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Abstract

Background

Mother-to-infant bonding is defined as the emotional tie experienced by a mother towards

her child, which is considered to be important for the socio-emotional development of the

child. Numerous studies on the correlates of both prenatal and postnatal mother-to-infant

bonding quality have been published over the last decades. An up-to-date systematic review

of these correlates is lacking, however.

Objective

To systematically review correlates of prenatal and postnatal mother-to-infant bonding qual-

ity in the general population, in order to enable targeted interventions.

Methods

MEDLINE, Embase, CINAHL, and PsychINFO were searched through May 2018.

Reference checks were performed. Case-control, cross-sectional or longitudinal cohort

studies written in English, German, Swedish, Spanish, Norwegian, French or Dutch

defining mother-to-infant bonding quality as stipulated in the protocol (PROSPERO

CRD42016040183) were included. Two investigators independently reviewed abstracts,

full-text articles and extracted data. Methodological quality was assessed using the National

Institute of Health Quality Assessment Tool for Observational Cohort and Cross-sectional

studies and was rated accordingly as poor, fair or good. Clinical and methodological hetero-

geneity were examined.
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Main results

131 studies were included. Quality was fair for 20 studies, and poor for 111 studies. Among

123 correlates identified, 3 were consistently associated with mother-to-infant bonding qual-

ity: 1) duration of gestation at assessment was positively associated with prenatal bonding

quality, 2) depressive symptoms were negatively associated with postnatal mother-to-infant

bonding quality, and 3) mother-to-infant bonding quality earlier in pregnancy or postpartum

was positively associated with mother-to-infant bonding quality later in time.

Conclusion

Our review suggests that professionals involved in maternal health care should consider

monitoring mother-to-infant bonding already during pregnancy. Future research should

evaluate whether interventions aimed at depressive symptoms help to promote mother-to-

infant bonding quality. More high-quality research on correlates for which inconsistent

results were found is needed.

Introduction

Mother-to-infant bonding is defined as the emotions and feelings experienced by a mother

towards her child [1,2]. Mother-to-infant bonding should not be confused with attachment,

which refers to the connectedness between an infant and a caregiver characterized by the child

using its caregiver as a secure base for exploration [3]. Mother-to-infant bonding, unlike

attachment, is unidirectional (from mother to child) and starts to develop already during preg-

nancy, after which it further develops until early childhood [1,4,5].

Adequate mother-to-infant bonding is considered to be important for a positive socio-emo-

tional development of the child [6]. A poorer mother-to-infant bond is associated with less

sensitive and poorer maternal parenting styles and skills [7,8], possibly due to lowered neural

sensitivity to infant-related stimuli (e.g. facial cues) in these mothers [9–11]. Less sensitive, and

poorer maternal parenting, in turn, has been linked to insecure attachment [12], depression

[13–16], and anxiety in children [13]. Furthermore, it has been found that women with a

poorer mother-to-infant bond show less interest in their child’s health, and engage more fre-

quently in negative health behaviors during pregnancy [17]. These behaviors are associated

with adverse birth outcomes, and adverse long-term cognitive and socio-emotional develop-

ment of the child [18].

To prevent these unfavourable outcomes, strategies to strengthen mother-to-infant bond-

ing quality are required. To develop such strategies, a systematic review of correlates of

mother-to-infant bonding quality is an essential first step. The four reviews that have been per-

formed thus far, of which one met the criteria of a systematic review, focused on prenatal

bonding only [19–22]. Also, these reviews are at least nine years old. Numerous studies on

mother-to-infant bonding have been published since, requiring an update of the current state

of knowledge.

The aim of our systematic review, therefore, is to provide an up-to-date overview of corre-

lates of both prenatal and postnatal mother-to-infant bonding quality in the general

population.
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Methods

Our librarian-assisted search (S1 File) was performed in MEDLINE, Embase, CINAHL and

PsychINFO for studies published prior to May 7th 2018 using search terms referring to (1)

attachment, bonding, parent-child relations; (2) pregnancy, mother, infant, newborn; (3)

mother-to-infant bonding instruments which, in accordance with the definition of mother-to-

infant bonding, focus on the emotions and feelings experienced by a mother towards her child

(S1 Table). The list of mother-to-infant bonding instruments was composed by scanning the

first 2000 papers that resulted from combining search terms 1 and 2 described above. Mother-

to-infant bonding instruments that were initially not included in our list, but came to our

attention later on through reference checks or recently papers published, were added to the

search. Subscales of mother-to-infant bonding instruments (e.g. rejection and anger) were not

considered representative of the overall construct of mother-to-infant bonding and therefore

excluded. We included (1) full texts, (2) written in English, German, Swedish, Spanish, Norwe-

gian, French or Dutch; (3) case-control, cross-sectional or (retro- or prospective) longitudinal

cohort studies / study designs as stipulated in the protocol (PROSPERO CRD42016040183)

(S2 File). Duplicate and qualitative studies were excluded. Furthermore, we excluded experi-

mental studies because an overview of interventions to optimize mother-to-infant bonding has

been described elsewhere [23]. Finally, we limited our systematic review to the general popula-

tion by excluding studies focusing on specific subgroups only (e.g. mothers with teenage preg-

nancies) as we expected different factors to be associated with mother-to-infant bonding in

these subgroups. After screening titles and abstracts, eligibility was based on full-text versions.

