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A B S T R A C T   

Background: 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. 
Methods: 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. 
Limitations: 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: UMIN000030786.   

1. Introduction 

Postpartum depression is a widespread mental disorder experienced 
by 10%–20% of mothers (Gavin et al., 2005; Gaynes et al., 2005; O’Hara 
and Wisner, 2014). It is characterized by a higher degree of pathological 
anxiety compared with patients with major depressive disorder (Hen-
derson et al., 2003). Following symptom onset, postpartum depression 
has a long-term negative impact on mothers, and is a strong predictor of 
suicide among mothers following childbirth (Do et al., 2013). 

Postpartum depression can also have a negative impact on children’s 
development (Narayanan and Naerde, 2016), 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 (Dias and Figueir-
edo, 2015; Figueiredo et al., 2013), most of which found a relationship 
between breastfeeding and postpartum depression. Some studies have 
incorporated highly reliable, large-scale data, such as the Norwegian 
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Mother and Child Cohort Study by Ystrom (2012), and it has been found 
that the shorter the duration of breastfeeding, the higher the risk of 
postpartum depression (Thome et al., 2006). However, no significant 
relation was found in a sub-analysis of a randomized controlled trial in 
which calcium was administered (Hatton et al., 2005), while another 
study found the opposite despite a relatively large sample size (Alder 
and Cox, 1983). The World Health Organization recommends exclusive 
breastfeeding (i.e., no use of formula) until 6 months postpartum 
(World Health Organization, 2007). The stated purpose is to improve 
children’s immune capacity and development and to reduce the risk of 
breast and ovarian cancer in mothers; 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., 2005). 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., 2013). 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., 2014). 

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., 2017) and others develop puerperal 
mental disorders due to factors such as difficulty producing milk 
(Kikuchi et al., 2004). 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 
jointly 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 

2.1. Study design 

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., 2014; Michikawa et al., 2018). Participants 
were recruited between 2011 and 2014 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 Declara-
tion of 1975, as revised in 2008. 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 
(R2017134). Written informed consent was obtained from all 
participants. 

2.2. Study data 

This study used a dataset (jecs-an-20180131) released in March 2018 
that includes 103,062 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 92,790 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). 

2.3. Measurements 

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 physical/mental health, lifestyle habits, occu-
pations, and socioeconomic factors. Medical records were transcribed by 
physicians, midwives/nurses, and/or research coordinators. 

2.4. Exposure 

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 3 to 4 months 
Group IV: The group that breastfed for 6 months and used formula 
for 1 to 2 months 
Group V: 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 feeding?” 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 TV or DVDs, 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. 

2.5. Outcome 

To measure postpartum depression, a survey distributed 6 months 
postpartum used the Edinburgh Postnatal Depression Scale (EPDS). The 
EPDS is a self-administered questionnaire consisting of 10 items (Cox 
et al., 1987). Questions were scored on a 4-point scale, with the total 
score ranging from 0–30. 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 8/9 (Yamashita et al., 2000), with a 
sensitivity of 75% and specificity of 93% (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 8/9; participants 
were separated into two groups: depressed and non-depressed. 

2.6. Covariates 

The following items were used as covariates: mother’s age, gesta-
tional age at birth (weeks), history of depression (no/yes), history of 
anxiety disorder (no/yes), household income (< 4 million JPY/4–5.99 
million JPY/≥ 6 million JPY), educational background (< 12 years/12 
years–15 years/≥ 16 years), employment (no/yes), marital status 
(married/other), body mass index (< 18.5/≥ 18.5–22.49/≥ 22.5), 
alcohol intake (no/yes), smoking status (never/quit before becoming 
pregnant/quit after recognizing pregnancy/currently smoking), second- 
hand smoke status (no one around the baby smokes/smoking occurs but 
not in the baby’s presence/smoking occurs in the baby’s presence), 
physical activity (none at all/yes), child’s sex, mode of delivery (vaginal 
delivery/cesarean), parity (0, 1, 2, ≥ 3), early skin-to-skin (STS) contact 
with mother (held the baby with STS contact/held the baby without STS 
contact/did not hold the baby immediately after the birth), length of 
staying in the room with the baby (hardly any time/about one quarter of 
the day/about half the day/about three quarters of the day/almost all 
day), early initiation of breastfeeding (within 1 hour after birth/more 
than 1 hour after birth/still have not been able to breastfeed), frequency 
of caring for the baby by a partner (always/sometimes/seldom/never), 
and physical anomalies in the child (no/yes). The categories for these 
variables were based on usual medical practice or common practice in 
Japan and/or our previous studies (Matsumura et al., 2019). 

2.7. Statistical analyses 

To measure the influence of infants’ feeding patterns on postpartum 
depression based on the EPDS 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 
adjusted odds ratio were calculated, and the adjusted odds radio was 
adjusted 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 24 
imputed datasets (van Buuren, 2007). 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–V) are shown in Table 1. The proportion of mothers who 
continued exclusive breastfeeding for 6 months (Group V) was 37.7%. 
Furthermore, 5.9% of mothers had an EPDS scores of 9 or above, and 
73.2% 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 V) 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. 2. In addition, the crude odds ratio and 
adjusted 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 V) had a significantly lower odds 
ratio. 

