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Influence of infants’ feeding patterns and duration on mothers’ postpartum 
depression: A nationwide birth cohort –The Japan Environment and 
Children’s Study (JECS) 
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A B S T R A C T   

)ac*groun"( Breastfeeding is increasingly being promoted worldwide. Although several studies have examined 
breastfeeding and postpartum depression, contradictory results concerning their relationship have been found. 
This study investigated the influence of the feeding patterns of 1- to 6-month-old infants on maternal postpartum 
depression, as well as the influence of activities performed by mothers during feeding on postpartum depression. 
!etho"s( We used data from parents and children who participated in the Japan Environment and Children’s 
Study (JECS). The data were from 71,448 mothers who did not show depressive symptoms at 1 month 
postpartum. 
Results( The group that continued exclusive breastfeeding for 6 months postpartum had a lower risk of post-
partum depression compared with those who adopted other feeding patterns. Regardless of the pattern or 
duration of feeding, the group that maintained eye contact or talked to their baby during feeding had a lower risk 
of postpartum depression compared with the group that performed other activities. Furthermore, the group that 
continued both exclusive breastfeeding for 6 months and maintained eye contact or talked to their babies during 
feeding had an odds ratio of 0.69 for postpartum depression (95% confidence interval: 0.61–0.79), the lowest of 
any group. 
+imitations( All variables were measured using a self-administered questionnaire. 
Conclusions( It may be possible to control the onset of postpartum depression by recommending breastfeeding to 
new mothers, providing them with appropriate information on how to interact with their babies, and offering 
them support. 
Trial registration( UMIN0000A0786.   

1. Introduction 

Postpartum depression is a widespread mental disorder experienced 
by 10%–B0% of mothers (Gavin et al., B005C Gaynes et al., B005C O’Hara 
and Wisner, B014). It is characterized by a higher degree of pathological 
anxiety compared with patients with maDor depressive disorder (Hen-
derson et al., B00A). Following symptom onset, postpartum depression 
has a long-term negative impact on mothers, and is a strong predictor of 
suicide among mothers following childbirth (Eo et al., B01A). 

Postpartum depression can also have a negative impact on children’s 
development (Narayanan and Naerde, B016), and thus preventive 
measures are needed. 

One of the factors that affects the prevalence of postpartum depres-
sion is breastfeeding. Over 50 prior studies have been conducted 
regarding breastfeeding and postpartum depression (Eias and Figueir-
edo, B015C Figueiredo et al., B01A), most of which found a relationship 
between breastfeeding and postpartum depression. Some studies have 
incorporated highly reliable, large-scale data, such as the Norwegian 

$bbreviations( JECS, Japan Environment and Children’s StudyC EPES, Edinburgh Postnatal Eepression ScaleC STS, skin-to-skin. 
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Mother and Child Cohort Study by Hstrom (B01B), and it has been found 
that the shorter the duration of breastfeeding, the higher the risk of 
postpartum depression (Thome et al., B006). However, no significant 
relation was found in a sub-analysis of a randomized controlled trial in 
which calcium was administered (Hatton et al., B005), while another 
study found the opposite despite a relatively large sample size (Alder 
and Cox, 198A). The World Health Organization recommends exclusive 
breastfeeding (i.e., no use of formula) until 6 months postpartum 
(World Health Organization, B007). The stated purpose is to improve 
children’s immune capacity and development and to reduce the risk of 
breast and ovarian cancer in mothersC however, the association with 
postpartum depression was not stated. 

The relationship between the continuation of breastfeeding and 
postpartum depression may be mediated by oxytocin, which suppresses 
combativeness and fear and can play a role in developing trust (Kosfeld 
et al., B005). In recent years, it has become clear that by 8 weeks post-
partum, there is an inverse correlation between scores on postpartum 
depression scales and blood plasma oxytocin values during feeding 
(Stuebe et al., B01A). Breastfeeding can induce the secretion of oxytocin, 
and it is apparent that mothers are psychologically calmed during 
feeding (Uvnas-Moberg, 1996). In addition, oxytocin is secreted when a 
mother hears her baby’s cries or thinks about her baby (Uvnas-Moberg, 
1996). Interestingly, there is also a positive correlation between a 
mother’s oxytocin response and the act of maintaining eye contact with 
their baby (Kim et al., B014). 

