
C

R
I
S
M

A
O
a
t
D
F
t
s
a
i
s
S
i
S
t
e
T
n
d
o
u
u
e
c
m
o

M
R
s
p
i
s
s
t
p
D
E
w
p

n
M
m

A

©

RESEARCH

urrent Research

elationship between Portion Size and Energy
ntake among Infants and Toddlers: Evidence of
elf-Regulation
ARY KAY FOX, MEd; BARBARA DEVANEY, PhD; KATHLEEN REIDY, DrPH, RD; CAROL RAZAFINDRAKOTO, MS; PAULA ZIEGLER, PhD, RD

a
p
a
m
R
a
a
w
a
d
F
t
a
d
t
d
t
i
n
w
a
t
C
s
fi
t
i
e
c
e
s
c
i
m
i
a
J

R
o
a
i
a
R
t

BSTRACT
bjectives To assess whether dietary intakes of infants
nd young toddlers show evidence of energy self-regula-
ion.
esign Data from 24-hour recalls collected in the 2002
eeding Infants and Toddlers Study were analyzed. Mul-
ivariate regressions were used to explore the relation-
hip between portion size and usual energy intake as well
s the relationship between portion size, number of eat-
ng occasions, number of unique foods, and energy den-
ity.
ubjects/setting A national random sample of 3,022 US
nfants and toddlers 4 to 24 months of age.
tatistical analyses performed To measure variability in por-
ion size, an average portion size z score was computed for
ach child in the sample, across 45 different food groups.
he number of eating occasions was defined as the total
umber of times a child had anything to eat or drink
uring the day, excluding eating occasions that included
nly water and/or supplements. The total number of
nique foods in a day was defined as the number of
nique food codes included in the 24-hour recall, and
nergy density was computed as kilocalories/gram, in-
luding all foods, beverages, and water. Linear regression
odels were used to assess the effect of portion size and

ther self-regulation mechanisms on energy intake and to
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ssess the effect of these self-regulation mechanisms on
ortion size. Separate analyses were performed for three
ge groups: 4 to 5 months, 6 to 11 months, and 12 to 24
onths.

esults A significant negative association was found for all
ge groups between the number of eating occasions and
verage portion size z scores, indicating that children
ho eat less often during the day consume larger-than-
verage-portion sizes and children who eat more often
uring the day consume smaller-than-average portions.
or infants (11 months and younger), a significant nega-
ive association was noted between energy density and
verage portion size z scores, indicating that, as the energy
ensity of the diet goes down, infants consume larger-
han-average portions and, as the energy density of the
iet goes up, they consume smaller-than-average por-
ions. Among infants 6 to 11 months, there was a signif-
cant positive relationship between portion size and the
umber of unique foods consumed. For toddlers, there
as no association between average portion size z scores
nd energy density, suggesting that energy self-regula-
ion mechanisms are diminished in this age group.
onclusions Our findings confirm the presence of energy
elf-regulation among infants and young toddlers. These
ndings can be used to assure parents and caregivers
hat infants have an innate ability to regulate energy
ntake. At the same time, it is important to educate par-
nts and caregivers about the potential for environmental
ues to diminish natural hunger-driven eating behaviors,
ven among young toddlers. Dietetics professionals
hould emphasize the potential adverse effects that coer-
ive feeding behaviors can have on children’s innate abil-
ty to regulate energy intake. This includes not only ad-

onitions to “clean your plate,” but overrestriction of
ntake that may be motivated by concerns that children
re overeating.
Am Diet Assoc. 2006;106:S77-S83.

ecently, several researchers have hypothesized that
the increasing propensity for Americans to consume
larger portions of food could be contributing to the

ngoing obesity epidemic (1,2). Several studies among
dults have demonstrated that larger portions can lead to
ncreased energy intakes (3-6). Fewer studies have looked
t this issue among children. In a laboratory setting,
olls and colleagues found that portion size influenced

he energy intakes of 5-year-old children, but not 3-year-

lds (7). In contrast, McConahy and colleagues analyzed
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ata from the 1994 to 1996 and 1998 Continuing Survey
f Food Intakes by Individuals (CSFII) and reported a
ositive association between portion size and energy in-
ake among 1- and 2-year-olds and among preschool chil-
ren (8,9).
On one hand, it seems tautological that larger portion

izes lead to higher energy intakes. However, total energy
ntake is influenced not only by portion size, but by the
umber of eating occasions in a day, the number of foods
onsumed, and the energy density of the foods consumed.
he overall effect of portion size on energy intake may
ary depending on how these other determinants of in-
ake change as portion size changes. Studies in both
ontrolled and free-living environments have demon-
trated that infants have an innate ability to self-regulate
nergy intake, with intake being driven primarily by
esponses to hunger and satiety cues (7,10-13). Other
esearch has shown, however, that this innate ability to
elf-regulate deteriorates over time as eating becomes
ore influenced by external cues, such as palatability,

chedule/routine, and social context (7,14,15).