Fig. 3 shows the influence of infant feeding patterns and the mothers’ 
activities during feeding on depression at 6 months postpartum. The 
crude odds ratio and adjusted odds ratio values are shown in Supple-
mental Table 2. 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 V) 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 V) 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 3 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. 
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90



-RXUQDO RI $ϱHFWLYH 'LVRUGHUV ��� ������ ���²���

���

Ta
bl

e 
1 

Pa
rt

ic
ip

an
t c

ha
ra

ct
er

is
tic

s. 
  

Al
l 

BF
 <

6 
BF

 6
 &

 F
F 

5–
6 

BF
 6

 &
 F

F 
3–

4 
BF

 6
 &

 F
F 

1–
2 

BF
 6

 (E
xc

lu
si

ve
 B

F)
  

Al
l 

G
ro

up
 I 

G
ro

up
 II

 
G

ro
up

 II
I 

G
ro

up
 IV

 
G

ro
up

 V
  

N
 =

71
,4

48
 

n 
=

18
,1

50
 

n 
=

12
,1

19
 

n 
=

4,
84

2 
n 
=

9,
43

6 
n 
=

26
,9

01
  

N
 [

M
ea

n]
 

%
 [

SD
] 

n 
[M

ea
n]

 
%

 [
SD

] 
n 

[M
ea

n]
 

%
 [

SD
] 

n 
[M

ea
n]

 
%

 [
SD

] 
n 

[M
ea

n]
 

%
 [

SD
] 

n 
[M

ea
n]

 
%

 [
SD

] 

Ag
e 

of
 m

ot
he

rs
 (y

ea
rs

) 
[3

1.
24

] 
[4

.9
3]

 
[3

0.
92

] 
[5

.3
2]

 
[3

2.
33

] 
[4

.9
2]

 
[3

1.
05

] 
[4

.8
7]

 
[3

1.
30

] 
[4

.6
3]

 
[3

0.
96

] 
[4

.6
9]

 
Ge

st
at

io
na

l a
ge

 a
t b

irt
h 

(w
ee

ks
) 

[3
9.

28
] 

[1
.5

1]
 

[3
9.

14
] 

[1
.6

5]
 

[3
9.

27
] 

[1
.5

1]
 

[3
9.

20
] 

[1
.7

5]
 

[3
9.

31
] 

[1
.4

7]
 

[3
9.

38
] 

[1
.3

5]
 

Hi
st

or
y 

of
 d

ep
re

ss
io

n 
   

   
   

   
N

o 
69

,5
27

 
97

.8
 

17
,6

28
 

97
.6

 
11

,7
97

 
97

.8
 

4,
67

8 
97

.2
 

9,
16

8 
97

.6
 

26
,2

56
 

98
.1

 
Ye

s 
1,

56
8 

2.
2 

43
6 

2.
4 

26
4 

2.
2 

13
4 

2.
8 

23
0 

2.
5 

50
4 

1.
9 

Hi
st

or
y 

of
 a

nx
ie

ty
 d

is
or

de
rs

   
   

   
   

 
N

o 
69

,6
57

 
98

.0
 

17
,6

49
 

97
.7

 
11

,8
12

 
97

.9
 

4,
72

2 
98

.1
 

9,
18

4 
97

.7
 

26
,2

90
 

98
.2

 
Ye

s 
1,

43
8 

2.
0 

41
5 

2.
3 

24
9 

2.
1 

90
 

1.
9 

21
4 

2.
3 

47
0 

1.
8 

In
co

m
e 

(m
ill

io
n 

ye
n)

   
   

   
   

 
<

4 
25

,1
75

 
37

.9
 

7,
30

7 
44

.2
 

3,
97

8 
35

.3
 

1,
79

4 
39

.7
 

3,
04

1 
34

.3
 

9,
05

5 
36

.0
 

4-
6 

22
,4

48
 

33
.8

 
5,

34
2 

32
.3

 
3,

86
7 

34
.3

 
1,

48
3 

32
.8

 
3,

05
5 

34
.5

 
8,

70
1 

34
.6

 
≥

6 
18

,7
47

 
28

.3
 

3,
89

3 
23

.5
 

3,
42

9 
30

.4
 

1,
24

4 
27

.5
 

2,
77

3 
31

.3
 

7,
40

8 
29

.4
 

Ed
uc

at
io

n 
(y

ea
rs

)  
   

   
   

