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ABSTRACT: Breastfeeding has been linked with increased forced vital capacity (FVC) in children

but not in older adolescents. Our aim was to investigate the effects of breastfeeding duration and

infant weight gain on FVC in both developmental periods.

In a birth cohort, information on breastfeeding duration was collected at 1 and 2 yrs; spirometric

tests were conducted at 10 and 18 yrs. To estimate the effect of breastfeeding duration on FVC at

18 yrs of age, we used linear models; to analyse repeated FVC measurements at 10 and 18 yrs of

age, we used linear mixed models. Links between breastfeeding, infant weight gain and FVC at 10

and 18 yrs of age were analysed through path analyses.

Among 808 breastfed children, 49% were breastfed for o4 months. At 18 yrs of age the

augmenting effect of breastfeeding on FVC was reduced with increased height. Linear mixed

models identified that breastfeeding duration was associated with increased FVC. Path analysis

suggested a direct effect of breastfeeding on FVC at 10 yrs of age, but an indirect effect at 18 yrs

of age via FVC at 10 yrs of age. Although inversely related to breastfeeding, a higher weight gain

in infants led to taller adolescents and, in turn, resulted in increased FVC.

In conclusion, a longer duration of breastfeeding contributes to lung health in childhood and

adolescence.
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B
reastfeeding has a number of benefits for
both the infant and mother [1–4]. There
is strong evidence for a protective effect

of breastfeeding against lower respiratory tract
infections. However, the effect of breastfeeding
on asthma remains controversial. While several
studies have reported that exclusive breastfeed-
ing is associated with reduced occurrence of
asthma in childhood [2–7], some have found an
increased risk with breastfeeding [8, 9], and
others have found no association [10–12].

GUILBERT et al. [13] reported that a longer duration
of breastfeeding favourably increased forced vital
capacity (FVC) at 11 and 16 yrs of age. However,
in the presence of maternal asthma, a longer
duration of breastfeeding was associated with
a decreased FVC [13]. Another cohort study
demonstrated that children who were breastfed
for o4 months had significantly higher peak
expiratory flow [5]. We previously demonstrated
that breastfeeding for o4 months increases FVC

in 10-yr-old children, independent of maternal
asthma or allergy [14].

In addition to breastfeeding influencing lung
function, TURNER et al. [15] reported that an
increase in weight gain during infancy resulted
in reduced lung growth. A second study rein-
forced an inverse association between weight gain
and lung volume in infants, but also reported that
infant feeding modes were not related to lung
function measurements [16]. However, the ques-
tion arises as to whether increased weight gain
during the first year of life is in the ‘‘causal
pathway’’ between lack of breastfeeding and lung
function and, thus, a substitute marker for lack of
or shorter breastfeeding. In addition, neither of
these studies analysed whether breastfeeding
duration and infancy weight gain were associated
with lung function later in childhood and in
adolescence [15, 16]. To date, no study has
investigated whether breastfeeding continues to
have an effect on lung function in late adolescence.
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We hypothesised that both infancy weight gain and breast-
feeding duration affect lung capacity in childhood and late
adolescence, either directly or indirectly via weight and height.
To decipher these composite relationships, a web of associa-
tions must be addressed taking the respective time order into
account. Thus, we tested our hypothesis by a follow-up study
using path analysis. This approach assesses multiple linear
equations simultaneously under mutual statistical control and
identifies direct and indirect effects. Direct effects indicate the
impact of a risk factor on an outcome that is not moderated by
other variables, whereas indirect associations depict the effect
of a risk factor (X) on an outcome variable (Z) via an
intervening variable (XRintervening variableRZ). The total
effect of a risk factor is the combination of direct and indirect
statistical links.