Total energy intake is influenced not
only by portion size, but by the

number of eating occasions in a day,
the number of foods consumed, and

the energy density of the foods
consumed.

An important question to ask is: how early in children’s
evelopment does the deterioration of energy self-regula-
ion begin? To examine this issue, we analyzed data from
he 2002 Feeding Infants and Toddlers Study (FITS),
hich collected dietary intake data on a stratified, ran-
om sample of infants and toddlers 4 to 24 months of age.
he ideal analysis would assess the relationship between
ortion size and weight-for-height. We were unable to
ook at this relationship, however, because of question-
ble reliability of the heights reported by caregivers. As
n alternative, we assessed relationships between por-
ion size, usual energy intake, and other factors that may
e used in self-regulating energy intake. These include
he number of eating occasions, the total number of
nique foods consumed, and energy density. We looked at
he effects of portion size, number of eating occasions,
umber of unique foods, and energy density on energy

ntake and then examined how portion size varied with
he other predictors of energy intake.

ETHODS
ample Design and Subjects
he 2002 FITS was sponsored by Gerber Products Com-
any to update our knowledge of the food and nutrient
ntakes of infants and toddlers in the United States (16).
ITS included a stratified random sample of infants be-
ween 4 and 24 months of age. The sample was drawn
rom Experian’s New Parents Database, February to May

002, Experian (Lincoln, NE) because it was judged to i

78 January 2006 Suppl 1 Volume 106 Number 1
rovide the greatest coverage of infants and toddlers.
nfants and toddlers were sampled in six age groups: 4 to
months, 7 to 8 months, 9 to 11 months, 12 to 14 months,
5 to 18 months, and 19 to 24 months. Infants 4 to 6 and
to 11 months of age were oversampled because these

wo age groups typically experience significant transi-
ions in infant feeding patterns and practices (from liquid
iets to the addition of complementary foods, and from
omplementary foods to the addition of table foods, re-
pectively). Sample weights were developed to adjust for
versampling, nonresponse, and undercoverage of some
ubgroups of children not included in the sample frame. A
etailed overview of the FITS study design and sample is
vailable elsewhere (16,17).
In this article (and others in this supplement), we have
odified the reporting categories for the two youngest

ge groups, relative to the age groups that have been used
n previous reports of FITS data (18-25). This change was

ade in response to recent clarifications about the in-
ended age groups for infants in the Dietary Reference
ntakes (26-31). The life-stage groups used in the Dietary
eference Intakes define infancy as the period from birth

hrough 12 months of age and “divide [it] into two
-month intervals.” Thus, although some text and tables
n the Dietary Reference Intake reports refer to 0 to 6

onths and 7 to 12 months, the actual intent is 0 through
months (0-5.99)—the first six months of life—and 6

hrough 11 months (6.0-11.99)—the second six months of
ife (Janice Rice Okita, PhD, RD, senior program officer,
ood and Nutrition Board, Institute of Medicine, personal
ommunication, June 7, 2005). For this reason, this arti-
le limits the youngest age group to infants 4 and 5
onths old and includes infants 6 months of age in the

econd age group (6-11 months). The sample includes
,022 infants, in the following age groups: 4 to 5 months
n�624), 6 to 8 months (n�708), 9 to 11 months (n�687),
2 to 14 months (n�371), 15 to 18 months (n�312), and
9 to 24 months (n�320).

ata Collection Methods
ITS data were collected by Mathematica Policy Re-
earch, Inc (Princeton, NJ). All data collection instru-
ents and procedures were reviewed and approved by
athematica Policy Research, Inc’s institutional review

oard compliance officer and quality assurance system.
arents or primary caregivers of sampled infants and
oddlers completed a single 24-hour dietary recall. The
4-hour recall collected information on water intake (tap
ater and bottled water) as well as use of dietary supple-
ents. All recalls were completed between March and

uly 2002. Trained interviewers conducted the 24-hour
ecalls over the telephone using the Nutrition Data Sys-
em for Research (version 4.03, 2001, University of Min-
esota Nutrition Coordinating Center, Minneapolis). An