Using survey data obtained from a large-scale cohort study of 
approximately 100,000 mother–child pairs, this study aimed to inves-
tigate the relationship between the continuation of breastfeeding and 
postpartum depression while suppressing data variation to the greatest 
possible extent. Given that breastfeeding is being promoted worldwide, 
some mothers experience negative emotions regarding feeding their 
children with formula (Fallon et al., B017) and others develop puerperal 
mental disorders due to factors such as difficulty producing milk 
(Kikuchi et al., B004). Consequently, this study investigated not only the 
continuation of exclusive breastfeeding, but also changes in outcomes 
resulting from the gradual shift to formula feeding. In addition, by 
Dointly analyzing these factors of breastfeeding and mothers’ activities 
during feeding with reference to postpartum depression, this study 
aimed to elucidate the influence of feeding patterns and mothers’ ac-
tivities during feeding on postpartum depression. 

2. Methods 

-./. Stu"y "esign 

The Japan Environment and Children’s Study (JECS) was a birth 
cohort study that investigated the effects of environmental factors on 
children (Kawamoto et al., B014C Michikawa et al., B018). Participants 
were recruited between B011 and B014 from 15 regions around Japan. 
Upon recruitment, the study was explained during a face-to-face 
meeting with mothers, and written informed consent was obtained. 
The authors assert that all procedures contributing to this work comply 
with the ethical standards of the relevant national and institutional 
committees on human experimentation and with the Helsinki Eeclara-
tion of 1975, as revised in B008. All procedures involving human pa-
tients were approved by the Ministry of the Environment’s Institutional 
Review Board on Epidemiological Studies (100910001) and by the 
ethics committees of all participating institutions. This specific study 
was also approved by the Ethics Committee of University of Toyama 
(RB0171A4). Written informed consent was obtained from all 
participants. 

-.-. Stu"y "ata 

This study used a dataset (0ecs,an,-1/21/3/) released in March B018 
that includes 10A,06B pregnancies. The data of participants giving birth 

for the second time or later, participants giving birth to multiple chil-
dren at once, abortions, and stillbirths were excluded. Following this, 
the data from 9B,790 participants remained. Subsequently, data from 
participants whose answers to questions regarding feeding patterns and 
depression at 6 months postpartum were missing, as well as data from 
participants who provided answers despite not being mothers, were 
excluded. Furthermore, to avoid reverse causality (i.e., interpretation 
that postpartum depression at 6 months was caused by changes at 1 
month via children’s feeding patterns or the mothers’ activities during 
feeding), we also excluded mothers who showed depressive symptoms at 
1 month postpartum. Finally, data from 71,448 participants were 
analyzed (Fig. 1). 

-.3. !easurements 

Self-administered questionnaires were distributed a total four times 
(i.e., twice during pregnancy, once at 1 month postpartum, and once at 6 
months postpartum) to collect population statistics, medical informa-
tion, and information on physicalGmental health, lifestyle habits, occu-
pations, and socioeconomic factors. Medical records were transcribed by 
physicians, midwivesGnurses, andGor research coordinators. 

-.4. E%posure 

To collect information on children’s feeding patterns, on the ques-
tionnaire administered 6 months postpartum, respondents were asked to 
recall and describe the duration they breastfed or fed formula to their 
babies from 1 to 6 months postpartum. Regarding the means of cate-
gorizing breastfeeding continuation, considering that not using formula 
is a condition for exclusive breastfeeding (World Health Organization, 
1991), an alternate pole was established at the other end of the scale 
from exclusive breastfeeding, wherein the duration of formula feeding 
exceeded that of breastfeeding. Then, detailed intervals were estab-
lished, and mothers were separated into the following five groups: 

Fig 1. Study flow chart.  
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Group I: The group that breastfed for less than 6 months 
Group II: The group that breastfed for 6 months and used formula for 
5 to 6 months 
Group III: The group that breastfed for 6 months and used formula 
for A to 4 months 
Group II: The group that breastfed for 6 months and used formula 
for 1 to B months 
Group I: Breastfeeding for 6 months and no formula feeding 
(exclusive breastfeeding) 

Then, to collect information on mothers’ activities during feeding, 
respondents were asked “What do you often do during feedingJ” on the 
questionnaire distributed 1 month postpartum. Based on their answers, 
respondents were separated into two groups: the group that “looked 
their babies in the eyes or talked to them” and the group that “performed 
other activities (neither looking at nor talking to the baby).” The other 
activities performed by the latter group included the following: watch-
ing TI or EIEs, reading the newspaper or a magazine, using a cellular 
phone or personal computer, doing housework such as cleaning and 
preparing meals, and doing something else. 