MATERIALS AND METHODS
Study population
From January 1989 to February 1990 in the Isle of Wight,
UK, 1,536 mother/child pairs were approached at birth to
participate in a longitudinal study; 94.8% (1,456 out of 1,536) of
mothers were enrolled. The local research ethics committee
approved the study and informed written parental consent
was obtained for all participants at recruitment and subse-
quent follow-up conducted at 1, 2, 4, 10 and 18 yrs of age. The
Isle of Wight birth cohort has been described in detail
elsewhere [17, 18]. At 10 and 18 yrs of age, lung function tests
were performed on all consenting children.

Study design
We conducted a longitudinal study from birth through to late
adolescence using the Isle of Wight birth cohort data. In order
to test our hypothesis we investigated: 1) whether the
protective breastfeeding effect on lung function was main-
tained up to 18 yrs of age; and 2) whether first-year weight
gain was an intervening variable in the ‘‘causal pathway’’
between breastfeeding duration and lung function at 10 and
18 yrs of age.

Methods
Information on socio-demographic variables and birth weight
were obtained from birth records and enrolment question-
naires. Maternal history of atopic diseases (asthma, eczema or
hay fever) and smoking during pregnancy were ascertained at
birth. Breastfeeding duration was assessed at follow-up visits
at 1 and 2 yrs of age. At 1, 2, 4, 10 and 18 yrs of age, the original
questionnaire-based information was updated, and the weight
and height of the child were measured. Weight gain during
infancy was computed as the difference between birth weight
and weight at 1 yr of age.

Lung function measurements were performed at 10 and 18 yrs
of age [14, 19], including FVC, forced expiratory volume in 1 s
(FEV1) and FEV1/FVC ratio. Lung function measurements
were performed using a Koko Spirometer and software with a
portable desktop device (both PDS Instrumentation, Louisville,
KY, USA), according to American Thoracic Society guidelines
[20]. Prior to lung function measurements, children were
required to be free from respiratory infection for 14 days and
not to be taking oral steroids. In addition, they were required
to abstain from any b-agonist medication for 6 h and from
caffeine intake for at least 4 h.

Breastfeeding was used as a continuous variable in the linear
mixed models and path analysis. It was categorised into four
groups of breastfeeding duration for linear regression analysis:
no breastfeeding; ,2 months; 2–3 months; and o4 months.

Confounders
Information on maternal smoking during pregnancy (yes/no)
and socioeconomic status were obtained. The socioeconomic
status was represented by clusters composed of the following
information: 1) the British socioeconomic classes (1–6) [21],
derived from parental occupation reported at birth; 2) the
number of children in the index child’s bedroom (collected at
4 yrs of age); and 3) family income at 10 yrs of age. This
composite variable captures the family social class across the
study period [14]. Family social status cluster was categorised
as lower, middle and upper class.

In all explanatory models we adjusted for sex, birth weight
(kg) and height (cm) at 10 and 18 yrs of age, as well as
maternal body mass index (BMI) before pregnancy (under-
weight ,18.5 kg?m-2, normal 18.5-,25 kg?m-2 and overweight
o25 kg?m-2, following the World Health Organization cut-off
points). At 10 and 18 yrs of age, the child’s BMI, maternal
history of atopic disease (ever eczema, hay fever and asthma)
and weight (kg) were used in the repeated measurement
models. Weight gain at 1 yr of age, the child’s weight and
height at 10 and 18 yrs of age, sex and maternal smoking
during pregnancy were included in the path analysis.

Analysis
All statistical analyses were performed using the SAS statistical
package (version 9.2; SAS Institute, Cary, NC, USA). To assess
whether our analytic sample (children with pulmonary
function tests (PFTs)) was representative of the total cohort
available at 10 or 18 yrs of age, we compared the characteristics
of these two subsets by using the Chi-squared test. Potential
effect modification of the breastfeeding effect by height at
18 yrs of age was assessed utilising linear regression model-
ling. Linear mixed models were employed to determine the
association of breastfeeding duration on repeated lung volume
measurements at 10 and 18 yrs of age. Adjusted for within-
participant effects using the regular maximum likelihood
method, we started with an unstructured covariance matrix,
which requires the least amount of constraints. Other
covariance matrices, including compound symmetry and
autoregressive, were considered but they did not significantly
improve the fit based on the evaluation of the Akaike
information criteria and the Bayesian Schwarz information
criterion [22]. All covariates were entered as indicator variables
into the general linear model and linear mixed model
simultaneously. A manual backward elimination process was
used to retain confounders for the final model. Confounders
were kept in the model if they changed the effect of
breastfeeding by o10%.

