and findings specific to their association (for all 19 included studies).

Fourteen studies investigated the impact of antenatal bonding only on infant
outcomesythreesstudies investigated postnatal bonding only; and two included both antenatal
and postnatal bonding. Antenatal bonding was assessed using a range of measures, including
the Maternal Antenatal Attachment Scale (MAAS; n = 5), Maternal Fetal Attachment Scale
(MFAS; n = 4), Prenatal Attachment Inventory (PAI; n = 3), Working Model of the Child
Interview (WMCI; n = 2), Working Model of the Child Interview — Disrupted (WMCI-D; n =
1), and Social Distance Scale (n = 1). These measures were all administered in the second or
third trimester ©f pregnancy, which could be because bonding quality is likely stronger
towards the end of pregnancy (Rossen et al., 2016). Measures of postnatal bonding included
the Maternal Postnatal Attachment Scale (MPAS; n = 3), Postpartum Bonding Questionnaire
(PBQ; n=1), and WMCI-D (n = 1). These measures were administered from 2-12 months
postpartum.

A range.of infant outcomes were identified, and these were assessed from birth to 24
months postpartum. Multiple studies investigated attachment, colic, social-emotional
outcomes, overall temperamental difficulty, and the temperamental domains of activity,
adaptability, approach, distractibility, intensity, mood, persistence, rhythmicity, and sensory
threshold. These findings comprised a total of 51 independent effect sizes that were able to be
included inmeta-analyses.

Infant outcomes with only one reported effect size (28 of 79 available effects) were
not included in meta-analysis. These were: adverse neonatal outcomes; overall developmental
milestone attainment; executive function; behaviour during assessment; cognitive
development; motor development; language development; and sleep. Further, one total
temperameital difficulty effect size was excluded due to the study Della Vedova (2014) also
reporting individual effect sizes for each temperamental domain. Of these studies, there was
evidence torssupport associations between higher maternal bonding and more optimal infant
developmentiacross outcomes including: neonatal development (Alhusen, Gross, Hayat,
Rose, & Sharpsy2012); child development (Alhusen et al., 2013); executive function (de
Cock et al., 2017); motor development (Sierau et al., 2016); and language development
(Sierau et al., 2016). These effects sizes ranged from small to large, with the larger effects
sizes belonging to neonatal development (r = .52) and child development (r = .59). However,

we note some studies found evidence for links between higher maternal bonding and less
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optimal infant development, with outcomes including: less engaged behaviour during
assessment (Sierau et al., 2016), lower cognitive and language development (Sierau et al.,
2016), and less total sleep time at one week postpartum (Speltzer et al., 2008). These effect
sizes were all small (r =-0.1 to -.28). There was no evidence in support of relations between
maternal bonding and other variables in these independent studies. Nevertheless, it is difficult
to make any firm inferences on these qualitative findings, given that the majority of
statistically significant effects belong to the one study (Sierau et al., 2016). As such, meta-
analytic estimates, which account for all available data provide a more appropriate summary
measure of effects and we await future research to provide insights into the relations between
bonding and,these additional independent variables.
Meta-Analysis

Results from the series of 14 meta-analyses are provided in Table 1. All mean effects
were in the expected direction, where higher maternal bonding predicted more optimal infant
developmental outcomes. The evidence did not support the null hypothesis for four meta-
analyses: bonding (antenatal and postnatal) and attachment (superordinate); antenatal
bonding andseeli¢; bonding (antenatal and postnatal) and temperamental difficulty
(superordinate);.and antenatal bonding and infant mood. Namely, higher bonding was
associated with higher quality infant attachment (superordinate), with a moderate effect size
(N effects = 4 from 4 studies; combined N of participants = 477; r = .35, 95%, CI: .16-.52).
Second, higher antenatal bonding predicted lower colic rating, with a small effect size (N
effects = 2 from 2 studies; combined N of participants = 141; r = .22, 95% CI: .03-.39).
Third, higher bonding was associated with easier infant temperament (superordinate), with a
small effect size (N effects = 36 from 7 studies; combined N of participants = 749; r = .19,
95% CI: .03-.34). Last, within the specific temperament domains, higher antenatal bonding
predicted mere positive overall infant mood, with a small-moderate effect size (N effects =5
from 5 studies;.combined N of participants = 480; r = .27, 95% CI: .07-.45). There was little
evidence fornon=zero effects for the remaining 10 meta-analyses, with effect sizes ranging
from smallsmederate (r = .09-.30). These investigated attachment security (secure/insecure
classificatiens only); social-emotional outcomes (superordinate); and the temperamental
domains of activity, adaptability, approach, distractibility, intensity, persistence, rhythmicity,
and sensory threshold. Of note, confidence intervals for heterogeneity statistics are not
available for robust variance meta-analyses, and for the standard meta analyses these Cls
were large. As such interpretation of heterogeneity is cautioned given the small number of

effect sizes in each meta-analysis.
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****Table 1 ekksk

