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Feeding Method, Nicotine Exposure, and Growth during Infancy

Edmond D. Shenassa, ScD, MA, FACE1,2,3, Edoardo Botteri, PhD4,5, and Hanne Stensheim, MD4

Objective To answer 3 questions: (1) Are infants breastfed by smokers at risk of rapid weight and length gain? (2)
Is rapid growth during infancy partially attributable to ingestion of smokers’ breastmilk? (3) If so, what are the im-
plications for breastfeeding by smokers?
Study design Using data from the Norwegian Mother, Father and Child Cohort Study and Medical Birth Registry
of Norway (n = 54 522), we examined changes in weight, length, weight-for-length z-score (WFLZ) during infancy in
the context of maternal smoking (0, 1-10, or >10 cigarettes/day) and feeding method during the first 6 months
(breastfed, formula fed, mixed fed). We fit generalized linear models, adding a smoking by feeding method interac-
tion term to evaluate the effect of ingesting smokers’ breastmilk.
Results Breastfed infants of both light and heavy smokers experienced WFLZ gains of 0.05 (95% CI, 0.01-0.09)
and 0.13 (95%CI, 0.07-0.18), respectively. Amongmixed-fed infants, only heavymaternal smoking predictedWFLZ
gain (0.10; 95% CI, 0.05-0.16). Among exclusively formula-fed infants, maternal smoking did not predict rapid
growth. Interaction models suggest that infants ever breastfed (ie, breastfed and mixed-fed groups combined)
by heavy smokers gained weight (100 g; 95% CI, 30-231) and length (2.8 mm; 95% CI, 0.1-5.6), attributable to in-
gesting smoker’s breastmilk.
Conclusions Infants breastfed by smokers experience rapid growth; some of these gains are attributable to in-
gesting smokers’ breastmilk. Among infants breasted by light smokers, these gains are within the range of norma-
tive growth patterns for healthy, breastfed infants. (J Pediatr 2024;14:200127).
E
vidence on whether breastmilk can potentially promote optimal growth among infants exposed to nicotine can inform
clinical guidelines for breastfeeding by smokers.1-4 Postnatal exposure to nicotine and its metabolites is associated with
rapid weight and length gain during infancy,5,6 with potential long-term sequalae throughout the lifespan, including an

increased risk of overweight7-10 and cardiovascular disease and its related morbidities, as indicated by studies of developmental
origins of health and disease.11-14 Given that breastfeeding during infancy promotes optimal growth, it is reasonable to ask
whether benefit of breastfeeding extends to infants breastfed by smokers.15-18 Answering this question, however, is complicated
by possible obesogenic properties of smokers’ breastmilk. Nicotine and its metabolites are readily available in smokers’ breast-
milk6,19 and smoking alters breastmilk’s protein20,21 and lipid21,22 concentrations. These properties of smokers’ breastmilk may
be obesogenic. Thus, 3 interrelated questions emerge: (1) Are infants breastfed by smokers at risk of rapid weight and length
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gain? (2) If so, is rapid growth among infants breastfed by smokers attributable to
ingestion of smokers’ breastmilk? (3) If so, what are the implications for breast-
feeding by smokers?

Approximately 2 decades ago, the American Academy of Pediatrics, despite
strongly discouraging smoking,4 removed smoking as a contraindication for
breastfeeding mothers.23 During this time, only 3 epidemiological studies24-26

have examined the synergy between feeding methods, nicotine exposure, and
growth during infancy. We address this shortcoming by analyzing data from
the Norwegian Mother, Father and Child Cohort Study (MoBa) to examine
the synergy between feeding method, nicotine exposure, and growth during
infancy. We contribute to the literature by considering the feeding method, nico-
tine exposure, and growth in greater detail than before, along with a more exten-
sive set of confounding variables than has been possible to date. The secondary
aim of the study is to determine possible existence of sex differences in any
observed effects.
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Data Availability: Data used for this study are available
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Health (https://www.fhi.no/en/studies/moba/) contin-
gent on approval from the Institute and payment of a fee.
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Figure. Flow diagram of the MoBa analytic sample.
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Methods

MoBa is a population-based pregnancy cohort study con-
ducted by the Norwegian Institute of Public Health.27 Be-
tween 1999 and 2008, all pregnant women in Norway in
17th and 18th weeks of pregnancy were mailed an invitation
to participate in the study. Forty-one percent of pregnant
women from throughout Norway consented and were
enrolled in MoBa. Some women participated in the MoBa
during multiple pregnancies. Participants received question-
naires during pregnancy and until the child was 8 years of age.
Currently, MoBa includes 103 434 births where the mother
answered a questionnaire. The present study is based on
version 12 of quality-assured data files released in January
2019. We used data from five questionnaires administered
approximately during 17th, 22nd, and 30th weeks of preg-
nancy and at 6 and 18 months of age. All questionnaires
are available on the website of the Norwegian Institute of
Public Health (https://www.fhi.no/en/studies/moba/).

