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Abstract
The Parental Bonding Instrument (PBI) evaluates parental attitudes derived from an individual’s childhood experiences with their parents. The factor structure
of the PBI differs depending on variables such as psychosocial factors including culture, race, sex, and psychological and social conditions of participants.
Although previous studies of the relationship between perinatal depression and parenting experiences have used the factor structures of the PBI from the
general population, it is unclear whether the same factor structures are appropriate in the highly variable perinatal period. In this study, complete responses to
the PBI and the Edinburgh Postnatal Depression Scale (EPDS) were received from 932 primiparas at 25 weeks of gestation and at 1 month postpartum. An
exploratory factor analysis was performed on half of the responses, and it was con�rmed that the three factors were care, interference, and autonomy.
Con�rmatory factor analysis of the remaining half of the answers showed comprehensible �tness. Each factor showed a high degree of internal consistency,
and each factor of the PBI correlated with the EPDS, indicating construct validity. The reliability and validity of the PBI in perinatal Japanese women were
con�rmed, and it was found that the PBI had a three-factor structure.

Introduction
Individuals’ childhood experiences with their parents affect their personal, psychological, and social development in adulthood1. It has been suggested that
childhood maltreatment is a risk factor for detrimental effects on mental health that may extend to adulthood2,3. Therefore, Roe et al. and Schaefer developed
a questionnaire to measure the effects of parental behavior on children4,5. They then analyzed the answers to questions about parent’s behavior towards
themselves when they were children, targeting both children and adults4. The results showed that parents’ behaviors were composed of two or three factors.
Schaefer analyzed the responses of independent samples of children and adults in a similar study5.

Based on the �ndings of the studies reviewed, Parker et al. considered that the parental contribution to bonding may be in�uenced by two principal source
variables. To assist in the de�nition of the two principal dimensions, they asked Australian students and adolescents to respond to a questionnaire including
items suggesting parental behaviors and attitudes, including care, and they then performed a factor analysis of the results. They reported that parental
attitudes consisted of two factors, care and overprotection, and created the Parental Bonding Instrument (PBI) questionnaire to assess parental attitudes
based on an individual’s experiences of being parented or memories of parenting during childhood. In addition, they showed that the PBI was found to be
reliable and valid, and the scales appear to be acceptable6.

Many studies have examined the relationship between the PBI and mental disorders to test the hypothesis that parental attitudes are also related to
personality development and the development of mental illness. For example, low levels of care and high levels of overprotection have been reported to be
associated with depressive symptoms6,7.

However, other studies have identi�ed that parents’ attitudes toward parenting may differ depending on their background, including factors such as culture,
religion, customs, race, sex, personality, mental illness, and social status6,8. For example, a study by Cubis et al., which was carried out ten years after Parker’s
study and was similarly carried out in Australia, reported a care factor and two protection factors from a community sample of adolescents, as well as a sex
difference that was not found in Parker’s study9. A study of students in the United Kingdom and the United States in the same time period as the study by
Cubis et al. also reported that three factors (care, denial of psychological autonomy, and encouragement of behavioral freedom) were more satisfactory than
two factors10.

In Japan, Kitamura et al.11 administered the PBI to children and their parents and reported a two-factor structure consisting of care and overprotection.
However, later studies examining the factor structure of the PBI in working adults supported the three-factor structures12,13. Elsewhere, in a study that
examined the factor structure solely among parents with children (aged 6–14 years), Uji et al. 14 proposed a four-factor structure of care, indifference,
overprotection, and autonomy and also identi�ed sex differences.

In several previous studies of factor analysis of the PBI in women, although mothers with children in kindergarten demonstrated four factors, i.e., care,
indifference, overprotection, and autonomy15, those aged 20–35 years exhibited two factors, i.e., care and overprotection16, and women three days after giving
birth were found to exhibit three factors, i.e., affect, overprotection, and restraint17. From these results, it was suggested that even if a study were conducted for
the same region and the same sex, there was a possibility that the factor structure of the PBI might differ depending on participants' situations and
backgrounds at that time.

Perinatal women undergo signi�cant changes in their physical, mental, and social situations, increasing the risk of developing mental illnesses, especially
depressive symptoms; thus, the prevention and identi�cation of risk factors in this regard is a pressing research topic. For this reason, some studies have
focused on perinatal women to determine whether participants’ childhood experiences of being parented can be a risk factor for depression. Boyce et al. 18

reported that paternal overprotection and low maternal care were risk factors for postpartum depression. McMahon et al. 19 also reported that low maternal
care was a risk factor for postpartum depression. However, these studies used two factors derived from the general population: care and overprotection.

