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Summary

In April 2006, the World Health Organization (WHO) released new international growth charts for children aged 059 months.
Similar to the 2000 CDC growth charts, these charts describe weight for age, length (or stature) for age, weight for length (or
stature), and body mass index for age. Whereas the WHO charts are growth standards, describing the growth of healthy children
in optimal conditions, the CDC charts are a growth reference, describing how certain children grew in a particular place and
time. However, in practice, clinicians use growth charts as standards rather than references.

In 2006, CDC, the National Institutes of Health, and the American Academy of Pediatrics convened an expert panel to review
scientiftc evidence and discuss the potential use of the new WHO growth charts in clinical settings in the United States. On the
basis of input from this expert panel, CDC recommends that clinicians in the United States use the 2006 WHO international
growth charts, rather than the CDC growth charts, for children aged <24 months (available at https:/fwww.cde.govigrowthcharts).
The CDC growth charts should continue to be used for the assessment of growth in persons aged 2—19 years.

The recommendation to use the 2006 WHO international growth charts for children aged <24 months is based on several
considerations, including the recognition that breastfeeding is the recommended standard for infant feeding. In the WHO charts,
the healthy breastfed infant is intended to be the standard against which all other infants are compared; 100% of the reference
population of infants were breastfed for 12 months and were predominantly breastfed for at least 4 months. When using the
WHO growth charts to screen for possible abnormal or unhealthy growth, use of the 2.3rd and 97.7th percentiles (or +2 standard
deviations) are recommended, rather than the Sth and 95th percentiles. Clinicians should be aware that fewer U.S. children will
be identified as underweight using the WHO charts, slower growth among breastfed infants during ages 3—18 montbs is normal,
and gaining weight more rapidly than is indicated on the WHO charts might signal early signs of overweight.

Introduction

The physical growth of infants and children has long been
recognized as an important indicator of health and wellness
(1,2). Growth charts have been used for at least a century
to assess whether a child is receiving adequate nutrition and
to screen for potentially inadequate growth that might be
indicative of adverse health conditions. Traditionally, atten-
tion has focused on undernutrition. However, in the past few
decades, concerns about excessive weight gain have increased,
and growth charts have been used to screen for overweight,
including obesity.

In April 2006, the World Health Organization (WHO)
released a new international growth standard for children aged
0-59 months (3). Similar to the 2000 CDC growth reference

Corresponding preparer: Laurence M. Grummer-Serawn, CDC, 4770
Buford Highway, MS K-25, Adanta, GA 30341. Telephone: 770-488-
5702; Fax: 770-488-5369; E-mail: Ixg8@cdc.gov. The material in this
report originated in the National Center for Chronic Disease Prevention
and Health Promotion, Ursula Bauer, PhD, Direcror.

(4,5), these growth charts describe weight for age, length (or
stature) for age, weight for length (or stature), and body mass
index (BMI) for age. WHO growth curves include BMI for age
starting at birth, and CDC growth curves include BMI for age
beginning at age 2 years. CDC and WHO growth charts also
include a curve for head circumference for age; CDC provides
values for children aged <36 months, and WHO charts include
a head circumference curve for those aged <60 months.

Because two sets of growth curves exist for assessing child
growth, clinicians in the United States need guidelines indicat-
ing which curves should be used and for which children. This
report provides guidance on the use of the WHO and CDC
growth charts and is intended for health-care providers and
others who measure and assess child growth.

Methods

During June 29-30, 2006, CDC, the National Institutes of
Health (NIH), and the American Academy of Pediatrics (AAP)
convened a meeting in Hyattsville, Maryland, to review scien-
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tific evidence and obtain opinions regarding the use of the new
WHO growth charts in clinical settings in the United States.
The participants at the meeting were selected on the basis of
their expertise in child growth, statistical methodology, clini-
cal application, and maternal and child health policy. CDC,
NIH, and AAP each had numerous representatives; additional
experts from academia, clinical professional groups, and other
government agencies were invited.

Participants were provided background documents describ-
ing the development of both sets of curves. At the meeting,
CDC made presentations on the methods used to create the
CDC growth charts, and a principal investigator for the WHO
Multicentre Growth Reference Study (MGRS), which gener-
ated the data used for the WHO growth curves, made a presen-
tation on the methods used to create the WHO charts. CDC
conducted a statistical comparison of the charts and presented
the results to participants. Meeting discussions focused on the
numerous factors involved in the selection of a chart, includ-
ing the assessment of child growth using references (i.e., how
certain groups of children have grown in the past) compared
with standards (i.e., how healthy children should grow in ideal
conditions), differences between the growth of breastfed and
formula-fed infants, the methods used to create the CDC and
WHO charts, and implications of using the charts in clinical
practice. At the time of the meeting, WHO was developing
but had not released growth charts for head circumference for
age; therefore, these charts were not discussed. The charts have
since been released and are available at heep://www.who.int/
childgrowth/standards/hc_for_age/en/ index.html.

The panel was not asked to arrive at a consensus. At the end
of the meeting, CDC asked all participants to provide written
opinions on which curves should be recommended, at which
ages, and for which children. After the meeting ended, CDC
worked with NIH and AAP to develop these CDC recom-
mendations based on the meeting proceedings.

Creation of the WHO and CDC
Growth Curves

History

Until the late 1970s, clinicians used various growth charts
to assess child growth (6-9). In 1977, the National Center for
Health Statistics (NCHS), which became a part of CDC in
1987, published a new set of growth charts for children aged
<18 years based on data from the Fels Longitudinal Growth
Study and nationally representative surveys (/0). In 1978,
CDC extrapolated the published percentiles to compute z
scores, allowing for the generation of more extreme cutoffs,
including 2 and 3 srandard deviations below the median (11).

WHO then recommended thar these z scores be used as a global
reference for the definition of malnutrition. The curves began
to be used worldwide.

In spite of their widespread use, there were numerous con-
cerns about these charts, including a lack of racial diversity in
the infant sample, an infant sample composed of infants who
were almost all formula fed, and the disjunction in length and
stature measurements when transitioning from the charts for
younger children to those for older children. Therefore, while
planning the third National Health and Nutrition Examination
Survey (NHANES 11I), NCHS decided to oversample children
aged <G years so that the 1970s growth charts could be revised.
After data collection was completed in 1994, CDC began
revising the curves, and the new charts were released in 2000.
In 1997, WHO launched the MGRS to collect data on the
growth of children worldwide based on strict inclusion criteria.
Data collection was completed in 2003, and the growth charts
were released in 2006.

Growth Reference Versus Growth
Standard

The CDC and WHO growth charts differ in their overall
conceptual approach to describing growth. The WHO charts
are growth standards that describe how healthy children should
grow under optimal environmental and health conditions. The
curves were created based on data from selected communities
worldwide, which were chosen according to specific inclusion
and exclusion criteria. Deviation from the WHO growth
standard should prompt clinicians to determine whether sub-
optimal environmental conditions exist, and if so, whether
they can be correcred.

Whereas the WHO charts describe growth of healthy chil-
dren in optimal conditions, the 2000 CDC growth charts are
a growth reference, not a standard, and describe how certain
children grew in a particular place and time. The CDC charts
describe the growth of children in the United States during a
span of approximately 30 years (1963-1994).

Sample Populations

The reference populations used to create the 2006 WHO and
2000 CDC growth curves vary with respect to inclusion and
exclusion criteria, geographic location, frequency of measure-
ments, and sample size (Tables 1 and 2).

WHO

The 2006 WHO growth curves for children are based
on data from the WHO MGRS, a study conducted during
1997-2003 in six sites: Pelotas, Brazil; Accra, Ghana; Delhi,
India; Oslo, Norway; Muscat, Oman; and Davis, California
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TABLE 1. Comparison of sample populations used to create the CDC and WHO growth curves for children aged <24 mos

Characteristic CDC growth reference (2000)* WHO growth standard (2006)
Data sources National vital statistics (birth weights) MGRS longitudinal component, with sites in the following
Missouri and Wisconsin vital statistics (birth lengths) locations:
Pediatric Nutrition Surveillance System (lengths, 0.1 to <5 mos) Pelotas, Brazil
NHANES | (1971-1974) (12-23 mos) Accra, Ghana
NHANES 11 (1976~1980) (6~23 mos) Delhi, India
NHANES [H (1988-1994) (2-23 mos) Oslo, Norway

Muscat, Oman
Davis, California

Type and frequency of Cross-sectional data on weight and length starting at age 2 mos, with  Longitudinal data with measurements of weight and length at

data collection mathematical models used to connect birth weights and lengths to birth; 1, 2, 4, 6, and 8 wks; and 3,4, 5,6,7,8,9,10,11,12, 14,16,
survey data 18, 20,22, and 24 mos
Sample size 4,697 observations for 4,697 distinct children 18,973 observations for 882 distinct children
Exclusion criteria Very low birth weight (<1,500 g [<3 lbs, 4 0z}) Low sociceconomic status
Birth at altitude >1,500 m
Birth at <37 wks or 242 wks
Multiple birth

Perinatal morbidities

Child health conditions known to affect growth

Maternal smoking during pregnancy or lactation

Breastfeeding for <12 mos

Introduction of complementary foods before age 4 mos or after
age 6 mos

Weight-for-length measurements >3 standard deviations above
or below study median for sex

Breastfeeding among  Approximately 50% ever breastfed 100% ever breastfed
infants in sample Approximately 33% breastfeeding at 3 mos 100% predominantly breastfeeding at 4 mos
100% still breastfeeding at 12 mos
Complementary foods introduced at mean age of 5.4 mos

Abbreviations: MGRS = Multicentre Growth Reference Study; NHANES = National Health and Nutrition Examination Survey; WHO = World Health Organization.