Data from MoBa and the national Medical Birth Registry
of Norway were linked via unique identification numbers
given to all residents of Norway. For this study, the Medical
Birth Registry of Norway provided data on reproductive his-
tory, gestational age (based on last menstrual cycle and, since
1999, ultrasound estimation), birth outcomes, and anthro-
pometric measurements.

Infants were excluded from the analytic sample owing towith-
drawal of consent (n = 226), multiple pregnancies (n = 1834),
miscarriages or stillbirth (n = 934), missing or unlikely anthro-
pometric measures (n = 3608), length at birth <45 cm
(n= 1379,WorldHealthOrganization (WHO) criteria for being
born at term), missing data on feeding method at 6 months
(n = 20 114), anthropometric measurements at age 12 months
(n = 18 983) or smoking habits after birth (n = 1819), yielding
an analytic sample of 54 522 (Figure).
Study Variables
We parameterized feeding methods during the first 6 months
of infancy with 3 indicator variables: Exclusive breastfeeding,
mixed feeding (breastfeeding and formula), and exclusive
formula-feeding based on monthly reports during the first 6
months of infancy. Infants who were breastfed only one out
of the first 6 months were assigned to the formula group,
and likewise, infants who were formula-fed only one out of
6 months were assigned to the breastfeeding group. Infants
who were either breastfed or formula-fed ³2 months were as-
signed to the mixed-feeding group. To maximize the number
of breastfed infants we also created an ever-breastfed category
by combining exclusively breastfed and mixed-fed categories
into one group. When (a) data for feeding method was
missing for only one of the 6 months and (b) the same feeding
method was reported for the months immediately preceding
and following the month for which data was missing, we
imputed a missing value with the value from the adjacent
months. Time of introduction of solid foodwas parameterized
with 3 indicator variables: <4, 4-5 or ³6 months.
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Postpartum smoking is based on reported ‘current’ num-
ber of cigarettes smoked daily or weekly and was parameter-
ized with 3 indicator variables: 0, 1-10 (light smoking), >10
(heavy smoking) cigarettes/day. Respondents who reported
to have ‘never smoked’, had a value of zero imputed if they
had missing values for their current number of cigarettes
smoked. Reported number of cigarettes smoked during preg-
nancy was parameterized with 3 indicator variables according
to the same procedure used to code postpartum smoking.
The cut-offs for the 2 smoking categories are based on empir-
ical distribution of self-reported postnatal smoking; designa-
tions of ‘light’ and ‘heavy’ smoking refer only to the relative
amount of postnatal smoking among this population. Any
intake of other tobacco products (eg, snuff or patches) was
parametrized with a dichotomous (yes/no) variable. Anthro-
pometric measures (ie, weight and length) at 0, 8 and
12 months were obtained from Medical Birth Registry of
Norway, we estimated weight-for-length z-scores (WFLZ)
using WHO standards.28 WHO’s standards are based on a
longitudinal (1997–2003) population-based study of healthy,
singleton, breast-fed infants born to non-smokers in Brazil,
Ghana, India, Norway, Oman and the United States
(n = �8500). As such, these standards are interpreted as
normative growth patterns for healthy infants raised in
healthy environments who were breastfed according to rec-
ommended guidelines. A Z-score of 0 indicates that the
observed value is identical to normative standards.
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All regression models included the following maternal co-
variates: age at delivery (continuous),marital status (married/
cohabiting or single/divorced/widowed), maternal education
(£ high school, 1-4 or ³ 5 years of higher education), place of
birth (Norway/abroad), family income (continuous), parity
(0, 1 or ³ 2), gestational diabetes and/or hypertension (yes/
no diagnosed?), maternal BMI at conception (continuous).
Any intake of other tobacco products, average daily caffeine
consumption during pregnancy based on self-reported
Food Frequency Questionnaire completed approximately
during 22nd week of gestation.29 Regression models also
include covariates for infants’ sex, Apgar score at 5 minutes
(£7 vs > 7), gestational age at birth (weeks).
Statistical Methods
We tested the association between continuous variables and
postpartum smoking with linear regression models. We
used ANOVA to test the association between continuous var-
iables and feeding method. To test the association between
categorical variables and postpartum smoking or feeding
method, we used Chi-square or Chi-square for trend, as
appropriate. We used multivariable generalized linear
models to identify independent correlates of 1-year changes
in weight, length, and WFLZ. Assessing changes between
birth and age 1 implicitly accounts for values of these anthro-
pometric measures at birth.

