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INTRODUCTION

Breastfeeding reduces risks of many illnesses for children and mothers [1]. Given 

its numerous benefits, the American Academy of Pediatrics recently changed its 

recommendation for breastfeeding duration from ≥1 year to ≥2 years [2]. One recent 

study indicated only 7% of U.S. children experiencing prolonged breastfeeding for ≥2 

years [3], but research examining modifiable risk factors that affect breastfeeding duration 

beyond 1 year is lacking. It is well-known that unindicated formula supplementation 

during maternity stay could disrupt early breastfeeding by reducing stimulation of maternal 

milk production and altering infant gut development, however its effects on long-term 

breastfeeding duration is unknown. This study examines the impact of early formula 

supplementation on breastfeeding duration using breastfeeding data that extends beyond 

the first year.

METHODS

The National Immunization Survey-Child (NIS-Child), conducted by U.S. Centers for 

Disease Control and Prevention (CDC), is a national-representative random-digit–dialed 

cellular phone survey among a complex, stratified, multistage probability sample of 

U.S. households with children aged 19–35 months (https://www.cdc.gov/vaccines/imz-

managers/nis/about.html). Since 2001, breastfeeding data have been collected in the NIS-

Child to monitor breastfeeding rates at both national and state levels. They have also been 
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used to set up national breastfeeding goals for both Healthy People 2020 and 2030. Based 

on 2020–2021 NIS-Child, we analyzed breastfeeding data by birth year for estimates among 

children born in 2019 (N = 18020).

The main exposure was formula supplementation (with or without other liquids or solids) 

within 2 days of birth among breastfed infants, hereafter referred as “early formula 

supplementation” by asking: “How old was [child’s name] when (he/she) was first fed 

formula?” Total breastfeeding duration was determined by asking “How old was [child’s 

name] when [child’s name] completely stopped breastfeeding or being fed breast milk?” 

Since breastfeeding duration was not normally distributed, medians were estimated. We 

applied Cox proportional hazards regression models to determine the association of 

early formula supplementation with breastfeeding cessation after controlling for potential 

confounders selected a priori, including infant sex, race/ethnicity, maternal education and 

age, marital status, geographic location, birth order, and introduction of complementary 

foods other than breastmilk or formula. Both crude (HR) and adjusted hazard ratios (aHR) 

were analyzed with those still breastfeeding at the survey censored in the analysis.

Because of a significant interaction between formula supplementation and household 

income, stratified analyses were conducted by federal poverty level (FPL), defined as 

percentage of self-reported income relative to the federal poverty threshold for family size. 

To account for cluster sampling, PROC SURVIVAL and PROC KAPMEIER in SUDAAN 

(RTI International, v11) were used to obtain the Kaplan–Meier survival probability for 

breastfeeding cessation over time. The NIS was conducted consistent with applicable federal 

law and CDC determined that this study was not subject to review by Institutional Review 

Board because deidentified secondary data were used.

RESULTS

Among breastfed infants, 18% received early formula supplementation with higher 

percentages among families with FPL ≤ 185 than FPL > 185 (21% vs. 17%). Regardless 

of FPL, breastfed infants with early formula supplementation had shorter breastfeeding 

duration than those without (FPL ≤ 185: 22 vs. 35 weeks; FPL > 185: 26 vs. 52 weeks) 

(Table 1). After controlling for covariates, early formula supplementation was significantly 

associated with breastfeeding cessation for both FPL ≤ 185 (aHR = 1.54, 95% CI = 

1.32–1.81) and FPL > 185 (aHR = 1.62, 95% CI = 1.41–1.86). Additionally, the risks of 

earlier breastfeeding cessation were higher among mothers who were high school graduates 

and unmarried for both FPL ≤ 185% and FPL > 185% and among mothers with some 

college, first-born infants, and infants introduced to complementary food <4 months for 

FPL > 185%. The Kaplan–Meier curve illustrates that formula supplementation <2 days 

had a significantly lower breastfeeding probability than formula supplementation ≥2 days 

regardless of FPL levels (Fig. 1).