* Source: Kuczmarski RJ, Ogden CL, Guo S5, et al. 2000 CDC growth charts for the United States: methods and development, Vital Health Stat 2002;246.

t Sources: World Health Organization. WHO child growth standards: length/height-for-age, weight-for-age, weight-for-height and body mass index-for-age: Methods
and development. Geneva, Switzerland: World Health Organization; 2006. Available at httpd/www.who.im/chiIdgrowth/publications/technica!_report_pub/en/
index.htmi. Accessed June 1, 2010; and WHO Multicentre Growth Reference Study Group. Enrolment and baseline characteristics in the WHO Multicentre Growth
Reference Study. Acta Paediatr Suppl 2006;450:7-15.

(12). The criteria for selection of the communities included Exclusion criteria for mothers and infants included maternal
1) socioeconomic status that does not constrain growth of the smoking during pregnancy or lactation, birth at <37 weeks or
child (based on infant mortlity rate; prevalence of under- 242 weeks, multiple birth, substantial morbidity, low socioeco-
weight, stunting, and wasting; subpopulation size; and access nomic status, and unwillingness of the mother to follow feeding
to safe water), 2) low altitude (<1,500 m [4,921 ft}), 3) low criteria (12). Weight-for-length measurements of >3 standard
enough population mobility to allow for a 2-year follow-up, deviations from the overall study median were considered to
4) ar least 20% of mothers in the community willing to fol- be outliers and excluded from the final sample.

low international feeding recommendations, 5) existence of a The WHO growth curves for children aged <24 months were
breastfeeding support system (typically in the form of lactation based on rhe longitudinal component of MGRS, in which
consultants), and 6) existence of a research institution capable cohorts of newborns were measured from birth through age 23
of conducting the study (/2). The international infant feeding months (Table 1). Longitudinal data were collected at birth,
recommendations in effect at the time of the study included | week, and every 2 weeks for the first 2 months after birth,
exclusive breastfeeding for at least 4 months (although pre- monthly through age 12 months, and bimonthly from age 14
dominantly breastfed infants were also included in the study), to 24 months. Of the initial 1,743 enrolled participants, six
introduction of complementary foods by at least 6 months but were excluded because of substantial morbidities. A total of
not before 4 months, and continued breastfeeding for at least 882 infants (50.8%) (range: 21.4%—69.2% among sites) met
12 months. Study participants were provided breastfeeding the feeding and maternal nonsmoking criteria and completed
support as needed and were counseled on complementary the 2-year follow-up; these participants were included in the
feeding, with an emphasis on timing, energy density, feeding growth curves (3). For the 855 infants who did not meet the

frequency, and micronutrient content. feeding and maternal nonsmoking criteria, only the birth mea-
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TABLE 2. Comparison of sample populations used to create the CDC and WHO growth curves for children aged 24~59 mos

Characteristic CDC growth reference (2000)*

WHO growth standard (2006)*

NHANES 1 (1971-1974)
NHANES 1l (1976-1980)
NHANES Il (1988-1994)

Data sources

Type and frequency of data collection Cross-sectional data

Sample size 9,894

Exclusion criteria None

Breastfeeding among infants in sample Approximately 50% ever breastfed

Approximately 33% breastfeeding at 3 mos

MGRS cross-sectional component, with sites in the following locations:
Pelotas, Brazil
Accra, Ghana
Delhi, India
Oslo, Norway
Muscat, Oman
Davis, California

Cross-sectional data
6,669

Low socioeconomic status

Birth at altitude >1,500 m

Birth at <37 wks or 242 wks

Multiple birth

Perinatal morbidities

Child health conditions known to affect growth

Maternal smoking during pregnancy or lactation

Never breastfed or breastfed for <3 mos

Multiple birth

Preterm birth

Weight-for-length measurements >3 standard deviations below or >2
standard deviations above study median for sex

100% ever breastfed
1009% breastfeeding at 3 mos

Abbreviations: MGRS = Multicentre Growth Reference Study; NHANES = National Health and Nutrition Examination Survey; WHO = World Health Organization.

* Source: Kuczmarski RJ, Ogden CL, Guo 55, et al. 2000 CDC growth charts for the United States: methods and development. Vital Health Stat 2002;246.

t Sources: World Health Organization. WHO child growth standards: length/heig ht-for-age, weight-for-age, weight-for-height and body mass index-for-age: Methods
and development. Geneva, Switzerland: World Health Organization; 2006. Available at http'J/www.who.int/chiIdgrowth/pubﬁcations/technical,report_pub/en/
index html. Accessed June 1, 2010; and WHO Multicentre Growth Reference Study Group. Enrolment and baseline characteristics in the WHO Multicentre Growth

Reference Study. Acta Paediatr Suppl 2006;450:7-15.

surements were used. A total of 18,973 distinct measurements
of weight and length were included in the dara set. Data on
participants who were not included in the data set were not
available to meeting participants.

A primary study hypothesis of MGRS based on previous
research (13, 14) was that all young children have the potential
to grow similarly, regardless of their ethnic group or place of
birth, if they are in a healthy environment and receive adequate
nutrition. This hypothesis was confirmed; the mean length
measurements of children aged <24 months in the six country
sites were virtually identical (Figure 1).

The WHO growth curves for children aged 24-59 months
were based on the cross-sectional component MGRS, in which
groups of children at specific ages were measured at a specific
point in time; the cross-sectional data represented 6,669 chil-
dren (Table 2). Data were collected in the same communities as
those used to create the curves for children aged <24 months,
typically just after completion of the longirudinal study. Other
than the infant feeding criteria, the inclusion criteria used for the
cross-sectional data collection for ages <24 months and 24-59
months were the same. The infant feeding criteria were much
less stringent (breastfeeding for at least 3 months and no require-
ments for the timing of complementary feeding). Mothers of

children aged 24-59 months years did not receive assistance to
ensure that the children received optimal nutrition.

To eliminate the effect of overweight children on the weight
distributions in the WHO curves for children aged 24-59
months, weight measurements of >2 standard deviations above
the study median were excluded; a total of 226 (2.7%) weight

measurements were excluded.

CDC

"The CDC growth curves for children aged <36 months were
based on cross-sectional data from various sources (Table 1).
The curves were anchored at birth using nationa! birth weight
data obtained from U.S. birth certificates from 1968-1980
and 1985-1994 and birth length data from Wisconsin and
Missouri birth certificates (the only states with these data avail-
able on birth certificates) from 1989~1994 (5). Birth data were
based on 82 million birth weight measurements and 445,000
birth length measurements.

The curves for children aged 2-59 months were primarily
based on data from NHANES; no NHANES data were avail-
able for infants aged <2 months. NHANES is a continuous
cross-sectional survey of the health and nutritional status of
the U.S. civilian, noninstitutionalized population. Participants
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FIGURE 1. Mean length measurements of children aged <24 months in six sites worldwide — World Health Organization Muiticentre Growth

Reference Study, 2006
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are selected through a complex, multistage probability design.
All NHANES surveys include a household interview and a
detailed physical examination that includes anthropometric
measurements. Data from NHANES III (1988-1994) were
used to create the curves for children aged 2-5 months;
NHANES 1I (1976-1980) and III for ages 6~11 months;
and NHANES I (1971-1974), 11, and III for ages 12-59
months. In addition, supplementary length data from clinics
that participated in the CDC Pediatric Nutrition Surveillance
System (PedNSS) (1975-1995) and had data for older infants
and children that were similar to the NHANES national
surveillance data were used for the length-for-age charts for
ages 0.1 10 <5 months (/5).

For the cross-sectional data for children aged 2-23 months,
there were 4,697 data points. At age 2 months, 72 weight mea-
surements were available (representing 38 boys and 34 girls),
and approximately 200 measurements (each measurement
representing one child) per month were available through age
5 years. Data from approximately 35,000 infants aged 0.1 to

<5 months from the PedNSS clinics were used. To create curves
for children aged 2459 months, data from 9,894 children,
were used. From ages 5-59 months, sample sizes for length
were similar to those for weight.

Because the growth of infants with very low birth weight
(VLBW) (<1,500 g [<3 lbs, 4 oz]) is distinctly different from
that of infants with higher birth weights, data for VLBW
infants were excluded from the ckarts for children aged <36
months (5). No other exclusion or inclusion criteria {such as
breastfeeding) were used. Approximately 50% of the infants
in the data set had ever been breastfed, and 33% were still
breastfeeding when they reached age 3 months. No overweight

measurements were excluded.

Measurements

Careful procedures for training and measurement standard-
ization were followed, and high-quality instruments were used
for weight and length (or stature) measurements. In the WHO
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study, anthropometrists took two measurements independently
and repeated measurements that exceeded preset maximum
allowable differences. NHANES anthropometrists took mea-
surements once. In general, both WHO and CDC assessed
length (measured lying down) for children aged <24 months
and stature (measured standing up) for children aged 24-59
months. A subset of children were measured both recumbent
and standing (at ages 18-30 months for WHO, at ages 24-36
months for CDC) to assess the discrepancy between the two
measurements and allow for connection of the curves before
and after age 24 months. Detailed descriptions of these proce-
dures and instruments have been published (4,16,17).

Calculation of Percentiles
and z Scores

Optimal data entry and cleaning techniques were used. For
both sets of curves, the data analysis treated each data point
independently, even if two data points were taken for a single
child. Although there were some differences in the statistical
smoothing techniques used to create the WHO and CDC
charts, both used a variant of the lambda-mu-sigma (LMS)
statistical method to describe both percentiles and z scores
(standard deviation units) (5,18-20). Because no data (other
than length for age) were available to connect the birth data to
the cross-sectional data after age 2 months in the CDC curves,
a 3-parameter linear mathematical model was used to smooth
the weight data from 0-35 months (5).