  
<

12
 

23
,7

51
 

33
.6

 
8,

13
7 

45
.4

 
3,

83
5 

32
.0

 
1,

59
8 

33
.4

 
2,

48
8 

26
.7

 
7,

69
3 

28
.9

 
12

-1
6 

30
,6

04
 

43
.3

 
7,

11
9 

39
.8

 
5,

34
6 

44
.5

 
2,

11
2 

44
.2

 
4,

16
4 

44
.6

 
11

,8
63

 
44

.5
 

≥
16

 
16

,3
37

 
23

.1
 

2,
65

5 
14

.8
 

2,
82

1 
23

.5
 

1,
07

4 
22

.5
 

2,
68

5 
28

.8
 

7,
10

2 
26

.6
 

Em
pl

oy
ed

   
   

   
   

 
N

o 
31

,6
48

 
44

.9
 

8,
07

7 
45

.2
 

4,
90

7 
41

.0
 

1,
86

0 
38

.9
 

4,
02

8 
43

.3
 

12
,7

76
 

48
.1

 
Ye

s 
38

,8
45

 
55

.1
 

9,
78

9 
54

.8
 

7,
06

0 
59

.0
 

2,
91

8 
61

.1
 

5,
27

3 
56

.7
 

13
,8

05
 

51
.9

 
M

ar
ita

l s
ta

tu
s  

   
   

   
  

M
ar

ri
ed

 
69

,9
80

 
98

.4
 

17
,5

57
 

97
.3

 
11

,8
99

 
98

.5
 

4,
72

4 
98

.0
 

9,
29

1 
98

.8
 

26
,5

09
 

99
.1

 
Si

ng
le

, d
iv

or
ce

d,
 o

r 
w

id
ow

ed
 

1,
13

1 
1.

6 
48

9 
2.

7 
18

0 
1.

5 
95

 
2.

0 
11

3 
1.

2 
25

4 
1.

0 
BM

I (
kg

/m
2 )  

   
   

   
  

<
18

.5
 

11
,4

20
 

16
.0

 
2,

95
4 

16
.3

 
1,

85
5 

15
.3

 
75

9 
15

.7
 

1,
42

0 
15

.1
 

4,
43

2 
16

.5
 

18
.5

-2
4.

9 
52

,9
01

 
74

.1
 

12
,7

59
 

70
.3

 
8,

83
0 

72
.9

 
3,

61
3 

74
.7

 
7,

15
4 

75
.9

 
20

,5
45

 
76

.4
 

≥
25

 
7,

08
6 

9.
9 

2,
43

1 
13

.4
 

1,
42

4 
11

.8
 

46
8 

9.
7 

85
5 

9.
1 

1,
90

8 
7.

1 
Al

co
ho

l i
nt

ak
e 

   
   

   
   

N
ev

er
 

65
,4

89
 

91
.8

 
16

,0
75

 
88

.7
 

11
,1

29
 

91
.9

 
4,

42
9 

91
.6

 
8,

79
8 

93
.3

 
25

,0
58

 
93

.2
 

Ex
-d

ri
nk

er
 

3,
11

6 
4.

4 
91

6 
5.

1 
52

8 
4.

4 
22

4 
4.

6 
36

8 
3.

9 
1,

08
0 

4.
0 

Cu
rr

en
t 

2,
77

0 
3.

9 
1,

13
1 

6.
2 

45
0 

3.
7 

18
5 

3.
8 

26
3 

2.
8 

74
1 

2.
8 

Sm
ok

in
g 

st
at

us
   

   
   

   
 

N
ev

er
 

43
,0

24
 

60
.4

 
9,

50
7 

52
.6

 
7,

50
9 

62
.1

 
2,

83
4 

58
.7

 
5,

99
9 

63
.7

 
17

,1
75

 
64

.0
 

Q
ui

t b
ef

or
e 

re
co

gn
iz

in
g 

th
e 

cu
rr

en
t p

re
gn

an
cy

 
16

,1
64

 
22

.7
 

3,
88

5 
21

.5
 

2,
72

0 
22

.5
 

1,
12

8 
23

.4
 

2,
16

0 
22

.9
 

6,
27

1 
23

.4
 

Q
ui

t a
fte

r 
fin

di
ng

 o
ut

 a
bo

ut
 c

ur
re

nt
 p

re
gn

an
cy

 
9,

63
3 

13
.5

 
3,

37
7 

18
.7

 
1,

52
8 

12
.6

 
71

7 
14

.8
 

1,
09

3 
11

.6
 

2,
91

8 
10

.9
 

Cu
rr

en
t 

2,
46

0 
3.