To evaluate whether ingesting smokers’ breastmilk can be
potentially obesogenic we used the ‘difference in differences’
method, this is because high collinearity between the 3 sour-
ces of nicotine exposure (in utero, breastmilk, secondhand
smoke) precludes use of separate covariates to estimate the
effect attributable specifically to ingesting smokers’ breast-
milk. Difference in differences method allows estimation of
growth attributable specifically to ingesting smokers’ breast-
milk by contrasting growth associated with any nicotine
exposure among breastfed and among formula-fed infants.
Breastfed infants can be exposed to nicotine in utero, by in-
gesting breastmilk and via inhaling secondhand smoke.
Formula-fed infants can be exposed to nicotine only in utero
and via secondhand smoke. The difference in growth be-
tween these 2 groups of infants (ie, difference in differences)
is logically attributable to the only source of exposure that is
not common between these 2 groups, ie, breastmilk. It can be
shown that this difference in differences can be estimated
simply by fitting an interaction term for smoking status
and feeding method (Please see Appendix 1, online;
available at www.jpeds.com).30 Such an interaction term
was included in all the regression models. Finally, for our
secondary aim, we fit separate interaction terms among
boys and girls to determine existence of sex-specific effects.

To account for multiple births for the same pregnancy, we
used generalized estimating equations with mothers as the
clustering variable in all models, and a compound-
symmetry covariance structure. All analyses were performed
using SAS version 9.4, SAS Institute, Cary, NC. All tests were
2-sided.
Feeding Method, Nicotine Exposure, and Growth during Infancy
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Results

Characteristics of 54 522 pregnancies of 47 956 mothers by
maternal smoking status and feeding method during the first
6 months of infancy appear in Table I. The likelihood of
smoking during pregnancy was lower among families with
higher income and attained education. The mean
gestational age was 39.7 weeks, 3% of the sample had a
gestational age of <37 weeks. During the first sixth months
of infancy, 66% of mothers breastfed exclusively and 12%
smoked. Compared to infants born to non-smokers, infants
born to light smokers (1-10 cigs/day) weighed 4 g more
and were the same length, infants born to heavy smokers
(>10 cig/day) weighed 99 g less and were 5 mm shorter.
One-year changes in weight, length and WFLZ associated
with smoking among each feeding group appear in
Table II. Breastfed and mixed-fed infants but not formula-
fed infants, experienced gains in weight and length during
infancy that reflected the dose of maternal smoking (p for
trend <.05).
In multivariable analysis (Table III, panel A), we estimated

associations between feeding-type and maternal smoking
with changes in weight, length and WFLZ during infancy.
Compared to breastfed infants, mixed-fed infants
experienced larger gains in weight (214 gr, 95% CI, 194,
234), length (3.9 mm, 95% CI, 3.4, 4.3), and WFLZ (0.15,
95% CI, 0.13, 0.17); formula-fed infants experienced still
larger gains in weight (361 gr, 95% CI, 311, 412), length
(6.4 mm, 95% CI, 5.3, 7.6), and WFLZ (0.26, 95% CI, 0.21,
0.31). Compared to infants of non-smokers, only infants of
heavier smokers experienced statistically significant gains in
weight (172 gr, 95% CI, 132, 211), length (1.7 mm, 95%
CI,0.08, 2.6), and WFLZ (0.12 mm, 95% CI, 0.08, 0.15).
The joint effect of feeding methods and maternal smoking

on 1-year change in weight, length and WFLZ for each
feeding group appear in Table III, panel B. Both breastfed
and mixed-fed infants experienced rapid weight and length
gains in a manner reflecting the amount of maternal
smoking. Compared to infants breastfed by non-smokers,
infants breastfed by light and by heavy smokers gained
more weight and length as reflected in WFLZ gains of 0.05
(95% CI, 0.01, 0.09), and 0.13 (95% CI, 0.07, 0.18)
respectively. Among mixed-fed infants, only infants of
heavy smokers gained more weight and length as reflected
in WFLZ gain of 0.10 (95% CI, 0.05, 0.16). In contrast,
among exclusively formula-fed infants, maternal smoking
was not associated with growth.
Next, we considered evidence of interaction (ie, difference

in differences30) between maternal smoking and feeding
method to determine the extent to which these gains may
be attributed to ingesting smokers’ breastmilk (Table III,
panel C). We found evidence of interaction only among
infants who were ever-breastfed (ie, breastfed or mixed-
fed), by a heavy smoker (>10 cigarettes/day). These
interaction models suggest that during first year of life
infants ever-breastfed by a heavy smoker, gain an average
3
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Table I. Characteristics of 54 522 mother-infant pairs by maternal smoking status and feeding method during the first 6 months of infancy: MoBa

Total sample
n = 54 522

Maternal smoking Feeding method

0 n = 47 793
1-10 cig/day
n = 3427

>10 cig/day
n = 3302 P*

Exclusively Breastfed
n = 36 008

Mixed-fed
n = 16 686

Formula-fed
n = 1828 P*

Mother Characteristics
Age at birth, parity = 0 (n = 25 532), mean
(SD)