Rationale for Recommendations

Use of Growth Reference or Growth
Standard in Clinical Settings

Opinions of the participants varied about whether the use
of a growth standard or a growth reference would be best
for clinical settings in the United States. Several participants
explained that identification of growth that is unhealthy (i.c.,
indicates an underlying adverse health condition) or abnormal
first requires a definition of healthy growth, thus a standard
is needed. Other participants countered that because many
children do not live in ideal environmental conditions, inter-
preting their growth by comparing them to a growth standard
might not be appropriate. Likewise, some children who live in
optimal conditions deviate from the normal growth curve but
are not unhealthy. Participants acknowledged that adoption
of a standard for assessing growth in children would create a
substantial need for the education of clinicians but would also
create an opportunity for clinicians to identify and address
environmental conditions that might be negatively affecting

growth. Meeting participants agreed that in practice, clini-
cians often use growth references, such as the CDC growth
charts, as a standard to evaluate healthy growth rather than a
reference as intended.

Children Aged <24 Months
Available Data

The meeting participants were concerned about the paucity
of data for the first several months of age in the data ser used
to create the 2000 CDC growth charts, as well as about the
effects of combining various disparate data sets (e.g., birth
records, NHANES national survey data, and PedNSS clini-
cal surveillance data) to generate the charts. In contrast, the
WHO charts for children aged <24 months were created with
longitudinal data that were collected more frequently than the
data used for the CDC charts, especially during the first few
months of life when children grow the most quickly. However,
the panel also was concerned that the exclusion of weight-for-
length dara that were >3 standard deviations from the median
from the WHO charts was inappropriate because these data
represented children who were part of the actual distribution of
observed physiological growth. The data for the WHO growth
charts were generally considered to be strong during the first
several months of age.

Breastfeeding and Growth Patterns

When the WHO growth curves were created, the difference
in growth between primarily formula-fed infants and primar-
ily breastfed infants was an important consideration (12).
The WHO charts were based on the premise that the healthy
breastfed infant is the standard against which all other infants
should be compared. This is consistent with U.S. dietary
reference intakes, in which norms for infant intakes of most
nutrients are determined on the basis of the composition of
human milk and the average volume of human milk intake
(21). In the WHO charts, 100% of the reference population of
infants were breastfed for 12 months and were predominantly
breastfed for at least 4 months. In contrast, approximately 50%
of the infants in the CDC data set had ever been breastfed, and
33% were still breastfeeding when they reached age 3 months,
rates that are lower than those for infant cohorts born today.
Data from the CDC National Immunization Survey indicate
that in 2007 in the United States, 75% of infants had ever
been breastfed, and 58% had been breastfed for at least 3
months (22). In addition, the composition of infant formula
has changed considerably during the preceding 35 years (23).
Therefore, the current growth of U.S. infants might not be
the same as the growth of infants used in the creation of the
CDC growth curves.
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The expert panel universally agreed that breastfeeding is the
optimal form of infant feeding and recognized that the growth
of breastfed infants differs from that of formula-fed infants.
The panel also recognized that AAP has stated the breastfed
infant “is the reference or normative model against which all
alternative feeding methods must be measured with regard to
growth, health, development, and all other short- and long-
term outcomes’ (24).

Some U.S. clinicians who are currently using the CDC charts
might be unaware of or not understand the growth pattern of
exclusively breastfed infants, which differs from that of formula-
fed infants. These clinicians might inappropriately recommend
that mothers supplement breastfeeding with formula or advise
them to wean their infants from breastfeeding completely.

The WHO and CDC charts show different growth pat-
terns that might lead clinicians to different conclusions about
variations in growth. Healthy breastfed infants typically gain
weight faster than formula-fed infants in the first few months
of life but then gain weight more slowly for the remainder
of infancy (25,26). Therefore, in the first few months of life,
WHO curves show a faster rate of weight gain than the CDC
charts for boys and girls (Figures 2 and 3). Use of the WHO
charts in the United States might lead to an increase in the
misperception of poor growth at this age.

Beginning at approximately age 3 months, WHO curves
show a slower rate of weight gain than the CDC charts, both
in weight for age and weight for length. Because WHO curves
are derived from infants who breastfeed through 12 months,
infants who are still breastfeeding at approximately age 3
months are more likely to maintain their percentages on the
WHO growth charts but to decrease in percentages on the
CDC charts. In contrast, if WHO charts are used to assess
the growth of formula-fed infants, these infants might be
identified as growing too slowly during the first few months of
life but then be identified as gaining weight too quickly after
approximately 3 months.

Children Aged 24-59 Months

CDC curves zllow for a trarsition pericd from 24-35
months when children can be assessed using either the charts
for children aged 0~36 months or for persons aged 219 years.
Children in this age range can have their measurements plot-
ted on the chart for younger children to show continuity with
previous growth and on the chart for older children to show
continuity with subsequent growth. For weight for length (or
stature) and length (or stature) for age, assessing children using
both curves requires measuring the child both recumbent and
supine and therefore is not a common practice.

The meeting participants raised concerns that weights >2
standard deviations above the median should not have been

deleted in creation of the WHO curves because they were part
of the full weight distribution of the study population. They
also noted that the methods for selecting the study participants
for this age range was not substantively different between the
WHO and CDC charts. CDC and WHO growth charts for
ages 24-59 months were both based on cross-sectional data,
and compared with the methods used to create the growth
curves for children aged <24 months, the methodological dif-
ferences berween CDC and WHO in creating growth curves
for ages 24-59 months were minor. For these reasons, the
expert panel found little reason to recommend a change from
the current use of the CDC curves among older children.

Transition from WHO to CDC Charts

The panel discussed the possibility of using the WHO charts
for children aged <24 months but the CDC charts for older
children. During these discussions, participants explained thar
transitioning from one chart to another might create a disjunc-
tion by changing how a particular child’s growth is classified.
For example, a child aged 24 months who is classified as over-
weight according to the WHO charts might be classified in the
normal range on the CDC charts at the same age. Regardless,
both the WHO and CDC growth charts already have some-
what of an internal disjunction because length measurements
switch from recumbent to stature measurements when children
are aged 2 years; measurements of length are greater (0.7-0.8
cm) than measurements of stature. Therefore, a child aged 2
years might seem to be approximately 1 cm shorrer when a
clinician transitions from using length to stature measurements,
potentially leading to a change in the plotted percentile.

Because CDC charts are printed on separate pages, clini-
cians must switch charts when they switch from length to
stature measurements at age 24 months. Likewise, clinicians
would switch to a separate page if they were to transition from
the WHO to the CDC charts at age 24 months. Thus, if the
WHO charts were to be used for infants and the CDC charts
for older children, transitioning at age 24 months seemed to
be the most feasible age to switch.

Selection of Percentiles

Predetermined percentiles on growth charts are used to iden-
tify children who might not be growing normally. Traditionally,
the 5th or 95th percentiles have been used with the CDC
charts; however, they are arbitrary statistical values and are
not based on analysis of health outcomes. Likewise, the WHO
percentiles (2.3rd and 97.7th, or +2 standard deviations) also
are arbitrary and not based on health outcomes. Using the
WHO-recommended percentiles with the WHO curves in
the United States would result in a prevalence of short stature
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FIGURE 2. Comparison of World Health Organization (WHO) and CDC growth chart weight-for-age measurements for girls aged <24 months
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and overweight that is similar to the prevalence from the CDC
curves using the 5th and 95th percentiles (27). Therefore, in
pediatric practice, the number of children identified for addi-
tional follow-up because of short stature and overweight would
be similar to current numbers. In contrast, use of the 5th and
95th percentiles with the WHO weight charts would result in
10% of the WHO growth curve population being categorized
as underweight or overweight, even though the population
comprises healthy children who were fed according to inter-
national recommendations. The population used to create the
CDC charts includes children with various health problems
and children who were not fed according to international rec-

T 1 T Y T T T
12 14 16 18 20 22 24

Age (mos)

ommendations. Use of the 5th and 95th percentiles with the

WHO curves to assess the U.S. pczfulation might overestimate
the prevalence of short stature, underweight, and overweight in

the United States. For example, the mean stature included in the
WHO and CDC charts is similar, but the WHO charts have
less variability than the CDC charts among children aged <24
months, leading to an increased prevalence of both shortness
and tallness for children aged <2 years when the 5th and 95th
percentiles are applied (Figures 4 and 5).

The estimated prevalences of low weight for age and high
weight for length among U.S. children differ depending on
whether the CDC charts (using the 5th and 95th percentiles)
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FIGURE 3. Comparison of World Health Organization (WHO) and CDC growth chart weight-for-age measurements for boys aged <24 months
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or the WHO charts (using the 2.3rd and 97.7th percentiles)
are used (Figure 6). A substantial difference exists in the
prevalence of low weight for age, with the WHO standard
showing a lower prevalence beginning at age 6 months. The
CDC reference identifies 7%—11% of children aged 6-23
months as having low weight for age, whereas the WHO stan-
dard identifies <3%. The WHO standard also identifies fewer
infants (aged <12 months) as having high weight for length
(5%—9%) than the CDC reference (9%~13%). For children
aged 18-23 months, the differences in high weight for length
essentially disappear. The prevalence of short stature is similar
for both sets of curves.

12 14 16 18 20 22 24

Reccmmendctions

Use of WHO Growth Charts
for Chiidren Aged <24 Months

Use of the 2006 WHO international growth standard for
the assessment of growth among all children aged <24 months,
regardless of type of feeding, is recommended. (The charts are
available at https://www.cdc.gov/growthcharts.) When using
the WHO growth charts, values of 2 standard deviations above
and below the median, or the 2.3rd and 97.7th percentiles
(labeled as the 2nd and 98th percentiles on the growth charts),
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FIGURE 4. Comparison of World Health Organization (WHO) and CDC growth chart length/stature-for-age measurements for girls aged <5 yrs
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are recommended for identification of children whose growth
might be indicative of adverse health conditions. The rationale
for use of the WHO growth charts for this age group includes
the following: 1) the recognition that breastfeeding is the rec-
ommended standard for infant feeding and, unlike the CDC
charts, the WHO charts reflect growrh patterns among children
who were predominantly breastfed for at least 4 months and
still breastfeeding at age 12 months; 2) clinicians already use
growth charts as a standard for normal growth; and 3) the
WHO charts are based on a high-quality study, the MGRS.

