
Do Infants Fed From Bottles Lack Self-regulation of
Milk Intake Compared With Directly Breastfed Infants?

WHAT’S KNOWN ON THIS SUBJECT: Breastfeeding reduces the
risk of developing childhood obesity.

WHAT THIS STUDY ADDS: How breastfeeding reduces the risk of
childhood obesity is unclear; in our study we tested the potential
mechanism pertaining to the ability of breastfed infants to self-
regulate their energy intake.

abstract
OBJECTIVE: Howbreastfeeding reduces the risk of childhood obesity is
unclear, and 1 hypothesis pertains to the ability of breastfed infants to
self-regulate. We studied whether infants’ self-regulation of milk intake
is affected by feeding mode (bottle versus breast) and the type of milk
in the bottle (formula versus expressed breast milk).

PATIENTS AND METHODS: Participants in the 2005–2007 Infant Feed-
ing Practices Study II received monthly questionnaires during their
infant’s first year, and compete datawere available for 1250 infants. We
tested the impact of feedingmode and type of milk during early infancy
on self-regulation during late infancy.

RESULTS: Although only 27% of infants fed exclusively at the breast in
early infancy emptied the bottle or cup in late infancy, 54% of infants
who were fed both at the breast and by bottle did so, and 68% of those
who were fed only by bottle did so. Multivariate regression analysis
indicated that infants who were bottle-fed more intensively early in life
were�71% or 2 timesmore likely to empty the bottle or cup later in life
than those who were bottle-fed less intensively (1⁄3–2⁄3 or 2⁄3 of milk
feeds given by bottle versus�1⁄3 of milk feeds). When feeding formula
and expressed milk were considered separately, similar dose-
response relationships were observed.

CONCLUSIONS: Infants who are bottle-fed in early infancy are more
likely to empty the bottle or cup in late infancy than those who are fed
directly at the breast. Bottle-feeding, regardless of the type of milk, is
distinct from feeding at the breast in its effect on infants’ self-
regulation of milk intake. Pediatrics 2010;125:e1386–e1393
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The estimated percentage of children
aged 2 to 5 and 6 to 11 years in the
United States classified as overweight
increased from 5.0% and 6.5%, respec-
tively, in 1980 to 12.4% and 17.0%, re-
spectively, in 2005–2006.1–3 The in-
crease in childhood obesity was also
observed among children aged 6 to 23
months, from 7.2% in 1980 to 11.6% in
2000.1 Given the numerous health risks
related to childhood obesity,4–7 its pre-
vention is becoming a major public
health challenge.8

Feeding practices affect growth and
body composition in infancy,9–14 and
many studies have shown that breast-
fed infants have a continued lower risk
for later childhood obesity.15–18 The
mechanisms for the association be-
tween breastfeeding and obesity are
unclear. One hypothesis pertains to
the ability of breastfed infants to self-
regulate their energy intake to match
their energy needs.19 Infants fed di-
rectly at the breast must actively
suckle to draw milk out, whereas in-
fants are passive when being fed from
a bottle. The control of caregivers in
bottle-feeding could lead to infants’
poor self-regulation on the basis of in-
ternal cues of hunger and satiety. The-
oretically, feeding infants human milk
in a bottle would have a similar nega-
tive effect on self-regulation as feeding
formula in a bottle. There have been
few systematic efforts to explore the
mechanisms underlying the associa-
tion between breastfeeding and obe-
sity, and to our knowledge, no avail-
able studies have examined whether
infants’ self-regulation may be af-
fected by how the milk is delivered
(bottle versus breast) and whether
these effects differ according to type
of milk in the bottle (formula versus
human milk).

Our purpose was to explore whether
infants’ self-regulation ofmilk intake is
a possible mechanism behind the rela-
tionship between breastfeeding and

childhood obesity. Specifically, we
tested 2 hypotheses: (1) compared
with infants fed directly at the breast
in early infancy, infants who are bottle-
fed are more likely to empty the bottle
or cup offered to them in late infancy;
and (2) the use of a bottle, not the type
of the milk in the bottle, is more impor-
tant in limiting infants’ ability to self-
regulate milk intake.