28.7 (4.3) 28.9 (4.2) 27.9 (4.3) 26.7 (5.1) <.01 28.8 (4.1) 28.5 (4.5) 28.1 (5.0) <.01

Age at birth, parity>0 (n = 28 990), mean
(SD)

31.8 (4.0) 31.9 (4.0) 30.9 (4.0) 31.0 (4.6) <.01 31.9 (3.9) 31.5 (4.2) 31.5 (4.3) <.01

Marital status†

Married‡ n (%) 52 539 (97.4) 46 324 (97.9) 3247 (96.0) 2968 (91.8) <.01 34 895 (97.9) 15 929 (96.6) 1715 (95.2) <.01
Education†

Up to high school, n (%) 16 245 (31.4) 12 825 (28.3) 1305 (40.5) 2115 (68.5) <.01 9332 (27.2) 5963 (38.0) 950 (55.2) <.01
1-4 yrs university, n (%) 22 648 (43.8) 20 515 (45.2) 1355 (42.1) 778 (25.2) 15 474 (45.2) 6617 (42.2) 557 (32.3)
³5 yrs university, n (%) 12 786 (24.7) 12 031 (26.5) 559 (17.4) 196 (6.3) 9455 (27.6) 3116 (19.9) 215 (12.5)

Cigarettes smoking during pregnancy†

0 cig/day, n (%) 50 191 (92.8) 46 685 (98.5) 2 713 (80.2) 793 (24.1) <.01 33 865 (94.9) 14 832 (89.4) 1494 (82.5) <.01
1-10 cig/day, n (%) 1902 (3.5) 422 (0.9) 469 (13.9) 1011 (30.7) 971 (2.7) 797 (4.8) 134 (7.4)
>10 cig/day, n (%) 1987 (3.7) 302 (0.6) 200 (5.9) 1485 (45.2) 837 (2.3) 966 (5.8) 184 (10.2)

Infant Characteristics
Weight at birth (gr), mean (SD) 3641 (501) 3647 (499) 3651 (508) 3548 (512) <.01 3653 (490) 3617 (519) 3629 (533) <.01
Length at birth (mm), mean (SD) 505 (20) 506 (20) 506 (21) 501 (21) <.01 506 (20) 505 (21) 504 (21) <.01
WFL z-score at birth, mean (SD) 0.45 (1.00) 0.45 (1.00) 0.47 (1.00) 0.45 (1.01) .84 0.47 (0.99) 0.42 (1.03) 0.50 (1.04) <.01
Introduction of solid food (month) 4.7 (0.9) 4.7 (0.9) 4.4 (0.9) 4.1 (0.9) <.01 4.9 (0.9) 4.2 (0.8) 3.9 (0.7) <.01
Gestational age (weeks)†, mean (SD) 39.7 (1.5) 39.7 (1.5) 39.7 (1.5) 39.6 (1.6) .02 39.7 (1.4) 39.6 (1.5) 39.5 (1.6) <.01
<37, n (%) 1665 (3.1) 1433 (3.0) 101 (3.0) 131 (4.0) <.01 944 (2.6) 633 (3.8) 88 (4.8)

§Exceeding the Norwegian recommendations.
*P for trend from linear regression models for continuous factors and Chi-square test for trend for categorical factors.
†Numbers do not sum up to the total because of missing values.
‡Married or cohabitant.

T
H
E
JO

U
R
N
A
L
O
F
P
E
D
IA

T
R
IC

S:
C
L
IN

IC
A
L
P
R
A
C
T
IC

E
V
o
lu
m
e
14

4
S
h
e
n
a
s
s
a
,
B
o
tte

ri,
a
n
d
S
te
n
s
h
e
im

D
escargado para Lucia A

ngulo (lu.m
aru26@

gm
ail.com

) en N
ational Library of H

ealth and Social Security de C
linicalK

ey.es por Elsevier en diciem
bre 17, 

2024. Para uso personal exclusivam
ente. N

o se perm
iten otros usos sin autorización. C

opyright ©
2024. Elsevier Inc. Todos los derechos reservados.



T
ab
le

II
.
In
fa
n
t
an

th
ro
p
o
m
et
ri
c
m
ea
su
re
s
at

b
ir
th

an
d
1-
ye
ar

o
f
ag
e
b
y
m
at
er
n
al

fe
ed
in
g
m
et
h
o
d
an

d
sm

o
k
in
g
st
at
u
s
-
M
o
B
a

In
fa
nt

an
th
ro
po
m
et
ri
c

m
ea
su
re
s

To
ta
l

sa
m
pl
e

Ex
cl
us
iv
e
br
ea
st
-f
ee
di
ng

n
=
36
,0
08

M
ix
ed
-f
ee
di
ng

n
=
16
,8
86

Ex
cl
us
iv
e
fo
rm

ul
a-
fe
ed
in
g
n
=
1,
82
8

N
o
sm

ok
in
g

n
=
33
,0
18

1-
10

ci
g/
da
y

n
=
1,
70
7

>
10

ci
g/
da
y

n
=
1,
28
3

P
*

N
o
sm

ok
in
g

n
=
13
,4
73

>
10

ci
g/
da
y

n
=
1,
56
4

>
10

ci
g/
da
y

n
=
1,
64
9

P
*

N
o
sm

ok
in
g

n
=
1,
30
2

S
m
ok
in
g

n
=
15
6

>
10

ci
g/
da
y

n
=
37
0

P
*

W
ei
gh
t
at
bi
rt
h
(g
r)