Continued Use of CDC Growth Charts
for Children Aged 24-59 Months

Use of the CDC growth charts for children aged 24-59
months is recommended. The CDC charts also should be
used for older children because the charts extend up to age 20
years, whereas the WHO standards described in this report
apply only to children aged 0-59 months. The rationale for
continuing to use CDC growth charts includes the following:
1) the methods used to create the WHO and CDC charts are
similar after age 24 months, 2) the CDC charts can be used
continuously through age 19 years, and 3) transitioning at age
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FIGURE 5. Comparison of World Health Organization (WHO) and CDC growth chart length/stature-for-age measurements for boys aged <5 yrs
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24 months is most feasible because measurements switch from able at http://www.cdc.gov/growthcharts. Training tools for
recumbent length to standing height at the this age, necessitat- clinicians are being developed and also will be available at
ing use of new printed charts. this website.
Clinicians should recognize that the WHO charts are
intended to reflect optimal growth of infants and children.
Use of Recommended Growth Although many children in the United States have not expe-
Charts in Clinical Seﬂ'ings rienced the optimal environmental, behavioral, or health con-

CDC recommends the use of modified versions of the ditions specified in the WHO study, the charts are intended

WHO curves for children aged <24 months that inclu de for use with all children aged <24 months. Therefore, their
growth might not always follow the patterns shown in the

WHO curves. For example, formula-fed infants tend to gain
weight more rapidly after approximately age 3 months and

the 2.3rd and 97.7th percentiles and are appropriate for
clinicians. These curves have been developed and are avail-
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FIGURE 6. Comparison of the World Health Organization (WHO) and CDC growth chart prevalences of low length for age, low weight for age,
and high weight for length among children aged <24 months — United States, 1999-2004
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Source: Data from the National Health and Nutrition Examination Survey, 1999-2004.

* <5th percentile on the COC charts; 52.3rd percentile on the WHO charts.
t >95th percentile on the CDC charts; 297.7th percentile on the WHO charts.

therefore cross upward in percentiles, perhaps becoming clas-
sified as overweight. Although no evidence-based guidelines
for treating overweight in infancy exist, early recognition of a
tendency toward obesity might appropriately trigger interven-
tions to slow the rate of weight gain.

For the first 3 months of age, the WHO charts show a
somewhat faster rate of weight gain than the CDC charts,
leading to the identification of more infants who appear to be
growing slowly. Clinicians should recognize that this slower rate
of weight gain is typical for formula fed infants. For breastfed
infants identified as growing slowly, clinicians need to carefully
assess general health issues and ensure appropriate management
of lactation. Only if there is evidence of lactation inadequacy
should they consider supplementation with formula.

Differences in the length-for-age WHO and CDC charts are
small, and clinical differences based on these charts are expected
to be insignificant. [n contrast, when the WHO charts are used
to assess the growth of U.S. children, fewer children aged 6-23
months will be identified as having inadequate weight for age.
Some assert that this might be beneficial because overdiagnosis
of underweight might damage the parent-child interaction,
subjecting families to unnecessary interventions and possibly

unintentionally creating an eating disorder (28). However,
children who are identified as having low weight for age on
the WHO charts will be more likely to have a substantial defi-
ciency. Clinicians need to seek out the causes for poor growth
and propose changes accordingly. For example, poor weight
gain might result from neglect, substantial morbidities, or other
medical problems that require immediate artention (29).

Recent WHO Growth Chart Policies
and Publications

According to WHO, 111 countries had adopted the WHO
growth standards as of July 1, 2010 (A. Onyango, WHO,
personal communication, July 26, 2010.). Canada has recom-
mended the use of the WHO growth charts (30), including
the more recently published charts for children aged 5-17
years (31). The United Kingdom Department of Health has
recommended use of the WHO growth standards for children
aged 2 weeks to 5 years in combination with United Kingdom
birth weight charts (32-42 weeks’ gestation) (32,33).

In 2007, the AAP board of directors voted to support the
use of the WHO growth charts for children aged <24 months
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(D. Burrowes, American Academy of Pediatrics, personal com-
munication, November 7, 2007), with the recognition that
substantial educational measures are needed to assist with inter-
pretation of the charts. AAP has waited for the availability of
clinically useable charts to publicize this recommendation.

Various studies have compared the WHO growth standards
with other growth references (34-37). Researchers also have
analyzed ways in which use of the WHO standards might affect
prevalences of wasting, stunting, and underweight worldwide
(38), as well as the distribution of z scores, a commonly used
indicator of data quality in international surveys (39). WHO
has developed an algorithm to convert population prevalences
that were computed using the previous NCHS, CDC, and
WHO growth curves (10,11 ) to those expected using the new
charts (38). Several studies have conducted field testing of the
WHO charts in clinical settings worldwide, showing differ-
ences in prevalence compared with existing charts but also
documenting that the WHO standards generally correspond
with clinical assessment of malnutrition (36,40,41).

Conclusion

Because the CDC charts are currently in use in clinical set-
tings to assess growth of children, use of the WHO charts for
children aged <24 months will require training of health-care
providers and others who measure and assess child growth.
Training should focus on how to interpret growth on the charts,
differences between references and standards, the characteris-
tics of the WHO cohort (especially regarding socioeconomic

status, infant feeding patterns, and maternal lack of smoking), *

the disjunction created by switching from the WHO to the
CDC curves at age 2 years, growth patterns of children who
breastfeed compared with those who formula feed, and the
potential contribution of education and support programs for
breastfeeding and complementary feeding. Development of
appropriate guidance based on clinical and ap plied experience
is needed so that clinicians can interpret the growth of infants
and children who do not meet all optimal environmental and
health criteria (=.g., breastfeeding) used for participants in
the WHO study. Growth patterns over time using multiple
data points should be used in conjunction with other medical
and family history to assess appropriate growth. Training on
accurate measurement techniques, especially for recumbent
length, is critical for any assessment to be valid.

The clinical consequences of using the WHO standards com-
pared with the CDC reference should be evaluated over time
to identify advantages and unforeseen adverse consequences
of the use of the WHO standards. Research is needed on
health outcomes related to different growth patterns during
infancy, particularly with regard to identifying percentiles that

are indicative of health problems. Finally, research should be
conducted on the use of BMI measurements based on length
in infants and toddlers as predictive of future adverse health
effects.
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WHO Growth Standards Are Recommended for Use in the U.S.
for Infants and Children 0 to 2 Years of Age

The World Health Organization {WHO) released a new international growth standard statistical distribution in 2008,
which describes the growth of children ages 0 to 59 months living in environments believed to support what WHO
researchers view as optimal growth of children in six countries throughout the world, including the U.S. The distribution
shows how infants and young children grow under these conditions, rather than how they grow in environments that
may not support optimal growth.

Recommendation
CDC recommends that health care providers:

» Use the WHO growth charts to monitor growth for infants and children 0 to 2 years of age in the U.S.
» Use the CDC growth charts to monitor growth for children age 2 years and older in the U.S.

Why use WHO growth standards for infants and children ages 0 to 2 years of age
in the U.S?

+ The WHO standards establish growth of the breastfed infant as the norm for growth.

Breastfeeding is the recommended standard for infant feeding. The WHO charts reflect growth
patterns among children who were predominantly breastfed for at least 4 months and still
breastfeeding at 12 months. '

» The WHO standards provide a better description of physiological growth in infancy.

Clinicians often use the CDC growth charts as standards on how young children should grow. However
the CDC growth charts are references; they identify how typical children in the US did grow during a
specific time period. Typical growth patterns may not be ideal growth patterns. The WHO growth
charts are standards; they identify how children should grow when provided optimal conditions.

» The WHO standards are based on a high-quality study designed explicitly for creating growth charts.

The WHO standards were constructed using longitudinal length and weight data measured at frequent
intervals. For the CDC growth charts, weight data were not available between birth and 3 months of
age and the sample sizes were small for sex and age groups during the first 6 months of age.

Why use CDC growth charts for children 2 years and older in the U.S.?

» The CDC growth charts can be used continuously from ages 2-19. In contrast the WHO growth charts
only provide information on children up to 5 years of age.

» For children 2-5 years, the methods used to create the CDC growth charts and the WHO growth charts
are similar.

Content source: Centers for Disease Control and Prevention, National Center for Health Statistics
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Neonatal Weight Loss at a US Baby-Friendly

Hospital

Xena Grossman, MS, RD; jana H. Chaudhuri, PhD; Lofi Feldman-Winter, MD, MPH: Anne Merewood, PhD, MPH, IBCLC

ABSTRACT

Artide history: Few if any studies have examined weight loss among term newborns by weighing infants daily for
Accepted 17 October 2011 the first week of life. Perhaps because so few data exist, there is no standard in the United States for

¥ normal newborn weight loss. Our objective was to investigate normal newborn weight loss among
Keywords: infants born in a US Baby-Friendly hospital, by weighing infants daily for the first week of life. Using
Breastfeeding a prospective cohort design, infants born at an urban Boston, MA, hospital were enrolled within 72
infant feeding hours of delivery and weighed daily for the first week of life. In hospital, infant weight was obtained
Weight loss . from the medical record; post discharge, a research assistant visited the home daily and weighed the
infant nutrition baby. All feeds in week 1 of life were recorded. Birth-related factors potentially affecting weight loss

were abstracted from the medical record. Complete data were collected on 121 infants. Mean weight
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loss was 4.9% (range=

0.0% to 9.9%); 19.8% (24 of 121) of infants lost >7% of their birth weight; no
infant lost >10%. Maximum percent weight loss was significantly associated with feeding type:
exclusively and mainly breastfed infants lost 5.5%, mainly formula-fed infants lost 2.7% and exclu-
sively formula-fed infants lost 1.2% (P<0.001 ). Type of delivery and fluids received during {abor were
not associated with weight loss. Clinical practices at a Baby-Friendly hospital, which support and
optimize breastfeeding, appear to be associated with only moderate weight loss in exclusively and

mainly breastfed infants.
) Acad Nutr Diet. 2012;,112:410-413.