New articles were identified through reference checks. Characteristics of the studies (S2 Table)

and results on the associations between correlates and mother-to-infant bonding quality in

terms of correlation coefficients, regression coefficients, odds ratios and inferential statistics

were extracted. Results were considered to be significant at a p-value < 0.05. We considered

correlations between 0–0.29 as weak, 0.3–0.59 as moderate and 0.6–1 as strong [24]. Methodo-

logical quality was assessed using the National Institute of Health Quality Assessment Tool for

Observational Cohort and Cross-sectional studies and rated as poor, fair or good (S3 File)

[25]. Screening of titles and abstracts, reviewing and data extraction was done independently

by ET and MW. We calculated the percentage of inter-observer agreement and Cohen’s kappa

for titles and abstracts screening [26]. A.B.W. resolved discrepancies in reviewing that were

not resolved through discussion. Clinical and methodological heterogeneity of the studies

were assessed as stipulated in the protocol. The PRISMA statement was followed for reporting

[27].

Results

The search identified 895 titles, of which 197 were fully reviewed. Agreement for the screening

of titles and abstracts was 92% (kappa = 0.81) [26]. In total 130 articles met our inclusion crite-

ria, of which 28 were identified through reference checks. One article described two different

studies, resulting in 131 included studies published in the years 1981–2018 (Fig 1). All studies

had a cross-sectional or prospective cohort design. Quality was fair for 20 studies, and poor for

111 studies. In 37 (28%) of the 131 included studies, multivariable analyses were performed. A

detailed overview of the characteristics of the studies can be found in the supplement (S2

Table).

Mother-to-infant bonding was measured by several instruments. For prenatal assessment,

the Maternal Fetal Attachment Scale (MFAS, 46 studies) [28] was used most frequently. For

postnatal assessment, the Postpartum Bonding Questionnaire (PBQ or PBQ-S, 24 studies) [29]

was used most frequently. In 123 studies (94%) mother-to-infant bonding was treated as a

Correlates of mother-to-infant bonding quality
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Fig 1. Flowchart of the systematic review. One included article described two different included studies.

https://doi.org/10.1371/journal.pone.0222998.g001
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continuous variable. Time of measuring mother-to-infant bonding varied from the first tri-

mester of pregnancy to 24 months postpartum.

We identified 123 correlates of mother-to-infant bonding quality and classified these into 5

categories: demographic, reproduction-related, psychosocial, child-related and partner-

related. Partner-related correlates referred to correlates that solely concerned the partner (e.g.

partner’s educational level, partner’s attachment to the fetus). Correlates that reflected the rela-

tionship with the partner as experienced by the mother were categorized as psychosocial.

Across studies, correlates were examined in 1 (e.g. spirituality) to 44 studies (depressive symp-

toms). Because of the great heterogeneity in measures used for mother-to-infant bonding,

operationalization of correlates, time of measuring correlates and outcomes, and analyses per-

formed, data were not suitable for meta-analysis and we therefore summarized them narra-

tively [30].

To provide more reliable results, in accordance with other systematic reviews, we decided

to only discuss correlates that were examined in at least 10 studies (either prenatal or postnatal)

[20,31]. An overview of these correlates, and whether they were found to be associated with

mother-to-infant bonding quality, can be found in Table 1. Each study has been assigned a

number, which corresponds with the study numbers in S2 Table and S4 File. Results of the

studies which found a significant association are summarized in Tables 2 and 3. A summary of

the findings on correlates that were examined in less than 10 studies is provided in the supple-

ment (S3 Table). All identified partner-related correlates were examined in less than 10 studies

and are therefore only included in the supplement.

Correlates

Demographic. Demographic correlates were found to be associated with pre- and postnatal

mother-to-infant bonding quality in only a few studies. Studies showed positive associations with

being married (4 of 11 studies), and negative associations with increased maternal age (10 of 37

studies), with the exception of one study, which showed that adolescent mothers (<20 years old)

had lower prenatal bonding quality than non-adolescent mothers [32]. For educational level,

occupation/employment, and income, a minority of the studies found an association (9 of 26, 4 of

14 and 2 of 11 respectively). About half of these studies showed that a higher educational level,

working or studying and a higher income level were associated with higher mother-to-infant

bonding quality, while the other half of the associations showed the opposite (e.g. being a house-

wife or unemployed was associated with higher mother-to-infant bonding quality). For all of the

above-mentioned demographic variables, reported correlations were weak.

Reproduction-related. Duration of gestation at assessment was positively associated with

mother-to-infant bonding quality in the vast majority of studies (17 of 23 studies). Women

assessed in a later stage of pregnancy had better mother-to-infant bonding quality than

women assessed earlier in pregnancy. Correlations were weak or moderate. Mostly weak posi-

tive correlations were found between a desired pregnancy and prenatal mother-to-infant

bonding quality (6 of 8 studies). Postnatal bonding was only examined in three studies, which

showed mixed results regarding an association with a desired pregnancy. Number of children,

number of previous pregnancies and planned pregnancy were associated with mother-to-

infant bonding quality in some studies: women expecting a second or third child, women with

a higher number of previous pregnancies, or women who had an unplanned pregnancy had

lower mother-to-infant bonding quality, mostly prenatal (7 of 17, 4 of 9 and 4 of 10 studies

respectively). Reported correlations were mostly weak. Some studies (4 of 10) examining the

mode of birth showed that women who had a vaginal delivery had higher mother-to-infant

bonding quality than women who had a cesarean section or elective labor induction.

Correlates of mother-to-infant bonding quality
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Psychosocial. Mother-to-infant bonding quality measured at a certain time point during

pregnancy or postpartum (earlier mother-to-infant bonding) was positively associated with

mother-to-infant bonding quality measured later in time (prenatal or postnatal) in all 19

Table 1. Studies, identified by number, examining associations between correlates examined in at least ten different studies with mother-to-infant bonding quality.