36
41

(5
01
)

36
56

(4
89
)

36
74

(4
97
)

35
66

(4
95
)

<
.0
1

36
26

(5
19
)

36
24

(5
17
)

35
37

(5
16
)

<
.0
1

36
51

(5
24
)

36
68

(5
36
)

35
36

(5
52
)

<
.0
1

W
ei
gh
t
at
1

ye
ar

(g
r)

99
60

(1
11
6)

98
53

(1
08
3)

99
47

(1
13
4)

99
66

(1
18
9)

<
.0
1

10
12
7
(1
13
6)

10
09
6
(1
11
8)

10
21
3
(1
18
5)

.0
3

10
30
3
(1
14
4)

10
38
2
(1
23
6)

10
33
4
(1
21
4)

.5
6

W
ei
gh
t
di
ff
er
en
ce

(g
r)

63
18

(1
04
0)

61
97

(1
00
4)

62
73

(1
03
4)

64
01

(1
11
9)

<
.0
1

65
00

(1
05
4)

64
73

(1
02
3)

66
76

(1
11
2)

<
.0
1

66
52

(1
06
9)

67
15

(1
22
3)

67
98

(1
16
2)

.0
2

Le
ng
th
at

bi
rt
h
(m
m
)

50
5
(2
0)

50
6
(2
0)

50
6
(2
0)

50
2
(2
0)

<
.0
1

50
5
(2
1)

50
5
(2
1)

50
1
(2
1)

<
.0
1

50
5
(2
1)

50
5
(2
1)

50
0
(2
1)

<
.0
1

Le
ng
th
at
1
ye
ar

(m
m
)

76
7
(2
7)

76
4
(2
7)

76
6
(2
8)

76
3
(2
8)

.9
4

77
0
(2
7)

76
9
(2
8)

76
9
(2
8)

.1
2

77
3
(2
7)

77
4
(2
7)

77
0
(2
7)

.0
3

Le
ng
th
di
ff
er
en
ce

(c
m
)

26
1
(2
5)

25
8
(2
5)

26
0
(2
5)

26
2
(2
6)

<
.0
1

26
5
(2
5)

26
5
(2
5)

26
9
(2
7)

<
.0
1

26
8
(2
5)

26
9
(2
7)

27
0
(2
4)

.3
0

W
FL

z-
sc
or
e
at
bi
rt
h

0.
45

(1
.0
0)

0.
46

(0
.9
9)

0.
50

(0
.9
9)

0.
48

(1
.0
0)

.2
6

0.
42

(1
.0
3)

0.
43

(1
.0
1)

0.
42

(1
.0
2)

.9
6

0.
50

(1
.0
4)

0.
54

(1
.0
5)

0.
47

(1
.0
2)

.7
2

W
FL

z-
sc
or
e
at

1
ye
ar

0.
46

(0
.9
9)

0.
24

(0
.9
2)

0.
30

(0
.9
3)

0.
39

(0
.9
9)

<
.0
1

0.
40

(0
.9
5)

0.
40

(0
.9
5)

0.
54

(0
.9
7)

<
.0
1

0.
53

(0
.9
8)

0.
63

(1
.0
1)

0.
67

(0
.9
8)

.0
1

W
FL

z-
sc
or
e
di
ff
er
en
ce

0.
49

(1
.0
0)

�0
.2
2
(1
.2
4)

�0
.2
0
(1
.2
3)

�0
.0
9
(1
.3
1)

<
.0
1

�0
.0
2
(1
.2
6)

�0
.0
3
(1
.2
5)

0.
11

(1
.2
8)

<
.0
1

0.
03

(1
.3
3)

0.
09

(1
.4
2)

0.
19

(1
.2
9)

.0
4

*P
fo
r
tr
en
d
fr
om

lin
ea
r
re
gr
es
si
on

m
od
el
s.