The possibility that infant weight gain in the first year is in the
‘‘causal pathway’’ between breastfeeding and FVC cannot be
tested with either linear regression or repeated measurement
models since these models do not address intervening
variables. Controlling for an intervening variable as a
confounder would split the initial association between the risk
factor and the outcome into two associations, destroying the
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‘‘causal pathway’’. Thus, we explored the relationship between
breastfeeding duration, infant weight gain in the first year and
FVC at 10 and 18 yrs of age by path analysis [23] using the
Covariance Analysis of Linear Structural Equations procedure
[24]. Path analysis allowed us to assess the structure among
multiple variables and to break down effects into direct,
indirect and total (see online supplement). Maximum like-
lihood parameter estimates were determined by using the
nonweighted least-squares estimates of the model parameters
and their residuals. The best model had normalised residuals
,2 and the Chi-squared test was nonsignificant, indicating a
good fit. Both the normed and non-normed fit indices
exceeded 0.9 [24]. To illustrate the model, we presented the
direct effect (path coefficients) only if the effect gained
statistical importance (fig. 1). The path coefficients represent
the partial correlation between the dependent and indepen-
dent variables adjusted for other covariates. The direct and
indirect pathways of breastfeeding and infant weight gain in
the first year on FVC at 10 yrs of age are presented in figure E1
in the online supplement. For the total effect, see figure E2 in
the online supplement.

RESULTS
There were no substantial differences between the total cohort
and the sample that had information on lung function,
breastfeeding and the covariates of interest (table 1). 77% (1,121
out of 1,456) of children participated in the PFT either at 10 or
18 yrs of age. Among those who participated in the PFT at either
age, 91.6% (1,027 out of 1,121) had information on breastfeeding
and 219 (21.3%) participants were not breastfed. Among the 808
who were breastfed, 49% were breastfed for o4 months.

In the linear regression model for lung function at 18 yrs of age
there was an interaction between breastfeeding and height at
18 yrs of age. Thus, the effect of breastfeeding on FVC at 18 yrs
of age was modified by height at 18 yrs of age (p-value
for breastfeeding ,2 months 0.25; 2–3 months 0.32; and
o4 months 0.04; data not shown). Since breastfeeding duration
was involved in an interaction with height, we cannot assess the
breastfeeding effect on lung volume alone. To disentangle this
association, we assessed the effect of each category of breast-
feeding on FVC at 18 yrs of age by the children’s height. For
children with a height of 160 cm, being breastfed for o4 months
was related to an FVC of 4.85 L compared to 4.62 L for non-
breastfed children (p50.04) (table 2). For taller children
(190 cm), the effect of breastfeeding on FVC at 18 yrs of age
was diminished or even reversed. However, when ignoring the
interaction with height and using a continuous breastfeeding
duration variable, the average increase of FVC per week of
breastfeeding was 1.6 mL (data not shown).

Results from linear mixed models indicated that breastfeeding
duration was significantly associated with increased FVC, with a
1.48 mL increase per week of feeding (SE 0.60 mL; p50.01)
adjusted for sex, age, birth weight, height and BMI, as well as
maternal BMI and maternal history of atopic diseases (table 3).
Socioeconomic status did not confound the association between
breastfeeding duration and FVC. In addition, longer dura-
tion of breastfeeding was associated with an increased FEV1

(estimate¡SE 1.21¡0.58 mL; p50.03). Given that both FVC and
FEV1 increased with breastfeeding, duration of breastfeeding had
no measurable influence on the FEV1/FVC ratio. We will now
focus on FVC as the increase in FEV1 was proportional to FVC.