Prenatal mother-to-infant bonding Postnatal mother-to-infant bonding

Correlates Association

YES

Association

NO

Inconclusive Association

YES

Association

NO

Inconclusive

Demographic
Maternal age 9,36,39,69,80,108,

115,116

3,5,7,11,20,21,23,

24,27,43,55,67,88, 98,124

99 59,94 2,13,18,30,33,

60,71,83,87,91,113

Educational level 23,36,80,115 3,5,24,27,43,53, 55,67,88 69 12,28,33,94 2,18,30,71,79,87,

91,113

Occupation/

employment

42,53,88 23,24,115,116 36 2,18,33,87,91,113

Income 36,67 3,23,27,69,80,116 2,83,87

Marital status 3,39 24,67,80,88 69 91 13,33,59

Reproduction-
related

Duration of

gestation at

assessment

3,5,7,11,24,39,43,

44,69,77,80,93,106,

108,112, 122,124

27,55,70,98,115 91

Number of

children

20,36,39,44, 55,

76,103

3,7,24,27,43,69, 80,88,98,108 12,59,109 2,13,30,33,60,87,

91,113

Number of

pregnancies

36,89,114,115 21,27,67,98,124 13

Planned

pregnancy

20,23,67,115 3,24,53,55,88,98 41,87,91

Desired

pregnancy

53,80,88,98,118, 131 24,56 2 91 60

Mode of birth 14,49,126 2,13,18,33,87,91 127

Psychosocial
Depressive

symptoms

11,26,32,73,86,88 5,25,27,42,44,53, 103 20,63,69,

116

12,29,30,33,38,

49,52,57,59,60,

71,84,85,86,87,91,

94,95,102,109, 113,130

89 28,35,79,83,

97,111

Earlier mother-

to-infant

bonding

51,97,98 11,12,19,27,28, 30,52,60,81,91,

95,97,109,111, 121

29

General

attachment

77,110,117 20,27,72,78,101, 124,128 30 12,104

General anxiety 32 27,116 20,37 12,30,35,83,102 28,60,97

Social support 20,21,23,53,56,88 11,108 80 33,91 2,18

Quality of partner

relationship

5,11,22,23,27,72 80,88,116,124 20 2,41 30,87,91

Child-related
Gender baby 30,87 2,33,41,71,79,83,

94,111,113

Studies in bold were of fair methodological quality according the Quality Assessment Tool for Observational Cohort and Cross-sectional studies of the National Heart,

Lung, and Blood Institute whereas other studies were of poor quality.

The numbers refer to the different studies. More detailed information about the included studies are reported in S2 Table the references can be found in appendix S4.

The alpha level was set at 0.05 to be classified as a significant association.

In some studies, multiple analysis were performed (e.g. at different time points, with different instruments), which sometimes resulted in inconclusive (both significant

and non-significant) results.

https://doi.org/10.1371/journal.pone.0222998.t001
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studies. Depression was operationalized in a variety of ways: In some studies, women were

diagnosed according to DSM-IV criteria. Most studies, however, used depressive symptoms

based on sum scores or cut-off points (or both) of self-report questionnaires like the Edinburg

Postnatal Depression scale [33], which was most frequently used. The time of measurement of

depressive symptoms varied between early pregnancy to 18 months postpartum. In almost all

studies assessing the association between depressive symptoms and postnatal mother-to-infant

Table 2. Significant results of studies examining associations between demographic and reproduction-related correlates examined in at least 10 different studies

with mother-to-infant bonding quality.

Prenatal mother-to-infant bonding Postnatal mother-to-infant bonding

Correlates Quality Number of

studies

with

significant

results

Direction of associations of significant

study results

Number of

studies

with

significant

results

Direction of associations of significant

study results

Demographic

Age poor 7 of 20 Negative associations (r = -0�22 to -0�09, β = -0�80 to

-0�15)

1 of 10 Negative associations (r = -0�13 to -0�12)

fair 2 of 4 Negative association (r = -0�22) and positive association

(non-adolescent > adolescents (β = 0�21))

1 of 3 Negative association (β = -0�15)

Education poor 5 of 13 Negative and positive associations (r = -0�14 to 0�12,

higher education > median (K-W))

3 of 10 Positive associations (higher

education > means (t-tests and ANOVA))

fair 0 of 1 - 1 of 2 Negative association (r = - 0�25)

Occupation/

employment

poor 4 of 8 Negative and positive associations (r = -0�19 to 0�25,

working/studying > housewife (OR = 3�1),

housewife > full time > part time worker (ANOVA))

0 of 6 -

Income poor 2 of 8 Negative and positive association (r = -0�26 and r = 0�10) 0 of 3

Marital status poor 2 of 6 Positive associations (r = 0�13, married > median

(MWU))

1 of 3 Positive association (married > single

(OR = 7�1))

fair 1 of 1 Positive association (r = 0�14) 0 of 1 -

Reproduction-related

Duration of gestation

at assessment

poor 15 of 19 Positive associations (r = 0�14 to 0�36, β = 0�28 to β = 0�47,

higher gestational age > means (t-test and ANOVA))

0 of 1 -

fair 2 of 3 Positive associations (r = 0�11, β = 0�37) - -

Number of children poor 5 of 14 Negative associations (r = -0�29 to -0�18, β = -0�20 to

-0�15)

2 of 8 Negative and positive association (1st

child < mean (t-test), 1st child > median

(MWU))

fair 2 of 3 Negative associations (r = -0�14, β = -3�97) 1 of 3 Positive association (β = 0�36)

Number of

pregnancies

poor 4 of 8 Negative association (r = -0�42, β = - 0�22 to -0�20,

primigravida > means (t-test))