Sensitivity and M oder ation Analyses

Few moderation or sensitivity analyses were possible due to the low number of effects
available pér meta-analysis. With respect to moderation analyses, where possible we
examined the bonding measure employed, time of exposure assessment (antenatal versus
postnatal), and time of outcome assessment (infant age). Of the analyses that could be
conducted, the meta-analytic associations between bonding and attachment (superordinate),
temperamental difficulty (superordinate), and the temperamental domains of approach,
intensity, and rhythmicity, were not moderated by maternal bonding measure. However, there
was a difference’in the associations between bonding and infant mood (p = .019); the
magnitude was weaker in studies that included the MAAS (k=2, r =.07, 95% CI: -.05,
0.19), relative to the PAI (k=2,r = .44,95% CI: 0.11, .69). We conducted a moderation
analysis examining the timing of the maternal bonding assessment and infant social-
emotional outeomes (superordinate). There was a difference (p = .027) in the magnitude of
relation between bonding and social-emotional outcomes, with the antenatal period (k=2, r =
.03, 95% CI:".03,".03) found to be lower than the postnatal period (k=2,r =.21, 95% CI: -
.11, .49). Howewver, when examining the meta-analytic correlation within these two periods
separately, there was only weak evidence for a non-zero correlation between postnatal
bonding and social-emotional outcomes (p = .076). We examined infant outcome time of
assessment for all three superordinate analyses, but found no significant relationships. No
other moderation analyses were able to be performed.

With respect to sensitivity analyses, when including only studies that used the MPAS
(k=2,r=0.21, 95% CI: -.11, .49), the meta-analytic correlation between bonding and social-
emotional,outcomes (superordinate) was not different to the magnitude of the original
meta-analytie'¢orrelation (see Table 1). When including only those studies that used the PAI,
there was anvinerease in the meta-analytic correlation between bonding and the
temperamental domains of activity (k= 2, r = 0.3825, 95% CI: -.4, .84), distractibility (k = 2,
r =.26, 95% Cli,.04, .46), persistence (k=2, 1 = .31, 95% CI .15, .45), and sensory threshold
k=2,r=.27,95% CI -.69, .88). However, we note that the confidence intervals for these
were large and overlapping with the original estimated effect size. Moreover, we believe any

differences were largely attributable to the sensitivity analyses comprising the study by
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Davoudi (2012), which was found to have quite strong effect sizes. No other sensitivity
analyses could be performed.
Discussion

Summary of Evidence

This systematic review and meta-analysis informs a significant gap in knowledge on
the association of maternal bonding with developmental outcomes in infancy. Our review
identified a“paucity of empirical work on this topic, with the available studies being not only
small (by sample size), but also highly heterogeneous in measurement, making it difficult to
draw firm conclusions about aetiological relations. Within this context, all mean meta-
analysed effects linking bonding to infant development were in a positive direction, albeit
effect sizes/varied, ranging from negligible to moderate in magnitude. Four meta-analysed
effects were statistically significant. Specifically, higher maternal bonding was correlated
with: (1) higher quality attachment (superordinate meta-analysis; N effects = 4; r =.35) and
parent-reported lower colic rating (N effects = 2; r = .22), easier temperament (superordinate
meta-analysis; N effects = 36; r =.19), and positive infant mood (N effects = 5; r = .27).
I nter pretation.of Findings

The eurrent review reported on unadjusted correlations, providing support for an
association between higher maternal bonding and more optimal infant developmental
outcomes. Results suggest that whilst infant development is multiply informed, a mother’s
perception of her felt emotional connection to her child is an important factor related to
higher infant attachment quality and mood, and lower infant temperament difficulty and colic
rating. Findings align with theoretical perspectives, which suggest that developmental
outcomes are influenced by shared affective states with the caregiver (Greenspan & Shanker,
2009). Infants have limited capacity to regulate negative emotions, and as such, learn
strategies for controlling and managing emotions through interactions with caregivers
(Bornstein,1989;/Grant et al., 2010). Maternal bonding may be reflected in pleasure in
maternal-infantifiteractions, which may lead to higher infant attachment quality and mood,
and lower infantstemperament difficulty and colic rating. It is important to acknowledge that
these develepmental outcomes likely overlap; for example, maternal reports of colic may be
accompanied byyreports of difficult temperament. Further, given all maternal and infant
variables included in the meta-analyses were assessed via maternal self-report (excluding
attachment), results may be influenced by maternal self-reporting bias or social desirability.