nformation packet was mailed to respondents a week to
0 days prior to the interview. The packet included a
etailed two-dimensional booklet for use in reporting por-
ion sizes. The booklet was designed specifically for FITS
nd was pilot-tested with mothers of infants and toddlers.
t included graphic depictions, drawn to scale, of common
nfant feeding utensils, including eight popular “sippy”
ups, four different spoons, and two different bowls. Also

ncluded were circles from 1 to 8 inches in diameter, for



u
p
f
c
d
2
d
g
A
i
(

A
A
g
m
m
p
t
b
r
t
c
a
c
B
u
t
i
s
d
d
d
f

A
t

s
f

2
f
a

t
n
o
T
u
d
f
u
e
2
S
2
j
g
f
l
t
e
b
s

t
t
f
m
v
u
p
s
d
2
P
d

R
R
e
c
t
u
e
r
a
f

f
e
c
t
O

F
a
m

se in reporting the size of round foods, such as cookies,
ancakes, and hamburger patties, and a 5�5-inch grid
or use in reporting square and rectangular foods, such as
rackers and cheese, and for estimating thickness. A ran-
om subsample of 703 respondents completed a second
4-hour recall 3 to 10 days after the first recall, on a
ifferent day of the week. This second recall was used to
enerate estimates of usual energy and nutrient intake.
dditional details about collection, processing, and qual-

ty control of 24-hour recall data are reported elsewhere
16,17).

nalytic Methods
verage portion sizes were estimated for 45 different food
roups (Figure) for three age groups: infants 4 to 5
onths, infants 6 to 11 months, and toddlers 12 to 24
onths. In estimating average portion sizes, we followed

rocedures used in US Department of Agriculture reports
hat report population estimates of average portion sizes
ased on the CSFII (32,33). Details about this process are
eported in another article in this supplement (34). Por-
ions were assessed in common household measures. To
ompare portion sizes across children, we adapted the
pproach used by McConahy and colleagues (8,9) and
omputed, for each child, an average portion size z score.
ecause foods have different units of measurement, the
se of z scores standardized food portions and allowed us
o incorporate foods with different units of measurement
nto a single variable. For an individual food group, z
cores express each portion size in terms of standard
eviations from the sample mean. For example, let PSj
enote a child’s portion size for food group j, and let SDj
enote the standard deviation of portion size. The z score
or that child for food group j is defined as:

z scorej �
PSj � PS�

SDj

n overall average portion size z score for a child was

Milk and Formula
Infant formula
Milk, as a beverage
Milk, on cereal
Fruit/Juice
Babyfood fruit
Canned fruit
Fresh fruit
100% juice
Vegetables
Babyfood vegetables
Mashed potatoes
Baked/boiled potatoes
French fries
Cooked vegetables other

than potatoes
Raw vegetables
Breads and Grain Products
Dry infant cereals
Jarred infant cereals

Breads and Grain Products
(continued)

Ready-to-eat cereals
Hot cereals
Bread
Rolls
Crackers
Pasta
Rice
Pancakes/waffles
Meat and Other Protein

Sources
Babyfood meats
Non-babyfood meats (all

plain meat, poultry, fish)
Breaded chicken products
Cheese
Yogurt
Eggs, scrambled
Peanut butter

Mixed Dishes
Babyfood dinners
Pizza
Macaroni and cheese
Soup
Pasta with sauce and/or

meat/cheese
Other Foods
Butter/margarine
Candy
Cookies
Babyfood desserts
Ice cream/ice milk
Other frozen

desserts/pudding
Sweetened beverages
Salty snacks
Sugar
Syrup/jam/jelly/other

sweeteners

igure. Food groups considered in estimating portion size z scores for
national random sample of 3,022 US infants and toddlers 4 to 24
onths of age.
hen constructed by averaging the individual food group z b

January 2006 ●
cores across all food groups consumed by that child, as
ollows:

z score�
�
j�1

J

z scorej

J

Z scores were computed within age group. If fewer than
5 children in an age group consumed a food group, the
ood group was not included in computed z scores for that
ge group.
Other regulation variables were defined as follows. The

otal number of eating occasions was defined as the total
umber of times a child ate during the day, excluding
ccasions that included only water and/or supplements.
he number of unique foods was defined as the number of
nique food codes included in the 24-hour recall. Energy
ensity was computed as kilocalories/gram, including all
oods, beverages, and water. The energy intake variable
sed in these analyses reflects the usual energy intake of
ach child. Estimates were computed using the second
4-hour recalls and the personal computer version of the
oftware of Intake Distribution Estimation (version 1.02,
001, Iowa State University, Ames). This software ad-
usts for day-to-day variation in intake. Although it is
enerally used to adjust intake distributions, it includes a
unction that calculates usual intakes at the individual
evel. These estimates are acknowledged to be less precise
han estimates of usual intake distributions (35); how-
ver, in our judgment, they are preferable to estimates
ased on a single 24-hour recall because they include
ome adjustment for day-to-day variation in intake.
We used multivariate regressions to model the rela-