PATIENTS AND METHODS

Sample

The sample was taken from the Infant
Feeding Practices Study (IFPS) II, a US
population-based longitudinal study
(2005–2007) conducted collabora-
tively by the US Food and Drug Admin-
istration and the Centers for Disease
Control and Prevention. The IFPS II
sample was drawn from a US national
consumer-opinion panel and con-
sisted of mothers 18 years or older
with healthy newborns whose gesta-
tional age at birth was�35 weeks and
whose birth weight was�5 lb. Infants
were followed longitudinally with
questionnaires mailed almost monthly
until 12 months of age. We included
1597 infants for whom there were data
on how often the infant emptied the
milk in the bottle or cup offered to
them during the second half-year of in-
fancy; of these infants, there were
complete data for 1250 infants for the
regression analysis. Infants who never
received milk from a bottle or cup in
the second half-year of infancy were
excluded. The details of the overall IFPS
II design and response rates are avail-
able elsewhere.20

Outcome Measures

We divided the IFPS II data into the first
and second half-years of infancy.
Whether infants completely emptied
the milk in the bottle or cup offered
to them in late infancy was used to
indicate infants’ self-regulation of
milk intake.

Because energy intake is difficult to
measure in most settings, other mea-
sures such as emptiness of bottles,
bowels, and plates have been used to
indicate food regulation.21–23 For this
study, bottle-emptying initiated by in-
fants was used as an indicator for self-
regulation of milk intake and mea-
sured by asking 2 survey questions at
7, 9, 10.5, and 12 months and using a
5-point Likert scale: (1) “How often
does your infant drink all of his or her
cup or bottle of formula?” and (2) “How
often does your infant drink all of his
or her cup or bottle of pumped milk?”

We estimated the average Likert score
of these questions for infants with at
least 2 responses during the second
half-year. We then categorized this av-
erage score into a binary outcome:
“yes” represented infants who “most
of time” or “always” emptied the bottle,
and “no” represented infants who
“never,” “rarely,” or “sometimes” emp-
tied the bottle.

Main Exposures

To examine whether infants’ self-
regulation in the second half-year of
infancy was affected by how milk was
delivered in the first half-year, feeding
mode (breast only, bottle and breast,
or bottle only) and bottle-feeding inten-
sity (the percentage of milk feeds
given by bottle) were used as main ex-
posure variables in this study.

There are 4 types of milk-feeding cate-
gories: (1) breast milk fed directly at
mother’s breast (breastfed milk); (2)
expressed human milk fed by bottle
(expressed milk); (3) formula milk fed
by bottle (formula); and (4) othermilks
fed by bottles (such as cow’s milk or
soy milk). Because feeding infants 1
type of milk more frequently implies
less frequency of other types, percent-
ages of milk feeds from a particular
milk type among total milk feeds (in-
tensity measures) were used rather
than the absolute frequency of feeding
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each type of milk to show the shifting
across different milk feedings. At each
survey, mothers were asked to indi-
cate how often their infants were fed
breast milk, formula, other milks, and
various types of other foods and
drinks in the previous 7 days. In addi-
tion, mothers were asked, “How many
times in the past 7 days was your in-
fant fed pumped breast milk to drink,
including breast milk expressed in any
way as pumped milk?” From these re-
sponses, we estimated the intensity
of feeding each type of milk. With
expressed-milk–feeding intensity as
an illustration, its calculation can be de-
scribed in a simple way as (expressed
milk/[breastfed milk � expressed milk
� formulamilk�othermilks])�100%.