HERE 1S NO ONE STANDARD FOR NORMAL NEONATAL

weight loss among term infants in the medical

literature, and guidelines differ by, and sometimes

within, medical organizations. in their policy statement,

Breastfeeding and the Use of Human Milk, the American
Academy of Pediatrics’ section on breastfeeding states that
“weight loss in the infant of greater than 7% from birth weight
indicates possible breastfeeding problems” (1). However, the
American Academy of Pediatrics Clinical Practice Guidelines for Hy-
perbilirubinemia state that “adequacy of intake should be evalu-
ated and the infant monitored if weight loss is more than 10%” (2).
The American Academy of Breastfeeding Medicine protocol, Hos-
pital Guidelines for the Use of Supplementary Feedings in the Healthy
Term Breastfed Neonate, acknowledges that although weight loss
of 8% to 10% can be normal, “it is an indication for careful assess-
ment and possible breastfeeding assistance” (3). These guidelines
do not address timing of weight loss, nor do they take into account
other factors that can affect infant weight loss, such as type of
delivery or maternal fluids in labor.

Differences between guidelines might reflect a paucity of evi-
dence-based data regarding neonatal weight loss. We were un-
able to locate any studies reporting mean weight-loss nadir for
infants weighed daily for the first week of life. Because weight-
loss nadir (ie, maximum point of weight lost) can occur on any day
in the first week postpartum, studies that do not weigh infants
daily can only estimate weight loss and might have failed overali
to capture this measurement. Macdonald and colleagues weighed
infants at birth, before discharge, and then on subsequent home
visits by a midwife, which generally occurred on days 5,7, and 10
of life (4). Chantry and colleagues measured weight on days 3 and
7(5), and Martens and Romphf assumed maximum weight loss to
be the difference between birth weight and weight at discharge
(6). Accurate knowledge of normal weight loss is important to
support exclusive breastfeeding and optimal breastfeeding poli-
cies and practices, as well as to identify infants that are having
feeding difficulties and create safe discharge plans.
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The goals of our study were to determine weight-loss nadir
among infants born at a Baby-Friendly hospital and to identify
predictors of weight loss in the first week of life using a prospec-
tive design. Infant-feeding policies and procedures at a Baby-
Friendly hospital comply with The Ten Steps to Successful Breast-
feeding (7), considered by the World Health Organization as the
optimal standard of breastfeeding management in hospitals. It is
routine practice at a Baby-Friendly hospital to put the newborn
skin-to-skin at birth, practice rooming-in, help a mother initiate
breastfeeding within an hour of birth, and give a breastfeeding
newborn food or drink other than breast milk only when medi-
cally indicated. Thus, neonatal weight loss among exclusively
breastfed infants in our cohort likely reflects normal neonatal
weight loss, and is unlikely to reflect patterns caused by poorly
managed early infant feeding.

METHODS

Between June 2008 and June 2009, mother/infant dyads who con-
sented to participate in a 2-year-long prospective cohort study to
investigate the influence of early nutrition on obesity were given
the option of participating in a nested cohort study in which in-
fant weights would be measured daily for the first week of life.
Following the enroliment criteria for the larger cohort study, in-
fants were enrolied within 72 hours of birth and were healthy,
term, singleton, appropriate for gestational age, and born at Bos-
ton Medical Center, an urban Baby-Friendly hospital in Boston,
MA.

Daily weights were obtained from the medical record while the
infant was hospitalized. In-hospital weights were obtained by
standard hospital procedure using a Scale-Tronix Model 4800
digital scale (Scale-Tronix, Carol Stream, IL), which is accurate to
5 g. Post discharge, research assistants visited the home daily and
weighed the infant using a digital Medela BabyWeigh scale (Me-
dela, McHenry, IL), which is accurate to 2 g Following standard
procedures, the clothing and diaper were removed before weigh-
ing and the scale was zeroed with a blanket to maintain the in-
fant's body temperature. Hospital weights were measured during

2 2012 by the Academy of Nutrition and Dietetics.



the night; post-discharge weights were completed during the
day. All feeds in week 1 of life were obtained from the bedside
feeding chart postpartum and from a food diary completed by the
mother post discharge, in which she recorded all feeds given at
home. At each home visit, the research assistant answered any
questions that the mother had about completing the food record;
no nutrition counseling was provided. In addition, a verbal ques-
tionnaire was administered at the time of enroliment to obtain
demographic data; birth-related factors that can affect weight
loss were abstracted from the medical record. This study was ap-
proved by the Boston University Medical Center Institutional Re-
view Board.

Infant feeding at the time of weight-loss nadir was categorized
into one of four feeding categories based on the number of feeds;
exclusive breast milk (100% breast miik feeds), mainly breast milk
(250% breast milk feeds), mainly formula (>>50% formula feeds),
and exclusive formula (100% formula feeds).

Independent t tests, analyses of variance, and Pearson or Spear-
man correlation coefficients were run to determine bivariate pre-
dictors of maximum percent infant weight loss. Variables that
were significant at P<0.20 in bivariate analysis were entered as
predictor variables into an initial regression model, and variables
that were not significant at P<0.05 were removed using back-
wards stepwise regression. All statistical analyses were con-
ducted using Statistical Analysis Software (version 9.1, 2002-3,
SAS Institute Inc, Cary, NC).

RESULTS AND DISCUSSION

One hundred and thirty-two mother/infant dyads were enrolled
between June 2008 and June 2009. Of these, 11 were excluded
from analysis for the following reasons: lost to follow-up before
infant weight-loss nadir was reached (n=6), mother or infant
hospitalized and unable to complete feeding records or obtain
infant weights (n=3), and missing data(n=2). Final analyses were
conducted on 121 mother/infant dyads with complete information.
Descriptive information is presented in the Table.

Mean weight loss was 4.9%+2.4% (range=0.0% to 9.9%); 19.8%
(24 of 121) of infants lost >7% of their birth weight, 7.4% (9 of 121)
of infants lost >8%, and no infant lost >>10%. Mean weight loss
differed significantly based on feeding type; exclusively breastfed
infants lost 5.5% and mainly breastfed infants lost 5.5% of birth
weight; mainly formula-fed infants lost 2.7% and exclusively for-
mula-fed infants lost 1.2% of birth weight (P<0.001) (Table). In
bivariate analysis, maternal birthplace (US-born vs non-US-
born), gestational age, volume of fluids received in labor, and in-
fant feeding category were significantly associated with percent
weight-loss nadir.

Mean time to nadir was 2.5 days after birth and ranged from 0
to 7 days after birth (Figure); 58.7% (71 of 121) of infants reached
their weight nadir within 2 days after birth. Only one infant
reached weight-loss nadir on day 7 of life. This infant was fol-
lowed for an additional day to ensure that nadir was captured. At
time of weight-loss nadir, 26.4% of infants had been exclusively
breastfed, 54.6% had been mainly breastfed, 13.2% had been
mainly formula-fed, and 5.8% had been exclusively formula-fed.
There was no difference in mean time to nadir by feeding group
{P=0.56). Given the small number of exclusive formula feeders
{n=7), mainly and exclusive formula feeders were combined for
linear regression analyses.

The following variables {P<.0.20 in bivariate analysis) were en-
tered into the initial regression as possible predictors of percent
weight-loss nadir: infant-feeding category, maternal birthplace,
volume of fluids received in labor, medical insurance, gestational
age, and birth weight. After backwards selection, only infant-
feeding category, gestational age, and medical insurance re-
mained in the final model. Compared with formula-fed infants,
exclusively breastfed infants lost, on average, 3.2% more weight
{standard error [SE}=0.5; P<0.001), and mainly breastfed infants
lost 3.4% more weight (SE=0.5; P<0.001). For each 1-week in-
crease in gestational age, there was a 0.4% decrease in weight loss
{SE=0.2; P=0.009). Compared with infants of mothers with pri-
vate insurance, those with public insurance lost 1.6% less weight
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(SE=0.6; P=0.005). Overall, feeding category, gestational age, and
insurance were the most robust predictors of percent weight-loss
nadir, contributing to 37.8% of the variability in the model.

In contrast to other reports (4-6,8-11), no infant lost 210% of
birth weight. This is most similar to that found in a study by
Konetzny and colleagues, in which 2.4% (67 of 2,788) of exclu-
sively breastfed infants lost at least 10% of birth weight at a Baby-
Friendly hospital in Switzerland (8). In contrast, in Manganaro
and colleagues’ Italian study of 686 exciusively breastfed infants,
7.7% of infants lost at least 10% of their birth weight (9); in Dewey
and colleagues’ study, 12% of breastfed infants (those who con-
sumed <2 oz non-breast milk in the first 72 hours of life) lost at
least 10% of birth weight (10); and in Chantry and colleagues’
recent study, 19% of 134 exclusively breastfed infants and 14% of
the entire study sample lost at least 10% of their birth weight (5).

At Boston Medical Center, the newborn service reviews each
infant weight loss >7% (normal vaginal delivery) and 8% (ce-
sarean birth), at which point a referral is made to the lactation
service, and an International Board Certified Lactation Consul-
tant provides a consuitation for the dyad. Although it is theo-
retically possible that the minimal weight loss found in our
study could reflect aggressive remedial formula supplementa-
tion in infants who are losing weight, this is not routine prac-
tice, considering the hospital’s Baby-Friendly status and refer-
ral guidelines. The authors propose that the limited weight loss
in this cohort was likely a result of optimal infant-feeding sup-
port and policies in a Baby-Friendly hospital. Of interest, exciu-
sively breastfed infants lost the same amount of weight as
mainly breastfed infants.