December 2024 ORIGINAL ARTICLES

Feeding Method, Nicotine Exposure, and Growth during Infancy

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of H
2024. Para uso personal exclusivamente. No se permiten otros usos sin autor
of 100 g (95% CI, �30, 231) of weight and 2.8 mm (95%
CI,0.1, 5.6) of height that is specifically attributable to
ingesting smoker’s breastmilk.
Next, we fit separate interaction terms among boys and

girls to determine whether the observed effects may be sex-
specific (Table IV). Evidence of interaction was apparent
only among girls breastfed or ever-breastfed by a heavy
smoker. Most notably, ever-breastfed girls gained an
average of 251 g (95% CI, 66, 437) and 5.9 mm (95% CI,
2.0, 9.7) attributable to ingesting smoker’s breastmilk. No
such gains were observed among boys.
We conducted 2 sensitivity analyses. First, we fit interac-

tion terms for parameters of interest at eight months of
age. Wherever there was evidence of an interaction, this evi-
dence was stronger at eight rather than 12 months of age (es-
timates not shown). Second, we fit interaction terms in
sample that excluded SGA infants (n = 53 255) and found
similar estimates to those found in the overall sample.
Finally, among a sample limited to SGA infants only (n = 1
267), we found no evidence of an interaction between
maternal smoking and feeding method (estimates
not shown).

Discussion

We addressed a gap in the literature on the synergy between
feeding methods, nicotine exposure, and growth during in-
fancy by answering 3 interrelated questions: First, are infants
breastfed by smokers at risk of rapid weight and length gain?
Second, if so, is rapid growth among infants breastfed by
smokers attributable to ingestion of smokers’ breastmilk?
3) Finally, if so, what are the implications for breastfeeding
by smokers?
Among this large, population-based sample, we observed

an independent dose-dependent association between
maternal smoking and rapid weight and length gain among
both breastfed and mixed-fed but not formula-fed infants
(Table II). These dose-dependent associations were most
pronounced among breastfed infants, and less pronounced
among mixed-fed infants. This evidence of rapid growth
among infants breastfed by smokers agrees with earlier
observations among members of a Health Maintenance
Organization (HMO)24 and contrasts with null findings
among Dutch birth cohorts.25 We suspect that positive
findings among the HMO members, in part, reflect the
much higher prevalence of smokers among that urban
sample than the nationally representative Dutch sample
(41% vs 8%). Moreover, the Dutch sample likely included
lighter smokers. As such, the Dutch study’s null finding
likely reflects the protective effect of breastfeeding among
infants exposed to light and moderate maternal smoking.
Extant evidence suggests that infants breastfed by heavy
smokers are at risk of rapid weight and length gain.
Next, we found limited evidence that rapid gains in length,

but not weight, among infants breastfed by heavy smokers
may be partially attributable to ingesting smokers’
5
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Table III. Multivariable analysis of change in weight, length, and WFLZ during infancy as a function of feeding
method and postpartum cigarette smoking*

Change during infancy

Weight Length WFL z-score

gr (95% CI) mm (95% CI) Change (95% CI)

A – Main effects - Full Sample
Feeding method

Breastfed reference reference reference
Mixed-fed 214 (194, 234) 3.9 (3.4, 4.3) 0.15 (0.13, 0.17)
Formula-fed 361 (311, 412) 6.4 (5.3, 7.6) 0.26 (0.21, 0.31)

Cigarettes Smoked/day
0 reference reference reference
1-10 22 (�13, 57) 0.5 (�0.3, 1.3) 0.02 (�0.01, 0.05)
>10 172 (132, 211) 1.7 (0.8, 2.6) 0.12 (0.08, 0.15)

B – Main effects – Stratified Samples†

Breastfed
Cigarettes Smoked/day

0 reference reference reference
1-10 59 (12, 107) 1.2 (0.1, 2.4) 0.05 (0.01, 0.09)
>10 176 (115, 238) 1.2 (0.1, 2.6) 0.13 (0.07, 0.18)

Mixed-fed
Cigarettes Smoked/day

0 reference reference reference-
1-10 �25 (�78, 27) �0.6 (�1.8, 0.6) 0.01 (�0,06, 0.04)
>10 167 (110, 223) 2.2 (0.9, 3.5) 0.10 (0.05, 0.16)

Formula-fed
Cigarettes Smoked/day

0 reference reference reference
1-10 115 (�75, 305) 1.8 (�2.0, 5.6) 0.08 (�0.08, 0.25)
>10 119 (�15, 253) �0.9 (�3.7, 1.9) 0.11 (�0.01, 0.24)

C – Interaction – Full Sample‡

Ever breastfed*smoking§

Cigarettes Smoked/day
0 reference reference reference
1-10 56 (�250, 138) �1.1 (�4.9, 2.8) �0.03 (�0.20, 0.15)
>10 100 (�30, 231) 2.8 (0.1, 5.6) 0.04 (�0.08, 0.16)

