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Abstract

Objective—To determine range of bottle sizes used and examine the relationship between bottle
size and total daily consumption of formula.

Methods—Cross-sectional analysis of baseline data collected as part of Greenlight, a cluster
randomized trial to prevent childhood obesity at 4 pediatric resident clinics. The Greenlight study
included healthy, term infants. For our analysis, parents of exclusively formula-fed infants reported
volume per feed, number of feeds per day, and bottle size, which was dichotomized into “small” (<
6 ounces) or “large” (= 6 ounces). We identified determinants of bottle size, and then examined
relationships between bottle size and volume fed with log-transformed OLS regression, adjusting
for infant age, sex, birth weight, current weight, race/ethnicity, and enrollment in WIC.
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Results—Of 865 participants in the Greenlight study, forty-four percent (n=378; 21.8% white,
40.6% black, 35.3% Hispanic, 2.4% other) of infants were exclusively formula-fed at 2 months.
Median volume per day was 30 ounces (IQR 12) and 46.0% of infants used large bottles. Adjusted
for covariates, parents using larger bottles reported feeding 4 ounces more formula per day (34.2
ounces, 95% CI: 33.5-34.9 vs. 29.7 ounces, 95% CI: 29.2-30.3, p=0.03).

Conclusions—Among exclusively formula-fed infants, use of a larger bottle is associated with
parental report of more formula intake when compared with infants fed with smaller bottles. If
infants fed with larger bottles receive more formula, these infants may be overfed, and,
consequently, at risk for obesity.
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Introduction

Rapid weight gain in the first year of life has been associated with later obesity and
cardiovascular risk, even after adjusting for birth weight, breastfeeding, gestational weight
gain, maternal BMI, and maternal smoking.1 Risk of rapid infant weight gain may be
influenced by birth weight, discordance between the infant's feeding cues and the parents'
feeding behavior, early introduction of complementary foods, increased protein content of
formula, and other factors.10-12 Breastfed infants demonstrate weight gain trajectories
distinct from infants who are primarily bottle-fed314 and exclusive breastfeeding may be
protective against obesity.2>-17 Infant weight gain may depend on the mode of feeding
(breast or bottle) rather than the type of milk given, and evidence suggests growth patterns of
infants fed expressed breastmilk via bottle may be similar to infants fed formula.18 The rate
and volume of intake during bottle-feeding is inherently more parent-directed and may
promote overfeeding, leading to rapid weight gain and increasing the risk of obesity.19.20
Despite this potential risk, little is known regarding feeding behaviors among infants who
are exclusively bottle-fed.

An emerging body of literature relates food container size to volume consumed in both
adults and children.21-24 A group of low income, ethnically diverse children requested and
consumed more cereal when served with a large bowl compared with a small bowl.?1 A
similar mechanism linking container size with volume may also exist among infants fed with
bottles, yet despite marketing of bottle sizes from two ounces to over ten ounces, there is no
consistent guidance available from clinicians as to appropriate size. Little is known about the
relationship between bottle size and infant feeding, but using a bottle may encourage parents
to finish a feed despite infant satiety, and using a larger bottle may encourage preparation of
feeds that are larger in volume.

If bottle size relates to the amount of formula fed to infants, adjusting bottle size may be a
way to decrease overfeeding and waste and prevent rapid infant weight gain and obesity. To
our knowledge, no prior studies have evaluated the relationships between bottle size, volume
of intake, and growth patterns in bottle-fed infants. We aimed to describe bottle size used at
the 2-month well child visit in exclusively formula fed infants in a large cohort study and
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examine if there was an association between bottle size and volume of formula intake. We
hypothesized that caregivers who used larger bottles would feed their infants more formula
per day.

We performed a cross-sectional analysis of survey data from the Greenlight Intervention
Study. The Greenlight Study is a previously described cluster randomized trial of an obesity
prevention intervention targeting children during their first 2 years of life.2> Four university-
affiliated pediatric clinics were randomized to either obesity prevention or injury prevention
as an active control. Parent-infant dyads were followed from 2 months of age through 2
years of age, starting December 2009 and ending June 2014. Children were included in the
Greenlight study if they presented for their 2 month well visit between 6 and 16 weeks of
age and if caregivers spoke English or Spanish and agreed to participate until the child
reached 2 years of age. Of the 1805 dyads assessed for eligibility, 632 were excluded,
mainly for caregiver age, language (not English/Spanish), or plans to move outside the study
area. (Figure 1) We obtained written and verbal consent from parents according to the
institutional review board procedures of each of the four sites. Data were managed through
secure Research Electronic Data Capture (REDCap)2® hosted at Vanderbilt University.