Some studies have found cesarean section delivery (9) and
maternal fluid balance (5) to be associated with increased neo-
natal weight loss, others have not (11). Given that lactogenesis
stage 1l can be delayed after a cesarean section (12,13), it was
surprising to find that infants delivered by cesarean section did
not {ose more weight than infants born vaginally. This finding
might result because we were weighing all infants every day;
in other studies, cesarean-born infants might be weighed more
often and for more days because they are more closely followed
and remain in the hospital for longer than vaginally delivered
infants. In addition, no association was found between mater-
nal fluid intake during labor and maximum weight loss in our
final regression model. This supports findings by Lamp and
Macke (11), but differs from Chantry and colleagues (5).
Weights in this study might be more accurate than those ob-
tained by Chantry and colleagues because of daily weighing, or
this cutcome might be a result of a limitation in our study; ie,
fluid intake in labor was our variable of interest instead of fluid
balance, as fluid output in the medical record was not reliably
recorded.

This study has clinical relevance by demonstrating that with
supportive breastfeeding policies and practices in place, exclu-
sively and mainly breastfed newborns lose relatively little
weight. Using the American Academy of Pediatrics section on
breastfeeding's weight-loss cut-off of 7% (1), 19.8% of the in-
fants in this sample would have been identified as potentially
having a breastfeeding problem. This raises a complex issue.
Although it is indeed possible that 5.5% is normal for weight
loss among exclusively breastfed infants in the supportive en-
vironment, these findings should not be ciinically interpreted
to define infants who lose 5% of birth weight as high-risk
candidates for remedial care requiring formula supplementa-
tion. The vast majority of US hospitals do not have Baby-
Friendly status, and there is no indication that infants who lose
>5% in a non-Baby-Friendly setting are in imminent danger of
dehydration. Although more data are needed to confirm these
findings, under optimal settings, neonatal weight loss among
exclusively or mainly breastfed infants appears moderate.

At the opposite extreme, mainly and exclusively formuia-fed
infants lost almost no weight. More research is needed to deter-
mine whether a lack of weight loss among these infants, when
compared with optimally managed exclusive or mainly breastfed
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Table. Descriptive characteristics and variables associated with mean weight loss nadir among 121 infants born at a US

Baby-Friendly hospital

Mean weight loss+

Variable n % standard deviation (%) P value
Ethnicity® 0.52
Black non-Hispanic 33 273 46+24
White non-Hispanic 5 4.1 3.8+35
Hispanic 78 64.5 51*23
Asian/other 5 4.1 45+25
USs-born® 0.01
Yes 29 240 39+24
No 92 76.0 52+23
Insurance® 0.10
MassHealth/CareNet/self-pay g5 785 47+24
Private 13 10.7 62+23
Healthy start 13 10.7 51%16
Received WIC™ 041
Yes 111 91.7 48+24
No 10 83 55+21
Parity® 0.56
1 Child 50 413 47+27
>1 Child 71 58.7 50+21
Type of delivery® 0.71
Vaginal 88 727 48+23
Cesarean section 33 27.3 50+25
Infant sex® 0.48
Male 63 52. 47+25
Female 58 479 50x23
Infant feeding category at nadir® <0.001
Exclusive breast milk (100% breast milk feeds) 32 264 55+20
Mainly breast milk {(=50% breast milk feeds) 66 546 5521
Mainly formula (>50% formula feeds) 16 13.2 27*17
Exclusive formula (100% formula feeds) 7 5.8 1.2+10
n Mean (SD) Correlation P value
Birth weight (g)* 121 3,261 (359) ~0.120 0.19
Gestational age (weeks)® 121 394/7 0 1/7) -0.181 0.05
n Median (lower to upper quartile) Correlation P value
Fluids received in labor (cc) 119 1,506 (310-2,747) —-0.338 0.0002
s, i Childen,
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Figure. Days after birth when weight loss nadir reached ata US
Baby-Friendly hospital.

infants, has future adverse health outcomes, such as a predispo-
sition toward obesity later in life.

CONCLUSIONS
By weighing infants daily for the first week of life and until weight
started to rebound, the authors are confident that maximum
weight-loss nadir was captured. Studies that used convenience mea-
surements, such as those limited to in-hospital or based around clin-
ical visits, will not always capture maximum weight loss.

infant feeding pattern was a strong predictor of newborn
weight loss. Infants fed exclusively or mainly formula lost less
weight than those fed exclusively or mainly breast milk, and none
of the newborns in the sample lost >10% of birth weight. Clinical
practices at a Baby-Friendly hospital, which support and optimize
breastfeeding, appear to be associated with only moderate weight
loss in exclusively and mainly breastfed infants.

References
1. Gartner LM, Morton J, Lawrence RA, et al. Breastfeeding and the use of
human milk. Pediatrics. 2005;115(2):496-506.

AUTHOR INFORMATION

1L

13.

American Academy of Pediatrics. Management of hyperbilirubinemia
in the newborn infant 35 or more weeks of gestation. Pediatrics. 2004;
114(1):297-316.

Academy of Breastfeeding Medicine Protocol Committee. ABM
clinical protocol #3: Hospital guidelines for the use of supplemen-
tary feedings in the healthy term breastfed neonate, revised 2009.
Breastfeed Med. 2009;4(3):175-182.

Macdonald PD, Ross SRM, Grant L, Young D. Neonatal weight loss in
breast and formula fed infants. Arch Dis Child Fetal Neonatal Educ.
2003:88(6):F472-F476.

Chantry CJ, Nommsen-Rivers LA, Peerson JM, Cohen R}, Dewey KG.
Excess weight loss in first-born breastfed newborns relates to ma-
ternal intrapartum fluid balance. Pediatrics. 2011;127(1):e171-
el79.

Martens P, Romphf L Factors associated with newborn in-hospital
weight loss: Comparisons by feeding method, demographics, and
birthing procedures. ] Hum Lact. 2007:23(3):233-241.

World Health Organization, Division of Child Health and Develop-
ment. Evidence for the Ten Steps to Successful Breastfeeding. Geneva,
Switzerland: World Health Organization; 1998.

Konetzny G, Bucher HU, Arlettaz R. Prevention of hypernatraemic
dehydration in breastfed newborn infants by daily weighting. Eur |
Pediatr. 2009;168(7):815-818.

Manganars R, Mami C, Marrone T, Marseglia L, Gemelli M. Incidence
of dehydration and hypernatremia in exclusively breast-fed infants. /
Pediatr. 2001:13%(5):673-675.

Dewey KG, Nommsen-Rivers LA, Heinig MJ, Cohen R}. Risk factors
for suboptimal infant breastfeeding behavior, delayed onset of lac-
tation, and excess neonatal weight loss. Pediatrics. 2003;112(3 Pt
1):607-619.

Lamp |M, Macke JK. Relationships among intrapartum maternal fluid
intake, birth type, neonatal output, and neonatal weight loss during
the first 48 hours after birth. ] Obstet Gynecol Neonatal Nurs. 2009;
39(2):169-177.

Chapman DJ, Perez-Escamiila R. Identification of risk factors for de-
layed onset of lactation. ] Am Diet Assoc. 1999;9%4):450-454.

Hildebrandt HM. Maternal perception of lactogenesis time: A clinical
report. ] Hum Lact. 1999;15(4):317-323.

X Grossman s an instructor of pediatrics, Boston University School of Medicine, Division of General Pediatrics, Boston Medical Center, Boston, |

MA. J. H: Chaudhur is a lecturer, Child Development (

University, Medford, MA; at the time: of the study, she was a postdoctoral

MMWMCMMMLFMthBaW  of Medicir ,

Robert Wood Johnsorn Medical School and Divisiore of Adolescent Medicine, Cooper University Hospital, Camden, NJ. A. Merewood is associate. |
of General Pediatrics, Bostors Medical Center; o MRS

professor of pediatrics, Boston University School of Medicine, Division
Newton St, Vose 3, Boston Medical Center, Boston, MA 02118. E-maik Anne.Merewood@bmcorg

This project was supported by National Research Initiative

this study were donated by Medela (McHenry, ity

March 2012 VYolume 112 Numtbeer 3

Grant no. 2008-35215-18638 from the US Department of Agriculture, National
lnstttuteofFoodaﬂdAgfkuiture;andTheJoetandBarbaraAlmendowmmtférChﬁdmﬂoftheGmTheMedebBabyWeighscahsusedln%[

“anct data manager, Massachusetts Healthy Families Evaluation, Tufts |
fellow, Boston University School of Medicine, Division of General |

of pediatrics, University of Medicine and Dentistry, New Jersey,

JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 413



ARTICLE

[m] A [u]

Risk of Bottle-feeding for Rapid Weight Gain #iL#Zs

During the First Year of Life

Eh-‘

Sean for Author
Audio Interview

Ruowei Li, MD, PhD; Joselito Magadia, PhD; Sara B. Fein, PhD; Laurence M. Grummer-Strawn, PhD

Objective: To better understand the mechanisms be-
hind breastfeeding and childhood obesity, we assessed
the association of weight gain with the mode ol milk de-
livery aside from the type of milk given to infants.

Design: A longitudinal study of infants followed up from
hirth to age 1 year. Multilevel analyses were conducted
to estimate infant weight gain by type of milk and feed-
ing mode.

Se#ting: Pregnant women were recruited from a con-
sumer mail panel throughout the United States between
May 2005 and June 2007.

Participants: One thousand eight hundred ninety nine
infants with at least 3 weight measurements reported dur-
ing the first year.

Main Exposures: Six mutually exclusive feeding cat-
egories and proportions of milk feedings given as breast-

Main Outcome Measures: Weight measurements re-
ported on 3-, 3-, 7-, and 12-month surveys.