Although each survey targeted a par-
ticular infant age, some mothers did
not complete the survey on time, and
their infants’ ages were out of the tar-
geted age range. To match the age at
which feeding datawere collectedwith
the infants’ actual age, we used the
procedure described by Grummer-
Strawn et al24 to regroup the feeding
data during the first half-year into the
following age categories: 3 to 6 weeks
(�1 month), 7 to 10 weeks (�2
months), 11 to 14 weeks (�3 months),
15 to 18 weeks (�4 months), 19 to 23
weeks (�5 months), and 24 to 28
weeks (�6 months). The mean inten-
sity of feeding each type of milk over
the first half-year was then calculated
for infants who had at least 3 of 6 pos-
sible intensity measures during this
period. On the basis of the mean inten-
sity measures for feeding breastfed
milk, expressed milk, and formula, a
total of 7 mutually exclusive milk feed-
ing practices were identified: breast-
fed milk; expressed milk; formula;
breastfed milk and expressed milk;
breastfedmilk and formula; expressed
milk and formula; and breastfed milk,
expressed milk, and formula. These
practices were further grouped accord-

ing to 3 different feeding modes: (1) fed
only at the breast; (2) fed at the breast
and by bottle; and (3) fed only by bottle.

To examine the dose-response effect of
bottle-feeding regardless of the type of
milk, bottle-feeding intensity was cal-
culated as the sum of formula- and
expressed-milk–feeding intensities and
considered to be “low” if less than one-
third of total milk feeds were given by
bottle, “medium” if one-third to two-
thirds were given by bottle, and “high”
if more than two-thirds were given by
bottle.

Other Measures

To control for potentially confounding
effects in our multivariate analyses,
we adjusted for sociodemographic
characteristics, maternal prepreg-
nancy BMI, maternal smoking status 3
months after delivery, infant age at
first introduction of solid food, infant
age at which a bottle of formula or ex-
pressed milk was first introduced, av-
erage frequency of bottle-feeding
other than formula or expressed milk
during the first half-year, and infants’ z
score of weight-for-age at the last
clinic visit (Table 1).

Mothers’ BMI was computed as
weight/height2 (kg/m2). An infant’s age
at which solid food was first intro-
duced was derived from the mother’s
first positive response to the questions
about feeding solid foods. Because
bottle-fed infants may learn to finish a
bottle by being introduced to bottles
earlier regardless of type of milk, we
created a covariate for the earliest age
at which a bottle of formula or ex-
pressed milk was introduced. We also
created a covariate for frequency of
bottle-feeding of liquids other than
milk during the first half-year. Because
of the confounding effect of infants’
weight on the relationship between
bottle-feeding and self-regulation of
milk intake, we controlled the z score
of weight-for-age for the weight mea-

sured at the last clinic visit by using
the Centers for Disease Control and
Prevention growth charts.25 In addi-
tion, we adjusted for the age at which
the question for the outcome vari-
able was answered during the sec-
ond half-year to eliminate the con-
founding effects of age at the
measurement of outcome.

Statistical Analysis

We first calculated the percentage of
infants who completely emptied the
milk in the bottle or cup in late infancy
according to each early-infancy feed-
ing category and then compared the
differences according to feeding mode
(only fed at the breast, fed at the
breast and by bottle, or only fed by bot-
tle) by using �2 tests. To examine the
dose-response relationship between
bottle-feeding and self-regulation, we
applied multiple logistic regressions
to model the probability of emptying
the bottle or cup in late infancy as a
function of bottle-feeding intensity in
early infancy. We controlled for all the
covariates listed in Table 1, plus the
age at which the outcome variable was
measured. Bottle-feeding intensity was
entered into the model as either a con-
tinuous variable or a categorical vari-
able with 3 levels (less than one-third,
one-third to two-thirds, or more than
two-thirds of milk feeds by bottle).

To test the hypothesis that bottle-
feeding is more important than the
type of the milk in the bottle in limiting
infants’ ability to self-regulate milk in-
take, we analyzed bottle-feeding inten-
sity separately for formula and ex-
pressed milk. Because both the type of
milk and the mode of delivering milk to
infants might play roles in self-
regulation, we entered the formula
and expressed-milk–feeding intensi-
ties in the multivariate model simulta-
neously to control for the effect of one
on the other. Formula- and expressed-
milk–feeding intensities were entered
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into the models as either continuous or
dummy variables. The fitness of multiple
logistic regression models was as-
sessed by using the Hosmer-Lemeshow
goodness-of-fit statistic,26 and all the
analyses were conducted by using SAS
9.2 (SAS Institute, Inc, Cary, NC).