When examining the relationship between mental health during pregnancy and postpartum, it is possible to verify the relationship between psychosocial
factors in perinatal women and perinatal depression by using a PBI factor structure speci�cally for perinatal women and by examining the relationship
between these factors and depression. However, there has been only one factor analysis of the PBI in perinatal women that was reported 30 years ago in
Spain, at only one point on the third postpartum day, but the number of women (205) was small17. Furthermore, previous studies have examined the
association with postpartum depression using the results of the factor structure of the PBI in postnatal women, without con�rming whether the PBI throughout
the prenatal and postpartum periods was applicable, and we believe that needs to be tested.
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In this study, the reliability, validity, and factor structure of the PBI were investigated during pregnancy and in the postpartum period in a prospective cohort of
perinatal women.

Results
Descriptive statistics

A total of 1,362 perinatal women agreed to participate in the study between April 2006 and May 2020. The data of 932 participants (response rate 68.4%) who
completed both the EPDS and PBI questionnaires at 25 weeks of gestation (T1) and at 1-month postpartum (T2) were used. Their mean age was 32.67
(standard deviation (SD) = ± 4.69; 20–45) years. The 932 participants were randomly divided into two groups; Group 1 (mean age ± SD, 32.60 ± 4.740 years;
mean EPDS scores ± SD at T1, 4.98 ± 4.62; at T2, 5.52 ± 4.77) and Group 2 (mean age, 32.73 ± 4.65 years; mean EPDS scores at T1, 5.09 ± 4.85; at T2, 5.13 ± 
4.82) comprised 466 and 466 perinatal women, respectively.

Factor analysis of the Parental Bonding Instrument

Prior to the factor analysis, the validity of the factor analysis was examined by the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy. The KMO
measure of sampling adequacy were; paternal PBI at T1 0.945, paternal PBI at T2 0.943, maternal PBI at T1 0.946, maternal PBI at T2 0,953. The KMO
measure of sampling adequacy at each time point indicated a reasonable value for factor analysis. The number of factors was examined from the scree plot,
and the three-factor structure was considered in EFAs.

For the purpose of factor analyses, only data from the 932 subjects who answered all the PBI items and EPDS items at T1 and T2 were used. The subjects
were randomly divided into two groups, and an exploratory factor analysis (EFA) of the 25 items of the PBI was conducted in Group 1. For the paternal PBI at
T1, four items (7, 10, 14, 23) had a factor loading > 0.30 for multiple factors. For the maternal PBI at T1, four items (7, 14, 16, 23) had a factor loading > 0.30
for multiple factors. For both the paternal and maternal PBIs at T2, three items (7, 14, 23) had a factor loading > 0.30 for multiple factors. An exploratory factor
analysis was performed again when each item was deleted, and it was con�rmed that the factor structure was stable in all cases. Since EFA yielded multiple
models of the factor structure, a con�rmatory factor analysis (CFA) using Group 2 was performed for each of the models, and the goodness of �t was
con�rmed.

For both the paternal and maternal PBIs, the model excluding three items (7, Liked me to make my own decisions; 14, Did not seem to understand what I
needed or wanted; 23, Was overprotective of me) had the best �t. Both paternal and maternal PBIs suggested a three-factor structure (Table 1,2).
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Table 1
Factor matrix of the Parental Bonding Instrument after rotation (Fathers)