-.5. 6utcome 

To measure postpartum depression, a survey distributed 6 months 
postpartum used the Edinburgh Postnatal Eepression Scale (EPES). The 
EPES is a self-administered questionnaire consisting of 10 items (Cox 
et al., 1987). Kuestions were scored on a 4-point scale, with the total 
score ranging from 0–A0. In this study, the Japanese translated version 
was used (Okano et al., 1996). The optimal cut-off score in Japanese 
groups has been determined to be 8G9 (Hamashita et al., B000), with a 
sensitivity of 75% and specificity of 9A% (Okano et al., 1996)—values 
that are widely used in studies of postpartum depression in Japan. To 
establish a standard for the presence or absence of a tendency toward 
postpartum depression, the cut-off score was set at 8G9C participants 
were separated into two groups: depressed and non-depressed. 

-.7. Covariates 

The following items were used as covariates: mother’s age, gesta-
tional age at birth (weeks), history of depression (noGyes), history of 
anxiety disorder (noGyes), household income (< 4 million JPHG4–5.99 
million JPHG≥ 6 million JPH), educational background (< 1B yearsG1B 
years–15 yearsG≥ 16 years), employment (noGyes), marital status 
(marriedGother), body mass index (< 18.5G≥ 18.5–BB.49G≥ BB.5), 
alcohol intake (noGyes), smoking status (neverGquit before becoming 
pregnantGquit after recognizing pregnancyGcurrently smoking), second- 
hand smoke status (no one around the baby smokesGsmoking occurs but 
not in the baby’s presenceGsmoking occurs in the baby’s presence), 
physical activity (none at allGyes), child’s sex, mode of delivery (vaginal 
deliveryGcesarean), parity (0, 1, B, ≥ A), early skin-to-skin (STS) contact 
with mother (held the baby with STS contactGheld the baby without STS 
contactGdid not hold the baby immediately after the birth), length of 
staying in the room with the baby (hardly any timeGabout one quarter of 
the dayGabout half the dayGabout three quarters of the dayGalmost all 
day), early initiation of breastfeeding (within 1 hour after birthGmore 
than 1 hour after birthGstill have not been able to breastfeed), frequency 
of caring for the baby by a partner (alwaysGsometimesGseldomGnever), 
and physical anomalies in the child (noGyes). The categories for these 
variables were based on usual medical practice or common practice in 
Japan andGor our previous studies (Matsumura et al., B019). 

-.8. Statistical analyses 

To measure the influence of infants’ feeding patterns on postpartum 
depression based on the EPES score, participants were categorized as 
either having or not having postpartum depression. Next, a logistic 

regression analysis was utilized to calculate an odds ratio and 95% 
confidence interval, with mothers who did not breastfeed for 6 months 
(Group I) defined as the reference group. The crude odds ratio and 
adDusted odds ratio were calculated, and the adDusted odds radio was 
adDusted using the abovementioned covariates. Furthermore, to measure 
the influence of the infants’ feeding patterns and the mothers’ activities 
during feeding on postpartum depression, the odds ratio and 95% con-
fidence interval were calculated using a similar procedure, but with 
mothers who did not breastfeed for 6 months (Group I) and who neither 
looked at their baby nor talked to them, which was defined as the 
reference group. 

To supplement for incomplete answers and missing values, multiple 
imputation was conducted by using chained equations to create B4 
imputed datasets (van Buuren, B007). The data were analyzed using SAS 
version 9.4 (SAS Institute Inc., Cary, NC). 

3. Results 

Participant characteristics according to the five feeding patterns 
(Groups I–I) are shown in Table 1. The proportion of mothers who 
continued exclusive breastfeeding for 6 months (Group I) was A7.7%. 
Furthermore, 5.9% of mothers had an EPES scores of 9 or above, and 
7A.B% of mothers looked at and talked to their baby during feeding. In 
comparison to other groups, mothers who did not breastfeed for 6 
months (Group I) were characterized by, among other things, lower 
household incomes, lower educational levels, and higher incidence of 
alcohol consumption and smoking. However, compared with other 
groups, mothers who continued exclusive breastfeeding for 6 months 
(Group I) were more likely to have STS contact, have an earlier first 
breastfeeding time, and spend more time in the room with their baby. 

The influence of infant feeding patterns on depression at 6 months 
postpartum is shown in Fig. B. In addition, the crude odds ratio and 
adDusted odds ratio values are shown in Supplemental Table 1. The re-
sults of the analysis showed that, compared with mothers who did not 
breastfeed for 6 months (Group I), mothers who continued exclusive 
breastfeeding for 6 months (Group I) had a significantly lower odds 
ratio. 