Maternal smoking
during pregnancy

Breastfeeding
duration weeks

Female
sex

Birth
weight

kg

First year
weight gain kg

Weight kg Weight kg

Height cm Height cm

FVC L

FVC L

Age 10
yrs

Age 18
yrs

Infancy

0.079

-0.313

-0.090

-0.078

0.087

-0.158

0.049

-0.096

0.074 0.614

0.089

-0.433

0.508

0.104

0.695

FIGURE 1. Analytical path model exploring the direct effects of birth weight, breastfeeding duration, sex and maternal smoking status during pregnancy on infant weight

gain in the first year and forced vital capacity (FVC) at 10 and 18 yrs of age. The path coefficient (direct effects) represents the relative importance between -1 and +1.

Goodness of fit adjusted for degrees of freedom: 0.99; root mean residuals: 0.001; deviation between covariance structure and the empirical covariance: Chi-squared/degree

of freedom f2; p,0.05.
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Results of the path analysis, including birth weight, breastfeed-
ing duration, sex, first-year weight gain, height, weight and FVC
at 10 and 18 yrs of age are presented in figure 1. The path
coefficients suggested a direct effect of breastfeeding on FVC at
10 yrs of age in which longer breastfeeding duration increased
FVC, but no direct effect on FVC at 18 yrs of age (fig. 1).
However, as FVC at 10 yrs of age explains FVC at 18 yrs of age,
the effect of breastfeeding duration was detected at 10 yrs of age
and then carried forward (indirect effect) to FVC at 18 yrs of age
with FVC at 10 yrs of age acting as an intervening variable
(fig. E1 online supplement). We did not find any association for
first-year weight gain and FVC at 18 yrs of age. For every
kilogram of weight gain in the first year there was a direct
increase in FVC at 10 yrs of age (path coefficient 0.064), but not
at 18 yrs of age (fig. 1). In addition, infant weight gain had a

positive indirect effect on FVC at 10 yrs of age versus weight and
height at 10 yrs of age (fig. E1 online supplement).

Breastfeeding was inversely associated with first-year weight
gain (path coefficient -0.089) (fig. 1). It seems that infants who
were breastfed for longer gained less weight than those who
were not breastfed or had a shorter duration of breastfeeding.

Regarding birth weight, this had an inverse association with
first-year weight gain (path coefficient -0.079) (fig. 1). Birth
weight had a direct effect on FVC at 10 yrs of age but not at
18 yrs of age (fig. 1).

As expected, height increased lung volume at 10 yrs of age. For
every centimetre increase in height at 10 yrs of age there was
an increase in FVC (path coefficient 0.613) (fig. 1). Thus, taller

TABLE 1 Baseline characteristics for children with lung function data at 10 or 18 yrs of age compared with the total cohort at
baseline

Total cohort Sample with PFT data at 10 or

18 yrs of age

p-value

Subjects 1536 1121

Sex

Male 786 (51.2) 557 (49.7) 0.05

Female 750 (48.8) 564 (50.3)

Social status cluster

Lowest class 209 (15.4) 160 (14.6) 0.11

Middle class 1037 (76.4) 850 (77.6)

Highest class 111 (8.2) 85 (7.8)

Missing 179 26

Maternal history of atopic diseases

No 802 (66.1) 654 (65.9) 0.73

Yes 411 (33.9) 339 (34.1)

Missing 323 128

Maternal smoking during pregnancy

Yes 384 (25.3) 253 (22.7) 0.13

No 1137 (74.8) 864 (77.4)

Missing 15 4

Maternal BMI kg?m-2

Underweight ,18.5 21 (1.8) 16 (1.8) 0.72

Normal 18.5–,25 739 (62.9) 559 (64.6)