For this analysis, we used responses from a questionnaire of caregivers reporting on feeding
and physical activity. Exposure and outcome variables were part of a previously reported
questionnaire developed through synthesis of the literature and iterative review by content
experts in measurement and in pediatric obesity. The instruments were translated by an
advisory committee composed of 4 native Spanish-speaking members representing 4 nations
in Latin America, who reached consensus on the appropriate terminology.2’ The survey was
administered in English or Spanish, at the time of the child's two-month well child check,
once each clinic had been randomized, but prior to any intervention. Parents answered
“What type of milk does your child drink now?” with “formula only,” “mostly formula and
some breast milk,” “mostly breast milk, but some formula,” “breast milk only,” or “both
equally” as options. We limited our sample to include only infants whose caregivers
responded “formula only.” Infants who were currently fed from the breast in any amount
were excluded because total volume could not be measured, and although infants fed
expressed breast milk via bottle may exhibit similar feeding characteristics, we did not
collect specific information regarding this subgroup.

LI

Our main outcome was reported total amount of formula fed each day, which was calculated
by taking the product of caregivers' responses to two questions: “In the past 24 hours, how
many times was your child fed infant formula?”; “How much formula do you usually give
your child at each feeding? Our main exposure measure was bottle size. At the time of
measurement, we asked parents if they had a bottle that represented the bottle they typically
use to feed their child. If parents did not bring their bottles to the clinic (2% of sample), they
chose a sample bottle of four, six, or eight ounces as “most like the one” used to feed the
infant. For analysis, we dichotomized bottle size into large (greater than or equal to six
ounces) and small (less than 6 ounce) bottles, as a two month old infant of average size
would be expected to take no more than 6 ounces every 3 to 4 hours.28
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To assess for confounding, we examined the infant's birth weight, sex, and age in weeks,
caregiver's race/ethnicity, household income, and enrollment in the Special Supplemental
Nutrition Program for Women, Infants, and Children (WIC). We examined WIC enrollment
as a dichotomous variable, with enrollment defined as the infant having received WIC
formula or food within the past month. We created a combined race/ethnicity variable from
separate questions about race and Hispanic/Latino ethnicity, resulting in four categories:
Hispanic, black non-Hispanic, other non-Hispanic, or white non-Hispanic. Annual
household income was reported in five categories: less than $10,000; $10,000-19,999;
$20,000-39,999; $40,000-59,999; and $60,000 and more.

We examined bivariate relationships between bottle size and potential confounders, number
of feeds per day, volume per feed, and total volume per day with t-tests, Chi-square and
Wilcoxon rank sum tests as appropriate, and results from nonparametric tests were not
significantly different that results from parametric tests. To identify characteristics
associated with size of bottle used, we used logistic regression models to examine
relationships between bottle size and potential confounding variables, including race, age,
sex, birth weight, household income, and WIC enrollment. In order to examine the effect of
bottle size on total volume, we used an ordinary least squares regression model, adjusting for
caregiver race/ethnicity, infant birth weight, age in weeks, sex, and WIC enrollment.
Because of the non-normal distribution of total volume, we regressed bottle size and
covariates onto log-transformed total volume. In order to ease interpretation of the log-
transformed models, we report predicted total volume per day by bottle size. Retransformed
predicted values are adjusted using Duan's smearing factor to correct for retransformation
bias. We conducted all analyses using Stata version 13.0 (College Station, TX).

In the study sample 851 infants with complete data and with a mean age of 9.3 weeks
presenting for their 2-month well child visit, 44.4% (n=378) were fed exclusively with
formula (Figure 1). Of these, 75.6% were black or Hispanic (Table 1). Over half of
households had an annual income below $20,000, and 85.8% of infants received assistance
from WIC. Overall, 54% of caregivers used a smaller (<6 ounce) bottle. The number of
feeds per day ranged from 2 to 20 (mean 7.3, SD 2.6) and the number of ounces per feed
ranged from 2 to 10 (mean 4.4, SD 1.3). The median (interquartile range) total volume of
formula intake was 30 ounces (12).

There were no statistically significant differences in bottle size used and birth weight, z-
scores for weight-for-length at birth or 2 months, whether the infant had siblings, sex,
household income or enrollment in WIC. When examining bottle size and potential
confounding variables, we found older age of the infant at the visit (OR 1.1, ClI: 1.0-1.3) and
greater weight of the infant at this visit (OR 1.6, Cl: 1.2-2.1) were significantly associated
with higher odds of parents using a larger bottle. Hispanic infants had approximately half the
odds of using a larger bottle when compared to white infants (OR 0.5, CI: 0.3-0.9) and when
compared to black non-Hispanic infants (OR 0.5, Cl: 0.3-0.8).
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Feeding characteristics were significantly different between groups using a small or large
bottle (Table 2). Infants using a large bottle received fewer feeds per day, but received more
volume of formula with each feed, contributing to a 4-ounce difference in volume per day
between those infants using a small and large bottle (29.8 vs. 33.3 ounces). Although our
main analysis included a dichotomous exposure variable, when we examined bottle size in 3
categories (four, six, or eight ounces), there was a stepwise positive correlation between
bottle size and both volume per feed and volume per day. The median (interquartile range)
for total volume per day was similar: 30 (12) ounces. When adjusted for the infant's age, sex,
birth weight, current weight, weight-for-length z-scores at birth and 2 months, race/ethnicity,
enrollment in WIC, and whether the infant was an only child, there remained a meaningful
and significant difference of 4 ounces in total volume of formula fed per day (Table 3).