0 of 1

fair 0 of 1 - -

Planned pregnancy poor 4 of 9 Positive associations (r = 0�24 to 0�29, planned

pregnancy > median (MWU))

0 of 1 -

Desired pregnancy poor 5 of 7 Positive associations (r = 0�16 to 0�46, desired > not

desired (OR = 5�1))

1 of 2 Positive association (β = 0�168)

fair 1 of 1 Positive association (desired > mean (t-test)) 1 of 1 Positive association (r = 0�23 to 0�33)

Mode of birth poor - - 3 of 9 Vaginal birth > mean (t-test), induction of

labour < median (K-W)

fair - - 1 of 1 Vaginal birth > mean (t-test)

Higher scores in this table reflect higher mother-to-infant bonding quality. For this purpose, some scores were reversed accordingly. The alpha level was set at 0�05 to be

classified as a significant association. Abbreviations: r = correlation B = unstandardized regression coefficient β = standardized regression coefficient MWU = Mann

Whitney U test K-W = Kruskal Wallis test OR = odds ratio > = higher scores < = lower scores

https://doi.org/10.1371/journal.pone.0222998.t002
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bonding quality, negative associations were reported (28 of 29 studies): Women with more

depressive symptoms, or categorized as depressed, had lower mother-to-infant bonding qual-

ity. Most correlations were moderate or strong. Studies examining prenatal bonding were less

conclusive; a small majority of the studies (10 of 17) showed associations between prenatal

depressive symptoms and lower mother-to-infant bonding quality. Social support was mea-

sured between the second trimester of pregnancy and 6 months postpartum. Only the Multidi-

mensional Scale of Perceived Social Support [34] was used twice. In most studies sum scores

were calculated. The majority of studies (8 of 13 studies) demonstrated positive associations of

social support with mother-to-infant bonding quality, particularly prenatal (7 of 9). Correla-

tions were mostly weak or moderate. Quality of partner relationship was measured with the

Dyadic Adjustment Scale [35] in about one third of the studies and mostly sum scores were

calculated. The time of measuring varied between early pregnancy and 6 months postpartum.

Table 3. Significant results of studies examining associations between psychosocial and child-related correlates examined in at least 10 different studies with

mother-to-infant bonding quality.

Prenatal mother-to-infant bonding Postnatal mother-to-infant bonding

Correlates Quality Number of

studies

with

significant

results

Direction of associations of significant

study results

Number of

studies

with

significant

results

Direction of associations of significant study results

Psychosocial

Depressive

symptoms

poor 10 of 15 Negative and (one) positive association (r = -0�38 to

0�26, β = -0�52 to -0�19, not depressed > means (t-

test), more depressed < less depressed (OR = 1�7))

22 of 23 Negative associations (r = -0�61 to -0�14, β = - 0�39 to

-0�26, depressed < median (MWU), depressed < means

(t-test), depressed > % bonding disorder, lifetime mood

disorder< no lifetime mood disorder (OR = 3�32))

fair 0 of 2 - 6 of 6 Negative associations (r = -0�46 to -0�29, β = -0�57 to

-0�25)

Earlier mother-

to-infant

bonding

poor 0 of 0 - 8 of 8 Positive associations (r = 0�22 to 0�98, higher prenatal

bonding > lower prenatal bonding (OR 1�17))

fair 3 of 3 Positive associations (r = 0�61 to 0�74) 8 of 8 Positive associations (r = 0�17 to 0�61, β = 0�09 to 0�386)

General

attachment

poor 3 of 10 Positive associations (r = 0�18 to 0�33)

secure > means (ANOVA)

2 of 2 Positive associations, secure attachment (r = 0�18 to

0�32)

fair - 0 of 1 -

General anxiety poor 3 of 5 Negative associations (r = -0�26 to -0�25)

anxiety< means (t-test)

4 of 4 Negative associations (r = -2�60 to -0�16, β = -0�227)

fair 0 of 0 - 4 of 4 Negative and (one) positive associations (r = -0�32 to

-0�15, β = 0�35)

Social support poor 7 of 9 Positive associations (r = 0�13 to 0�51, more

support > means (t-test), support > no support

(OR = 1�8))

2 of 4 Negative and positive association (r = 0�34, β = -0�200 -

β = 0�190)

Quality of

partner

relationship

poor 6 of 10 Positive associations (r = 0�08 to 0�45, β = 0�21) 1 of 3 Positive association (β = 0�291)

fair 1 of 1 Positive association (unstandardized regression

coefficient)

1 of 2 Positive association (good quality > means (ANOVA))

Child-related

Gender baby poor 0 of 0 - 1 of 8 Boy > median (MWU)

fair 0 of 0 - 1 of 3 Boy > girl (β = 0�08)

Higher scores in this table reflect higher mother-to-infant bonding quality. For this purpose, some scores were reversed accordingly. The alpha level was set at 0�05 to be

classified as a significant association. Abbreviations: r = correlation B = unstandardized regression coefficient β = standardized regression coefficient MWU = Mann

Whitney U test K-W = Kruskal Wallis test OR = odds ratio > = higher scores < = lower scores

https://doi.org/10.1371/journal.pone.0222998.t003
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A higher quality of partner relationship was positively associated with mother-to-infant bond-

ing quality in 9 of 16 studies, with mostly weak correlations. General attachment (attachment

to own caregivers or other peer adults) was measured with the Parental Bonding Instrument

[36] or the Experiences in Close Relationships Inventory [37] in most studies. Mostly sum

scores were calculated. Timing ranged between early pregnancy and 4 months postpartum.

