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The parental bonding instrument (PBI) is often used to examine the perceptions of children and 
adolescents regarding parenting practices. Previous studies have investigated the factor structure 
of the PBI. However, although it is important to examine the relationships between the perceived 
parenting practices and perinatal mental health, few studies have included perinatal women. We 
aimed to accurately clarify which PBI factor structure was useful in assessing perinatal women 
(n = 4633). Furthermore, we evaluated the measurement invariance between primipara and multipara 
groups, and between the paternal and maternal PBI forms. Our exploratory and confirmatory factor 
analyses revealed that a three-factor PBI structure was most plausible for perinatal women. Moreover, 
we found complete invariance (residual invariance) of the PBI ratings across primipara and multipara 
women for the paternal and maternal forms. In contrast, we found weak invariance (metric invariance) 
of the PBI ratings across the paternal and maternal forms. Our participants tended to rate fathers 
as less caring and less overprotective than mothers. This three-factor structure shows measurement 
invariance in perinatal women and can be used to accurately determine how the perceived parenting 
style before adolescence influences women’s mental health in the perinatal period.

The parental bonding instrument (PBI) is often used in order to evaluate parenting style as experienced by older 
children and  adults1. It have been reported that poor parenting styles evaluated with PBI such as “low care” 
and “high overprotection” are associated with depressive symptoms in perinatal  women2–4. In our recent study 
with 1301 pregnant women, we used PBI, Mother-to-Infant Bonding Scale, and Hospital Anxiety and Depres-
sion Scale and reported that maternal–infant bonding was directly as well as indirectly affected via anxiety and 
depression by perceived negative parenting before  adolescence5. Maternal–infant bonding impairment during 
the perinatal period is thought to lead to lack of or delayed emotional responses to the infant, irritability, hostility, 
aggressive impulses, or rejection of the  child6,7. Consequently, using the PBI to reveal the parents’ perceptions 
of the mother’s parenting would be helpful to identify women at risk of maternal–infant bonding impairment 
in the perinatal period.

In our abovementioned recent  study5, we adopted the two-dimensional model of “care” and “overprotection” 
designed by Parker et al.1. Previous studies performed to explore the factor structure of the PBI have produced 
inconsistent results. The PBI with a two-, three-, or four-factor structure has been used in the general population 
in several  countries8–18. In studies that proposed the two-factor model, almost the same two-dimensional model 
of “care” and “overprotection” designed by Parker et al. have been adapted. In the three-factor model, “overpro-
tection” has tended to be divided into two factors. In the four-factor model, each of “care” and “overprotection” 
has tended to be divided into two factors. As the factor structure of the PBI varies depending on the subjects 
and populations, it is necessary to examine the factor structure of each study. However, only one study has 
analyzed the PBI data of Japanese perinatal  women19. The study of Japanese women collected PBI data from 932 
primipara women at 25 weeks of gestation and at 1 month postpartum, with a three-factor structure of “Care,” 
“Indifference,” and “Autonomy”19; however, this previous study did not assess PBI data from multipara women 
and could not compare the PBI data between primipara and multipara women.

In many studies, data from the paternal and maternal PBI forms have been analyzed together. Furthermore, 
many studies have discussed the way that the mother’s and father’s parenting styles as evaluated by the PBI 
affect the psychological symptoms of their children. However, before making such assessments, it is important 
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to perform multiple-group invariance analyses to determine the extent to which the derived factor structure is 
comparable between the paternal and maternal PBI forms.

The present study included a large number of perinatal women and analyzed the maternal and paternal PBI 
data separately. The aim of the present study was to accurately clarify the optimal factor structure of the PBI for 
a perinatal study. Furthermore, we evaluated the measurement invariance between primipara and multipara 
groups, and between the paternal and maternal PBI forms.

Materials and methods
Ethics statement. This study followed the principles of the Declaration of Helsinki and was approved by 
the Ethics Committee of Niigata University. Written informed consent was obtained from all participants.

Participants. We have conducted the Perinatal Mental Health Research Project between March 2017 and 
December  201920–23 and this study was part of the project. Our Japanese participants were recruited from 34 
obstetric institutions in Niigata Prefecture, Japan. In our project, we collected the data of PBI at the time of 
entry of the study, and data of Hospital Anxiety and Depression Scale and Mother-to-Infant Bonding Scale 
at three time points: early pregnancy (approximately 12–15  weeks gestation), late pregnancy (approximately 
30–34 weeks gestation) and postpartum (4 weeks after childbirth). We excluded pregnant women under 18 years 
of age and pregnant women with serious physical complications, serious pregnancy complications, or severe 
psychiatric disorders (e.g., severe schizophrenia and severe depression).