Reswults: Compared with infants fed at the breast, in-
fants fed only by bottle gained 71 or 89 g more per month
when fed nonhuman milk only (P <.001) or human milk
only (P=.02), respectively. Weight gain was negatively
associated with proportion of breastmilk feedings, but
it was positively associated with proportion of bottle-
feedings among those who received mostly breastmilk.
Among infants fed only breastmilk, monthly weight gain
increased from 729 g when few feedings were by bottle
to 780 g when most feedings were by bottle.

Conclusions: Infant weight gain might be associated not
only with type of milk consumed but also with mode of
milk delivery. Regardless of milk type in the bottle, bottle-
{eeding might be distinct from feeding at the breast in
its effect on infants’ weight gain.

milk or by bottle.
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HE ESTIMATED PERCENT-
age of US children aged 2
to5 yearsand 6 to 11 years
classified as overweight in-
creased from 5.0% and
6.5% in 1980 to 10.4% and 19.6%, respec-
tively, in 2007-2008."7 The increase in
childhood obesity was also observed
among those aged 6 to 23 months, from

For editorial comment
see page 483

7.2% in 198010 11.6% in 2000.! Given the
numerous health risks related to child-
hood obesity,*” its prevention is hecom-
ing a public health priority.® It has been
reported that feeding practices affect
growth and body composition in the first
vear of life, with breastfed infants gain-
ing less rapidly than formula-fed in-
fants.*" There is also evidence that breast-
fed infants continue to have a low risk for
later childhood obesity.'>'®

There are multiple hypotheses for the
mechanisms behind breastfeeding and
childhood obesity and one of them per-
tains to the poor self-regulation of en-
ergy intake among formula-fed infants.™
In contrast to infants fed at the breast who
may need to actively suckle, formula-fed
infants are more likely to be passive in the
feeding process, and caregivers’ control
might undermine infants’ capability for
self-regulation to balance energy intake
against internal cues of hunger and sati-
ety. Theoretically. feeding babies with ex-
pressed breastmilk could increase infant
weight gain because it is fed by bottle. So
far, only one pilot study has examined early
growth patterns of babies fed breastmilk
by breast vs by bottle.” The purpose of this
study was to compare infant weight gain
by both milk type (human vs nonhuman
milk) and feeding mode (breast vs bottle)
and examine whether bottle-fed infants
gain weight more rapidly than those fed
at the breast during the first year. The study
had 2 specific hypothesis: (1) Infant weight
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gain is not only affected by type of milk butalso by mode
of milk delivery and (2) Regardless of the type of milk
in the bottle, bottle-feeding might putinfants on a faster
track of weight gain.

— T

SAMPLE

The Infant Feeding Practices Study 11 is a longirudinal study
of new mothers and their infants conducted by the Food and
Drug Administration and the Centers for Disease Control and
Prevention from May 2003 to June 2007. Women were re-
cruited in their third trimester of pregnancy from a consumer
opinion panel of approximately 500 000 households through-
out the United States. Eligibility criteria included mothers aged
18 years or older and infants born after 35 weeks’ gestation with
a birth weight of at least 2.25 kg. About 3000 infants were fol-
lowed up from birth for 1 year, with 10 postnatal question-
naires mailed at approximately monthly intervals. The re-
sponse rates for each postpartum survey varied from 63% to
83%. All data collection procedures were approved by the Food
and Drug Administration institutional review board. The de-
tails of overall Infant Feeding Practices Study 1 design and re-
sponse rates were presented elsewhere.”!

OUTCOME MEASURES

T'he outcome measures were 4 weight measurements reported
on the 3-, 5-, 7-, and 12-month surveys. Mothers were asked
at each of these surveys what was their infant's weight mea-
sured at the most recent doctor’s visit and visit date. Because
weights reported on each survey were measured at different times
across infants, age at weight measurement varied from infant
to infant. To limit reporting errors, we calculated the z score
of weight for age using the Centers for Disease Control and Pre-
vention's reference and considered z scores of 5 or greater or
-5 or less as biologically implausible.”

MAIN EXPOSURES

Because infant weight is a cumulative function of previous feed-
ings over time, we first identified the time interval between 2
consecutive weight measurements and then aggregated all the
feeding data available within each interval to tie each weight
outcome to its corresponding feeding exposures. The 3 main
exposure variables from each interval were milk feeding cat-
egory, percentage of milk feedings given as breastmilk, and per-
centage of milk feedings given by bottle.

At each postpartum survey (about 1, 2,3,4,5,6,7,9,10.and
12 months of age), mothers were asked how often they breastfed
or fed pumped breastmilk as well as how often they fed formula
and other types of milk in the past 7 days, which was used to cat-
egorize infants by whether they were fed at the breast, by ex-
pressed milk, or by formula and other types of milk. Aggregating
all the feeding data within the same weight measurement inter-
val, each infant was classified into 1 of the 6 mutually exclusive
overall milk feeding categories: (1) Breastfed only: (2) Breastfed
and human milk by bottle; (3) Breastfed and nonhuman milk by
hottle: (4) Human milk by bottle only; (5) Human and nonhu-
man milk by bottle; and (6) Nonhuman milk by bottle only.

For the percentage of milk feedings given as breastmilk or
by battle. we first calculated the percentage of total milk feed-
ings that were of the breast (BF%); expressed breastmilk
(EBM%): or nonhuman milk (NHM%) including formula, cow’s,
or other milk at each survey (BF% + EBM% + NHM%=100%).

We then calculated the mean proportion of milk feedings as
breastmilk (BF% + EBM%) or by bottle (EBM% + NHM%) dur-
ing each interval. Both breastmilk and bottle-feeding propor-
tions were further classified as less than 33%, 33% to 66%. and
greater than 66% to represent low, medium, or high frequency
of milk feedings as breastmilk or given by bottle.

OTHER MEASURES

To control for potentially confounding effects, we adjusted for
the following {actors in our multilevel analysis: maternal age;
race/ethnicity; maternal education; percentage of poverty: mari-
tal status; parity; postpartum participation in the Special Supple-
mental Nutrition Program for Women, Infants, and Children
program; prepregnancy body mass index (calculated as weight
in kilograms divided by height in meters squared); infant sex;
gestational age; age at solid food introduction; average num-
ber of sweet drinks consumed per day during the [irst half year
(including juice drinks, soft drinks, soda, sweet tea, Kool-Aid,
etc); and birth weight. Percentage of poverty was defined as a
ratio of household income to the poverty threshold by house-
hold size. Prepregnancy body mass index was based on mater-
nal recall during the prenatal survey. Age at solid food intro-
duction was defined as the infant's age when any solid food was
first reported on any of the monthly surveys. Birth weight was
obtained from a short telephone interview with prenatal re-
spondents within a week after birth. Except for gestational age,
age at solid food introduction, sweet drinks consumption, and
birth weight, all other confounding factors were adjusted using
categorical variables as shown in Table 1.

STATISTICAL ANALYSIS

Neonatal questionnaires were available from 3033 mothers. Of
these. 13% (n=392) did not complete the 3-, 5-, 7-, and 12-
month surveys; 6% (n=184) reported fewer than 3 out of 5 pos-
sible weight measurements; 1% (n=41) reported biologically
implausible weight; 2% (n=75) had an invalid visit date for the
weight measurement; 4% (n=126) reported smaller weight in
the subsequent survey; 1% (n=38) had missing data on feed-
ing exposures; and 9% (n=278) had missing data on covari-
ates. This yielded a final sample of 1899 mother-infant pairs
with a total of 5719 observations from 4 weight measurement
intervals.

Individual growth curve models were developed for mul-
tilevel analysis and specifically designed for exploring longi-
tudinal data on individual changes over time.” Using this ap-
proach, we applied the MIXED procedure in SAS (SAS [nstitute)
to account for the random effects of repeated measurements.™
To specify the correct model for our individual growth curves,
we compared a series of MIXED models by evaluating the dif-
ference in deviance between nested models.” Both fixed qua-
dratic and cubic MIXED models fit our data well, but we se-
lected the fixed quadratic MIXED model because the addition
of a cubic time term was not statistically significant based on a
log-likelihood ratio test. We first modeled infant weight as a
function of corresponding milk feeding categories. This model
estimated linear slopes of weight gain for each feeding cat-
egory with final estimates adjusted for the potential confound-
ing factors listed previously. Infant age at weight measure-
ment was the time variable, and age squared was the quadratic
term included in the model. Because milk feeding categories
varied from time to time. we entered them into the model as a
time-varying covariate to allow the linear effect of milk feed-
ings to vary with age. As such, the model accommodates in-
fants who were fed in one category for one period but another
category for a different period.
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We then modeled infant weight as a function of propor-
tions of milk feedings given as breastmilk or by bottle with both
terms entered simultaneously into the model as continuous vari-
ables. Because the association of weight gain with proportion
of bottle-feedings might vary by proportion of breastmilk feed-
ings, we added a product term between these 2 continuous vari-
ables in the model to test the significance of its interaction. We
also categorized these 2 proportions into 3 groups (<33%, 33%-
66%, and >66%) and conducted a log-likelihood ratio test for
the nested models with and without all 2-way interactions be-
tween them. Because both interaction tests suggested a signifi-
cant interaction between type of milk and feeding mode
(P<<.001), we conducted stratified analysis to examine the as-
sociation of weight gain with proportion of milk feedings either
as breastmilk or by bottle separately. Specifically, for each level
of bottle-feedings proportion, we examined monthly weight gain
by 10% increments in breasunilk-feedings proportion; for each
level of breastmilk feedings proportion, we examined monthly
weight gain by 10% increments in bottle-feedings proportion.
To further separate the effects of bottle use from type of milk,
we also estimated the monthly weight gain by proportion of
hottle-feedings among infants fed only breastmilk as well as
monthly weight gain by proportion of breastmilk feedings among
infants fed only by bottle. All the data analyses for this study
were conducted using SAS software version 9.2 (SAS Institute
Inc).