Discussion

In this cross-sectional analysis of baseline data from a large, multi-center, cluster
randomized controlled trial among infants from safety net clinics in four states, we found
that bottle size at 2 months is associated with greater volume of formula intake per day, even
when controlling for race/ethnicity, birth weight, sex, current weight, current age and WIC
use. Infants using bottles greater than or equal to 6 ounces consume about 4 ounces more
formula intake per day than infants using bottles smaller than 6 ounces, which is equivalent
to an additional 80 kcal per day. In a 2 month old infant of average weight, assuming all
formula is consumed and no additional caloric content is added to the bottle, this additional
formula is approximately 15 kcal per kg per day. Although no previous study has examined
the influence of container size on intake during infancy, our findings of a positive
relationship between intake and container size are consistent with studies done in older
children and adults.21:29

Past research linking bottle feeding to rapid infant weight gain has included largely white,
educated families.”-18:30 Our study relates bottle size and feeding volume for infants in a
low-income, ethnically diverse population who are at increased risk of developing obesity in
early childhood. At this stage in their child's development, mothers are unlikely to initiate or
resume breastfeeding, and these results suggest that if parents regularly use a large bottle,
they may promote overfeeding. A range of 140 to 200ml/kg/day is recommended for infants
less than 3 months of age,2® and although the median intake in our study population (30
ounces per day) matches the expected 170ml/kg/day for an average weight 2 month old, the
range of reported intake is wide, with the 5t percentile of volume approximating
85ml/kg/day and the 95" percentile approximating 240ml/kg/day. Given a range of smallest
(3.3 kg) to largest (8.5 kg) infants in our study, an extra 4 ounces per day would resultina 5
to 20% increase in daily caloric intake. Although our study is limited to infants fed
exclusively with formula, the association between bottle size and volume per day may be
independent of type of milk, and so infants fed breast milk by bottle may also receive
additional volume. There are several reasons why infants may feed with breast milk from a
bottle,31 and prospective study of infants fed breast milk via bottle may provide insight into
the impact of container size vs. milk type on infant weight gain.
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There are several limitations to our findings. We cannot assess causation and directionality
with this cross-sectional analysis, and some infants may demand more intake, prompting
parents to use a larger bottle early in life. Our data were analyzed from caregiver-reported
measures based on their best estimate of feeding pattern from the most recent 24-hour period
and from their most commonly used bottle size, however, additional considerations, such as
the size and flow of the nipple on the bottle (not assessed in our study) may independently
effect both bottle size, rate and volume of intake, and subsequent weight gain. Infant growth
during this period of development is dynamic, and 24-hour recall may not be sufficient for
assessing patterns in intake, because while we asked for a typical feeding volume, most
infants will not consume the same volume at each feeding. Study personnel attempted to
collect accurate information, yet recall of the last 24 hours is subject to bias. Although
measurement of intake in this fashion fails to account for spitting up or the addition of extra
calories, such as rice cereal to the bottle (only 12% percent of infants in our study), we
believed that 24-hour recall would represent a generally and clinically relevant measure.
Parents are likely to use multiple sizes of bottles throughout infancy, and we simply asked
about the size most frequently used at the 2-month well child check. Limiting analysis to
infants who are exclusively fed formula may limit external validity, but approximately 40%
of breastfed infants receive some formula supplementation before they are 3 months old,3?
and 44% of our original sample was exclusively formula feeding at the 2 month, baseline
measurement.2’

Further investigation into the influences on bottle selection and bottle-feeding behaviors is
needed. Influences such as cost, food insecurity and considerations of waste, parental
perception of infant weight and infant appetite, and the role of parental feeding styles must
be considered to gain a full perspective of the relationship between bottle-feeding and
weight gain. Particular attention should be given to the directionality of the relationship
between bottle size used and an infant's weight and weight-for-length. It is possible that
families select bottles dependent on the infant's age or weight, variables that we found to
differ significantly by bottle size. Additionally, the perception of hunger cues and caloric
needs may differ by culture, and the perception of infant appetite may be a strong influence
on parental feeding styles, resulting in changes to bottle-feeding behaviors or bottle sizes
used throughout infancy.