Measurements. The PBI is self-administered questionnaire that retrospectively measures participants’ per-
ceptions on perceived parenting by their parents before the age of 16  years1. The PBI is composed of two parts, 
the perceptions of perceived parenting by the mother and the father. Participants answer the two parts, each 
consisting of 25 items that rated on a four-point Likert-type scale from 0 to 3. This study adapted the Japanese 
version of the  PBI24.

We collected data of obstetric factors: parity, type of conception (natural conception or others), number of 
fetuses (single or multiple pregnancy), gestational age at delivery (full term delivery or preterm delivery) and 
type of delivery (normal vaginal delivery or others).

Statistical analysis. We randomly divided subjects with PBI data into two groups. Using the first group, 
we conducted an exploratory factor analysis (EFA) using the factor number determined by the Scree test and 
Promax rotation. We then created subscales consisting of items for which the loading on each factor was 0.30 
or higher.

Using the second group, we performed a confirmatory factor analysis (CFA) using the optimal factor structure 
extracted from the EFA. Before performing the CFA, we excluded items with a factor loading of ≥ 0.30 for multiple 
factors in the EFA of either the maternal or paternal forms. We used the comparative fit index (CFI) and the root 
mean square error of approximation (RMSEA) to evaluate an acceptable fit (CFI ≥ 0.90 and RMSEA ≤ 0.08)25 
between the models and the data.

Analyses of multiple-group invariance were performed to determine the extent to which the factor structure 
found in the CFA was comparable between primipara and multipara groups, and between the paternal and 
maternal PBI forms. Four levels of measurement invariance were sequentially evaluated (configural, metric, 
scalar, and residual invariance), where each level introduced more equality constraints across groups. If the ΔCFI 
was less than 0.01 even with one more constraint, it was considered that the measurement invariance would be 
maintained up to that  level26.

T-tests were used to compare the mean value of each factor between the paternal and maternal forms, and 
between primipara and multipara women. The level of significance was set at p < 0.006, in accordance with the 
Bonferroni correction of nine statistical tests. Statistical analyses were performed using IBM SPSS Statistics ver-
sion 25 (IBM Japan, Tokyo, Japan) and Amos version 25.0.0 (IBM Japan, Tokyo, Japan).

Results
Descriptive statistics. We collected the PBI data of 5053 perinatal women, and used the data with no 
missing values of 4633 perinatal women (mean age 31.6 ± 4.8 years) in our analyses. The number of subjects with 
0, 1, 2 and 3 or more childbirth was 1955, 1521, 506 and 112, respectively. The number of subjects with natural 
conception and others was 3633 and 448, respectively. The number of subjects with single and multiple preg-
nancy was 4036 and 37, respectively. The number of subjects with full term delivery and preterm delivery was 
3915 and 129, respectively. The number of subjects who had normal vaginal delivery and others was 3075 and 
1021, respectively. The number of subjects with missing data on parity, type of conception, number of fetuses, 
gestational age at delivery and type of delivery was 539, 552, 560, 589 and 537, respectively.

Exploratory factor analyses. We performed the EFA using the first group (n = 2303). In the EFA, the 
Scree test and Promax rotation showed that three was the most appropriate number of factors in both the pater-
nal and maternal forms. Table 1 shows the EFA results of the paternal and maternal PBI data.

Confirmatory factor analyses. Before performing the CFA, three items (7, 14, and 23) that had a factor 
loading of 0.3 or higher for multiple factors in the EFA were excluded from the paternal form (Table 1). We also 
excluded three items (7, 14, and 23) from the maternal form in accordance with the criteria described in the 
“Materials and methods” section (Table 1). We performed the CFA using the second group (n = 2330). Table 2 



3

Vol.:(0123456789)

Scientific Reports |        (2022) 12:19071  | https://doi.org/10.1038/s41598-022-22017-2

www.nature.com/scientificreports/

shows the standardized coefficients between each item and factor in the CFA. The three-factor structure was 
confirmed to have an acceptable fit for both the paternal (CFI = 0.900, RMSEA = 0.070) and maternal PBI data 
(CFI = 0.906, RMSEA = 0.072).