Mother–infant pairs, MoBa (n = 54,522).
*All models included the following covariates: age at birth, parity, place of birth, marital status, education, family income (Norwegian Kroner), BMI at conception, other nicotine intakes during preg-
nancy (eg snuff, patches), gestational diabetes, gestational hypertensions, sex of infant, gestational age, apgar score at 5 minutes, introduction of solid foods.
†Separate models fit among each feeding group.
‡The interaction term estimates the difference between differences: (ever breastfed, 1-10 cig/day vs 0 cig/day) vs (Formula, 1-10 cig/day vs 0 cig/day). See the Methods section for details.
§Ever-breastfed group includes both breastfed and mixed-fed groups.
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breastmilk. This evidence was most pronounced among in-
fants who were ever breastfed by heavy smokers. This obser-
vation agrees with evidence from the only other study of
the association between ingesting smokers’ breastmilk and
growth during infancy.26 Together findings from these 2
studies suggests that salubrious effects of breastmilk on
growth during infancy may be limited by the amount of
maternal smoking. However, within the broad range of
smoking in this large study, rapid gains in weights and
lengths attributable to ingesting smokers’ breastmilk did
not meaningfully vary from population norms (as indicated
by low values for WFLZ: an index of deviation from norma-
tive growth patterns for healthy, breastfed infants raised in
healthy environments).31 In sum, evidence implicates impor-
tance of the amounts of both maternal smoking and ingested
breastmilk. However, rapid growth among infants breastfed
by light smokers does not exceed normative growth patterns
at 1-year.

This epidemiological evidence is supported by laboratory
evidence that infants can metabolize relatively small amounts
of ingested nicotine to cotinine and then clear the cotinine.32
6
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Based on our findings, and other evidence that breastfeeding
can mitigate harmful effects of secondhand smoke expo-
sure,33-35 we conclude that in the short-term obesogenic
properties of smokers’ breastmilk is outweighed by the
many benefits of breastfeeding, particularly among
light smokers.
Our sex-specific analyses revealed effects of heavy smoking

on 1-year weight and length gains among breastfed and ever-
breastfed girls, but not boys. Animal models suggest that
nicotine exposure during periods of plasticity, such as lacta-
tion, can have sexually dimorphic effects on hormones which
influence infants’ developmental trajectory.36,37 For example,
nicotine can program production and function of hormones
involved in the development of white adipose tissue (eg,
corticosterone and insulin)38,39 in a sexually dimorphic
manner.37,39 The extent to which these laboratory findings
may be further replicated among human populations re-
quires detailed consideration of various mediating and
moderating factors including maternal morphology and
lived experiences (eg, stress, education, parity) is beyond
the scope of the present study. Evidence of sexual
Shenassa, Botteri, and Stensheim
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Table IV. Sex-specific multivariable interaction terms for change in weight, length, and WFLZ during infancy as a
function of feeding method, postpartum cigarette smoking, and infants’ sex*,†

1-year weight change (gr) 1-year length change (mm) 1-year WFL z-score change

Girls
Breastfed

Cigarettes Smoked/day
0 Ref. Ref. Ref.
1-10 �4 (�258, 249) �1.8 (�7.2, 3.6) 0.04 (�0.19, 0.27)
>10 209 (12, 405) 5.3 (1.2, 9.4) 0.10 (�0.08, 0.27)

Mixed fed
Cigarettes Smoked/day

0 Ref. Ref. Ref.
1-10 �10 (�265, 246) �3.6 (�9.1, 1.8) 0.08 (�0.15, 0.31)
>10 168 (�22, 360) 4.0 (0.0, 8.1) 0.08 (�0.09, 0.25)

Ever Breastfed‡

Cigarettes Smoked/day
0 Ref. Ref. Ref.
1-10 36 (�214, 286) �1.8 (�7.1, 3.5) 0.08 (�0.14, 0.31)
>10 251 (66, 437) 5.9 (2.0, 9.7) 0.13 (�0.03, 0.30)

Boys
Breastfed

Cigarettes Smoked/day
0 Ref. Ref. Ref.
1-10 �69 (�380, 243) 1.1 (�4.7, 7.0) �0.09 (�0.36, 0.19)
>10 �99 (�295, 97) �2.3 (�6.4, 1.8) �0.07 (�0.24, 0.12)

Mixed-fed
Cigarettes Smoked/day

0 Ref. Ref. Ref.
1-10 �225 (�537, 86) �1.0 (�6.9, 4.9) �0.23 (�0.51, 0.05)
>10 �37 (�228, 155) 1.2 (�2.9, 5.2) �0.06 (�0.23, 0.11)

Ever Breastfed
Cigarettes Smoked/day

0 Ref. Ref. Ref.
1-10 �116 (�425, 192) �0.5 (�5.2, 6.3) �0.14 (�0.41, 0.14)
>10 �30 (�215, 155) 0.2 (�3.7, 4.0) �0.04 (�0.21, 0.13)

Mother–infant pairs, MoBa (n = 54,522).
*All models included the following covariates: age at birth, parity, place of birth, marital status, education, family income (Norwegian Kroner), BMI at conception, other nicotine intakes during preg-
nancy (eg snuff, patches), gestational diabetes, gestational hypertensions, sex of infant, gestational age, apgar score at 5 minutes, introduction of solid foods.
†Interaction terms represent the difference in differences between formula-fed infants and the stated exposure (ie, breastfed, mixed-fed, ever breastfed): (eg, Breastfed, 1-10 cig/day vs 0 cig/day) vs
(Formula, 1-10 cig/day vs 0 cig/day). See the Methods section for details.
‡Ever-breastfed group includes both breastfed and mixed-fed groups.
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dimorphism presented here should be considered as hypoth-
esis generating for future human studies rather than confir-
mation of laboratory evidence.