    T1       T2    

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

Care                

1. Spoke to me with a warm and friendly voice   0.773 0.180 -0.173   0.773 0.181 -0.222

2. Did not help me as much as I needed   0.758 -0.071 0.184   0.738 -0.136 0.122

4. Seemed emotionally cold to me   0.859 -0.124 0.188   0.888 -0.150 0.244

5. Appeared to understand my problems and worries   0.648 0.021 -0.128   0.605 -0.066 -0.126

6. Was affectionate to me   0.762 0.082 -0.151   0.747 0.076 -0.202

11. Enjoyed talking things over with me   0.816 0.282 -0.151   0.813 0.292 -0.191

12. Frequently smiled at me   0.847 0.220 -0.109   0.851 0.262 -0.171

14. Did not seem to understand what I needed   0.649 -0.326 0.017   0.610 -0.472 0.067

16. Made me feel I wasn’t wanted   0.696 -0.141 0.131   0.669 -0.275 0.234

17. Could make me feel better when I was upset   0.681 0.115 -0.146   0.667 0.159 -0.156

18. Did not talk with me very much   0.831 0.106 0.115   0.795 0.147 0.065

24. Did not praise me   0.825 -0.154 0.155   0.748 -0.125 0.049

Interference                

8. Did not want me to grow up   -0.249 0.459 0.081   -0.280 0.413 0.065

9. Tried to control everything I did   -0.098 0.564 0.194   -0.101 0.642 0.184

10. Invaded my privacy   -0.326 0.573 -0.047   -0.172 0.615 0.090

13. Tended to baby me   0.137 0.559 0.035   0.176 0.599 0.036

19. Tried to make me dependent on her/him   0.103 0.434 0.097   0.196 0.357 0.141

20. Felt I could not look after myself unless   0.029 0.486 0.102   0.039 0.479 0.100

23. Was overprotective of me   0.330 0.452 0.047   0.493 0.351 0.277

Autonomy                

3. Let me do those things I liked doing   -0.076 -0.010 0.776   -0.119 0.182 0.595

7. Liked me to make my own decisions   -0.414 0.115 0.409   -0.307 0.183 0.448

15. Let me decide things for myself   -0.172 0.163 0.535   -0.102 0.162 0.611

21. Gave me as much freedom as I wanted   0.080 0.136 0.876   0.047 0.254 0.768

22. Let me go out as often as I wanted   0.232 0.160 0.727   0.166 0.136 0.709

25. Let me dress in any way I pleased   -0.256 0.066 0.343   -0.176 0.015 0.350

Factors that satisfy the factor loading > 0.3 after factor analysis are shown in bold.

T1: at 25 weeks of gestation; T2: at 1-month postpartum
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Table 2
Factor matrix of the Parental Bonding Instrument after rotation (Mothers)

    T1       T2    

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

Care                

1. Spoke to me with a warm and friendly voice   0.815 0.203 -0.174   0.826 0.133 -0.097

2. Did not help me as much as I needed   0.607 -0.058 0.114   0.652 -0.065 0.090

4. Seemed emotionally cold to me   0.871 -0.103 0.168   0.839 -0.074 0.096

5. Appeared to understand my problems and worries   0.704 -0.057 -0.066   0.741 -0.035 -0.036

6. Was affectionate to me   0.750 0.157 -0.235   0.769 0.131 -0.187

11. Enjoyed talking things over with me   0.854 0.168 -0.030   0.866 0.202 -0.040

12. Frequently smiled at me   0.919 0.234 -0.087   0.920 0.192 -0.024

14. Did not seem to understand what I needed   0.403 -0.339 -0.141   0.456 -0.330 -0.141

16. Made me feel I wasn’t wanted   0.676 -0.316 0.290   0.686 -0.209 0.196

17. Could make me feel better when I was upset   0.762 -0.019 -0.018   0.812 0.020 0.038

18. Did not talk with me very much   0.718 0.026 0.067   0.843 0.070 0.098

24. Did not praise me   0.792 0.031 -0.015   0.740 -0.040 0.048

Interference                

8. Did not want me to grow up   -0.295 0.470 -0.023   -0.239 0.389 0.141

9. Tried to control everything I did   -0.176 0.569 0.155   -0.123 0.560 0.223

10. Invaded my privacy   -0.234 0.663 -0.047   -0.222 0.525 0.085

13. Tended to baby me   0.037 0.651 0.007   0.002 0.723 -0.039

19. Tried to make me dependent on her/him   0.208 0.476 0.132   0.173 0.716 -0.072

20. Felt I could not look after myself unless   0.007 0.480 0.121   -0.040 0.749 -0.132

23. Was overprotective of me   0.338 0.505 0.147   0.303 0.623 0.092

Autonomy                

3. Let me do those things I liked doing   -0.135 0.003 0.719   -0.045 -0.072 0.836

7. Liked me to make my own decisions   -0.344 0.127 0.382   -0.304 0.150 0.408

15. Let me decide things for myself   -0.051 0.149 0.623   -0.072 0.220 0.570

21. Gave me as much freedom as I wanted   0.094 0.147 0.844   0.063 -0.010 0.939

22. Let me go out as often as I wanted   0.172 0.092 0.729   0.202 -0.088 0.914

25. Let me dress in any way I pleased   -0.178 0.075 0.418   -0.060 0.060 0.492

Factors that satisfy the factor loading > 0.3 after factor analysis are shown in bold.

T1: at 25 weeks of gestation; T2: at 1-month postpartum

The �rst factor was loaded by 11 items of the PBI (1, 2, 4, 5, 6, 11, 12, 16, 17, 18, and 24); this factor was named “care.” The second factor was loaded by six
items of the PBI (8, 9, 10, 13, 19, and 20); this factor was named “interference.” The third factor was loaded by �ve items in the PBI (3, 15, 21, 22, and 25); this
factor was named “autonomy.”