Overweight o25 415 (35.3) 291 (33.6)

Missing 361 255

Breastfeeding duration weeks 8 (0–40); 1342 8 (0–40); 1027 0.23

Missing 194 94

BMI kg?m-2

At age 10 yrs 17.4 (15–24); 1043 17.4 (15–24); 1026 0.92

Missing 493 95

At age 18 yrs 22.2 (18–32); 964 22.2 (18–32); 896 0.91

Missing 572 225

Height cm

At age 10 yrs 138.7 (129–150); 1043 139 (129–150); 1026 0.98

Missing 493 95

At age 18 yrs 171 (157–187); 994 171 (156–187); 918 0.22

Missing 542 203

Birth weight kg 3.4 (3–4); 1494 3.4 (3–4); 1089 0.24

Missing 42 32

Data are presented as n, n (%) or median (5th–95th percentile) n, unless otherwise stated. PFT: pulmonary function test; BMI: body mass index.
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children had a larger lung capacity at 10 yrs of age.
Furthermore, height increased FVC at 18 yrs of age (path
coefficient 0.603) (fig. 1).

Regarding sex, females tended to gain less weight in the first
year of life (path coefficient -0.316) compared with males
(fig. 1). In addition, they had lower FVC in early and late
adolescence (path coefficient -0.154 and -0.134, respectively)
than males (fig. 1).

DISCUSSION
The main finding of this study was that the effect of a longer
duration of breastfeeding on lung capacity detected at 10 yrs of
age was retained at 18 yrs of age. In addition, a longer duration
of breastfeeding was related to higher FEV1. However, after
adjustment of FEV1 for lung volume (FVC), breastfeeding was
no longer associated with FEV1. This suggests that while

breastfeeding increased the child’s lung volumes, it had no
influence on airway obstruction as FEV1/FVC ratios remained
unchanged. The results from path analyses suggested that
breastfeeding duration had a direct effect on FVC at 10 yrs of
age but not at 18 yrs of age. Nevertheless, the effect of
breastfeeding duration at 10 yrs of age was carried forward to
18 yrs of age. Although weight gain in infancy takes away
some of the direct effect of breastfeeding on FVC at 10 yrs of
age (statistically significant negative association with breast-
feeding duration and positive association with FVC), breast-
feeding continues to support its beneficial effect on lung
volume through late adolescence. The results from the path
analyses were in agreement with the repeated measurement
models, showing a continuing protective effect of breastfeed-
ing on FVC up to 18 yrs of age.

We compared the total cohort with our analytic sample for
potential selection biases but found no evidence for a selection
(table 1). The probability that our results were influenced by a
selection bias was minimal since 73% (1,121 out of 1,536) of the
birth cohort participated in the PFTs either at 10 or 18 yrs of age.
PFT data were assessed under standard conditions in the clinic at
the 10- and 18-yr visits, reducing information biases.
Furthermore, breastfeeding information was ascertained pro-
spectively at 1 and 2 yrs of age, which minimised recall bias;
however, we did not assess whether breastfeeding was directly at
the breast, indirect via bottle use or exclusive (only breast milk).

Birth length and length gain in the first year were not collected,
which is a limitation of our study. Some studies have used birth
weight and weight gain [15, 16], others have focused on length
and length gain in infancy [25]. The specific role of both markers
has not been determined. We found that birth weight is
statistically significantly associated with height at 10 and
18 yrs of age (rs 0.19 and 0.28, respectively) and so is infancy
weight gain (rs 0.33 and 0.35, respectively). The positive
correlation of birth weight and infancy weight gain with height
may only be a substitute for the correlation between early length

TABLE 2 Effect of breastfeeding on forced vital capacity
(FVC) at 18 yrs of age by height#

Height cm p-value+

160 170 180 190

Breastfeeding

months"

Not breastfeeding 4.62 5.29 5.95 6.47

,2 4.71 5.30 5.88 6.51 0.25

2–3 4.75 5.34 5.93 6.46 0.32

o4 4.85 5.38 5.92 6.62 0.04

Data are presented as litres, unless otherwise stated. #: n5586; ": adjusted for

height (cm), sex, maternal smoking during pregnancy, birth weight (kg) and

maternal body mass index (kg?m-2); +: the interaction between breastfeeding

and height.