DISCUSSION

This is the first national study to show an association between early formula 

supplementation and breastfeeding duration measured beyond 1 year in the US. Our findings 
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indicate that breastfed infants supplemented with formula before 2 days is significantly 

associated with shorter breastfeeding duration, limiting the ability to achieve current U.S. 

recommendations on breastfeeding duration for ≥2 years. For maternity care practices to 

be fully supportive of breastfeeding, United Nations Children’s Fund and World Health 

Organization established Baby Friendly Hospital Initiative (BFHI) and avoiding formula 

supplementation without a medical indication is a key component of BFHI [4]. The 

findings from this study reinforce the importance of maternity care practices for long-

term breastfeeding recognizing that in-hospital formula feeding might be underreported by 

maternal recalls. Evidence from a cluster-randomized controlled trial demonstrates that 

maternity care practices supportive of exclusive breastfeeding during the hospital stay 

increase probability of any breastfeeding at 12 months [5]. Thus, promoting exclusive 

breastfeeding during maternity stay would be one of the important strategies for extending 

breastfeeding duration.

DATA AVAILABILITY

https://www.cdc.gov/vaccines/imz-managers/nis/datasets.html.
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Fig. 1. Kaplan–Meier survival probabilities for breastfeeding cessation and their 95% confidence 
intervals by infant age according to early formula supplementation among breastfed infants, 
National Immunization Survey, 2019 birth cohort.
a Federal poverty level ≤185%. b Federal poverty level >185%.

Li et al. Page 4

J Perinatol. Author manuscript; available in PMC 2024 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Li et al. Page 5

Ta
b

le
 1

.

A
ss

oc
ia

tio
n 

of
 e

ar
ly

 f
or

m
ul

a 
su

pp
le

m
en

ta
tio

n 
am

on
g 

br
ea

st
fe

d 
in

fa
nt

s 
w

ith
 b

re
as

tf
ee

di
ng

 c
es

sa
tio

n,
 N

at
io

na
l I

m
m

un
iz

at
io

n 
Su

rv
ey

-C
hi

ld
, 2

01
9 

bi
rt

h 

co
ho

rt
.

C
ha

ra
ct

er
is

ti
c

F
ed

er
al

 p
ov

er
ty

 le
ve

l ≤
 1

85
%

F
ed

er
al

 p
ov

er
ty

 le
ve

l >
 1

85
%

N
M

ed
ia

n 
br

ea
st

fe
ed

in
g 

du
ra

ti
on

, w
ee

ks
 

(I
Q

R
)

C
ru

de
 H

R
 

fo
r 

br
ea

st
fe

ed
in

g 
ce

ss
at

io
n 

(9
5%

 C
I)

A
dj

us
te

d 
H

R
 

fo
r 

br
ea

st
fe

ed
in

g 
ce

ss
at

io
n 

(9
5%

 C
I)

N
M

ed
ia

n 
br

ea
st

fe
ed

in
g 

du
ra

ti
on

, w
ee

ks
 

(I
Q

R
)

C
ru

de
 H

R
 

fo
r 

br
ea

st
fe

ed
in

g 
ce

ss
at

io
n 

(9
5%

 C
I)

A
dj

us
te

d 
H

R
 

fo
r 

br
ea

st
fe

ed
in

g 
ce

ss
at

io
n 

(9
5%

 C
I)

To
ta

l
53

66
30

.4
4(

13
.0

4–
56

.5
3)

12
,6

54
47

.8
3(

26
.0

9–
65

.2
2)

Fo
rm

ul
a 

su
pp

le
m

en
ta

tio
n 

w
ith

in
 2

 d
ay

s 
of

 b
ir

th

 
Y

es
11

00
21

.7
4(

8.
70

–5
2.

18
)

1.
53

(1
.3

1,
1.

77
)

1.
54

(1
.3

2,
1.

81
)

21
60

26
.0

9(
13

.0
4–

52
.1

8)
1.

69
(1

.4
9,

1.
93

)
1.

62
(1

.4
1,

1.
86

)

 
N

o
42

66
34

.7
9(

13
.0

4–
65

.2
2)

R
ef

er
en

t
R

ef
er

en
t

10
,4

94
52

.1
8(

26
.0

9–
69

.5
7)

R
ef

er
en

t
R

ef
er

en
t

In
fa

nt
 s

ex

 
M

al
e

27
38

30
.4

4(
13

.0
4–

56
.5

3)
R

ef
er

en
t

R
ef

er
en

t
64

58
47

.8
3(

26
.0

9–
65

.2
2)

R
ef

er
en

t
R

ef
er

en
t

 
Fe

m
al

e
26

28
30

.4
4(

13
.0

4–
60

.8
8)

1.
01

(0
.8

8,
1.