The model derived from the EFA showed suitable �t with the data (for the paternal PBI: Chi-squared (χ2)/degrees of freedom (df) 2.378, comparative �tness
index (CFI) 0.951, standardized root mean square residual (SRMR) 0.0682, root mean square error of approximation (RMSEA) 0.049, and Akaike’s information
criterion (AIC) 579.039 in T1, with χ2/df 2.390, CFI 0.954, SRMR 0.0602, RMSEA 0.055, and AIC 582.123 in T2; for the maternal PBI: χ2/df 2.263, CFI 0.960,
SRMR 0.0607, RMSEA 0.052, and AIC 557.195 in T1, with χ2/df 2.564, CFI 0.958, SRMR 0.0625, RMSEA 0.058, and AIC 614.784 in T2.) (Table 3).
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Table 3
Con�rmatory factors analysis of the Parental Bonding Instrument items over the two time points in Group 2

          Paternal     Maternal  

PBI item       T1 T2   T1 T2

Care                  

1         0.81 0.85   0.80 0.80

2         0.68 0.67   0.74 0.75

4         0.77 0.73   0.81 0.80

5         0.78 0.74   0.73 0.80

6         0.78 0.81   0.80 0.82

11         0.78 0.78   0.78 0.78

12         0.82 0.86   0.83 0.79

16         0.54 0.53   0.63 0.65

17         0.72 0.74   0.81 0.81

18         0.70 0.73   0.75 0.71

24         0.77 0.75   0.72 0.70

Interference                

8         0.61 0.68   0.64 0.70

9         0.81 0.82   0.82 0.83

10         0.77 0.79   0.74 0.73

13         0.45 0.50   0.57 0.64

19         0.37 0.45   0.40 0.57

20         0.50 0.62   0.49 0.56

Autonomy                

3         0.69 0.71   0.79 0.82

15         0.76 0.75   0.79 0.77

21         0.81 0.87   0.85 0.88

22         0.53 0.61   0.53 0.63

25         0.44 0.49   0.57 0.62

Covariance between Care and Interference -0.47 -0.49   -0.58 -0.59

Covariance between Care and Autonomy -0.60 -0.54   -0.63 -0.61

Covariance between Interference and Autonomy 0.73 0.79   0.82 0.84

CMIN/df         2.378 2.390   2.263 2.564

CFI         0.951 0.954   0.960 0.955

RMSEA         0.054 0.055   0.052 0.058

SRMR         0.0682 0.0602   0.0607 0.0625

AIC         579.039 582.123   557.195 614.784

T1: at 25 weeks of gestation; T2: at 1 month postpartum; χ2: Chi-squared; df: Degrees of freedom; CFI: Comparative �tness index; SRMR: Standardized root
mean square residual; RMSEA: Root mean square error of approximation; AIC: Akaike’s information criterion

To examine the stability of the factor structure of the PBI, a series of CFAs using all periods from Group 2 were conducted. The path values and accompanying
�t indices are shown in Table 3. Examination of CMIN/df, CFI, SRMR, and RMSEA showed the current model to meet suitable �t criteria for all periods.

The three factors were moderately correlated with each other (Table 4).
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Table 4
Spearman’s correlation coe�cients of the Parental Bonding Instrument subscale scores and the Edinburgh Postnatal Depr

      T1     T2     T1     T2

      Father           Mother      

      Care Interference Autonomy Care Interference Autonomy Care Interference Autonomy Care

T1 Father Care   -0.366** -0.552** 0.885** -0.292** -0.479** 0.490** -0.307** -0.269** 0.45

    Interference     0.588** -0.336** 0.708** 0.491** -0.374** 0.483** 0.395** -0.31

    Autonomy       -0.499** 0.515** 0.778** -0.401** 0.381** 0.596** -0.36

T2   Care         -0.335** -0.507** 0.458** -0.311** -0.256** 0.51

    Interference           -0.546** -0.313** 0.405** 0.357** -0.34

    Autonomy             -0.363** 0.333** 0.546** -0.38

T1 Mother Care               -0.459** -0.521** 0.82

    Interference                 0.570** -0.40

    Autonomy                   -0.47

T2   Care                    

    Interference                    

    Autonomy                    

PBI: Parental Bonding Instrument; EPDS: Edinburgh Postnatal Depression Scale,

T1: at early pregnancy before week 25; T2: at 1-month postpartum

* p < 0.05; ** p < 0.01

Internal consistency of the Parental Bonding Instrument

Group 1 was used to con�rm internal consistency. Cronbach’s alpha values were: Care 0.937, Interference 0.756, Autonomy 0.847 for the paternal PBI in T1;
Care 0.937, Interference 0.761, Autonomy 0.835 for the paternal PBI in T2; Care 0.934, Interference 0.801, Autonomy 0.848 for the maternal PBI in T1; and Care
0.937, Interference 0.831, Autonomy 0.864 for the maternal PBI in T2. A high internal consistency was obtained for all factors assumed in the PBI related to
both and father and mother.