TABLE 3 Adjusted estimated effects of repeated measurement of lung function at 10 and 18 yrs of age using linear mixed
regression model#

FVC FEV1 FEV1/FVC

Estimate¡SE mL p-value Estimate¡SE mL p-value Estimate¡SE % p-value

Breastfeeding duration weeks 1.48¡0.60 0.01 1.21¡0.58 0.03 -0.001¡0.01 0.92

Females -103.7¡18.09 ,0.0001 -40.16¡17.50 0.02 1.93¡0.42 ,0.0001

BMI kg?m-2 6.63¡3.04 0.02 -0.65¡2.87 0.82 -0.24¡0.05 ,0.0001

Height cm 46.13¡1.29 ,0.0001 39.81¡1.21 ,0.0001 -0.05¡0.02 0.01

Maternal atopic diseases 29.87¡18.72 0.11 19.57¡18.03 0.27 0.01¡0.43 0.96

Age yrs 103.1¡5.75 ,0.0001 91.93¡5.31 ,0.0001 0.23¡0.10 0.02

Birth weight kg 23.45¡17.49 0.18 41.16¡16.83 0.01 0.57¡0.40 0.15

Maternal BMI kg?m-2

Underweight ,18.5 36.99¡69.87 0.59 24.05¡67.37 0.72 -1.21¡1.64 0.45

Overweight o25 53.24¡19.46 0.006 -47.56¡18.72 0.01 -0.01¡0.45 0.98

Normal 18.5-,25 Ref. Ref. Ref.

FVC: forced vital capacity; FEV1: forced expiratory volume in 1 s; BMI: body mass index; Ref: reference. #: 760 subjects and 1,205 observations.

N. SOTO-RAMÍREZ ET AL. LUNG FUNCTION

c
EUROPEAN RESPIRATORY JOURNAL VOLUME 39 NUMBER 4 989



indicators and height at older age. However, this correlation
explains that higher birth weight and infancy weight gain are
related to increased lung volume via longer height.

We controlled for confounders in our analyses (table 3), but
focused on a manageable set of confounders. Our main focus
in this analysis was the effect of early post-natal exposures on
lung function in childhood and late adolescence. We consid-
ered some additional potentially distorting effects, such as the
fact that respiratory infection and maternal smoking may
reduce lung capacity in children [26]; however, we found no
association (data not shown). Our analytical path model will
allow us to integrate additional influences involved in child-
hood and adolescence in future analyses.

Relationship between breastfeeding duration and lung
function at 10 and 18 yrs of age
The repeated measurement analysis demonstrates that for
every week increase in duration of breastfeeding, the FVC at 10
and 18 yrs of age was increased on average by 1.48 mL (95% CI
0.29–2.67 L). This is comparable to the study by OGBUANU et al.
[14] which reported an average of 1.6 mL per week of
breastfeeding at 10 yrs of age (re-analysis using a continuous
breastfeeding variable). For instance, the median duration of
breastfeeding (8 weeks) was related to an increase in FVC of
11.84 mL. Similarly, the Tucson Children Respiratory Survey
showed that a longer duration of breastfeeding was associated
with increased FVC in the total cohort at 11 and 16 yrs of age;
however, only in the absence of maternal asthma [13]. A
Swedish population-based cohort study found that children
exclusively breastfed for o4 months had significantly higher
peak expiratory flows at 4 and 8 yrs of age [5, 6].