5 
1,

32
0 

7.
3 

33
1 

2.
7 

15
2 

3.
2 

16
9 

1.
8 

48
8 

1.
8 

Fa
m

ily
 m

em
be

rs
’ s

m
ok

in
g 

   
   

   
   

N
o 

on
e 

34
,9

22
 

49
.0

 
7,

53
7 

41
.6

 
6,

21
5 

51
.4

 
2,

26
4 

46
.8

 
4,

95
7 

52
.6

 
13

,9
49

 
51

.9
 

So
m

eb
od

y 
sm

ok
ed

, b
ut

 n
ot

 in
 th

e 
pr

es
en

ce
 o

f t
he

 b
ab

y 
34

,8
63

 
48

.9
 

10
,0

07
 

55
.3

 
5,

64
9 

46
.7

 
2,

45
4 

50
.8

 
4,

32
3 

45
.9

 
12

,4
30

 
46

.3
 

So
m

eb
od

y 
sm

ok
ed

 in
 th

e 
pr

es
en

ce
 o

f t
he

 b
ab

y 
1,

54
7 

2.
2 

56
0 

3.
1 

23
5 

1.
9 

11
5 

2.
4 

14
5 

1.
5 

49
2 

1.
8 

Ph
ys

ic
al

 a
ct

iv
ity

   
   

   
   

 
N

o 
17

,1
44

 
24

.2
 

4,
74

3 
26

.4
 

3,
00

5 
25

.0
 

1,
14

5 
23

.9
 

2,
17

5 
23

.3
 

6,
07

6 
22

.7
 

Ye
s 

53
,6

98
 

75
.8

 
13

,2
07

 
73

.6
 

9,
02

8 
75

.0
 

3,
65

2 
76

.1
 

7,
17

2 
76

.7
 

20
,6

39
 

77
.3

 
Ba

by
’s 

Se
x 

   
   

   
   

M
al

e 
36

,4
98

 
51

.1
 

9,
35

6 
51

.6
 

6,
39

0 
52

.7
 

2,
50

4 
51

.7
 

4,
82

0 
51

.1
 

13
,4

28
 

49
.9

 
Fe

m
al

e 
34

,9
50

 
48

.9
 

8,
79

4 
48

.5
 

5,
72

9 
47

.3
 

2,
33

8 
48

.3
 

4,
61

6 
48

.9
 

13
,4

73
 

50
.1

 
M

od
e 

of
 d

el
iv

er
y 

   
   

   
   

Va
gi

na
l 

58
,1

63
 

81
.6

 
14

,2
21

 
78

.5
 

9,
53

9 
78

.9
 

3,
92

5 
81

.3
 

7,
73

9 
82

.2
 

22
,7

39
 

84
.7

 
Ce

sa
re

an
 

13
,1

24
 

18
.4

 
3,

89
1 

21
.5

 
2,

55
6 

21
.1

 
90

5 
18

.7
 

1,
67

6 
17

.8
 

4,
09

6 
15

.3
 

Pa
rit

y 
   

   
   

   
0 

28
,7

95
 

41
.3

 
7,

19
4 

40
.5

 
5,

79
8 

49
.2

 
2,

20
8 

46
.6

 
4,

29
6 

47
.1

 
9,

29
9 

35
.3

 
1 

26
,9

07
 

38
.6

 
6,

56
0 

37
.0

 
3,

90
3 

33
.1

 
1,

56
2 

33
.0

 
3,

45
0 

37
.8

 
11

,4
32

 
43

.4
 

2 
11

,2
38

 
16

.1
 

2,
99

5 
16

.9
 

1,
63

4 
33

.1
 

79
3 

33
.0

 
1,

15
3 

37
.8

 
4,

66
3 

43
 

(c
on

tin
ue

d 
on

 n
ex

t p
ag

e)
 

M. Shimao et al.                                                                                                                                                                                                                                

91



-RXUQDO RI $ϱHFWLYH 'LVRUGHUV ��� ������ ���²���

���

Ta
bl

e 
1 

(c
on

tin
ue

d)
  

Al
l 

BF
 <

6 
BF

 6
 &

 F
F 

5–
6 

BF
 6

 &
 F

F 
3–

4 
BF

 6
 &

 F
F 

1–
2 

BF
 6

 (E
xc

lu
si

ve
 B

F)
  

Al
l 

G
ro

up
 I 

G
ro

up
 II

 
G

ro
up

 II
I 

G
ro

up
 IV

 
G

ro
up

 V
  

N
 =

71
,4

48
 

n 
=

18
,1

50
 

n 
=

12
,1

19
 

n 
=

4,
84

2 
n 
=

9,
43

6 
n 
=

26
,9

01
  

N
 [

M
ea

n]
 

%
 [

SD
] 

n 
[M

ea
n]

 
%

 [
SD

] 
n 

[M
ea

n]
 

%
 [

SD
] 

n 
[M

ea
n]

 
%

 [
SD

] 
n 

[M
ea

n]
 

%
 [

SD
] 

n 
[M

ea
n]

 
%

 [
SD

] 

≥
3 

2,
80

0 
4.