Fig. A shows the influence of infant feeding patterns and the mothers’ 
activities during feeding on depression at 6 months postpartum. The 
crude odds ratio and adDusted odds ratio values are shown in Supple-
mental Table B. The results of the analysis show that, in the group that 
maintained eye contact or talked to their baby during feeding and the 
group that performed other activities, mothers who continued exclusive 
breastfeeding for 6 months (Group I) had a significantly lower odds 
ratio compared with the other groups. Furthermore, regardless of the 
duration of breastfeeding, the group that maintained eye contact or 
talked to their baby had a lower odds ratio of depression at 6 months 
postpartum compared with the group that performed other activities. In 
addition, members of the group that maintained eye contact or talked to 
their baby who also belonged to the group that continued exclusive 
breastfeeding for 6 months (Group I) had an odds ratio of depression of 
0.69 (95% confidence interval: 0.61–0.79) at 6 months postpartum, 
which was the lowest observed. In addition, although no significant 
difference was found, mothers who continued breastfeeding for 6 
months and who used formula for A to 6 months (Group II, III) had a 
higher odds ratio compared with mothers who did not breastfeed for 6 
months (Group I = reference). 

4. Discussion 

The results have clarified three things. First, continuing exclusive 
breastfeeding for 6 months had a positive effect in reducing the risk of 
depression at 6 months postpartum. Second, regardless of the feeding 
pattern or duration of breastfeeding, the group that maintained eye 
contact or talked to their baby had a lower risk of depression at 6 months 
postpartum compared with the group that performed other activities. 

!. Shimao et al.                                                                                                                                                                                                                                
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Third, the group that performed exclusive breastfeeding and maintained 
eye contact with their baby had the lowest odds ratio compared with the 
reference group, as well as a reduced risk of postpartum depression. 

The first result is in agreement with the results of previous studies 
(Eias and Figueiredo, B015C Figueiredo et al., B01A) that suggested a 
relationship between the duration of breastfeeding and postpartum 
depression. The second result also supports the idea that making eye 
contact with babies or talking to them has a soothing effect on mothers, 
which, in turn, exerts a suppressive effect on postpartum depression, as 
previous studies have found (Uvnas-Moberg, 1996C Uvnas-Moberg et al., 
B014). The effects of oxytocin may be the main factor behind these 

results. When a baby sucks on its mother’s nipple, a milk eDection reflex 
occurs, and the stimulus is transmitted to the brain, thereby releasing 
oxytocin. In addition, the World Health Organization guidelines suggest 
that, to increase the oxytocin reflex during breastfeeding and to help 
breastfeeding go smoothly, the mother should look at the baby’s face or 
a picture of the baby while breastfeeding (World Health Organization, 
B009). These results indicate that exclusive breastfeeding has a positive 
influence on postpartum depression, and that with any feeding pattern, 
looking into the baby’s eyes or talking to the baby during feeding has a 
more favorable influence on postpartum depression than does per-
forming other activities. Perhaps oxytocin also exerts a positive effect on 
parental stress and trust in other people not limited to partners and 
family members, although this study did not measure this. 

The third result clarified that the group who performed exclusive 
breastfeeding and maintained eye contact with their babies had the 
lowest odds ratio compared with the reference group and the lowest risk 
of postpartum depression. Based on these results, it is likely that the 
combination of both breastfeeding and paying attention to their babies 
can reduce the risk of postpartum depression in mothers. However, some 
previous studies have indicated that the shorter the total daily feeding 
time, the more often the baby holds and is held in ways that promotes 
mother–child interactions, and the greater the communicative interac-
tion (e.g., greetings, eye contact, utterances, gazing) and positive 
emotional expressions between mother and child (Inoue and Sampei, 
B016). The present analysis did not considered factors related to 
smoothness of nursing, such as nursing time, pain, lack of milk, or other 
difficulties that may occur during feeding. Inability to nurse smoothly is 
significantly related to a reduction in breastfeeding continuation 
(Schafer et al., B017), and problems with feeding negatively impacts 
mothers’ emotions (Tamminen, 1988). In reality, for mothers and chil-
dren, feeding pattern options are often limited by various factors. For 
example, Group I could be characterized by lower household income, 
lower educational attainment, and alcohol and smoking consumption, 
characteristics that are known risk factors for postpartum depression. 
The mothers might be very busy working or have little knowledge of the 
importance of breastfeeding, and thus tended not to exclusively 
breastfeed. Even when mothers choose or have no option other than 
mixed feeding or feeding with formula, it is vital to support all mothers 
and children so that children can be raised without mothers experi-
encing excessive psychological or physical burdens. In future research, it 
will be necessary to include aspects such as factors affecting feeding 
pattern selection, troubles, difficulties in actual feeding time, and so on 
when examining postpartum depression. By doing so, it may be possible 
to reach conclusions more indicative of real-life scenarios. 