The few studies that did find associations (5 of 13) showed that stronger attachment to own

caregivers, or more positive attachment styles (e.g. secure), were positively associated with

mother-to-infant bonding quality. Correlations were weak or moderate. General anxiety

symptoms were measured between the first trimester of pregnancy and 6 months postpartum,

mostly with the State-Trait Anxiety Inventory [38] and the Hospital Anxiety and Depression

Scale [39]. Both sum scores and dichotomized scores were used. Mixed results were found for

the 5 studies examining prenatal bonding and the 8 studies examining postnatal bonding.

Four studies found negative associations between level of general anxiety and postnatal bond-

ing quality, 1 study found a positive association with postnatal mother-to-infant bonding qual-

ity. The other 8 studies found both negative and no associations, depending on measures used,

timing of measures, and type of analysis applied. Correlations were mostly weak or moderate.

Child-related. The vast majority of studies that examined gender of the baby did not find

an association with postnatal mother-to-infant bonding quality (9 of 11 studies). Two studies

carried out in Bangladesh and in Turkey reported that having a boy was associated with higher

mother-to-infant bonding quality.

Discussion

Main findings

Among 123 correlates of mother-to-infant bonding quality identified in this systematic review,

3 correlates (2 psychosocial and 1 reproduction-related) were consistently associated with

mother-to-infant bonding quality: 1) prenatal mother-to-infant bonding quality was positively

associated with duration of gestation at its assessment, 2) depressive symptoms were negatively

associated with postnatal mother-to-infant bonding quality, and 3) mother-to-infant bonding

quality earlier in pregnancy or in the postpartum period was positively associated with

mother-to-infant bonding quality at later time points (both prenatal and postnatal). Further,

desired pregnancy and social support were positively associated with mother-to-infant bond-

ing quality in most studies. None of the demographic or child-related correlates were consis-

tently associated with mother-to-infant bonding quality. Most child-related correlates of

mother-to-infant bonding quality, however, were only examined in a few studies, making

inferences less reliable. None of the partner-related correlates (e.g. paternal age, paternal stress)

met our threshold of having been examined in at least 10 studies.

Interpretation

In line with other reviews focusing on prenatal mother-to-infant bonding, we found limited

evidence for an association between depressive symptoms and prenatal mother-to-infant

bonding quality [19,20]. Interestingly, however, depressive symptoms were negatively associ-

ated with postnatal mother-to-infant bonding quality in the vast majority of studies. The nega-

tive association between depressive symptoms and mother-to-infant bonding quality might

even be more pronounced once the baby is born since the development of a postnatal bond

might also be affected by mother-baby interaction [40], a quality that might be compromised

by maternal depressive symptoms [41]. Major clinical guidelines recommend universal screen-

ing and subsequent treatment of depression in the perinatal period [42,43]. The prevalence of

postnatal depression is around 13% in the general population [44] and has been reported to be
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similar or even higher in the prenatal period [45–47]. Although more research on interven-

tions aimed at preventing and reducing depressive symptoms is needed, there are several

promising interventions aimed at both prenatal and postnatal depression [44,48,49]. Whether

interventions aimed at reducing depressive symptoms might help to improve mother-to-infant

bonding quality should be established in clinical trials. Furthermore, other maternal mental

health factors such as general anxiety and stress have been examined considerably less often in

relation to mother-to-infant bonding than depression, and yielded mixed findings. These fac-

tors deserve more attention in future research. General anxiety, for example, has been shown

to be associated with poorer mother-infant interaction in several studies [50,51], which might

in turn affect mother-to-infant bonding quality. Another gap of knowledge that should be

addressed in future research is whether mental health prior to pregnancy is associated with

mother-to-infant bonding quality. It has been found that episodes of pre-pregnancy depres-

sion is related to the trajectory of depressive symptoms during pregnancy [52].

In accordance with previous systematic reviews, we found consistent evidence for an associ-

ation between duration of gestation at assessment and mother-to-infant bonding quality; as

pregnancy progresses, mother-to-infant bonding quality increases [19,20]. This is consistent

with the theory of Bowlby that suggests that the bond between child and caregiver increases

naturally over time [53]. For clinical practice, this implies that a mother-to-infant bonding

instrument to distinguish between disturbed and non-disturbed prenatal mother-to-infant

bonding should take duration of gestation at assessment into account. Establishing cut-off

points for each trimester of pregnancy might be appropriate.

Our finding that mother-to-infant bonding quality earlier in pregnancy or in the postpar-

tum period is positively associated with mother-to-infant bonding quality later in time, both

prenatally and postnatally, is not surprising. Nevertheless, it supports the theory that mother-

to-infant bonding is a process that can start during pregnancy and continues after birth

[1,4,5]. An implication of our finding is that monitoring of bonding should start already dur-

ing pregnancy. However, more research on effective interventions aimed at improving

mother-to-infant bonding is required as most research thus far yielded inconclusive results

[54,55].

Concerning social support, which was found to be positively associated with prenatal bond-

ing quality, our results correspond with the review by Yarcheski et al. [20]. According to

Yarcheski et al. [20], social support might be especially important for more vulnerable popula-

tions, which were excluded in our review. The association between mother-to-infant bonding

and other social factors (e.g. quality of the relationship with significant others beside the part-

ner), which have been addressed only a few times, should be examined in future studies.

Our review showed a positive association between a desired pregnancy and prenatal bond-

ing quality, whereas mixed findings were found for whether the pregnancy was planned. Pre-

sumably, women who feel more positive about their pregnancy also develop positive feelings

towards their child more easily compared to women with an undesired pregnancy. An

unplanned pregnancy, however, does not necessarily prevent the development of positive feel-

ings towards the child, as un unplanned pregnancy can still be desired. This is in line with the

results of studies which did not find whether the pregnancy was planned to be an important

correlate of mother-to-infant bonding [20,22]. Therefore, we recommend future studies on

bonding to address the degree to which a pregnancy is desired.