A

Most of the study sample was aged 25 to 34 years, white,
married, and had education beyond high school (Table 1).
Approximately half were overweight or obese prior to
pregnancy and one-third was participating in the Spe-
cial Supplemental Nutrition Program for Women, In-
fants, and Children program. Although infant weight was
reported at 3, 5, 7, and 12 months, it was measured at
an average of 10, 18, 28, and 52 weeks, respectively.

Table 2 shows weight gain by corresponding feed-
ing categories from the same interval. Not counting groups
4 and 5, which had very small sample sizes, infants fed
with nonhuman milk by bottle only (group 6) had the
largest weight gains at 3 to 5 months, >3 to 7 months,
and >7 to 12 months. Infants who were breastfed and
fed nonhuman milk (group 3) had rates of weight gain
intermediate between those who were breastied only
(group 1) and those who were only fed nonhuman milk
(group 6) in each of these age ranges.

To summarize the estimates for fixed-effect para-
meters from the MIXED modeling in an easy way to in-
terpret, we present linear monthly weight gain for each
feeding category compared with infants fed at the breast
only (Table 3). Compared with infants fed at the breast
only, infants fed only by bottle gained 71 or 89 g more
per month when fed nonhuman milk only (P<.001) or
expressed human milk only (P=.02), but they gained only
37 g more per month when {ed both expressed human
milk and nonhuman milk (P=.08). Infants fed both at
the breast and by bottles of expressed human milk gained
similar to infants fed at the breast only, whereas infants
{ed both at the breast and by bottles of nonhuman milk
gained 45 g more per month (P<.001).

The results from a main-effects model with both breast-
milk-feedings proportion and bottle-feedings proportion
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Abbreviation: WIC, Special Supplemental Nutrition Program for Women,
Infants, and Children.

considered as primary exposure variables indicated that
a 10% increase in the proportion of breastmilk feedings
was associated with a 3.6-g decrease in weight gain per
month (P=.07), whereas a 10% increase in proportion of
bottle-feedings was associated with a 4.1-¢ increase in
weight gain per month (P=.05). Because of the signifi-
cant interactions between feeding mode and type of milk,
we stratified the analysis by examining their effects sepa-
rately (Table 4). Among those with more than 66% of
feedings by bottle, a 10% increment in the proportion that
were of breastmilk was associated with a 5.9-g decrease
in monthly weight gain. In contrast, infants gained 8 g more
per month for each 10% increment in the proportion of
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3The estimates were obtained after adjusting for maternal age;
race/ethnicity; education; household income; maritai status; parity;
postpartum Special Supplemental Nutrition Pragram for Women, infants,
and Children program participation; prepregnancy body mass index; infant
sex; gestational age; birth weight: age at sotid food introduction; and sweet
drinks consumption.

bottle-feedings among those who received at least two-
thirds of their feedings with breastmilk.

Because type of milk and feeding mode were con-
{founded by each other, examining bottle effects among in-
fants fed by breastmilk only and examining breastmilk ef-

o
3 it Birth o 3 mo >3ime >SeTme >TuiZme
Group Mo /Feeding Category “Wo.  Mean(S0) ' Ne.  Mean(SD)  Ne.  Mean(SD)  Ne.  Mesa(S0)
" 1/Breastied only 33 437 (299) n 640 (282) 191 Qanm 128 215 (167)
2/Breastied and human milk by bottie 369 916(206) 326 61466y 214 4S2(172) 102 - 280(114)
. YBreastied and nonhuman milk by bottle 42 896 (287) . 86 (348)  2M 95(%8) 28 24
- 4/Muman milk by botie only Lo - 1024 (263). 9 634 (147) 6 561 (156) 3 438 (92)
S/Human and nonhuman milk by bottle » 953 (273) 26 678 (588) 19 590 (245) 9 Ty
:mmumw - e s1I3EMm) - 459 742 (348) 467 576(8) 488 346 (170)

Among infants fed Among infants fed

1994 only breast milk only by bottie
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$59 - &
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Low #:¢um 441 Low dedan LA
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Figurs. Mean and standard errors of monthly weight gain atter adjusting for
maternal age; race/ethnicity; education; household income; marital status;
parity; postpartum Special Supplemental Nutrition Program for Women,
Infants, and Children program participation; prepregnancy body mass index
{calculated as weight in kilograms divided by height In meters squared);
infant sex; gestational age; birth weight; age at solid food introduction: and
sweet drinks consumption.

fects among infants fed by bottle only would be useful to
tease out this confounding effect (Figure). Among in-
fants fed by breastmilk only, weight gain increased from
729 g per month at low bottle-feedings to 780 g per month
at high bottle-feedings. However, the relationship be-
tween weight gain and percentage of breastmilk feedings
among infants fed by bottle only was U-shaped.

—

Our study suggests that bottle-feeding, aside from the type
of milk used, might be an independent factor associated
with infant weight gain. Regardless of milk type in the
bottle. bottle-feeding might be distinct from feeding at
the breast in its effect on infants’ weight gain.

The mechanisms behind breastfeeding and child-
hood obesity are unclear. In addition to the biological
mechanism of unique properties of breastmilk, such as
leptin and adiponectin found in human milk,>**" the abil-
ity of breastfed infants to self-regulate their energy in-
take might be another possibility. [nfants might play a
more active role in determining their intake when feed-
ing at the breast. Mothers who breastfeed might also de-
velop a feeding style that is less controlling.® On the con-
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trary, the duration and amount of bottle-feeding more
likely depend on the caregivers’ decisions, which are of-
ten based on visual observations of the remaining milk
in the bottle with encouragement to finish the bottle.**°
In addition, the variations in the taste and nutrient con-
tent within each breastfeeding episode (much higher fat
content toward the end) might also serve as a physiologi-
cal signal for babies to stop suckling. This variation does
not occur with bottle-feeding. Thus, infants frequently
fed by bottles may gradually lose their ability to self-
regulate and ultimately gain weight more rapidly than
those fed at the breast.

Giving expressed breastmilk provides benefits when
direct breastfeeding is impossible, but breastfeeding and
breastmilk feeding might be fundamentally different. In
addition to caregivers’ control of feeding expressed breast-
milk, some of the immune components, vitamins, and
fat might be lost during the storage and handling.’! Nev-
ertheless, feeding expressed breastmilk is certainly as close
to breastfeeding as one can get when breastfeeding is in-
feasible. We found that infants categorized as “breastfed
and human milk by bottle” grew similarly to those fed
only at the breast, but infants categorized as “breastfed
and nonhuman milk by bottle” grew more rapidly
(Table 3). This suggests that supplementing breastfeed-
ing with expressed breastmilk would be preferable to
supplementing breastfeeding with nonhuman milk. Thus,
breastfeeding mothers who need to feed their infant by
bottle should be supported for expressing breastmilk.

Infants categorized as consuming “human milk by
bottle only” and “nonhuman milk by bottle only™ gained
more weight than infants fed at the breast only, but there
was no such bottle effect observed among infants cat-
egorized as consuming “human and nonhuman mitk by
bottle.” This might be owing to the fact that infants in
this mixed feeding category were more likely fed at the
breast previously than the other 2 groups (data not
shown). Our previous study suggests that infants fed at
the breast develop a better self-regulation of milk in-
take, which may be carried over even after feeding is tran-
sitioned from breast to bottle.” Similarly, mothers who
previously breastfed might better recognize infants’ cues
of hunger and satiety, which may last even after they stop
breastfeeding.”

Stratified analysis allowed us to examine the effects
of bottle use and breastmilk feeding separately. While
weight gain was negatively associated with breastmilk
feeding, it was positively associated with bottle-feeding
when the proportion of breastmilk feedings was high
(Table 4). The dose-response relations between weight
gain and bottle use among infants fed only breastmilk
further implies a potential risk of bottle-feeding for rapid
weight gain during infancy (Figure).

There are several limnitations of this study. First, be-
cause black and Hispanic mothers were underrepre-
sented in the study population, our results may not be
applicable to the entire US population. Second, hecause
both weight measurement and feeding practice were re-
ported by mothers, reporting errors may have occurred.
However, the recall period was relatively short and it is
unlikely that the misclassification of feeding exposures
depended on weight outcomes given the longitudinal de-

sign of this study. For nondifferential misclassification,
the reporting errors would bias the results toward the null
value.” Third, the final analytical sample excluded 278
cases owing to missing data on covariates. However, our
sensitivity analysis based on the full sample without con-
trolling for these covariates in the models indicated simi-
lar results. Fourth, despite our statistical efforts to mini-
mize the confounding effects, we may not have completely
separated out the effects of bottle use from the type of
milk because of the complexity of infant feeding and ob-
servational nature of this study. Lastly, a large number
of infants were fed completely at the breast or com-
pletely with nonhuman milk, so the continuous results
presented in Table 4 could be driven by patterns in these
extreme groups. However, we eliminated these infants
to limit the contribution of extreme values to the esti-
mates but observed similar findings.

The strengths of this study include that the Infant Feed-
ing Practices Study 1T was the largest longitudinal study
on infant feeding practices in the United States, the re-
porting bias for the feeding variables was minimized by
a short 7-day retrospective recall at a monthly interval,
and the residual effects of other variables were limited
by controlling a wide range of potentially confounding
variables in the multilevel analysis. Of the many advan-
tages of multilevel analyses, individual growth model-
ing accounts for correlated data from repeated weight mea-
surements as well as the changes in feeding categories
from time to time on an individual basis.***

In conclusion, regardless of milk type in the bottle,
bottle-feeding might be distinct from breastfeeding in its
effect on infant weight gain. Feeding at the breast needs
to be the first feeding choice for babies. When feeding at
the breast is not always feasible, supplementing breast-
feeding with expressed breastmilk is a good alternative,
but special attention is needed for infants’ internal feed-
ing cues while bottle-feeding.
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