Construct validity of the Parental Bonding Instrument

The correlations between the scores of each PBI factor and the EPDS scores were determined to assess construct validity from Group1 (Table 4). Each care
factor was negatively correlated with EPDS scores, whereas each interference and each autonomy factor were positively correlated with EPDS scores.

Discussion
To the best of the researchers’ knowledge, this is the �rst study to examine the reliability and validity of the PBI and the factor structure of each item in
perinatal Japanese women.

In this study, it was decided to examine whether the items that satis�ed the factor extraction value < 0.3 for all factors or ≥ 0.3 for multiple factors should be
deleted in the exploratory factor analysis. It was found that items 7, 14, and 23 were deleted, and the exploratory factor analysis was performed again after
deleting them, and a stable factor structure was obtained. A dataset not used in the �rst step was used to validate with the CFA of the three-factor model
obtained from the EFA. All models have χ2/df < 3, CFI > 0.95, SRMR < 0.08, and RMSEA < 0.06 (Table 3). Therefore, the three-factor model had a good �t to our
data.

The reliability and validity of the PBI were examined in both pregnancy and the postpartum period. The results con�rmed a three-factor structure of care,
autonomy, and interference for the participants’ experiences of being parented. The items related to the participants’ fathers and those related to their mothers
were separate. Internal consistency was high for all the factors assumed in the PBI items for both mothers and fathers. An examination of the correlation
between the three PBI subscales and the EPDS scores showed a negative correlation between the father’s care and the EPDS scores and a positive correlation
between the father’s interference and autonomy and the EPDS scores. In addition, whereas a negative correlation was found between the mother’s care and
the EPDS scores, the autonomy of mothers and the interference of mothers were positively correlated with EPDS scores. This is consistent with the results of
previous studies18,19 and demonstrates that the PBI has acceptable convergent validity. Therefore, the PBI can be considered a useful questionnaire that
evaluates perinatal women’s experiences of being parented, that is, the parental attitudes that they acquired from their parents until 16 years of age.

In relation to the correlation coe�cients between each factor, a negative correlation was found between care (for the care-related items, a higher score
indicated a more loving parental attitude) and interference (for the interference-related items, a higher score indicated a more interfering parental attitude) and
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between care and autonomy (for the autonomy-related items, a lower score indicated that a greater value was placed on the child’s autonomy). On the other
hand, interference and autonomy showed a positive correlation. This was the case for participants’ parental experiences in relation to both their fathers and
mothers. This may be considered to be reasonable, because the more parents had caring feelings, the less interfering they were, and the more they valued the
child’s autonomy. However, the more interfering a parent was, the less they valued the child’s autonomy. The negative correlation between care in fathers and
mothers and EPDS scores and the positive correlation between interference and autonomy in fathers and mothers concur with the results of several previous
studies that have shown that low care and high overprotection are risk factors for depression18,19.

There have been several previous studies of factor analysis of the PBI in women only, but the factor structure was different. A two-factor structure was
obtained in studies of women who were neither perinatal nor child-rearing16, a three-factor structure was found in studies of postpartum women17, and a four-
factor structure was found in studies of women raising kindergartners and elementary and middle school students14,15. Uji’s study conducted a factor analysis
of the PBI among mothers raising elementary and middle school students in the same country as the present study and reported a four-factor structure (care,
indifference, overprotection, and autonomy). The fourth factor, “indifference”, was raised as a factor that con�icts with “care”, which means coldness and
aggression, as well as indifference. This factor arises from the projection of parental emotions toward a child who has been separated from his or her mother
and child onto childhood experiences with their parents14. The subjects in the present study were in the “perinatal period,” a situation in which the distance
between mother and child is close physically and psychologically, which may have made the emotions included in “indifference” less likely to arise. Similar to
the present study, a past study con�rmed the factor structure of the PBI in perinatal women, although that study was conducted in Spain, which is a different
region and culture from Japan, and it con�rmed the three-factor structure of the PBI found in the present study17. The names of the three factors which a past
study con�rmed differed from the names of factors con�rmed in the present study, but no factors suggesting “indifference” occurred.