RESULTS

We excluded 280 infants whose moth-
ers reported that they did not feed ei-
ther formula or expressed milk in the
second half of infancy, and we ex-

cluded 4 infants for whom there were
feeding data from early infancy but no
answers to the outcome questions on
bottle-emptying in late infancy. Of the
1597 infants for whom there were data
on the outcome variables, data for 52
infants were not provided on formula-
feeding intensity; data for 14 infants
were not provided on expressed-milk–
feeding intensity; 24 infants were fed
from cups only during the first half-
year, which may have different effects
than feeding froma bottle; and data for
257 infants were not provided on other
covariates. These eliminations left us
with 1250 infants whose data could be
used in the multivariate analyses.

Characteristics of the 1597 mothers
whose infants had data on emptying
milk in the bottle or cup during the sec-
ond half-year are listed in Table 1,
along with selected feeding character-
istics and the average z score of
weight-for-age for the weight mea-
sured at the last clinic visit.

Figure 1 shows the mean percentage
of milk feeds that were directly from
the breast, expressedmilk, formula, or
other milks at each month of age until
6 months. Although mean direct
breastfeeding intensity decreased
from 52% at 1 month to 27% at 6
months, mean formula-feeding inten-
sity increased from 41% to 66%.
Expressed-milk–feeding intensity re-
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FIGURE 1
Mean percentage of milk feeds that were directly from the breast, expressedmilk, formula, and other
milks at each month of age. n� 998, 1238, 1380, 1305, 1392, and 1378, respectively, for 1, 2, 3, 4, 5, and
6 months of age.

TABLE 1 Characteristics of the Study Sample (N� 1597), IFPS II: United States, May 2005 to June
2007

Maternal age, n (%)
18–24 y 303 (18.98)
25–29 y 497 (31.14)
30–34 y 497 (31.14)
�35 y 299 (18.73)
Parity, n (%)
Primiparous 494 (31.59)
Multiparous 1070 (68.41)
Maternal education, n (%)
High school or less 291 (19.32)
Some college 539 (35.79)
College graduate 676 (44.89)
Household income, % of federal poverty index, n (%)

�185 588 (36.82)
185 to�350 563 (35.25)
�350 446 (27.93)
Participation in the Supplemental Nutrition Program for
Women, Infants, and Children, n (%)
Yes 571 (35.75)
No 1026 (64.25)
Race/ethnicity, n (%)
Non-Hispanic white 1336 (85.86)
Non-Hispanic black 63 (4.05)
Hispanic 92 (5.91)
Other 65 (4.18)
Prepregnancy BMI, kg/m2, n (%)
Underweight (�19.8) 153 (9.71)
Normal (19.8–26.0) 711 (45.11)
Overweight (�26.0 to 29.0) 254 (16.12)
Obese (�29.0) 458 (29.06)
Maternal smoking 3 mo after delivery, n (%)
Yes 212 (14.65)
No 1235 (85.35)
Infant gender
Boy 794 (49.75)
Girl 802 (50.25)
Gestational age, n; mean (SD), wk 1597; 39.31 (1.27)
Birth weight, n; mean (SD), kg 1597; 3.45 (0.45)
Age at which solid food was first given, n; mean (SD), wk 1597; 19.59 (6.85)
Age at which bottle of formula or expressed milk was first
introduced, n; mean (SD), wk

1597; 2.78 (5.43)

Mean bottle feeds other than formula or expressed milk in early
infancy, n; mean (SD), times per day

1597; 0.20 (0.62)

z score of weight-for-age at the last measurement, n; mean (SD) 1554;�0.14 (1.17)
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mained constant over the first half-
year, and few infants were fed with
milk other than formula or breastmilk.

Table 2 summarizes the distribution of
bottle-, formula-, and expressed-milk–
feeding intensity over the first half-
year of infancy. Although only a small
number of infants were fed with me-
dium or high expressed-milk intensity,
�50% of the infants were fed with high
formula intensity during this period.