0 
1,

00
2 

5.
6 

44
5 

13
.9

 
17

5 
16

.7
 

23
0 

12
.6

 
94

8 
17

.7
 

Ea
rly

 sk
in

-to
-sk

in
 c

on
ta

ct
   

   
   

   
 

H
el

d 
th

e 
ba

by
 w

ith
 s

ki
n-

to
-s

ki
n 

co
nt

ac
t 

41
,1

35
 

57
.7

 
9,

40
4 

52
.0

 
6,

43
1 

53
.3

 
2,

76
5 

57
.3

 
5,

27
7 

56
.0

 
17

,2
58

 
64

.3
 

H
el

d 
th

e 
ba

by
 w

ith
ou

t s
ki

n-
to

-s
ki

n 
co

nt
ac

t 
13

,7
61

 
19

.3
 

3,
78

7 
20

.9
 

2,
42

9 
20

.1
 

91
1 

18
.9

 
1,

97
9 

21
.0

 
4,

65
5 

17
.4

 
D

id
 n

ot
 h

ol
d 

th
e 

ba
by

 im
m

ed
ia

te
ly

 a
fte

r 
bi

rt
h 

16
,3

47
 

23
.0

 
4,

90
7 

27
.1

 
3,

20
9 

26
.6

 
1,

15
1 

23
.9

 
2,

16
2 

23
.0

 
4,

91
8 

18
.3

 
Le

ng
th

 o
f s

ta
yi

ng
 in

 th
e 

ro
om

 to
ge

th
er

 w
ith

 th
e 

ba
by

   
   

   
   

 
H

ar
dl

y 
an

y 
tim

e 
5,

41
4 

7.
6 

1,
77

7 
9.

8 
1,

05
9 

8.
8 

38
6 

8.
0 

76
0 

8.
1 

1,
43

2 
5.

3 
Ab

ou
t o

ne
 q

ua
rt

er
 o

f t
he

 d
ay

 
4,

37
0 

6.
2 

1,
24

9 
6.

9 
88

9 
7.

4 
32

0 
6.

7 
63

6 
6.

8 
1,

27
6 

4.
8 

Ab
ou

t h
al

f t
he

 d
ay

 
7,

00
7 

9.
9 

2,
04

6 
11

.3
 

1,
40

3 
11

.6
 

46
3 

9.
6 

1,
00

7 
10

.7
 

2,
08

8 
7.

8 
Ab

ou
t t

hr
ee

 q
ua

rt
er

s 
of

 th
e 

da
y 

9,
49

7 
13

.4
 

2,
45

7 
13

.6
 

1,
81

1 
15

.0
 

67
3 

14
.0

 
1,

42
5 

15
.2

 
3,

13
1 

11
.7

 
Al

m
os

t a
ll 

da
y 

44
,8

24
 

63
.0

 
10

,5
22

 
58

.3
 

6,
89

0 
57

.2
 

2,
97

1 
61

.7
 

5,
57

2 
59

.3
 

18
,8

69
 

70
.4

 
Fi

rs
t n

ur
si

ng
 ti

m
e 

   
   

   
   

W
ith

in
 1

 h
ou

r 
af

te
r 

bi
rt

h 
31

,0
28

 
43

.6
 

6,
33

3 
35

.1
 

4,
57

7 
37

.9
 

2,
06

4 
42

.8
 

3,
94

4 
42

.0
 

14
,1

10
 

52
.6

 
Af

te
r 

1 
ho

ur
 a

fte
r 

bi
rt

h 
39

,6
00

 
55

.7
 

11
,3

53
 

63
.0

 
7,

44
5 

61
.7

 
2,

72
2 

56
.5

 
5,

43
7 

57
.8

 
12

,6
43

 
47

.2
 

N
ev

er
 

50
4 

0.
7 

34
7 

1.
9 

48
 

0.
4 

32
 

0.
7 

21
 

0.
2 

56
 

0.
2 

Fr
eq

ue
nc

y 
th

at
 th

e 
pa

rt
ne

r c
ar

es
 fo

r t
he

 b
ab

y 
   

   
   

   
Al

w
ay

s 
27

,8
21

 
39

.4
 

7,
60

6 
42

.6
 

4,
89

7 
40

.8
 

1,
84

1 
38

.6
 

3,
54

4 
37

.9
 

9,
93

3 
37

.3
 

So
m

et
im

es
 

32
,9

16
 

46
.6

 
7,

92
4 

44
.4

 
5,

61
2 

46
.8

 
2,

25
2 

47
.3

 
4,

46
3 

47
.8

 
12

,6
65

 
47

.5
 

Se
ld

om
 

7,
75

0 
11

.0
 

1,
76

8 
9.

9 
1,

16
0 

9.
7 

51
7 

10
.9

 
1,

05
4 

11
.3

 
3,

25
1 

12
.2

 
N

ev
er

 
2,

12
1 

3.
0 

54
4 

3.
1 

32
1 

2.
7 

15
5 

3.
3 

28
5 

3.
1 

81
6 

3.
1 

Ph
ys

ic
al

 a
no

m
al

ie
s  

   
   

   
  

N
o 

70
,0

67
 

98
.1

 
17

,7
13

 
97

.6
 

11
,8

37
 

97
.7

 
4,

73
5 

97
.8

 
9,

26
9 

98
.2

 
26

,5
13

 
98

.6
 

Ye
s 

1,
38

1 
1.

9 
43

7 
2.