In accordance with the literature we did not find much evidence for an association between

demographic correlates and mother-to-infant bonding quality either prenatally or postnatally

[19,20]. As Yarcheski concludes, demographic factors do not seem to be important for clinical

practice regarding prenatal mother-to-infant bonding [20]. Our study shows that this conclu-

sion might concern postnatal mother-to-infant bonding as well. Partner-related and child-

Correlates of mother-to-infant bonding quality

PLOS ONE | https://doi.org/10.1371/journal.pone.0222998 September 24, 2019 10 / 15

https://doi.org/10.1371/journal.pone.0222998


related factors were not discussed in previous reviews [19–22], and except for gender of the

child, these were examined in only a few studies, making inferences difficult. More research is

needed to find out if interventions aimed at improving mother-to-infant bonding quality

should not only be aimed at the mother, but also at her child or partner.

Our findings inform further studies examining correlates of mother-to-infant bonding

quality, and can be useful for maternal health care providers, psychologists, and pedagogical

professionals. For example, awareness of maternal depression as an important threat to ade-

quate mother-to-infant bonding may increase a maternal health care provider’s attention to

signals of maternal depression, and may enable him or her to provide more effective care. To

be able to understand the mechanisms behind mother-to-infant bonding and develop strate-

gies to promote mother-to-infant bonding quality, however, more complex study designs

including mediation and moderation analysis are needed. For example, knowing whether

social support is important especially for more vulnerable populations, as suggested by Yarch-

eski et al [20], is important to develop effective interventions. In addition, we would recom-

mend future reviews to focus on correlates of mother-to-infant bonding within specific

subgroups (e.g. teenage pregnancies, mothers with preterm babies, mothers with lower income

levels), which were not included in our systematic review.

Strengths and limitations

To our knowledge, this is the first systematic review examining correlates of both prenatal and

postnatal mother-to-infant bonding quality in the general population. To get a full picture of

all possible correlates, we used broad search terms and did not put a limitation on the publica-

tion date. Including search terms referring to validated mother-to-infant bonding instruments

included in our carefully composed list, further enhanced the reliability of our results. Further-

more, we performed reference checks of the included articles to decrease the chance that we

failed to include relevant studies. The inter-observer variation of the screening of the titles and

abstracts was good (kappa > .80) [56,57]. To enhance the quality of our systematic review and

to enhance the transparency of our approach, we followed the PRISMA statement [27] for

reporting our systematic review, and a study protocol was published beforehand in Prospero.

Some limitations should be taken into account when interpreting our findings. First, the

quality of many (cross sectional) studies was poor. Second, the large heterogeneity of our

included studies (e.g. in terms of measures used for mother-to-infant bonding, operationaliza-

tion of the correlates, timing of correlates and outcomes, statistical analyses performed) might

(partly) explain the inconsistent results and prevented drawing firm conclusions, let alone per-

form a meta-analysis. A third limitation might be that we only included published studies, and

therefore there might have been publication bias [58] which we were not able to assess because

we only conducted a narrative synthesis.

Conclusions

Findings of our systematic review support the theory that mother-to-infant bonding is a pro-

cess that starts during pregnancy and continues postnatally. Consequently, monitoring

mother-to-infant bonding quality should already be considered during pregnancy. Interven-

tions aimed at depressive symptoms, which were negatively associated with postnatal mother-

to-infant bonding quality in the vast majority of studies, might help to improve mother-to-

infant bonding. More high quality research on correlates for which mixed results were found

(e.g. social support and a desired pregnancy), and correlates that were examined in only a few

studies, is needed to guide the development of effective interventions.
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7. Siddiqui A, Hägglöf B. Does maternal prenatal attachment predict postnatal mother–infant interaction?

Early Hum Dev. 2000; 59: 13–25. https://doi.org/10.1016/s0378-3782(00)00076-1 PMID: 10962164

8. Fuller JR. Early patterns of maternal attachment. Health Care Women Int. Health Care Women Int.

1990; 11: 433–446. https://doi.org/10.1080/07399339009515913 PMID: 2228815

9. Barrett J, Wonch KE, Gonzalez A, Ali N, Steiner M, Hall GB, et al. Maternal affect and quality of parent-

ing experiences are related to amygdala response to infant faces. Soc Neurosci. 2012; 7: 252–268.

https://doi.org/10.1080/17470919.2011.609907 PMID: 21943083

10. Dudek J, Colasante T, Zuffianò A, Haley DW. Changes in Cortical Sensitivity to Infant Facial Cues From

Pregnancy to Motherhood Predict Mother–Infant Bonding. Child Dev. 2018; 0: 1–20.

11. Rodrigo MJ, León I, Quiñones I, Lage A, Byrne S, Bobes MA. Brain and personality bases of insensitiv-

ity to infant cues in neglectful mothers: An event-related potential study. Dev Psychopathol. 2011; 23:

163–176. https://doi.org/10.1017/S0954579410000714 PMID: 21262046

12. McElwain NL, Booth-LaForce C. Maternal sensitivity to infant distress and nondistress as predictors of

infant-mother attachment security. J Fam Psychol. 2006; 20: 247–255. https://doi.org/10.1037/0893-

3200.20.2.247 PMID: 16756400

13. Schmid B, Blomeyer D, Buchmann AF, Trautmann-Villalba P, Zimmermann US, Schmidt MH, et al.

Quality of early mother–child interaction associated with depressive psychopathology in the offspring: A

prospective study from infancy to adulthood. J Psychiatr Res. 2011; 45: 1387–1394. https://doi.org/10.