Ideally clinicians should help prevent smoking initiation
and onset of tobacco addiction. Given that smoking addic-
tion generally precedes family planning and pregnancy, we
emphasize the critical importance of also helping breastfeed-
ing mothers to quit smoking.4,40 However, abating nicotine
addiction is particularly difficult during this inherently
stressful transitional period.41,42 Post-partum quit rates are
notoriously low, especially among people who smoked dur-
ing pregnancy.42,43 Postpartum smokers would benefit
when routine postpartum care is complemented with
counseling-based cessation programs44,45 that counsel absti-
nence over the longer-term.40 Such programs can also effec-
tively include a breastfeeding promotion component.46 A
longer-term approach to abstinence is more likely to be suc-
cessful and evidence presented here suggests that this
approach will not adversely influence growth trajectory of in-
fants breastfed by light smokers.

Although this conclusion is in accord with recommenda-
tions from health agencies indicating that breastfeeding by
smokers is preferable over formula-feeding,47 we emphasize
Feeding Method, Nicotine Exposure, and Growth during Infancy
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the many negative consequences of exposure to nicotine
and secondhand smoke. Nicotine exposure during infancy
can program metabolic function in a manner that increases
adiposity and elevate risk of obesity and other metabolic
dysfunctions as early as childhood and continuing through
adulthood.36,48-50 Moreover, while the bulk of evidence
regarding pathogenic consequences of nicotine exposure
through breastmilk over the lifecourse comes from labora-
tory studies in which animals were administered doses of
nicotine that correspond to heavy smoking among hu-
mans, exposure to lower doses of nicotine should not be
considered safe.51,52 Increasingly discrepant growth trajec-
tories throughout the lifecourse remain a possibility. Clini-
cians should caution breastfeeding mothers of the possible
pathogenic consequences of even light smoking on the
long-term growth and development of their infant.51,52

We note the study’s weaknesses. The analytic sample for this
study is subjected to self-selection. During MoBa’s initial
recruitment period, �45% of all mothers who gave birth in
Norway consented to participate. Compared to the general
population, mothers who reported healthy behaviors are over-
represented amongMoBa participants. However, an investiga-
tion of bias arising from self-selection in MoBa’s sample did
7
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not find estimated associations to be biased.53Nevertheless, the
higher prevalence of maternal smoking, and the lower birth-
weight and height of excluded infants suggests a higher preva-
lence of SGA infants among the excluded group than in the
analytic sample (Supplementary Table 1; available at www.
jpeds.com). Our relatively small sample of SGA infants did
not allow us to examine SGA infants potentially diverging
growth trajectory,54 our findings may not generalize to
infants who were born growth restricted. We lacked data on
the actual amount of breastmilk intake. Because maternal
smoking can inhibit breastmilk intake via reduced milk
production, early weaning, and other possible
complications,19,32,55-57 breastfed and mixed-fed infants of
smokers may have ingested less breastmilk than those fed by
non-smokers. Consequently, more pronounced weight gain
among these infants may reflect lower breastmilk intake
rather than obesogenic properties of smoker’s breastmilk.
Since we lack detailed data on infants’ overall nutrient intake
and potentially other relevant variables,57 our findings might
be subject to a degree of unmeasured confounding. Finaly,
because mother-infant dyads were followed only during
infancy, possible longer term obesogenic sequalae of nicotine
exposure via breastmilk remain unknown.

In this largest and most detailed study of feeding method,
nicotine exposure, and growth during infancy, we observed
rapid growth among infants breastfed by smokers; and
limited evidence that some of these gains can be attributed
to ingesting smokers’ breastmilk. The sum of available evi-
dence suggests that salubrious effects of breastmilk on growth
during infancy may be limited by the amount of maternal
smoking. However, among average-for-gestational-age in-
fants of light smokers, these gains are within the range of
normative growth patterns for healthy, breastfed infants. Cli-
nicians caring for light smokers can continue to promote
breastfeeding while referring patients to programs that
counsel smoking cessation over the longer term. Among light
smokers, benefits of breastfeeding far outweigh short-term
obesogenic consequences. Possible long-term obesogenic
consequences remain unknown. n
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