1. +trengths 

This study’s strength is that it employed the data of approximately 
100,000 mother–child pairs obtained from 15 regions of Japan. By 
conducting such a wide-ranging, large-scale study, unbiased results 
representative of the parent–child population in Japan have been ob-
tained (Michikawa et al., B018). In addition, regarding exposure, 
because no other studies have divided participants into distinct cate-
gories based on the duration of formula feeding while breastfeeding was 
continued for 6 months, this study conspicuously demonstrates the ef-
fects of exclusive breastfeeding. Furthermore, the questionnaire that was 
used to measure the postpartum depression outcome underwent a val-
idity evaluation, and thus its reliability is assured. Finally, regarding 
postpartum depression, to our knowledge, this is the first study to 
analyze not only breastfeeding but also activities performed by mothers 
during feeding. 

2. /imitations 

There are several limitations to this study. First, regarding outcomes 
and exposure factor, our questionnaire did not ask about the mothers’ 

Fig 2. AdDusted odds ratio of depression at 6 months postpartum for feeding 
pattern. 
BF, breastfeeding (months)C FF: formula feeding (months)C ref, reference. 
Group I: BF for less than 6 months. 
Group II: BF for 6 months, and FF for 5–6 months. 
Group III: BF for 6 months, and FF for A–4 months. 
Group II: BF for 6 months, and FF for 1–B months. 
Group I: BF for 6 months, and no FF (exclusive BF). 
Error bars represent 95% confidential interval. 

Fig 3. AdDusted odds ratio of depression at 6 months postpartum for feeding 
pattern and behavior. 
BF, breastfeeding (months)C FF, formula feeding (months)C ref, reference. 
Group I: BF for less than 6 months. 
Group II: BF for 6 months, and FF for 5–6 months. 
Group III: BF for 6 months, and FF for A–4 months. 
Group II: BF for 6 months, and FF for 1–B months. 
Group I: BF for 6 months, and no FF (exclusive BF). 
Error bars represent 95% confidential interval. 
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planned feeding patterns during pregnancy. A previous study investi-
gating mothers’ intentions regarding breastfeeding during pregnancy 
found that when a mother wished to breastfeed but was unable to do so, 
this increased their subsequent risk of postpartum depression (Borra 
et al., B015). Second, feeding patterns were surveyed through a ques-
tionnaire distributed 6 months postpartum, and participants had to 
reflect on and describe the feeding patterns from 1 month postpartum to 
the time of the questionnaire. Therefore, vague memories may have 
affected the reliability of the data. Third, clinical interviews and ex-
aminations were not used as evaluation criteria for postpartum 
depressionC instead, categorization was based on the mothers’ subDective 
reporting. It is known that EPES scores above the cut-off do not neces-
sarily correspond to the diagnosis of postpartum depression, and that the 
prevalence of postpartum depression obtained using EPES may be 
overestimated compared with that obtained using clinical diagnostic 
criteria (Woody et al., B017). Future studies should address these limi-
tations. Finally, we did not actually measure the mothers’ oxytocin 
levels. In the future, it will be necessary to verify changes in hormones 
such as oxytocin using physiological indicators and measurement de-
vices as well as analyze their relationship with other factors. 

3. 4onclusion 

This study divided a large sample of mothers into categories based on 
duration of breastfeeding and formula feeding. Analysis showed that 
continuing exclusive breastfeeding for 6 months had the favorable effect 
of reducing the risk of depression at 6 months postpartum. Regardless of 
the feeding pattern and duration of breastfeeding, the group that looked 
into their babies eyes or talked to them had a lower risk of depression at 
6 months postpartum compared with the group that performed other 
activities. Furthermore, the group that exclusively breastfed and main-
tained eye contact with their babies had the lowest odds ratio relative to 
the reference group as well as reduced risk of postpartum depression. It 
may be possible to control the onset of postpartum depression by rec-
ommending breastfeeding to new mothers, including providing them 
with appropriate information on how to interact with their babies and 
offering them support. 
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