Table 3 compares the percentage of in-
fants who completely emptied the bot-
tle or cup during the second half-year
among different modes of milk deliv-
ery during the first half-year. Although
only 27% of the infants who were fed
exclusively at the breast in early in-
fancy emptied the milk in the bottle or
cup given to them in late infancy, 54%
of the infants who were fed both at the
breast and by bottle did so, and 68% of
the infants who were fed only by bottle
did so. Figure 2 shows the percentage
of infants who finished the bottle dur-
ing the second half-year according to
intensity of bottle use during the first
half-year. Results were considered
separately for any type of milk in the
bottle, formula only in the bottle, and
expressed milk only in the bottle dur-
ing the first half year. Regardless of
the type of milk in the bottle, a similar
trend was observed for more bottle-
feeding early in life and more infant-
led emptying of milk bottles or cups
later in life.

Results of our multiple logistic regres-
sion analyses indicated dose-response
relationships between bottle-feeding
and self-regulation of milk intake. Spe-
cifically, a 10% increase in bottle-
feeding intensity during the first half-
year increased the rates of infant-led
emptying of milk from bottles or cups
by 9%, and infants who were given bot-
tles more intensively early in life were
�71% or 2 times more likely to empty
the bottle or cup later in life than those
bottle-fed less intensively (one-third to
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FIGURE 2
Percentage of infants completely emptying the milk in the bottle or cup in late infancy according to
intensity of bottle use in early infancy. A confidence interval of 95% is indicated by the line on each bar.

TABLE 2 Distribution of Bottle-Feeding of Formula and Expressed Milk During the First Half-Year of
Infancy, IFPS II: United States, May 2005 to June 2007

Bottle-Feeding
Intensity

Formula-Feeding
Intensity

Expressed-Milk–Feeding
Intensity

Sample size, n 1531 1545 1531
Mean (SD) 62.5 (39.2) 55.7 (42.4) 6.3 (13.4)
Intensities of milk feeding in early
infancy, %a

Low 32.7 38.6 95.6
Medium 12.3 10.9 3.3
High 55.0 50.5 1.1
Total 100 100 100

a P� .01, measured by using a�2 test for equal proportions for eachmilk-feeding column. We considered bottle-fed formula
or expressed-milk–feeding intensity to be “low” if less than one-third of milk feeds were formula or expressed-milk fed by
bottle, “medium” if one-third to two-thirds were formula or expressed-milk fed by bottle, and “high” if more than two-thirds
were formula or expressed-milk fed by bottle.
Bottle-feeding intensity is percentage of milk feeds that were a bottle of either formula or expressed milk. Formula-feeding
intensity is percentage of milk-feeds that were formula, and expressed-milk–feeding intensity is percentage of milk feeds
that were expressed milk.

TABLE 3 Percentage of Infants Completely Emptying Their Bottle or Cup of Formula or Expressed
Milk During the Second Half-Year of Infancy According to Feeding Mode During the First
Half-Year of Infancy, IFPS II: United States, May 2005 to June 2007

Feeding Mode in Early Infancy Infants Finishing the Bottle
in Late Infancy

n % Yes
(95% Confidence Interval)

Only fed at the breast (exclusive direct breastfeeding) 22 27.3 (8.7–45.9)
Fed at the breast and bottle 920 53.8 (50.6–57.0)
Direct breastfeeding� expressed milk 226 46.9 (40.4–53.4)
Direct breastfeeding� formula 179 55.3 (48.0–62.6)
Direct breastfeeding� expressed milk� formula 515 56.3 (52.0–60.6)

Fed only by bottle 542 67.9 (64.0–71.8)
Only fed expressed milk 3 66.7 (13.3–120.0)
Only fed formula 513 68.0 (64.0–72.1)
Fed both expressed milk and formula 26 65.4 (47.1–83.7)
All infants 1484 58.6 (56.1–61.1)
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two-thirds or more than two-thirds
of milk feeds given by bottle versus
less than one-third) (Table 4). When
formula- and expressed-milk feedings
were considered separately, similar
dose-response relationships were ob-
served.

DISCUSSION

We confirmed our hypothesis that in-
fants who are bottle-fed in early in-
fancy are more likely than those who
are fed directly at the breast to empty
the milk in the bottle or cup offered to
them in late infancy. The more fre-
quently the infant was fed by bottle
early in life, the more likely the infant
was to empty the bottle or cup later in
life. Bottle-feeding, regardless of type
of milk in the bottle, is distinct from
feeding at the breast in its effect on
infants’ self-regulation of milk intake.