4 
28

2 
2.

3 
10

7 
2.

2 
16

7 
1.

8 
38

8 
1.

4 

BF
, b

re
as

tfe
ed

in
g;

 F
F,

 fo
rm

ul
a 

fe
ed

in
g 

(m
on

th
s)

 

M. Shimao et al.                                                                                                                                                                                                                                

92



-RXUQDO RI $ϱHFWLYH 'LVRUGHUV ��� ������ ���²���

���

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 
(Dias and Figueiredo, 2015; Figueiredo et al., 2013) 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, 1996; Uvnas-Moberg et al., 
2014). The effects of oxytocin may be the main factor behind these 

results. When a baby sucks on its mother’s nipple, a milk ejection 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, 
2009). 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, 
2016). 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., 2017), 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. 

5. Strengths 

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., 2018). 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. 

6. Limitations 

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

Fig 2. Adjusted odds ratio of depression at 6 months postpartum for feeding 
pattern. 
BF, breastfeeding (months); FF: formula feeding (months); 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 3–4 months. 
Group IV: BF for 6 months, and FF for 1–2 months. 
Group V: BF for 6 months, and no FF (exclusive BF). 
Error bars represent 95% confidential interval. 

Fig 3. Adjusted odds ratio of depression at 6 months postpartum for feeding 
pattern and behavior. 
BF, breastfeeding (months); FF, formula feeding (months); 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 3–4 months. 
Group IV: BF for 6 months, and FF for 1–2 months. 
Group V: 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., 2015). 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 
depression; instead, categorization was based on the mothers’ subjective 
reporting. It is known that EPDS 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 EPDS may be 
overestimated compared with that obtained using clinical diagnostic 
criteria (Woody et al., 2017). 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. 

7. Conclusion 

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. 

Financial support 

The JECS was funded by the Ministry of the Environment, Japan. The 
funding source played no role in the study’s design; in the collection, 
analysis, or interpretation of data; in the writing of the report; or in the 
decision to submit this paper for publication. The findings and conclu-
sions of this article are solely the responsibility of the authors and do not 
represent the official views of the above government agency. 

Data availability 

The data are unsuitable for public access due to ethical restrictions 
and the legal framework of Japan (see http://www.env.go.jp/chemi 
/ceh/en/index.html for more details). All inquiries about access to the 
data should be sent to jecs-en@nies.go.jp. The person responsible for 
addressing the inquiries sent to this e-mail address is Dr. Shoji F. 
Nakayama, JECS Programme Office, National Institute for Environ-
mental Studies. 

CRediT authorship contribution statement 

Moeko Shimao: Conceptualization, Formal analysis, Writing - 
original draft. Kenta Matsumura: Formal analysis, Writing - original 
draft. Akiko Tsuchida: Writing - review & editing. Haruka Kasamatsu: 
Writing - review & editing. Kei Hamazaki: Supervision, Writing - re-
view & editing. Hidekuni Inadera: Conceptualization, Supervision, 
Writing - review & editing. : Funding acquisition, Writing - review & 
editing. 

Declarations of Competing Interest 

None. 

Acknowledgements 

We are grateful to all the participants of the JECS and to all in-
dividuals involved in data collection. The findings and conclusions of 
this article are solely the responsibility of the authors and do not 
represent the official views of the Japanese government. 

Supplementary materials 

Supplementary material associated with this article can be found, in 
the online version, at doi:10.1016/j.jad.2021.02.011. 

Appendix 

Members of the JECS Group as of 2020: Michihiro Kamijima (prin-
cipal investigator, Nagoya City University, Nagoya, Japan), Shin 
Yamazaki (National Institute for Environmental Studies, Tsukuba, 
Japan), Yukihiro Ohya (National Center for Child Health and Develop-
ment, Tokyo, Japan), Reiko Kishi (Hokkaido University, Sapporo, 
Japan), Nobuo Yaegashi (Tohoku University, Sendai, Japan), Koichi 
Hashimoto (Fukushima Medical University, Fukushima, Japan), Chisato 
Mori (Chiba University, Chiba, Japan), Shuichi Ito (Yokohama City 
University, Yokohama, Japan), Zentaro Yamagata (University of 
Yamanashi, Chuo, Japan), Hidekuni Inadera (University of Toyama, 
Toyama, Japan), Takeo Nakayama (Kyoto University, Kyoto, Japan), 
Hiroyasu Iso (Osaka University, Suita, Japan), Masayuki Shima (Hyogo 
College of Medicine, Nishinomiya, Japan), Youichi Kurozawa (Tottori 
University, Yonago, Japan), Narufumi Suganuma (Kochi University, 
Nankoku, Japan), Koichi Kusuhara (University of Occupational and 
Environmental Health, Kitakyushu, Japan), and Takahiko Katoh 
(Kumamoto University, Kumamoto, Japan). 

References 

Alder, E.M., Cox, J.L., 1983. Breast feeding and post-natal depression. J. Psychosom. Res. 
27, 139–144. https://doi.org/10.1016/0022-3999(83)90090-9. 