1016/j.jpsychires.2011.05.010 PMID: 21683371

14. Martin G, Bergen HA, Roeger L, Allison S. Depression in young adolescents: investigations using 2 and

3 factor versions of the Parental Bonding Instrument. J Nerv Ment Dis. 2004; 192: 650–657. https://doi.

org/10.1097/01.nmd.0000142028.10056.c6 PMID: 15457107

15. Sato T, Sakado K, Uehara T, Narita T, Hirano S, Nishioka K, et al. Dysfunctional parenting as a risk fac-

tor to lifetime depression in a sample of employed Japanese adults: evidence for the ‘affectionless con-

trol’hypothesis. Psychol Med. 1998; 28: 737–742. https://doi.org/10.1017/s0033291797006430 PMID:

9626730

Correlates of mother-to-infant bonding quality

PLOS ONE | https://doi.org/10.1371/journal.pone.0222998 September 24, 2019 13 / 15

https://doi.org/10.1016/j.midw.2012.12.019
http://www.ncbi.nlm.nih.gov/pubmed/23452661
https://doi.org/10.1016/j.midw.2014.02.006
http://www.ncbi.nlm.nih.gov/pubmed/24650812
https://doi.org/10.1093/pch/9.8.541
http://www.ncbi.nlm.nih.gov/pubmed/19680481
https://doi.org/10.1037/fam0000138
https://doi.org/10.1037/fam0000138
http://www.ncbi.nlm.nih.gov/pubmed/26280095
https://doi.org/10.1016/s0378-3782(00)00076-1
http://www.ncbi.nlm.nih.gov/pubmed/10962164
https://doi.org/10.1080/07399339009515913
http://www.ncbi.nlm.nih.gov/pubmed/2228815
https://doi.org/10.1080/17470919.2011.609907
http://www.ncbi.nlm.nih.gov/pubmed/21943083
https://doi.org/10.1017/S0954579410000714
http://www.ncbi.nlm.nih.gov/pubmed/21262046
https://doi.org/10.1037/0893-3200.20.2.247
https://doi.org/10.1037/0893-3200.20.2.247
http://www.ncbi.nlm.nih.gov/pubmed/16756400
https://doi.org/10.1016/j.jpsychires.2011.05.010
https://doi.org/10.1016/j.jpsychires.2011.05.010
http://www.ncbi.nlm.nih.gov/pubmed/21683371
https://doi.org/10.1097/01.nmd.0000142028.10056.c6
https://doi.org/10.1097/01.nmd.0000142028.10056.c6
http://www.ncbi.nlm.nih.gov/pubmed/15457107
https://doi.org/10.1017/s0033291797006430
http://www.ncbi.nlm.nih.gov/pubmed/9626730
https://doi.org/10.1371/journal.pone.0222998


16. Oakley-Browne MA, Joyce PR, Wells JE, Bushnell JA, Hornblow AR. Adverse parenting and other

childhood experience as risk factors for depression in women aged 18–44 years. J Affect Disord. 1995;

34: 13–23. https://doi.org/10.1016/0165-0327(94)00099-u PMID: 7622735

17. Lindgren K. Relationships among maternal–fetal attachment, prenatal depression, and health practices

in pregnancy. Res Nurs Health. 2001; 24: 203–217. PMID: 11526619

18. Forray A. Substance use during pregnancy. F1000Research. 2016; 5.

19. Cannella BL. Maternal–fetal attachment: an integrative review. J Adv Nurs. 2005; 50: 60–68. https://

doi.org/10.1111/j.1365-2648.2004.03349.x PMID: 15788066

20. Yarcheski A, Mahon NE, Yarcheski TJ, Hanks MM, Cannella BL. A meta-analytic study of predictors of

maternal-fetal attachment. Int J Nurs Stud. 2009; 46: 708–715. https://doi.org/10.1016/j.ijnurstu.2008.

10.013 PMID: 19081091

21. Laxton-Kane M, Slade P. The role of maternal prenatal attachment in a woman’s experience of preg-

nancy and implications for the process of care. J Reprod Infant Psychol. 2002; 20: 253–266.

22. Van den Bergh B, Simons A. A review of scales to measure the mother–foetus relationship. J Reprod

Infant Psychol. 2009; 27: 114–126.

23. Slagt-Tichelman E, Klijnstra S, Oostenbrink M, de Jonge A, Westerneng M, Peters LL. Optimale moe-

der-kind binding: een systematische review (Optimal mother-to-infant bonding: a systematic review of

prenatal interventions). Tijdschr voor Verlos. 2019; 3: 16–25.

24. Nunnally JC, Bernstein IH. Psychometric Theory (McGraw-Hill Series in Psychology). Vol. 3. New

York: McGraw-Hill; 1994.

25. National Heart, Lung, and Blood Institute. National Institutes of Health; U.S. Department of Health and

Human Services. Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies.

2014.

26. Cohen J. A coefficient of agreement for nominal scales. Educ Psychol Meas. 1960; 20: 37–46.

27. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items for systematic reviews

and meta-analyses: the PRISMA statement. PLoS Med. 2009; 6: e1000097. https://doi.org/10.1371/

journal.pmed.1000097 PMID: 19621072

28. Cranley MS. Development of a tool for the measurement of maternal attachment during pregnancy.

Nurs Res. 1981; 30, 281–284. PMID: 6912989

29. Brockington IF, Fraser C, Wilson D. The postpartum bonding questionnaire: a validation. Arch Womens

Ment Health. 2006; 9: 233–242. https://doi.org/10.1007/s00737-006-0132-1 PMID: 16673041

30. Deeks JJ, Higgins JPT, Altman DG. Chapter 9: Analysing data and undertaking meta-analyses. In: Hig-

gins JPT, Green S (editors). Cochrane Handbook for Systematic Reviews of Interventions Version

5.1.0 (updated March 2011). The Cochrane Collaboration, 2011.