Comparison with other models. Table 3 shows the results of the CFA for factor models used in other 
Japanese studies with our second set of PBI data (n = 2330). Our three-factor structure induced by the above-
mentioned EFA and CFA was completely consistent with that reported by Sato et al.19 using the PBI data of 
Japanese perinatal women. We also evaluated the fit of our model in comparison with another two studies. In 
CFA using our paternal PBI data and the two-factor model of Kitamura et al.24, the fit indices were CFI = 0.844, 
RMSEA = 0.082. In CFA using our paternal PBI data and the four-factor model of Uji et al.17, the fit indices were 
CFI = 0.879, RMSEA = 0.073. In CFA using our maternal PBI data and the two-factor model of Kitamura et al.24, 
the fit indices were CFI = 0.834, RMSEA = 0.089. In CFA using our maternal PBI data and the four-factor model 
of Uji et al.17, the fit indices were CFI = 0.890, RMSEA = 0.073.

Analyses of multiple-group invariance. Table  4 shows the results of the analyses of multiple-group 
invariance. We found complete invariance (residual invariance) of the PBI ratings across primipara and mul-
tipara women for the paternal and maternal forms; this analysis included 4094 subjects (1955 primipara and 
2139 multipara women) after the exclusion of 539 women with missing parity data. In contrast, we found weak 
invariance (metric invariance) of the PBI ratings across the paternal and maternal forms (n = 4633).

Comparison of the mean value of each factor between the paternal and maternal forms. The 
factor 1 score was significantly higher in the maternal form than in the paternal form (23.97 ± 6.67 vs. 28.00 ± 5.54, 
p < 0.001) (Table 5). Higher factor 1 scores are considered to indicate better parenting styles with high “care”. The 
factor 2 score was significantly lower in the paternal form than in the maternal form (3.06 ± 2.52 vs. 3.45 ± 3.24, 
p < 0.001) (Table 5). Lower factor 2 scores are considered to indicate better parenting styles with less “interfer-
ence”. The mean factor 3 score did not significantly differ between the paternal and maternal forms (p = 0.155) 
(Table 5).

Table 1.  Exploratory factor analyses of the paternal and maternal PBI data (n = 2303). Factor loadings of ≥ 0.30 
are shown in bold.