Borra, C., Iacovou, M., Sevilla, A., 2015. New evidence on breastfeeding and postpartum 
depression: the importance of understanding women’s intentions. Matern. Child. 
Health J. 19, 897–907. https://doi.org/10.1007/s10995-014-1591-z. 

Cox, J.L., Holden, J.M., Sagovsky, R., 1987. Detection of postnatal depression. 
Development of the 10-item Edinburgh Postnatal Depression Scale. Br. J. Psychiatry 
150, 782–786. 

Dias, C.C., Figueiredo, B., 2015. Breastfeeding and depression: a systematic review of the 
literature. J. Affect. Disord. 171, 142–154. https://doi.org/10.1016/j. 
jad.2014.09.022. 

Do, T., Hu, Z., Otto, J., Rohrbeck, P., 2013. Depression and suicidality during the 
postpartum period after first time deliveries, active component service women and 
dependent spouses, U.S. Armed Forces, 2007-2012. MSMR 20, 2–7. 

Fallon, V., Komninou, S., Bennett, K.M., Halford, J.C.G., Harrold, J.A., 2017. The 
emotional and practical experiences of formula-feeding mothers. Matern. Child. 
Nutr. 13, e12392. https://doi.org/10.1111/mcn.12392. 

Figueiredo, B., Dias, C.C., Brandao, S., Canario, C., Nunes-Costa, R., 2013. Breastfeeding 
and postpartum depression: state of the art review. J. Pediatr. (Rio J.). 89, 332–338. 
https://doi.org/10.1016/j.jped.2012.12.002. 

Gavin, N.I., Gaynes, B.N., Lohr, K.N., Meltzer-Brody, S., Gartlehner, G., Swinson, T., 
2005. Perinatal depression: a systematic review of prevalence and incidence. Obstet. 
Gynecol. 106, 1071–1083. https://doi.org/10.1097/01.AOG.0000183597.31630. 
db. 

Gaynes, B.N., Gavin, N., Meltzer-Brody, S., Lohr, K.N., Swinson, T., Gartlehner, G., 
Brody, S., Miller, W.C., 2005. Perinatal depression: prevalence, screening accuracy, 
and screening outcomes. Evid. Rep. Technol. Assess. (Summ. (119), 1–8. https://doi. 
org/10.1037/e439372005-001. 

Hatton, D.C., Harrison-Hohner, J., Coste, S., Dorato, V., Curet, L.B., McCarron, D.A., 
2005. Symptoms of postpartum depression and breastfeeding. J. Hum. Lact. 21, 
444–449. https://doi.org/10.1177/0890334405280947 quiz 450–444.  

Henderson, J.J., Dickinson, J.E., Evans, S.F., McDonald, S.J., Paech, M.J., 2003. Impact 
of intrapartum epidural analgesia on breast-feeding duration. Aust. N. Z. J. Obstet. 
Gynaecol. 43, 372–377. 

Inoue, C., Sampei, M., 2016. Japanese version of maternal attachment inventory and 
assessment of mother-infant sensitivity scale at one week and one month after 

M. Shimao et al.                                                                                                                                                                                                                                

94



-RXUQDO RI $ϱHFWLYH 'LVRUGHUV ��� ������ ���²���

���

childbirth (Second Report) Effects of using phone and TV while breast-feeding. 
Matern. Health. 56, 626–633 (in Japanese).  

Kawamoto, T., Nitta, H., Murata, K., Toda, E., Tsukamoto, N., Hasegawa, M., 
Yamagata, Z., Kayama, F., Kishi, R., Ohya, Y., Saito, H., Sago, H., Okuyama, M., 
Ogata, T., Yokoya, S., Koresawa, Y., Shibata, Y., Nakayama, S., Michikawa, T., 
Takeuchi, A., Satoh, H., Working Group of the Epidemiological Research for 
Children’s Environmental Health, 2014. Rationale and study design of the Japan 
Environment and Children’s Study (JECS). BMC Public Health 14, 25. https://doi. 
org/10.1186/1471-2458-14-25. 

Kikuchi, N., Kubo, Y., Tomatu, K., 2004. A case of puerperal mental disorder that was 
caused by nursing breast milk. Kitakanto Med. J. 54, 13–15. https://doi.org/ 
10.2974/kmj.54.13 (in Japanese).  

Kim, S., Fonagy, P., Koos, O., Dorsett, K., Strathearn, L., 2014. Maternal oxytocin 
response predicts mother-to-infant gaze. Brain Res 1580, 133–142. https://doi.org/ 
10.1016/j.brainres.2013.10.050. 

Kosfeld, M., Heinrichs, M., Zak, P.J., Fischbacher, U., Fehr, E., 2005. Oxytocin increases 
trust in humans. Nature 435, 673–676. https://doi.org/10.1038/nature03701. 