Therefore, this suggests that a factor structure with the same number of factors can be obtained if the subjects are women in the same life stage, even though
the regions and cultures differ. In the factor analysis of the PBI for women, that is, not only national and regional differences, but also life stage factors such
as perinatal and child-rearing, had a strong effect. The strength of this study was that it was possible to clarify the factor structure of the PBI at 25 weeks of
gestation and at 1-month postpartum in a cohort with high homogeneity born in the same region. It was also con�rmed that the PBI was reliable, validated,
and had the same factor structure throughout the prenatal and postnatal periods. Compared with previous study of perinatal women17, the present study
included a larger number of subjects, and the KMO measure of sampling adequacy at each time point con�rmed a reasonable value for factor analysis. Unlike
previous studies, in the present study, it was validated at two points in gestation and postpartum and the same factor structure was obtained, and con�rmed
factor structure that can be used throughout the perinatal period. In addition, the present study con�rmed not only the reliability but also the validity and factor
validity by CFA. Thus, the present results provide a better factor structure of the PBI for use in perinatal women, which will allow researchers to examine the
association between psychosocial factors and perinatal depression.

However, this study has various limitations. First, the participants in this study were recruited during prenatal classes for pregnant women. Participation in this
study was optional. Consequently, the sample may have included a larger number of pregnant women who have been interested in parenting. Thus, the
sample may not have been representative of the general population. Second, because a self-administered questionnaire was used in this study, the presence
or absence of psychopathology was not clari�ed through a structured interview or a similar measure. Therefore, it was not possible to exclude any effects that
may have arisen from a participant’s mental illness.

Conclusion
In this study, the reliability, validity, and factor structure of the PBI were examined in perinatal Japanese women at both pregnancy and postnatal time points.
A three-factor structure of Care, Autonomy, and Interference was found for the fathers’ and mothers’ experiences of raising their children at both pregnancy
and postnatal time points. The results showed high internal consistency and construct validity. In comparison with previous reports, the factor analysis of the
PBI, especially for women, strongly re�ected not only national and regional differences, but also life stage factors such as perinatal and child-rearing. It is
hoped that the results obtained in this study will be used to more clearly examine the effects of parental parenting attitudes on perinatal depression.

Methods
Participants

This study was conducted between September 2007 and May 2020 at four hospitals, including Nagoya University Hospital and other hospitals cooperating
with the research in Nagoya, Japan (with a population of approximately 2 million). Of the pregnant women who participated in a prenatal workshop, oral and
written explanations of the purpose and methods of the study were given to those aged 20 years or older who could understand Japanese. Those who gave
their written consent were analyzed. Having obtained their consent, the pregnant women were asked to �ll out the Edinburgh Postnatal Depression Scale
(EPDS) and the PBI questionnaires at 25 weeks of gestation (T1) and at 1-month postpartum (T2), and send their responses to the study group by mail.

EPDS
The EPDS is a questionnaire created by Cox et al. for assessing postpartum depression20. A self-administered questionnaire consisting of 10 items and 4 test
methods is used to evaluate each question item, with a score of 0–3 points. The total points range from 0 to 30 points. The EPDS has been used to assess
both postpartum depression and depression during pregnancy21. The Japanese-language version of the EPDS showed excellent internal consistency
(Cronbach’s alpha coe�cient = 0.78) and retest reliability (Spearman’s correlation coe�cient, r = 0.92) 22. A score of 9 or more was assigned to screen for mild
and major depressive episodes, with sensitivity of 75% and 82%, respectively, and speci�city of 93% and 95%, respectively22.
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PBI
The PBI is a self-administered questionnaire that participants answer based on recollections of their experiences of being parented up to the age of 16 years.
The scale consists of 25 items relating either to a participant’s father or mother. Parental attitude is evaluated on a 4-point scale (0 to 3 points) for 12 items
relating to care and 13 items relating to overprotection. The care category is scored on a scale of 0–36, with higher scores indicating a more loving parental
attitude and lower scores indicating an indifferent or rejecting parental attitude. The category of overprotection is scored on a scale of 0–39, with higher
scores indicating overprotective or overly interfering parental attitudes and lower scores indicating a parental attitude that values spontaneity and child
autonomy6. The Japanese-language version of the PBI that is used in Japan was translated and created by Kitamura and Suzuki, and its reliability and
validity have been con�rmed11.