Items no. statement

Factor coefficient

Paternal form Maternal form

Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3

1. Spoke to me with a warm and friendly voice 0.808 0.049 0.118 0.799 0.115 0.047

2. Did not help me as much as I needed − 0.502 0.062 0.013 − 0.469 − 0.078 − 0.006

3. Let me do those things I liked doing 0.059 0.022 0.691 0.092 0.003 0.721

4. Seemed emotionally cold to me − 0.676 − 0.009 0.083 − 0.806 0.052 0.100

5. Appeared to understand my problems and worries 0.694 0.026 − 0.039 0.633 0.021 0.152

6. Was affectionate to me 0.707 0.185 0.089 0.780 0.121 0.120

7. Liked me to make my own decisions 0.328 − 0.098 0.343 0.303 − 0.181 0.273

8. Did not want me to grow up − 0.292 0.377 − 0.006 − 0.188 0.320 − 0.144

9. Tried to control everything I did − 0.047 0.466 − 0.284 − 0.100 0.560 − 0.178

10. Invaded my privacy − 0.139 0.395 − 0.194 − 0.202 0.486 − 0.137

11. Enjoyed talking things over with me 0.863 − 0.023 0.114 0.837 0.106 − 0.015

12. Frequently smiled at me 0.885 0.013 0.164 0.896 0.174 − 0.004

13. Tended to baby me 0.025 0.601 0.103 0.047 0.712 0.010

14. Did not seem to understand what I needed − 0.517 − 0.089 0.302 − 0.463 0.278 − 0.166

15. Let me decide things for myself 0.080 − 0.101 0.541 0.083 − 0.217 0.524

16. Made me feel I wasn’t wanted − 0.397 − 0.087 0.161 − 0.634 0.163 0.140

17. Could make me feel better when I was upset 0.719 − 0.022 0.081 0.683 0.032 0.062

18. Did not talk with me very much − 0.821 0.171 − 0.049 − 0.725 0.019 0.147

19. Tried to make me dependent on her/him 0.129 0.530 0.129 0.094 0.654 0.099

20. Felt I could not look after myself unless − 0.039 0.541 0.043 − 0.033 0.789 0.123

21. Gave me as much freedom as I wanted − 0.082 0.075 0.972 − 0.112 0.031 0.987

22. Let me go out as often as I wanted − 0.166 0.121 0.846 − 0.163 0.088 0.929

23. Was overprotective of me 0.311 0.496 − 0.064 0.285 0.684 − 0.034

24. Did not praise me − 0.733 0.059 0.044 − 0.716 0.105 0.118

25. Let me dress in any way I pleased 0.140 0.057 0.437 0.220 − 0.010 0.416
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Comparison of the mean value of each factor between primipara and multipara women. The 
paternal factor 1 score was significantly higher for primipara than multipara women (24.34 ± 6.60 vs. 23.64 ± 6.71, 
p = 0.001) (Table 5). The mean paternal factor 2 score did not significantly differ between primipara and mul-
tipara women (p = 0.996) (Table 5). The paternal factor 3 score was significantly lower for primipara than mul-
tipara women (2.54 ± 2.62 vs. 3.00 ± 2.86, p < 0.001) (Table 5). Lower factor 3 scores are considered to indicate 
better parenting styles regarding an attitude that promotes “autonomy”. Compared with multipara women, pri-
mipara women had a significantly higher maternal factor 1 score (28.42 ± 5.25 vs. 27.61 ± 5.77, p = 0.001), sig-

Table 2.  Confirmatory factor analysis of the three-factor model (n = 2330).

PBI item

Standardized coefficients

Paternal form Maternal form

Factor 1

1 0.796 0.789

2 0.488 0.410

4 0.708 0.724

5 0.710 0.745

6 0.789 0.818

11 0.802 0.790

12 0.834 0.830

16 0.483 0.602

17 0.695 0.720

18 0.724 0.683

24 0.711 0.680

Factor 2

8 0.529 0.582

9 0.742 0.786

10 0.673 0.716

13 0.416 0.581

19 0.327 0.473

20 0.508 0.614

Factor 3

3 0.747 0.796

15 0.692 0.710

21 0.861 0.868

22 0.675 0.706

25 0.498 0.551

Covariance between factor 1 and factor 2 − 0.461 − 0.542

Covariance between factor 2 and factor 3 0.749 0.715

Covariance between factor 1 and factor 3 − 0.576 − 0.583

Table 3.  Confirmatory factor analysis of the factor models of previous studies with the second set of PBI data 
(n = 2330).

Study Year Country No. of factors Factors Items

Paternal form Maternal form

CFI RMSEA CFI RMSEA

Kitamura et al. 1993 Japan 2
Care 1, 2, 4, 5, 6, 11, 12, 14, 

16, 17, 18, 24 0.844 0.082 0.834 0.089

Over-protection 3, 7, 8, 9, 10, 13, 15, 19, 
20, 21, 22, 23, 25

Uji et al. 2006 Japan 4

Care 1, 5, 6, 11, 12, 17 0.879 0.073 0.890 0.073

Indifference 2, 4, 14, 16, 18, 24

Over-protection 8, 9, 10, 13, 19, 20, 23

Autonomy 3, 7, 15, 21, 22, 25

Sato et al. 2021 Japan 3 Care 1, 2, 4, 5, 6, 11, 12, 16, 
17, 18, 24 0.900 0.070 0.906 0.072

Current study 2022 Japan 3
Interference 8, 9, 10, 13, 19, 20

Autonomy 3, 15, 21, 22, 25
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nificantly higher maternal factor 2 score (3.32 ± 3.22 vs. 3.60 ± 3.24, p = 0.005), and significantly lower maternal 
factor 3 score (2.68 ± 2.75 vs. 3.00 ± 2.92, p < 0.001) (Table 5).

Discussion
The present study revealed that the three-factor structure was most plausible when using the PBI for perinatal 
women. This three-factor structure was completely consistent with that reported in a previous Japanese study 
using the PBI data of primipara  women19. In this previous Japanese study, the three factors were “care”, “interfer-
ence”, and “autonomy”19. The three-factorial structure that divides the control factor into two distinct factors was 
almost consistent with several previous studies of English-speaking and other Western populations. However, 
because the items that make up each of the three factors vary slightly among these studies, we performed the 
CFA using each model of the studies by  Kendler10, Murphy et al.11, Gómez-Beneyto et al.9, and Cubis et al.8. The 
results showed that the model fit was worsened in the CFA using three-factor structures of these studies (Table S1) 
compared with the CFA of our study and the study by Sato et al.19. These findings suggest that it is appropriate 
to adopt the three-factor structure of our study and the study by Sato et al.19 in perinatal mental health studies.