16
)

1.
02

(0
.8

9,
1.

18
)

61
96

52
.1

8(
26

.0
9–

65
.2

2)
1.

02
(0

.9
3,

1.
13

)
0.

99
(0

.8
9,

1.
09

)

R
ac

e/
E

th
ni

ci
ty

 
H

is
pa

ni
c

16
83

30
.4

4(
13

.0
4–

60
.8

8)
1.

02
(0

.8
6,

1.
22

)
0.

97
(0

.7
9,

1.
17

)
17

76
43

.4
8(

17
.3

9–
69

.5
7)

1.
14

(0
.9

7,
1.

34
)

0.
97

(0
.8

2,
1.

16
)

 
N

on
-H

is
pa

ni
c 

(N
H

) 
W

hi
te

20
27

30
.4

4(
13

.0
4–

60
.8

8)
R

ef
er

en
t

R
ef

er
en

t
80

14
52

.1
8(

26
.0

9–
65

.2
2)

R
ef

er
en

t
R

ef
er

en
t

 
N

H
 B

la
ck

81
2

26
.0

9(
13

.0
4–

52
.1

8)
1.

35
(1

.1
2,

1.
62

)
1.

20
(0

.9
8,

1.
47

)
85

6
39

.1
3(

21
.7

4–
60

.8
8)

1.
25

(1
.0

5,
1.

48
)

1.
00

(0
.8

3,
1.

21
)

 
N

H
 A

si
an

23
5

52
.1

8(
17

.3
9–

78
.2

7)
0.

79
(0

.5
7,

1.
10

)
0.

85
(0

.5
9,

1.
23

)
78

2
52

.1
8(

26
.0

9–
65

.2
2)

0.
96

(0
.8

1,
1.

15
)

0.
88

(0
.7

2,
1.

07
)

 
N

H
 H

aw
ai

ia
n/

Pa
ci

fi
c 

Is
la

nd
er

55
34

.7
9(

13
.0

4–
65

.2
2)

0.
58

(0
.1

8,
1.

90
)

0.
52

(0
.1

6,
1.

73
)

40
52

.1
8(

28
.2

6–
92

.9
3)

1.
13

(0
.5

0,
 2

.5
6)

0.
89

(0
.3

6,
 2

.1
7)

 
N

H
 A

m
er

ic
an

 I
nd

ia
n/

 
A

la
sk

a 
N

at
iv

e
11

8
36

.9
6(

17
.3

9–
82

.5
7)

1.
32

(0
.8

4,
 2

.0
9)

1.
23

(0
.7

3,
 2

.0
6)

11
3

52
.1

8(
26

.0
9–

78
.2

7)
0.

62
(0

.3
7,

1.
04

)
0.

52
(0

.2
9,

 0
.9

4)

 
2 

or
 m

or
e 

ra
ce

s
43

6
30

.4
4(

13
.0

4–
56

.5
3)

1.
08

(0
.8

4,
1.

40
)

0.
99

(0
.7

6,
1.

28
)

10
73

52
.1

8(
26

.0
9–

78
.2

7)
0.

88
(0

.7
3,

1.
07

)
0.

85
(0

.7
1,

1.
03

)

M
at

er
na

l e
du

ca
tio

n

 
L

es
s 

th
an

 h
ig

h 
sc

ho
ol

64
8

26
.0

9(
13

.0
4–

52
.1

8)
1.

33
(1

.0
4,

1.
71

)
1.

17
(0

.9
0,

1.
52

)
15

4
28

.2
6(

13
.0

4–
60

.8
8)

1.
78

(1
.1

8,
 2

.6
9)

1.
46

(0
.9

7,
 2

.2
0)

 
H

ig
h 

sc
ho

ol
 g

ra
du

at
e

16
52

26
.0

9(
13

.0
4–

52
.1

8)
1.

53
(1

.2
6,

1.
85

)
1.