Matsumura, K., Hamazaki, K., Tsuchida, A., Kasamatsu, H., Inadera, H., Japan 
Environment and Children’s Study Group, 2019. Education level and risk of 
postpartum depression: results from the Japan Environment and Children’s Study 
(JECS). BMC Psychiatry 19, 419. https://doi.org/10.1186/s12888-019-2401-3. 

Michikawa, T., Nitta, H., Nakayama, S.F., Yamazaki, S., Isobe, T., Tamura, K., Suda, E., 
Ono, M., Yonemoto, J., Iwai-Shimada, M., Kobayashi, Y., Suzuki, G., Kawamoto, T., 
Japan Environment and Children’s Study Group, 2018. Baseline profile of 
participants in the Japan Environment and Children’s Study (JECS). J. Epidemiol. 
28, 99–104. https://doi.org/10.2188/jea.JE20170018. 

Narayanan, M.K., Naerde, A., 2016. Associations between maternal and paternal 
depressive symptoms and early child behavior problems: Testing a mutually adjusted 
prospective longitudinal model. J. Affect. Disord. 196, 181–189. https://doi.org/ 
10.1016/j.jad.2016.02.020. 

O’Hara, M.W., Wisner, K.L., 2014. Perinatal mental illness: definition, description and 
aetiology. Best Pract. Res. Clin. Obstet. Gynaecol. 28, 3–12. https://doi.org/ 
10.1016/j.bpobgyn.2013.09.002. 

Okano, T, Murata, M, Masuji, F, Tamaki, R, Nomura, J, Miyaoka, H, Kitamura, T., 1996. 
Validation and reliability of Japanese version of EPDS. Arch. Psychiatry Diag. Clin. 
Eval. 7, 525–533 (in Japanese).  

Schafer, E.J., Campo, S., Colaizy, T.T., Mulder, P.J., Breheny, P., Ashida, S., 2017. First- 
time mothers’ breast-feeding maintenance: role of experiences and changes in 

maternal perceptions. Public Health Nutr. 20, 3099–3108. https://doi.org/10.1017/ 
s136898001700221x. 

Stuebe, A.M., Grewen, K., Meltzer-Brody, S., 2013. Association between maternal mood 
and oxytocin response to breastfeeding. J. Womens Health (Larchmt.). 22, 352–361. 
https://doi.org/10.1089/jwh.2012.3768. 

Tamminen, T., 1988. The impact of mother’s depression on her nursing experiences and 
attitudes during breastfeeding. Acta Paediatr. Scand. Suppl. 344, 87–94. 

Thome, M., Alder, E.M., Ramel, A., 2006. A population-based study of exclusive 
breastfeeding in Icelandic women: is there a relationship with depressive symptoms 
and parenting stress? Int. J. Nurs. Stud. 43, 11–20. https://doi.org/10.1016/j. 
ijnurstu.2004.10.009. 

Uvnas-Moberg, K., 1996. Neuroendocrinology of the mother-child interaction. Trends 
Endocrinol. Metab. 7, 126–131. 

Uvnas-Moberg, K., Handlin, L., Petersson, M., 2014. Self-soothing behaviors with 
particular reference to oxytocin release induced by non-noxious sensory stimulation. 
Front. Psychol. 5, 1529. https://doi.org/10.3389/fpsyg.2014.01529. 

van Buuren, S., 2007. Multiple imputation of discrete and continuous data by fully 
conditional specification. Stat. Methods Med. Res. 16, 219–242. https://doi.org/ 
10.1177/0962280206074463. 

Woody, C.A., Ferrari, A.J., Siskind, D.J., Whiteford, H.A., Harris, M.G., 2017. 
A systematic review and meta-regression of the prevalence and incidence of 
perinatal depression. J. Affect. Disord. 219, 86–92. https://doi.org/10.1016/j. 
jad.2017.05.003. 

World Health Organization, 1991. Indicators for assessing breast-feeding practices. http 
s://www.who.int/maternal_child_adolescent/documents/cdd_ser_91_14/en/ 
(accessed 13 January 2021). 

World Health Organization, 2007. Planning Guide for National Implementation of the 
Global Strategy for infant and young child feeding. http://www.who.int/matern 
al_child_adolescent/documents/9789241595193/en/ (accessed 13 January 2021). 

World Health Organization, 2009. Infant and young child feeding. https://www.who.int 
/maternal_child_adolescent/documents/9789241597494/en/ (accessed 13 January 
2021). 

Yamashita, H., Yoshida, K., Nakano, H., Tashiro, N., 2000. Postnatal depression in 
Japanese women. Detecting the early onset of postnatal depression by closely 
monitoring the postpartum mood. J. Affect. Disord. 58, 145–154. 

Ystrom, E., 2012. Breastfeeding cessation and symptoms of anxiety and depression: a 
longitudinal cohort study. BMC Pregnancy Childbirth 12, 36. https://doi.org/ 
10.1186/1471-2393-12-36. 

M. Shimao et al.                                                                                                                                                                                                                                

95



96