Using the data of primipara and multipara women enabled us to analyze the extent to which the factor 
structure was comparable between primipara and multipara groups. We found complete invariance of the PBI 
ratings across primipara and multipara women for the paternal and maternal forms. In other words, each of the 
PBI factors induced by our study and the study by Sato et al.19 can be tested or construed across primipara and 
multipara women. This is a very important finding, because previous studies have shown that perceived parent-
ing before adolescence influences perinatal anxiety and depression, and that parity is a confounding factor in 
these  relationships5. Consequently, this three-factor structure that showed measurement invariance in perinatal 
women can be used to accurately determine how the perceived parenting before adolescence influences women’s 
mental health in the perinatal period.

We also analyzed the extent to which the factor structure was comparable between data of the paternal and 
maternal forms. Rather than complete invariance, we found weak invariance of the PBI ratings across the paternal 
and maternal forms. In contrast, Xu et al.27 found complete invariance across the paternal and maternal forms 
using the PBI data of 43-year-old survivors in the British 1946 birth cohort. This discrepancy in the invariance 
between our study and that of Xu et al.27 may be due to differences in population and/or the time in which the 
subjects were born. Therefore, further studies are needed to verify the measurement invariance across the paternal 
and maternal forms in various populations and generations. Until this measurement variance is clarified, we 
should be cautious about examining the factor structure of the PBI and how each factor of the PBI influences 
certain psychophysiological factors by combining data from the paternal and maternal forms.

Table 4.  Measurement invariance between primipara and multipara groups, and between the paternal and 
maternal PBI forms.

CFI ΔCFI

Primiparous v.s. multiparous (n = 4094)

Configural invariance 0.901

Metric invariance 0.901 0.000

Scalar invariance 0.898 0.003

Residual invariance 0.888 0.010

Paternal v.s. maternal form (n = 4633)

Configural invariance 0.902

Metric invariance 0.893 0.009

Scalar invariance 0.833 0.060

Table 5.  Comparison of the mean value of each factor between the paternal and maternal forms, and between 
primipara and multipara women. *The level of significance was set at p < 0.006 according to the Bonferroni 
correction of nine statistical tests.

Paternal form Maternal form

Paternal vs maternal form

Factor 1 Factor 2 Factor 3

Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3 t value p value t value p value t value p value

Total women (n = 4633) 23.97 (6.67) 3.06 (2.52) 2.78 (2.76) 28.00 (5.54) 3.45 (3.24) 2.85 (2.85) − 31.22  < 0.001* − 7.080  < 0.001* − 1.423 0.155

Primipara women (n = 1955) 24.34 (6.60) 3.06 (2.39) 2.54 (2.62) 28.42 (5.25) 3.60 (3.24) 2.68 (2.75)

Multipara women (n = 2139) 23.64 (6.71) 3.06 (2.63) 3.00 (2.86) 27.61 (5.77) 3.32 (3.22) 3.00 (2.92)

Primipara vs multipara

t value 3.44 0.005 − 5.288 4.662 2.833 − 3.637

p value 0.001* 0.996  < 0.001*  < 0.001* 0.005*  < 0.001*
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In the present study, the participants tended to rate fathers as less caring and less overprotective than mothers, 
which is consistent with previous  studies11,27,28. Compared with primipara women, multipara women tended 
to rate fathers and mothers as less caring and as having less attitude that promotes autonomy. Interestingly, we 
could find that these tendencies became more pronounced in not paternal but maternal form as the number of 
childbirth increased, when we divided the multipara group into three groups with 1, 2 and 3 or more childbirths 
and performed group comparisons (data not shown). This finding might suggest that a woman’s experience rear-
ing their own child changes their perception of parenting style. However, this requires verification in further 
longitudinal studies of the same individuals, because the present study adopted a cross-sectional design and no 
other studies have examined the differences in the perception of perceived parenting between primipara and 
multipara women.

Our study has several limitations that deserve further discussion. First, we did not collect data of family-
structure history from childhood to adulthood. Moreover, we did not deal with data of current marital status such 
as married, cohabitating, single, separated and divorced. So, we could not evaluate the measurement invariance 
among groups stratified with these data. Second, we found differences in perceptions on perceived parenting by 
own parents between primipara and multipara women. However, as this study adapted cross-sectional design, 
we could not know the causal relationship between the experience of childbirth and the perceptions on perceived 
parenting by own parents.