41
(1

.1
5,

1.
72

)
10

36
30

.4
4(

13
.0

4–
56

.5
3)

1.
87

(1
.5

6,
 2

.2
3)

1.
62

(1
.3

3,
1.

98
)

 
So

m
e 

co
lle

ge
 o

r 
te

ch
ni

ca
l s

ch
oo

l
19

95
26

.0
9(

13
.0

4–
60

.8
8)

1.
28

(1
.0

6,
1.

56
)

1.
14

(0
.9

3,
1.

39
)

24
52

39
.1

3(
17

.3
9–

60
.8

8)
1.

35
(1

.2
0,

1.
53

)
1.

26
(1

.1
0,

1.
44

)

 
C

ol
le

ge
 g

ra
du

at
e

10
71

52
.1

8(
21

.7
4–

78
.2

7)
R

ef
er

en
t

R
ef

er
en

t
90

12
52

.1
8(

26
.0

9–
69

.5
7)

R
ef

er
en

t
R

ef
er

en
t

M
at

er
na

l a
ge

J Perinatol. Author manuscript; available in PMC 2024 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Li et al. Page 6

C
ha

ra
ct

er
is

ti
c

F
ed

er
al

 p
ov

er
ty

 le
ve

l ≤
 1

85
%

F
ed

er
al

 p
ov

er
ty

 le
ve

l >
 1

85
%

N
M

ed
ia

n 
br

ea
st

fe
ed

in
g 

du
ra

ti
on

, w
ee

ks
 

(I
Q

R
)

C
ru

de
 H

R
 

fo
r 

br
ea

st
fe

ed
in

g 
ce

ss
at

io
n 

(9
5%

 C
I)

A
dj

us
te

d 
H

R
 

fo
r 

br
ea

st
fe

ed
in

g 
ce

ss
at

io
n 

(9
5%

 C
I)

N
M

ed
ia

n 
br

ea
st

fe
ed

in
g 

du
ra

ti
on

, w
ee

ks
 

(I
Q

R
)

C
ru

de
 H

R
 

fo
r 

br
ea

st
fe

ed
in

g 
ce

ss
at

io
n 

(9
5%

 C
I)

A
dj

us
te

d 
H

R
 

fo
r 

br
ea

st
fe

ed
in

g 
ce

ss
at

io
n 

(9
5%

 C
I)

 
U

nd
er

 2
0

67
17

.3
9(

8.
70

–5
2.

18
)

0.
65

(0
.2

2,
1.

93
)

0.
52

(0
.1

6,
1.

66
)

22
34

.7
9(

13
.0

4–
47

.8
3)

1.
69

(0
.6

1,
 4

.7
0)

0.
93

(0
.3

3,
 2

.6
2)

 
20

–2
9

23
86

26
.0

9(
13

.0
4–

52
.1

8)
1.

17
(1

.0
2,

1.
34

)
1.

09
(0

.9
4,

1.
26

)
23

51
39

.1
3(

17
.3

9–
60

.8
8)

1.
43

(1
.2

7,
1.

62
)

1.
04

(0
.9

0,
1.

2)

 
30

 o
r 

ol
de

r
29

13
34

.7
9(

13
.0

4–
65

.2
2)

R
ef

er
en

t
R

ef
er

en
t

10
,2

81
52

.1
8(

26
.0

9–
65

.2
2)

R
ef

er
en

t
R

ef
er

en
t

M
ar

ita
l s

ta
tu

sa

 
M

ar
ri

ed
26

98
39

.1
3(

17
.3

9–
65

.2
2)

R
ef

er
en

t
R

ef
er

en
t

10
,9

42
52

.1
8(

26
.0

9–
65

.2
2)

R
ef

er
en

t
R

ef
er

en
t

 
U

nm
ar

ri
ed

26
68

26
.0

9(
13

.0
4–

52
.1

8)
1.

45
(1

.2
6,

1.
67

)
1.

33
(1

.1
4,

1.
55

)
17

12
30

.4
4(

13
.0

4–
56

.5
3)

1.
80

(1
.5

8,
 2

.0
6)

1.
54

(1
.3

3,
1.