Most infants in the United States will be fed with a bottle, and understanding the feeding
behaviors related to different size bottles can therefore be useful for the majority of infants
and children. Although there is little data on where and how families select bottles for infant
feeding, a wide variety of bottles are marketed. Bottles larger than 6 ounces may not be
necessary to feed 2 month-old infants, but it is possible that many families prefer to buy a
large bottle once as opposed to buying multiple bottles as their child “outgrows™ his or her
first bottle. Some families may purchase bottles in bulk or from stores where larger bottles
are either less expensive or more prominently displayed. It is also possible these families are
reusing bottles from prior older siblings. It is important to note that although educational
interventions that encourage recognition of hunger and satiety cues may promote more
infant-directed bottle feeding,33 simply intervening at the moment the bottle is purchased or
provided may decrease overfeeding by caregivers. Similar interventions to alter
environmental influences on portion size are being studied in children and adults,3* and our
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findings provide the first step to extend this approach and modify risk in the first year of life.
Our study should encourage future studies to assess bottle size's impact on consumption and
weight gain through prospective and experimental methods.
Conclusion

We found that a number of caregivers use larger bottles to feed their 2 month old infants and
that the volume of formula fed per day increases as bottle size increases, adjusting for
confounders. In order to understand healthy growth in infants who are fed by bottle, further
research is needed to determine whether use of larger bottles predicts infant obesity or rapid
weight gain, and whether providing a smaller bottle would prevent excessive weight gain in
infancy. This research may also have implications for community-based interventions,
including partnerships with WIC and with private vendors of infant bottles, to prevent
childhood obesity. Although clinicians should always encourage exclusive breastfeeding in
the first six months of life, if families choose to feed with a bottle, encouraging use of a
smaller bottle may help promote healthier growth that more closely resembles the breastfed
infant.
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What's New

Larger bottle size is associated with more reported formula intake over a 24-hour period.
If infants using larger bottles are prone to be overfed and thus at risk for obesity, reducing
bottle size may be an intervention to prevent obesity.
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Figure 1. Eligibility and Enrollment Flow
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Table 1

Characteristics of Population by Bottle Size

| Total (N=367) | Small bottle (N=198) | Large bottle (N=169) | p

Mean (SD) age in weeks | 9.3(1.8) | 9.1(1.9) | 9.5(1.8) | 0.03
Mean (SD) birth weight in kg | 3200 | 32(05) | 33(0.6) | 00
Mean (SD) weight-for-length z-score at birth | -0.5(1.1) | -0.5(1.1) | -0.4 (1.2) | 0.45
Current weight (SD) in kg | s308 | 5.1(0.7) | 5.4 (0.8) | 0.001
Current mean (SD) weight-for-length z-score | 0.2(1.0) | 0.1(1.0) | 0.3(1.1) | 0.07
Female, % | 52.4 | 57.1 | 479 | 0.08
Race/Ethnicity, %

Black 41.0 35.9 47.0

Hispanic 34.6 424 26.2 0.01

White 22.0 20.7 23.8

Other 2.4 1.0 3.0
Household income, %

<$10,000 35.0 33.0 37.7

$10,000-19,999 26.3 255 27.0

$20,000-39,999 26.6 29.3 233 0.66

$40,000-59,999 7.9 8.5 6.9

>$60,000 4.2 3.7 5.0
Only child, % | 39.0 | 38.1 | 40.7 | 0.61
Infant WIC enrollment, % | 85.8 | 86.4 | 85.2 | 0.75
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Table 2

Feeding Characteristics by Bottle Size

Overall -n=371 | Small-n=201 | Large — n=170 p
Mean (SD) number of feeds per day, 0z 7.3(2.6) 7.6 (2.6) 6.9 (2.4) 0.01
Mean (SD) volume per feed, 0z 4.4 (1.3) 4.0(1.1) 4.8 (1.3) <0.001
Mean (SD) volume per day, 0z 31.4 (13.4) 29.8 (12.9) 33.3(13.8) 0.01
Median (IQR) volume per day, 0z 30 (12) 28 (12) 32 (15) 0.006*

*
Wilcoxon rank-sum test
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Table 3
Unadjusted and Adjusted Volume of Intake per Day

Small bottle Large bottle p

Unadjusted, oz (95% CI) | 29.8 (28.0-31.7) | 33.3(31.2-354) | 0.01

Adjusted, 0z (95% CI)* | 29.7 (20.2-30.3) | 34.2(33.5-34.9) | 0.03

*
Adjusted for infant's age, sex, birth weight, current weight, weight-for-length z-score at birth and 2 months, race/ethnicity, enrollment in WIC, and
whether the infant was an only child
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