This study included a large number of perinatal women and analyzed the huge amount of PBI data. Fur-
thermore, we precisely evaluated the measurement invariance between primipara and multipara groups, and 
between the paternal and maternal PBI forms. The three-factor structure evaluated in this study is considered 
to be useful to accurately determine how the perceived parenting style before adolescence influences women’s 
mental health in the perinatal period.

Data availability
All relevant data are provided in the paper. We are not able to make the underlying data available to readers, 
because we do not have permission from the participating institutions to do so.

Received: 16 March 2022; Accepted: 7 October 2022

References
 1. Parker, G., Tupling, H. & Brown, L. B. A parental bonding instrument. Br. J. Med. Psychol. 52, 1–10. https:// doi. org/ 10. 1111/j. 

2044- 8341. 1979. tb024 87.x (1979).
 2. Kitamura, T., Sugawara, M., Shima, S. & Tada, M. A. Childhood advertises and depression: II. Parental loss, rearing, and symptom 

profile of antenatal depression. Arch. Womens Ment. Health. 1, 175–182. https:// doi. org/ 10. 1007/ s0073 70050 025 (1999).
 3. McMahon, C. Psychological factors associated with persistent postnatal depression: Past and current relationships, defence styles 

and the mediating role of insecure attachment style. J. Affect. Disord. 84, 15–24. https:// doi. org/ 10. 1016/j. jad. 2004. 05. 005 (2005).
 4. Hayakawa, N. et al. The postpartum depressive state in relation to perceived rearing: A prospective cohort study. PLoS ONE 7, 

e50220. https:// doi. org/ 10. 1371/ journ al. pone. 00502 20 (2012).
 5. Fukui, N. et al. Perceived parenting before adolescence and parity have direct and indirect effects via depression and anxiety on 

maternal-infant bonding in the perinatal period. Psychiatry Clin. Neurosci. 75, 312–317. https:// doi. org/ 10. 1111/ pcn. 13289 (2021).
 6. Brockington, I. F. et al. A screening questionnaire for mother-infant bonding disorders. Arch. Womens Ment. Health. 3, 133–140. 

https:// doi. org/ 10. 1007/ s0073 70170 010 (2001).
 7. Brockington, I. F., Aucamp, H. M. & Fraser, C. Severe disorders of the mother–infant relationship: Definitions and frequency. Arch. 

Womens Ment. Health. 9, 243–251. https:// doi. org/ 10. 1007/ s00737- 006- 0133-0 (2006).
 8. Cubis, J., Lewin, T. & Dawes, F. Australian adolescents’ perceptions of their parents. Aust. N. Z. J. Psychiatry. 23, 35–47. https:// 

doi. org/ 10. 3109/ 00048 67890 90625 90 (1989).
 9. Gómez-Beneyto, M., Pedrós, A., Tomás, A., Aguilar, A. & Leal, C. Psychometric properties of the parental bonding instrument in 

a spanish sample. Soc. Psychiatry Psychiatr. Epidemiol. 28, 252–255. https:// doi. org/ 10. 1007/ BF007 88745 (1993).
 10. Kendler, K. S. Parenting: A genetic-epidemiologic perspective. Am. J. Psychiatry. 153, 11–20. https:// doi. org/ 10. 1176/ ajp. 153.1. 11 

(1996).
 11. Murphy, E., Brewin, C. R. & Silka, L. The assessment of parenting using the parental bonding instrument: Two or three factors?. 

Psychol. Med. 27, 333–341. https:// doi. org/ 10. 1017/ s0033 29179 60046 06 (1997).
 12. Mohr, S., Preisig, M., Fenton, B. T. & Ferrero, F. Validation of the French version of the Parental Bonding Instrument in adults. 

Pers. Individ. Differ. 26, 1065–1074. https:// doi. org/ 10. 1016/ S0191- 8869(98) 00210-4 (1999).
 13. Qadir, F., Stewart, R., Khan, M. & Prince, M. The validity of the Parental Bonding Instrument as a measure of maternal bonding 

among young Pakistani women. Soc. Psychiatry Epidemiol. 40, 276–282. https:// doi. org/ 10. 1007/ s00127- 005- 0887-0 (2005).
 14. Kapçi, E. G. & Küçüker, S. The Parental Bonding Instrument: Evaluation of its psychometric properties with Turkish University 

students. Turk. J. Psychiatry 17, 1–10 (2006).
 15. Liu, J., Li, L. & Fang, F. Psychometric properties of the Chinese version of the Parental Bonding Instrument. Int. J. Nurs. Stud. 48, 

582–589. https:// doi. org/ 10. 1016/j. ijnur stu. 2010. 10. 008 (2011).
 16. Behzadi, B. & Parker, G. A Persian version of the parental bonding instrument: Factor structure and psychometric properties. 