79
)

G
eo

gr
ap

hi
c 

lo
ca

tio
nb

 
M

et
ro

po
lit

an
42

39
30

.4
4(

13
.0

4–
56

.5
3)

R
ef

er
en

t
R

ef
er

en
t

10
,9

92
52

.1
8(

26
.0

9–
65

.2
2)

R
ef

er
en

t
R

ef
er

en
t

 
N

on
-m

et
ro

po
lit

an
11

27
30

.4
4(

13
.0

4–
60

.8
8)

1.
15

(0
.9

8,
1.

35
)

1.
11

(0
.9

3,
1.

34
)

16
62

43
.4

8(
17

.3
9–

60
.8

8)
1.

09
(0

.9
2,

1.
28

)
0.

99
(0

.8
3,

1.
17

)

B
ir

th
 o

rd
er

 
Fi

rs
t b

or
n

17
08

26
.0

9(
13

.0
4–

52
.1

8)
1.

07
(0

.9
2,

1.
24

)
1.

00
(0

.8
6,

1.
16

)
54

12
43

.4
8(

21
.7

4–
60

.8
8)

1.
28

(1
.1

6,
1.

42
)

1.
25

(1
.1

3,
1.

40
)

 
N

ot
 f

ir
st

 b
or

n
36

58
30

.4
4(

13
.0

4–
60

.8
8)

R
ef

er
en

t
R

ef
er

en
t

72
42

52
.1

8(
26

.0
9–

69
.5

7)
R

ef
er

en
t

R
ef

er
en

t

C
om

pl
em

en
ta

ry
 f

oo
d 

in
tr

od
uc

tio
nc

 
<

4 
m

on
th

s
73

2
21

.7
4(

8.
70

–5
2.

18
)

1.
28

(1
.0

6,
1.

55
)

1.
14

(0
.9

4,
1.

39
)

11
63

30
.4

4(
13

.0
4–

52
.1

8)
1.

46
(1

.2
2,

1.
74

)
1.

36
(1

.1
4,

1.
63

)

 
≥4

 m
on

th
s

44
91

30
.4

4(
13

.0
4–

60
.8

8)
R

ef
er

en
t

R
ef

er
en

t
11

,0
26

52
.1

8(
26

.0
9–

65
.2

2)
R

ef
er

en
t

R
ef

er
en

t

Fe
de

ra
l p

ov
er

ty
 le

ve
l p

er
ce

nt
ag

e 
of

 s
el

f-
re

po
rt

ed
 f

am
ily

 in
co

m
e 

re
la

tiv
e 

to
 th

e 
fe

de
ra

l p
ov

er
ty

 th
re

sh
ol

d 
va

lu
e 

de
pe

nd
in

g 
on

 th
e 

nu
m

be
r 

of
 p

eo
pl

e 
in

 th
e 

ho
us

eh
ol

d,
 IQ

R
 in

te
rq

ua
rt

ile
 r

an
ge

 f
or

 th
e 

m
ed

ia
n,

 
H

R
 h

az
ar

d 
ra

tio
s,

 C
I c

on
fi

de
nc

e 
in

te
rv

al
.

a U
nm

ar
ri

ed
 in

cl
ud

es
 n

ev
er

 m
ar

ri
ed

, w
id

ow
ed

, s
ep

ar
at

ed
, d

iv
or

ce
d,

 a
nd

 li
vi

ng
 w

ith
 p

ar
tn

er
s.

b M
et

ro
po

lit
an

 a
re

a 
is

 d
ef

in
ed

 b
y 

th
e 

C
en

su
s 

B
ur

ea
u.

c C
om

pl
em

en
ta

ry
 f

oo
ds

 r
ef

er
 a

ny
 s

ol
id

s 
an

d 
liq

ui
ds

 o
th

er
 th

an
 b

re
as

tm
ilk

 a
nd

 f
or

m
ul

a.
 T

he
 s

am
pl

e 
fo

r 
th

is
 v

ar
ia

bl
e 

do
es

n’
t s

um
 to

 th
e 

to
ta

l n
um

be
r 

be
ca

us
e 

of
 m

is
si

ng
 in

fo
rm

at
io

n.

J Perinatol. Author manuscript; available in PMC 2024 September 01.


	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	References
	Fig. 1
	Table 1.