31. Steiner B, Butler HD, Ellison JM. Causes and correlates of prison inmate misconduct: A systematic

review of the evidence. J Crim Justice. 2014; 42: 462–470.

32. Rowe HJ, Wynter KH, Steele A, Fisher JRW, Quinlivan JA. The growth of maternal-fetal emotional

attachment in pregnant adolescents: a prospective cohort study. J Pediatr Adolesc Gynecol. 2013; 26:

327–333. https://doi.org/10.1016/j.jpag.2013.06.009 PMID: 24075091

33. Cox JL, Holden JM, Sagovsky R. Detection of postnatal depression: development of the 10-item Edin-

burgh Postnatal Depression Scale. Br J psychiatry. 1987; 150: 782–786. https://doi.org/10.1192/bjp.

150.6.782 PMID: 3651732

34. Zimet GD, Dahlem NW, Zimet SG, Farley GK. The multidimensional scale of perceived social support.

J Pers Assess. 1988; 52: 30–41.

35. Spanier GB. Measuring dyadic adjustment: New scales for assessing the quality of marriage and similar

dyads. J Marriage Fam. 1976; 15–28.

36. Parker G, Tupling H, Brown LB. A parental bonding instrument. Br J Med Psychol. 1979; 52: 1–10.

37. Brennan KA, Clark CL, Shaver PR. Self-report measurement of adult attachment: An integrative over-

view. In Simpson JA & Rholes WS (Eds.), Attachment theory and close relationships (pp. 46–76). New

York: Guilford Press; 1998.

38. Spielberger CD, Gorsuch RL, Lushene RE. Manual for the state-trait anxiety inventory. Palo Alto: Con-

sulting Psychologists press; 1970.

39. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta Psychiatr Scand. 1983; 67:

361–370. https://doi.org/10.1111/j.1600-0447.1983.tb09716.x PMID: 6880820

40. Klaus MH, Kennell JH. Mother-infant bonding. St Louis: Mosby; 1976.

41. Field T. Postpartum depression effects on early interactions, parenting, and safety practices: a review.

Infant Behav Dev. 2010; 33: 1–6. https://doi.org/10.1016/j.infbeh.2009.10.005 PMID: 19962196

Correlates of mother-to-infant bonding quality

PLOS ONE | https://doi.org/10.1371/journal.pone.0222998 September 24, 2019 14 / 15

https://doi.org/10.1016/0165-0327(94)00099-u
http://www.ncbi.nlm.nih.gov/pubmed/7622735
http://www.ncbi.nlm.nih.gov/pubmed/11526619
https://doi.org/10.1111/j.1365-2648.2004.03349.x
https://doi.org/10.1111/j.1365-2648.2004.03349.x
http://www.ncbi.nlm.nih.gov/pubmed/15788066
https://doi.org/10.1016/j.ijnurstu.2008.10.013
https://doi.org/10.1016/j.ijnurstu.2008.10.013
http://www.ncbi.nlm.nih.gov/pubmed/19081091
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pubmed/19621072
http://www.ncbi.nlm.nih.gov/pubmed/6912989
https://doi.org/10.1007/s00737-006-0132-1
http://www.ncbi.nlm.nih.gov/pubmed/16673041
https://doi.org/10.1016/j.jpag.2013.06.009
http://www.ncbi.nlm.nih.gov/pubmed/24075091
https://doi.org/10.1192/bjp.150.6.782
https://doi.org/10.1192/bjp.150.6.782
http://www.ncbi.nlm.nih.gov/pubmed/3651732
https://doi.org/10.1111/j.1600-0447.1983.tb09716.x
http://www.ncbi.nlm.nih.gov/pubmed/6880820
https://doi.org/10.1016/j.infbeh.2009.10.005
http://www.ncbi.nlm.nih.gov/pubmed/19962196
https://doi.org/10.1371/journal.pone.0222998


42. Committee on Obstetric Practice. The American College of Obstetricians and Gynecologists Committee

Opinion no. 630. Screening for perinatal depression. Obstet Gynecol. 2015; 125: 1268–1271. https://

doi.org/10.1097/01.AOG.0000465192.34779.dc PMID: 25932866

43. US Preventive Services Task Force. Screening for depression in adults: US Preventive Services Task

Force recommendation statement. Ann Intern Med. 2009; 151: 784. https://doi.org/10.7326/0003-

4819-151-11-200912010-00006 PMID: 19949144

44. Dennis C-L. Psychosocial and psychological interventions for prevention of postnatal depression: sys-

tematic review. Bmj. 2005; 331: 15. https://doi.org/10.1136/bmj.331.7507.15 PMID: 15994688

45. Evans J, Heron J, Francomb H, Oke S, Golding J. Cohort study of depressed mood during pregnancy

and after childbirth. Bmj. 2001; 323: 257–260. https://doi.org/10.1136/bmj.323.7307.257 PMID:

11485953

46. Limlomwongse N, Liabsuetrakul T. Cohort study of depressive moods in Thai women during late preg-

nancy and 6–8 weeks of postpartum using the Edinburgh Postnatal Depression Scale (EPDS). Arch

Womens Ment Health. 2006; 9: 131–138. https://doi.org/10.1007/s00737-005-0115-7 PMID: 16329000
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