Psychiatry Res. 225, 580–587. https:// doi. org/ 10. 1016/j. psych res. 2014. 11. 042 (2015).
 17. Uji, M., Tanaka, N., Shono, M. & Kitamura, T. Factorial structure of the parental bonding instrument (PBI) in Japan: A study of 

cultural, developmental, and gender influences. Child Psychiatry Hum. Dev. 37, 115–132. https:// doi. org/ 10. 1007/ s10578- 006- 
0027-4 (2006).

 18. Suzuki, H. & Kitamura, T. The Parental Bonding Instrument: A four-factor structure model in a Japanese college sample. Open 
Fam. Stud. J. 4, 89–94. https:// doi. org/ 10. 2174/ 18749 22401 10401 0089 (2011).

 19. Sato, M. et al. Validation and factor analysis of the parental bonding instrument in Japanese pregnant women. Sci. Rep. 11, 13759. 
https:// doi. org/ 10. 1038/ s41598- 021- 93146-3 (2021).

 20. Motegi, T. et al. Identifying the factor structure of the Mother-to-Infant Bonding Scale for post-partum women and examining its 
consistency during pregnancy. Psychiatry Clin. Neurosci. 73, 661–662. https:// doi. org/ 10. 1111/ pcn. 12920 (2019).

 21. Motegi, T. et al. Depression, anxiety and primiparity are negatively associated with mother–infant bonding in Japanese mothers. 
Neuropsychiatr. Dis. Treat. 16, 3117–3122. https:// doi. org/ 10. 2147/ NDT. S2870 36 (2020).

https://doi.org/10.1111/j.2044-8341.1979.tb02487.x
https://doi.org/10.1111/j.2044-8341.1979.tb02487.x
https://doi.org/10.1007/s007370050025
https://doi.org/10.1016/j.jad.2004.05.005
https://doi.org/10.1371/journal.pone.0050220
https://doi.org/10.1111/pcn.13289
https://doi.org/10.1007/s007370170010
https://doi.org/10.1007/s00737-006-0133-0
https://doi.org/10.3109/00048678909062590
https://doi.org/10.3109/00048678909062590
https://doi.org/10.1007/BF00788745
https://doi.org/10.1176/ajp.153.1.11
https://doi.org/10.1017/s0033291796004606
https://doi.org/10.1016/S0191-8869(98)00210-4
https://doi.org/10.1007/s00127-005-0887-0
https://doi.org/10.1016/j.ijnurstu.2010.10.008
https://doi.org/10.1016/j.psychres.2014.11.042
https://doi.org/10.1007/s10578-006-0027-4
https://doi.org/10.1007/s10578-006-0027-4
https://doi.org/10.2174/1874922401104010089
https://doi.org/10.1038/s41598-021-93146-3
https://doi.org/10.1111/pcn.12920
https://doi.org/10.2147/NDT.S287036


7

Vol.:(0123456789)

Scientific Reports |        (2022) 12:19071  | https://doi.org/10.1038/s41598-022-22017-2

www.nature.com/scientificreports/

 22. Ogawa, M. et al. Factor structure and measurement invariance of the Hospital Anxiety and Depression Scale across the peripartum 
period among pregnant Japanese women. Neuropsychiatr. Dis. Treat. 26, 221–227. https:// doi. org/ 10. 2147/ NDT. S2949 18 (2021).

 23. Fukui, N. et al. Exclusive breastfeeding is not associated with maternal-infant bonding in early postpartum, considering depression, 
anxiety, and parity. Nutrients 13, 1184. https:// doi. org/ 10. 3390/ nu130 41184 (2021).

 24. Kitamura, T. & Suzuki, T. A validation study of the Parental Bonding Instrument in a Japanese population. Jpn. J. Psychiatry Neurol. 
47, 29–36. https:// doi. org/ 10. 1111/j. 1440- 1819. 1993. tb020 26.x (1993).