Statistical analysis

The participants were randomly divided into two groups (Group 1, n = 466 and Group 2, n = 466). Student’s t-tests were conducted for age and EPDS scores
compared between Group 1 and Group 2 (mean age, 32.73 ± 4.65 years; mean EPDS scores at T1, 5.09 ± 4.85; at T2, 5.13 ± 4.82). No signi�cant differences
were found between the two groups in age or EPDS scores at T1 or T2. There were some biases in the distribution of scores for some of the items. However,
after examining the content of the items that showed a bias in the distribution of scores, all items were considered essential for measuring the concept of
parenting experience. Therefore, not all items were excluded, and an exploratory factor analysis (EFA) of all items of the PBI was conducted using data from
Group 1. Because all factors were considered dependent on each other, the factor solution was sought after Promax rotation, which is an oblique rotation. The
number of factors was determined by a scree plot. For items with a factor loading < 0.30 for all factors and for items with a factor loading > 0.30 for multiple
factors, after deleting the items, EFA was performed again to con�rm whether a stable factor structure could be obtained. In addition, models were created
after deleting the items, and con�rmatory factor analysis (CFA) was performed on each, and the model with the best �t was adopted. CFA was performed in
Group 2 using the factor structure obtained above. These factor analyses were conducted after an assessment of specimen validity using the KMO Test23. A
KMO value greater than 0.6 was considered to be appropriate for conducting the factor analysis. Chi-squared (χ2), degrees of freedom (df), comparative
�tness index (CFI), standardized root mean square residual (SRMR), and root mean square error of approximation (RMSEA) were used to con�rm the �tness of
the data.

Results of χ2/df < 3, CFI > 0.95, SRMR < 0.08, and RMSEA < 0.06 indicated a good �t24–26. Akaike’s information criterion was used when comparing models, and
the model with the smallest value was considered the best model.

Using Group 1, internal consistency was con�rmed by Cronbach’s alpha for each hypothesized factor. The construct validity was con�rmed by calculating its
correlation with the EPDS using Spearman’s correlation coe�cient. Previous studies reported that depressive symptoms were associated with affectionless
parental bonding7,18,19. This analysis provided evidence of construct validity.

All statistical analyses were conducted using SPSS version 26.0 and Amos 27.0 (IBM Japan, Tokyo, Japan).
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ethical standards of all institutions.

Declarations
Acknowledgements

We would like to thank the staff of Nagoya University Hospital, Nagoya Teishin Hospital, Kaseki Hospital, and Royal Bell Clinic for their cooperation.

Author Contribution Statement

Conception and design of the study: MS and NO; acquisition and analysis of data: MS, TO, MM, YN, AY, MA, and NO; drafting the manuscript and tables: MS,
TO, MM, YN, AY, and NO.

Competing Interests Statement

Funding for this study was provided by research grants from the Ministry of Education, Culture, Sports, Science and Technology of Japan; the Ministry of
Health, Labour and Welfare of Japan; the Academic Frontier Project for Private Universities, Comparative Cognitive Science Institutes, Meijo University; the
Core Research for Evolutional Science and Technology; Intramural Research Grant (21B-2) for Neurological and Psychiatric Disorders from the National Center
of Neurology and Psychiatry and the Speci�c Research Fund 2012 for East Japan Great Earthquake Revival by the New Technology Development Foundation;
Research and Development Grants for Comprehensive Research for Persons with Disabilities from the Japan Agency for Medical Research and Development
(AMED) under Grant Numbers JP20dk0307077. The funders had no role in the study design, data collection and analysis, decision to publish, or preparation
of the manuscript.

References



Page 10/11

1 Bowlby, J. Attachment and Loss, vol. 1:Attachment (Hogarth Press, London, UK, 1969).

2 Nelson, J., Klumparendt, A., Doebler, P. & Ehring, T. Childhood maltreatment and characteristics of adult depression: meta-analysis. Br J Psychiatry210, 96-
104, doi:10.1192/bjp.bp.115.180752 (2017).

3 Badr, H. E. et al. Childhood maltreatment: A predictor of mental health problems among adolescents and young adults. Child Abuse Negl80, 161-171,
doi:10.1016/j.chiabu.2018.03.011 (2018).

4 Roe, A. & Siegelman, M. A parent-child relations questionnaire. Child Dev34, 355-369, doi:10.1111/j.1467-8624.1963.tb05143.x (1963).

5 Schaefer, E. S. A con�gurational analysis of children's reports of parent behavior. J Consult Psychol29, 552-557, doi:10.1037/h0022702 (1965).

6 Parker, G., Tupling, H. & Brown, L. B. A Parental Bonding Instrument. British Journal of Medical Psychology52, 1-10, doi:https://doi.org/10.1111/j.2044-
8341.1979.tb02487.x (1979).