It is notable that effect sizes were generally small. A mother’s subjective experience

may not impact developmental outcomes as strongly as the infant’s real and observable
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experience of her caregiving behaviours, particularly under stress. Importantly, most included
studies examined antenatal bonding; it is possible that stronger associations exist between
postnatal bonding and infant development, given its direct ties to maternal-infant interactions.
Findings may reflect developmental consolidation of experience dependent neural networks
(Bornstein; 20145 Schore & Mclntosh, 2011), with early bonding experiences having a
cascading influence on later bonding, and later stages of development.

Despite all meta-analytic effects being in the expected direction, there was little
evidence togsuggest that antenatal bonding predicted the remaining domains of temperament
(i.e. activity,.adaptability, approach, distractibility, intensity, persistence, rhythmicity, and
sensory threshold). It is likely that the small number of effects available for each meta-
analysis restiltéd in low statistical power (N effects = 3-4). Nonetheless, bonding may have
more of an influénce on infant outcomes that are dependent on maternal-infant interactions
and affective signalling (e.g., mood and colic), compared with non-social-affective domains
(e.g., temperamental activity and intensity). It is possible that factors other than the mother’s
perceived bond may be more important in influencing these outcomes.

Thereswaslimited evidence to suggest that bonding predicted the superordinate
social-emotienal outcome variable (r = .13). This result may be explained by the small
number of available effects and heterogeneity in infant outcomes. Notably, one study focused
on infant behaviour in free-play with the mother (exploratory activity, negative affect,
positive affect, and solicitation of attention; Huth- Bocks, Theran, Levendosky, & Bogat,
2011), another focused on externalising and internalising behaviours (Sierau et al., 2016), and
the final study investigated social-emotional competence (Mason, Briggs, & Silver, 2011).
Further research including key measures of social-emotional development (such as the social-
emotional scales of the Ages and Stages Questionnaire or Bayley Scales of Infant and
Toddler Development) is recommended to enable firmer conclusions to be made regarding its
association'with.bonding. Given the evidence provided for associations between bonding and
other social=affective outcomes (e.g., mood and colic), it is possible that bonding exerts a
similar impaetson overall infant social-emotional development. In particular, postnatal
bonding mayimplicate infant social-emotional development through its expression in
maternal-infantinteractions. On the other hand, positive social and emotional attributes may
lead the mother to feel more emotionally connected to her child. In sum, further research is
required to disentangle the complex and interrelated pathways that are likely to exist between

maternal bonding, infant behaviour, and subsequent development in infancy and beyond.
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Limitationsin the Literature

Whilst the majority of findings demonstrated positive associations between maternal
bonding and infant social and emotional development, our results confirm the need for
further evidence to strengthen the inferences that can be made about the relationship between
these tworeonstructs. Consistent with the findings of Branjerdporn et al. (2017), results
highlighted'the paucity of research on antenatal bonding and infant development (n studies =
16). It was perhaps more surprising, however, that only five studies were identified in relation
to the postnatal bond. To minimise the risk that articles were not found in the search, a range
of search terms were used to describe maternal bonding. While this resulted in a large
number of records (N records = 19,813), screening reduced this number markedly. It is
notable that'the large majority of articles investigated attachment, or maternal factors likely
to mediate or indicate the presence of bonding (such as maternal attitudes or behaviours),
rather than the mother-infant affectional bond. Of those studies that did investigate maternal
bonding, the majority focused on either the trajectory of bonding across the antenatal and
postnatal periods, or links to other maternal characteristics (rather than to infant outcomes).

Of thestudies that did investigate maternal bonding and infant outcomes (N studies =
77): 38 studies did not include maternal bonding as a prospectively assessed predictor
variable (i.., the studies were cross-sectional, or treated maternal bonding as an outcome
variable); threesstudies were parenting intervention studies that did not report control group
findings; 12 studies did not report on (or were unable to provide on request) the association
between maternal bonding and infant outcomes, as it was not the focus of the study; and, five
studies reported the same findings as other studies already included on our review (leaving 19
studies that met inclusion criteria). Taken together, this highlights a significant gap in the
extant literature. Indeed, it would appear that further research is needed on all of the infant
outcomes examined in the current review, as each outcome was investigated in no more than
five studies:

The"paucity of research on maternal bonding and infant development represents a
significant gapsin'knowledge and affects the strength of inferences that can be drawn from the
current metasanalyses. Future research should include prospective assessments with multiple
waves across the,antenatal and postnatal periods to enhance knowledge of the relationship
between antenatal and postnatal bonding, and to explore whether these constructs
differentially predict infant developmental outcomes. It would also be valuable to explore the
independent contribution of bonding to infant social-emotional development, by including

other predictors, such as infant attachment and maternal sensitivity. Replicating and
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extending the available research would allow for findings to be pooled, and more meaningful
conclusions to be drawn on the relations between antenatal bonding, postnatal bonding, and
infant development.

This review further highlights confusion in the available literature on the
measurement'of'maternal bonding. Indeed, we [G.L., J.A.M., L.R., D.H.] determined through
a process of extensive review whether purported bonding measures were measures of the
mother’s felt bond to her developing fetus or infant, or measures of another related yet
different comstruct (e.g., maternal competence, attitudes, adult attachment experiences). In
numerous cases (30 measures), we made comparisons at the item-level with prototypical
measures of\bonding to determine the suitability of an article being included. In other cases,
measures were‘excluded because whilst bonding (or an aspect of bonding) was measured, so
too were other maternal characteristics, yet only total correlated scores were provided by the
authors. Several articles were also excluded because they assessed the mother’s feelings
about pregnancy or being a mother, rather than the mother’s affective bond to her child.
Strengths and L imitations of the Current Review

We extended the findings of Branjerdporn et al. (2017) by including studies on both
the antenatal,and postnatal mother-to-infant bond, which is important given the complexities
unique to each period. Further, including postnatal studies meant that we identified a notable
gap in researchywith only five studies identified on the postnatal bond. We also employed a
systematic and extensive search strategy (outlined in Method), which meant that we included
19 relevant studies, compared to the eight studies included in the Branjerdporn et al. (2017)
review. For example, we contacted authors where relevant variables were included but not
reported on. We also extended the findings of Branjerdporn et al. (2017) by reporting on the
magnitude of associations, and by including a series of meta-analyses to quantitatively
evaluate and statistically combine results of comparable studies.

We'outling three limitations of the current review. The main limitation is that majority
of the meta=analyses included only 2-5 effects, with confidence intervals for heterogeneity
estimates beingrlarge. Related to this, it was also difficult to make inferences about how
methodological differences between studies may have influenced results since few
meaningful moderation and sensitivity analyses could be conducted due to the limited
number of available effects. As such, we recommend a cautious approach to interpretation of
findings given that the reliability of the estimated meta-analytic effect sizes may be affected
by unknown study differences (Schroll, Moustgaard, & Ggtzsche, 2011). Finally, for both

stages of screening (titles/abstracts and full text), only one author screened 100% of articles,
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with a second author screening 10% of articles for reliability analysis. This decision was a
practical one given the large number of articles retrieved due to our extensive search strategy.
Although this approach is considered standard and valid, full double screening may have
increased reliability (Haddaway & Westgate, 2018).
Conclusiensand 'Recommendations

The'current review offers two key contributions to the literature on maternal bonding
and infant development. First, results highlight limitations in the extant literature and
directions fer future research. These include inconsistency in the definition and measurement
of bonding which has created some confusion in the literature. Further, there is a marked
paucity of researeh on bonding and infant social-emotional development (particularly
postnatal bonding), and a lack of high-quality longitudinal research. Within this context, and
consistent with theoretical explanatory models, the review provides some support for the
hypothesis that antenatal and postnatal bonding are important in determining more optimal
development in a number of infant outcomes. Notably, this includes higher infant attachment
quality and'mood, and lower infant temperament difficulty and colic rating. There is a clear
need for longitudinal studies that include multiple antenatal and postnatal waves assessing
bonding and,a tange of infant developmental outcomes. Including multiple waves would
enable isolation of effects (i.e., timing and dose) informing preventative intervention and
treatment appreaches to bonding related difficulties and associated infant developmental

sequelae, across the antenatal and postnatal periods.
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Table 1
Summary of Meta-Analytic Findings for Effect Sizes and Heterogeneity (N = 15 Studies)