In our analysis, we found that height at 18 yrs of age modified
the effect of breastfeeding on FVC at the same age. We
demonstrated that the decline was related to an interaction
between height at 18 yrs of age and breastfeeding, showing
that the effect of breastfeeding on FVC at 18 yrs of age
disappears when children grow. Lung volume experiences an
increase until pulmonary maturation at 20–25 yrs of age [27,
28]. Our results suggest that breastfeeding contributes to lung
growth in childhood and adolescence; however, somatic
growth in adolescence may capture most of the effects on the
increases in lung volume. Hence, it is possible that the effect of
breastfeeding on lung volume dissipates in young adults. An
alternative explanation is that height is a powerful driver of
lung volume that, when evaluating the effect of breastfeeding,
can only be detected in shorter children.

Relationship between breastfeeding duration, first-year
weight gain and lung function at 10 and 18 yrs of age: path
analysis
Although breastfeeding does not seem to directly influence
lung capacity at 18 yrs of age, it does directly improve the lung
volume at 10 yrs of age, which in turn is related to higher FVC
at 18 yrs of age. Therefore, better lung function at 10 yrs of age
contributes to an increased FVC in late adolescence.

As expected, we observed that breastfeeding duration was
inversely associated with the child’s weight gain in the first
year. This is similar to the results reported by TURNER et al. [15],
demonstrating that exclusive breastfeeding compared with

formula feeding was associated with a mean reduction in
weight gain at 12 months of age. Our findings are in agreement
with a study by HANCOX et al. [29] reporting higher functional
residual capacity related to higher weight gain from birth to
3 yrs of age, but may differ from the findings of two studies
that reported early-infancy weight gain was associated with
reduced lung growth (measured at 1 and 12 months and 5–
14 weeks of age) [15, 16]. It is possible that weight gain in
infancy negatively affects early lung growth. In contrast to the
infant weight gain studies, we measured FVC at 10 and 18 yrs
of age and found a positive impact of weight gain. The positive
effect of weight gain is further supported by the finding that
weight gain in infancy is correlated with increased height in
adolescence, which in turn is associated with lung volume (as
discussed previously). Similarly, TURNER et al. [15] found that
weight gain in infancy is related to increased mid-expiratory
flow at 11 yrs of age; however, their explanatory model did not
include breastfeeding. To decipher the role of infant weight
gain from that of breastfeeding on lung volume at 10 and
18 yrs of age, we could not use breastfeeding and weight gain
as confounders in the same model since weight gain is
considered to be on the ‘‘causal pathway’’ between breastfeed-
ing and lung volume. Path analyses offered a unique
opportunity to explore these relationships.

The mechanism of how breastfeeding influences lung function
is unknown. As described in the literature, sucking is related to
innervations of the diaphragm [30] and abdominal breathing
exercises contribute to lung capacity. Evidence suggests that
for 75 s prior to milk ejection, there is an approximated
negative pressure of 98 mmHg among breastfed infants, which
is three times stronger than bottle-fed infants [31]. Breastfed
infants have an average of 8 min of sucking, which is nearly
twice as long as the bottle feeding (average 4.4 min). Bottle
feeding is also related to a higher rate of swallowing with more
frequent interruption of breathing [32, 33]. In addition, recent
research demonstrates that the olfactory response of the infant
to areolar gland secretions increases the abdominal inspiration
of the infant [34]. Thus, direct breastfeeding may create an
increased diaphragmatic force stimulating increased lung
growth. However, no study has investigated this hypothesis.
Future research is needed to investigate mechanisms on how
suckling may enhance lung volume and development.

In conclusion, we suggest that breastfeeding improves lung
function and this effect is partially diminished by weight gain
in infancy. The use of path models improved the under-
standing of ‘‘causal pathways’’ in longitudinal studies, allow-
ing estimation of the direct, indirect and total effects of
different covariates. Future studies should aim to better
understand the potential mechanistic implications of breast-
feeding on lung development.
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