7 Parker, G. Parental reports of depressives. An investigation of several explanations. J Affect Disord3, 131-140, doi:10.1016/0165-0327(81)90038-0 (1981).

8 Kendler, K. S., Sham, P. C. & MacLean, C. J. The determinants of parenting: an epidemiological, multi-informant, retrospective study. Psychol Med27, 549-563,
doi:10.1017/s0033291797004704 (1997).

9 Cubis, J., Lewin, T. & Dawes, F. Australian adolescents' perceptions of their parents. Aust N Z J Psychiatry23, 35-47, doi:10.3109/00048678909062590
(1989).

10 Murphy, E., Brewin, C. R. & Silka, L. The assessment of parenting using the parental bonding instrument: two or three factors? Psychol Med27, 333-341,
doi:10.1017/s0033291796004606 (1997).

11 Kitamura, T. & Suzuki, T. A validation study of the Parental Bonding Instrument in a Japanese population. Jpn J Psychiatry Neurol47, 29-36,
doi:10.1111/j.1440-1819.1993.tb02026.x (1993).

12 Narita, T. et al. Parental child-rearing behavior as measured by the Parental Bonding Instrument in a Japanese population: factor structure and relationship
to a lifetime history of depression. J Affect Disord57, 229-234, doi:10.1016/s0165-0327(99)00071-3 (2000).

13 Sato, T. et al. Con�rmatory factor analysis of the Parental Bonding Instrument in a Japanese population. Psychol Med29, 127-133,
doi:10.1017/s003329179800779x (1999).

14 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 in�uences. Child Psychiatry Hum Dev37, 115-132, doi:10.1007/s10578-006-0027-4 (2006).

15 Liu, J., Li, L. & Fang, F. Psychometric properties of the Chinese version of the Parental Bonding Instrument. Int J Nurs Stud48, 582-589,
doi:10.1016/j.ijnurstu.2010.10.008 (2011).

16 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 Psychiatr Epidemiol40, 276-282, doi:10.1007/s00127-005-0887-0 (2005).

17 Gómez-Beneyto, M., Pedrós, A., Tomás, A., Aguilar, K. & Leal, C. Psychometric properties of the parental bonding instrument in a Spanish sample. Soc
Psychiatry Psychiatr Epidemiol28, 252-255, doi:10.1007/bf00788745 (1993).

18 Boyce, P., Hickie, I. & Parker, G. Parents, partners or personality? Risk factors for post-natal depression. J Affect Disord21, 245-255, doi:10.1016/0165-
0327(91)90004-c (1991).

19 McMahon, C., Barnett, B., Kowalenko, N. & Tennant, C. Psychological factors associated with persistent postnatal depression: past and current
relationships, defence styles and the mediating role of insecure attachment style. J Affect Disord84, 15-24, doi:10.1016/j.jad.2004.05.005 (2005).

20 Cox, J. L., Holden, J. M. & Sagovsky, R. Detection of postnatal depression. Development of the 10-item Edinburgh Postnatal Depression Scale. Br J
Psychiatry150, 782-786, doi:10.1192/bjp.150.6.782 (1987).

21 Murray, D. & Cox, J. L. Screening for depression during pregnancy with the edinburgh depression scale (EDDS). Journal of Reproductive and Infant
Psychology8, 99-107, doi:10.1080/02646839008403615 (1990).

22 Okano, T. et al. Validation and reliability of a Japanese version of the EPDS. Archives of Psychiatric Diagnostics and Clinical Evaluation7, 525-533 (1996).

23 Dziuban, C. D. & Shirkey, E. C. When is a correlation matrix appropriate for factor analysis? Some decision rules. Psychological Bulletin81, 358-361,
doi:10.1037/h0036316 (1974).

24 Hu, L. t. & Bentler, P. M. Cutoff criteria for �t indexes in covariance structure analysis: Conventional criteria versus new alternatives. Structural Equation
Modeling: A Multidisciplinary Journal6, 1-55, doi:10.1080/10705519909540118 (1999).

25 Weston, R. & Gore, P. A Brief Guide to Structural Equation Modeling. The Counseling Psychologist34, 719-751, doi:10.1177/0011000006286345 (2006).

https://doi.org/10.1111/j.2044-8341.1979.tb02487.x


Page 11/11

26 fan, Y. et al. Applications of structural equation modeling (SEM) in ecological research: An updated review. Ecological Processes5, doi:10.1186/s13717-
016-0063-3 (2016).