The association between breastfeed-
ing and reduced childhood obesity has
been well established.15–17 However,
themechanism that explains this asso-

ciation has yet to be clarified. Authors
of previous studies have suggested
that unique properties of human milk,
such as leptin and adiponectin, might
be biological mechanisms in reducing
the risk of obesity.27–29 Another possi-
ble mechanism is the ability of breast-
fed infants to self-regulate their en-
ergy intake to balance their energy
needs. It has been proposed that in-
fants are born with some ability to reg-
ulate their energy intake in response
to internal appetite cues.30,31 However,
this innate ability might be disrupted
by the type of milk (human versus non-
human) and by the feeding mode
(breast versus bottle).32

Dewey and Lönnerdal19 found that in-
fants who were breastfed exclusively
could self-regulate their energy intake
and were able to continue to consume
only what they needed even after their
mother’s milk supply was stimulated
and increased. Heinig et al33 found that
when solid foods were introduced,

breastfed infants consumed less
breast milk, whereas formula-fed in-
fants consumed the same amount of
formula as before. The negative corre-
lation between the amount consumed
and the fat content of breast milk
among breastfed infants and the more
consistent milk consumption among
formula-fed infants suggest that breast-
fed infants may have better self-
regulation than formula-fed infants.32–35

The results of our study reveal that in-
fants’ self-regulation ofmilk intake can
be affected by how the milk is deliv-
ered to them and that it is bottle-
feeding, not the type of the milk in the
bottle, that may be more important in
self-regulation. The effect of bottle-
feeding on infants’ self-regulation
might be explained by the following
factors.

First, infants who are fed from the
breast can control milk intake, be-
cause they are the ones who decide
when to start and when to stop suck-
ing. Mothers who breastfeed might de-
velop a feeding style that is less con-
trolling, thereby allowing their infants
to maintain their natural ability to reg-
ulate their energy intake.36 Infants who
are bottle-fed are less likely to control
their milk intake. The duration and
amount of bottle-feedingmight depend
on caregivers’ decisions on the basis
of visual cues regarding the amount of
milk remaining in the bottle. Mothers
who lack confidence in their ability to
produce sufficient milk find that
formula-feeding enables them to quan-
tify and visualize their infants’ milk
intake.37,38 Therefore, bottle-feeding
mothers may tend to routinely control
the volume of milk consumed by bottle.
When infants are frequently encour-
aged to finish a bottle even if they are
full, theymay not learn how to regulate
their milk intake.

Second, infants fed at the breast need
to suck nonnutritively until the milk-
ejection reflex occurs, and it is known

TABLE 4 Estimated Adjusted Odds Ratio and 95% Confidence Interval for Infants Who Completely
Emptied Their Bottle or Cup of Formula or Expressed Milk During the Second Half-Year of
Infancy (N� 1250), IFPS II: United States, May 2005 to June 2007

Adjusted
Odds Ratio

95% Confidence
Interval

Overall bottle-feeding intensities during the first half-year of infancya

I. Bottle-feeding intensity was treated as a continuous variable with a
metric in 10%

1.09 1.05–1.13

II. Bottle-feeding intensities were treated as dummy variables
Low (less than one-third of milk feeds by a bottle) Reference
Medium (one-third to two-thirds of milk feeds by a bottle) 1.71 1.16–2.52
High (more than two-thirds of milk feeds by a bottle) 2.03 1.50–2.74

Formula- or expressed-milk–feeding intensities during the first half-year
of infancyb

III. Formula-feeding intensity was treated as a continuous variable
with a metric in 10%

1.09 1.05–1.13

Expressed-milk–feeding intensity was treated as a continuous variable
with a metric in 10%