 25. Kline, R. B. Principles and Practice of Structural Equation Modeling 2nd edn. (Guilford Press, 2005).
 26. Cheung, G. W. & Rensvold, R. B. Evaluating goodness-of-fit indexes for testing measurement invariance. Struct. Equ. Model. 9, 

233–255. https:// doi. org/ 10. 1207/ S1532 8007S EM0902_5 (2002).
 27. Xu, M. K., Morin, A. J. S., Marsh, H. W., Richards, M. & Jones, P. B. Psychometric validation of the parental bonding instrument 

in a U.K. population-based sample: Role of gender and association with mental health in mid-late life. Assessment 25, 716–728. 
https:// doi. org/ 10. 1177/ 10731 91116 660813 (2018).

 28. Russell, A. et al. Sex-based differences in parenting styles in a sample with preschool children. Aust. J. Psychol. 50, 89–99. https:// 
doi. org/ 10. 1080/ 00049 53980 82575 39 (1998).

Acknowledgements
We are grateful to Dr. Takuro Sugai, Dr. Ryusuke Tsuboya, Prof. Koji Nishijima, Dr. Koichi Takakuwa, Dr. Mas-
ayuki Yamaguchi, Dr. Kazufumi Haino, Ms. Rie Araki, and Ms. Setsuko Mitome for collaboration on the early 
stages of this work. We greatly appreciate all participants and staff from the following participating obstetric 
institutions: Kameda Daiichi Hospital, Niitsu Obstetrics and Gynecology Clinic, Tomita Obstetrics and Gyne-
cology Clinic, Honda Ladies Clinic, Agano City Hospital, Chihara Clinic, Sekizuka Clinic, Hirohashi Obstetrics 
and Gynecology Clinic, Saiseikai Sanjo Hospital, Saiseikai Niigata Hospital, Itoigawa Sogo Hospital, Niigata 
Tokamachi Hospital, Takeyama Hospital, Watanabe Kinen Clinic, Kashiwazaki General Hospital and Medical 
Center, Kido Hospital, Tachikawa Medical Center, Saintpoulia Women’s Clinic, Nagaoka Chuo General Hospital, 
Arakawa Ladies Clinic, Ueda Ladies Clinic, Uonuma Kikan Hospital, Murakami General Hospital, Sado General 
Hospital, Tokunaga Ladies Clinic, Nagaoka Red Cross Hospital, Niigata Shibata Hospital, Ladies Clinic Ishiguro, 
Angel Mother Clinic, Joetsu General Hospital, Niigata City General Hospital, Ojiya General Hospital, Watanabe 
Clinic, and Niigata University Medical and Dental Hospital. We thank Kelly Zammit, BVSc, Jennifer Barrett, 
PhD, and Lesley McCollum, PhD, from Edanz (https:// jp. edanz. com/ ac) for editing a draft of this manuscript.

Author contributions
N.F., T.M., T.S., J.E., and T.E. conceived the original study concept and developed the study design. N.F., T.M., 
and T.E. collected the data. N.F., T.M., M.O., and K.H. performed data entry. N.F., T.M., Y.W., K.H., M.O., J.E., 
and T.S. performed the statistical analyses. N.F. and Y.W. wrote the first draft of the manuscript. All authors 
contributed to the revision of the manuscript, and read and approved the final manuscript.

Funding
This work was supported by JSPS KAKENHI (grant number JP19K08040 to NF), a grant from the Niigata Medical 
Association (to TM), and a grant from the Medical Association of Niigata City (to MO).

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 022- 22017-2.

Correspondence and requests for materials should be addressed to T.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

https://doi.org/10.2147/NDT.S294918
https://doi.org/10.3390/nu13041184
https://doi.org/10.1111/j.1440-1819.1993.tb02026.x
https://doi.org/10.1207/S15328007SEM0902_5
https://doi.org/10.1177/1073191116660813
https://doi.org/10.1080/00049539808257539
https://doi.org/10.1080/00049539808257539
https://jp.edanz.com/ac
https://doi.org/10.1038/s41598-022-22017-2
https://doi.org/10.1038/s41598-022-22017-2
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Factor structure of the parental bonding instrument for pregnant Japanese women
	Materials and methods
	Ethics statement. 
	Participants. 
	Measurements. 
	Statistical analysis. 

	Results
	Descriptive statistics. 
	Exploratory factor analyses. 
	Confirmatory factor analyses. 
	Comparison with other models. 
	Analyses of multiple-group invariance. 
	Comparison of the mean value of each factor between the paternal and maternal forms. 
	Comparison of the mean value of each factor between primipara and multipara women. 

	Discussion
	References
	Acknowledgements