Higher bonding

Combined ) ]
) N _ p value 5 associated with
Predictor Outcome Included studies N of r (95% ClI) [<(95% CI) _
effects o for r mor e optimal
participants
outcome
Benoit, Parker, and Zeanah
(1997); Crawford and Benoit
Antenatal and postnatal b More secure
Attachment 4 (2009); 477 .35 (.16, .52) .001** 78 (21, 99)
bonding® attachment
Hall et al. (2015);
Huth- Bocks et al. (2011)
Attachment: Secure/insecure Benoit et al. (1997); More secure
Antenatal bonding only 2 232 .30 (-.04, .58) .080 85 (24, 100)
classifications only Huth- Bocks et al. (2011) attachment
) ) . Escallier (1995); S
Antenatal bonding only Colic/non-colic 2 141 .22 (.03, .39) .025* 15 (0, 100) Lower colic rating
Pinkus (1979)
Social-emotional
outcomes’: Exploratory
activity, negative affect, Huth- Bocks et al. (2011);
More optimal
Antenatal and postnatal positive affect, solicitation of Mason et al. (2011);
9 706 13 (-.13, .37) .163 71° social-emotional
bonding attention, Sierau et al. (2016)
behaviours
social-emotional competence,
externalising behaviours, and
internalising behaviours
Temperamental Davoudi (2012);
Antenatal and postnatal difficulty®: Activity, Della Vedova (2014); . Easier overall
. 36 749 .19 (.03, .34) .029* 74
bonding adaptability, approach, Hammarberg (2006); temperament
distractibility, intensity, Jones (1996);

This article is protected by copyright. All rights reserved



25

mood, persistence,

Parfitt, Ayers, Pike, Jessop,

rhythmicity, sensory and Ford (2014);
threshold Priel and Besser (2000);
White et al. (1999)
Davoudi (2012); Normal levels of
Temperament:
Antenatal bonding only 3 Della Vedova (2014); 298 .18 (-.43, .67) 583 96 (86, 100) activity (not
Activity only
Hammarberg (2006) overactive)
Davoudi (2012); More adaptable
Temperament: Della Vedova (2014); (easier to modify
Antenatal bonding only 4 416 23 (-.04, 47) .092 86 (50, 99)
Adaptability only Hammarberg (2006); reactions to stimuli
Priel and Besser (2000) in a desired way)
) Higher bonding
Combined ] .
] ] pvalue associated with
Predictor Outcome N effects Included studies N of r (95% CI) 1 (95% CI) ]
o forr mor e optimal
participants
outcome
Davoudi (2012);
Temperament: Della Vedova (2014); More approach to
Antenatal bonding only 4 418 22 (-.04, 45) .102 85 (48, 99)
Approach only Hammarberg (2006); new stimuli
Priel and Besser (2000)
Davoudi (2012); More able to
Temperament:
Antenatal bonding'only 3 Della Vedova (2014); 303 .17 (-.05, .37) 135 69 (0, 99) distract from
Distractibility only
Hammarberg (2006) fussing
Davoudi (2012);
Less intense (less
Temperament: Della Vedova (2014);
Antenatal bonding only 4 418 .09 (-.19, .35) 524 87 (57,99) high energy
Intensity only Hammarberg (2006);
responses)
Priel and Besser (2000)
Antenatal bonding only Temperament: 5 Davoudi (2012); 480 27 (.07, .45) .009** 79 (36, 98) More positive
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Mood only Della Vedova (2014);
Hammarberg (2006);
Priel and Besser (2000);
White et al. (1999)

overall mood

Davoudi (2012); More
Temperament:
Antenatal bonding only 3 Della Vedova (2014); 303 .19 (-.02, .38) 074 66 (0, 99) persistent/attentive
Persistence only
Hammarberg (2006) temperament
Davoudi (2012); More regular
Temperament: Della Vedova (2014); physiologic
Antenatal bonding only 4 418 .14 (-.02, .3) .095 63 (0,97)
Rhythmicity only Hammarberg (2006); functions, such as
Priel and Besser (2000) sleep and hunger
Davoudi (2012); High threshold
Temperament: Della Vedova (2014); (more stimulation
Antenatal bonding ofly 3 303 .14 (-.49, .68) .683 97 (88, 100)
Sensory threshold only Hammarberg (2006) required to evoke a

response)

Note. N = total number; r = mean effect size; CI = confidence interval; I” = indicator of heterogeneity in percentages.
* Only one postnatal effect was available and included in this meta-analysis.
® This meta-analysis-was-a superordinate meta-analysis. See Supporting Information Table S4 for further information on included infant outcomes.

¢ CIs not available for I when using the Robumeta package in R.

4 This superordinate meta-analysis included all effects relating to temperament. Where available, all effects for each temperamental domain were included; otherwise, we included the effect for

total temperamental-difficulty.

#p < .05, **p < .0
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