1.15 1.04–1.27

IV. Formula-feeding intensities were treated as dummy variables
Low (less than one-third of milk feeds were formula) Reference
Medium (one-third to two-thirds of milk feeds were formula) 1.81 1.21–2.72
High (more than two-thirds of milk feeds were formula) 1.80 1.33–2.43
Expressed-milk–feeding intensities were treated as dummy variables
Low (less than one-third of milk feeds were expressed milk) Reference
Medium (one-third to two-thirds of milk feeds were expressed milk) 0.81 0.41–1.62
High (more than two-thirds of milk feeds were expressed milk) 5.71 1.57–20.68

a The multivariate models listed were controlled for all variables listed in Table 1 and for the age at which the outcome
variable was measured.
b In models III and IV, formula- and expressed-milk–feeding intensity were entered into each multivariate model simulta-
neously to control for each other’s effect.
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that as sucking pressure decreases,
the duration of each suck lengthens,
and suckling frequency decreases
from nonnutritive sucking (NNS) to nu-
tritive sucking (NS).39 This transition
from NNS to NS may play an important
role in establishing infants’ self-
regulation of milk intake. When an in-
fant has repeated opportunities to ini-
tiate and terminate their mother’s
milk flow by adjusting their sucking be-
haviors, they may establish a greater
level of responsiveness to internal
cues of hunger and satiety. A study re-
vealed that infants’ sucking pressure
changed from NNS to NS in the oppo-
site direction between infants fed di-
rectly at the breast and those fed ex-
pressed milk by bottle when a 1-way
valvewasaffixed to imitate the transition
from NNS to NS. This result demon-
strated that bottle-feeding is a com-
pletely different feeding mode regard-
less of attempts to make it more closely
resemble breastfeeding.40

Third, milk composition and taste vary
within each breastfeeding, as well as
between feeds and over time, whereas
they remain constant during bottle-
feeding. For example, breast milk fat
content toward the end of the feeding
episode ismuch higher than that at the
start of the episode, which might sig-
nal to the infant that the feeding epi-
sode is coming to an end. In contrast,
bottle-fed infants are not exposed to
such “physiologic signaling” during
the feeding episode. Research on reg-
ulation of food intake by chemosen-

sory receptors suggests that bottle-
fed infants who had no exposure to the
varied flavors of breast milk may miss
the important oropharyngeal sensory
experience that is needed for the de-
velopment of physiologic regulation of
food intake later in life.41

There are several limitations to this
study. First, because the panel sample
underrepresents black and Hispanic
mothers, our results may not be appli-
cable to the entire US population. Sec-
ond, because both feeding practices
and bottle-emptying behaviors were
reported by mothers, reporting errors
may have occurred. However, because
there was no time overlap between
feeding practices during the first 6
months (exposures) and infant-led
bottle-emptying after 6 months (out-
come), it is unlikely that the misclassi-
fication of exposure and outcome data
were dependent on one another. For
nondifferential misclassification such
as this, reporting errors would bias
the results toward the null value.42

Third, we did not address whether self-
regulation of milk intake during the in-
fancy period relates to self-regulation
of other foods and drinks later in life.

The strengths of the study includemin-
imizing the reporting bias for both ex-
posure and outcome measures by re-
questing only a short retrospective
recall of the previous 7 days for each
questionnaire. The residual effects of
other variables were limited by con-
trolling a wide range of confounding
variables in the multivariate analysis,

including sociodemographic charac-
teristics, anthropometrics of mothers
and infants, and other feeding prac-
tices that may be associated with
bottle-feeding and self-regulation.
Also, the study sample is national, lon-
gitudinal, and relatively large.

CONCLUSIONS

To our knowledge, this is the first study
to examines infants’ self-regulation in
association with both feeding mode
(bottle versus breast) and type of milk
in the bottle (formula versus human
milk). Infants fed at the breast learn
and develop better control of their
milk intake, whereas bottle-feeding
may decrease infants’ abilities to self-
regulate milk intake. On the basis of
our findings and the association we
observed previously in the IFPS II be-
tween poor self-regulation and infants’
overweight,12 infants fed directly at the
breast have better self-regulation,
which in turn could mediate the rela-
tionship between breastfeeding and
childhood obesity. Our results also in-
dicate that bottle-feeding may be more
important than the type of the milk in
the bottle in limiting infants’ ability to
self-regulate milk intake.
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