ionship between the full set of regulation variables (por-
ion size, number of eating occasions, number of unique
oods, and energy density) and energy intake. Next, we
odeled the relationship between the other regulation

ariables and portion size. Results of the latter model tell
s how variations in the other regulation variables affect
ortion size. We used Statistical Analysis Software (ver-
ion 8.2, 2001, SAS Institute, Inc, Cary, NC) in preparing
ata. Data were analyzed using SUDAAN (version 9.0,
004, Research Triangle Institute, Research Triangle
ark, NC), incorporating appropriate sample weights and
esign effects.

ESULTS
esults of the multivariate regressions for usual en-
rgy intake are summarized in Table 1. Results are
onsistent across age groups and indicate that each of
he regulation variables is positively associated with
sual energy intake. This indicates that children’s en-
rgy intakes are influenced by all of the hypothesized
egulation mechanisms: consuming larger-than-aver-
ge portions, eating more often, eating more unique
oods, and consuming a more energy-dense diet.

The results of this model are limited, however, by the
act that they reflect the impact of portion size on
nergy intake with all other regulation variables held
onstant. In this context, a positive association be-
ween portion size and energy intake is not surprising.
ur second model, which examines the relationships

etween the other regulation variables and portion size

Supplement to the Journal of the AMERICAN DIETETIC ASSOCIATION S79
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rovides a better understanding of the potential impact
f portion size on energy intake. Results, summarized
n Table 2, reveal a significant negative association, for
ll age groups, between the number of eating occasions
nd average portion size z scores. This indicates that,
ther regulation variables held constant, children who
at less often during the day consume larger-than-
verage-portion sizes and children who eat more often
uring the day consume smaller-than-average por-
ions. Results for the other regulation variables vary
cross age groups. For both groups of infants, a signif-
cant negative association is noted between energy den-
ity and average portion size z scores. This indicates
hat, as the energy density of the diet goes down, in-
ants consume larger-than-average portions and, as
he energy density of the diet goes up, they consume
maller-than-average portions. Among infants 4 and 5
onths old, there is no relationship between the num-

er of unique foods and average portion size z scores;
mong infants 6 through 11 months old, there is a
ignificant positive relationship between these two
ariables. The lack of an association among the young-
st infants probably reflects the fact that the diets
onsumed by these infants are very homogeneous, rel-
tive to other age groups, and largely milk-based (19).
he positive association between the number of unique

oods and average portion size z scores for infants 6

Table 1. Results of multivariate regressions of regulation variables

Predictor

4 and 5 Months

Coefficient SEb T ratio C

Intercept 104.99 5.45 19.26*** 8
Average portion size z

score 13.87 1.95 7.11*** 2
No. of eating occasions 3.83 0.90 4.26***
No. of unique foods 2.01 0.61 3.30**
Energy density 5.73 1.25 4.60*** 2

aModels adjusted for age, weight-for-age, race/ethnicity, mother’s employment status,
bSE�standard error.
**P�.01.
***P�.001.

Table 2. Results of multivariate regressions of other regulation vari

Predictor

4 and 5 Months

Coefficient SEb T ratio C

Intercept 0.21 0.27 0.75 �
No. of eating occasions �0.13 0.02 �6.02*** �
No. of unique foods 0.0 0.02 �0.13
Energy density �0.41 0.05 �7.68*** �

aModels adjusted for age, weight-for-age, race/ethnicity, mother’s employment status,
bSE�standard error.
*P�.05.
**P�.01.
***P�.001.
hrough 11 months old indicates that infants in this s

80 January 2006 Suppl 1 Volume 106 Number 1
ge group who are consuming a more varied diet are
lso consuming larger-than-average portions. For tod-
lers, there is no association between average portion
ize z scores and either the number of unique foods
onsumed or energy density.

ISCUSSION
ur findings indicate that the energy intakes of infants
nd toddlers are influenced by their portion sizes, the
umber of times they eat throughout the day, the number
f unique foods consumed in a day, and the energy den-
ity of the foods consumed. These results are consistent
ith findings reported by McConahy and colleagues for
reschool children, but contradictory to their results for
-year-olds (8,9). In this younger age group, McConahy
nd colleagues reported a positive association between
ortion size and energy intake, but found no association
etween energy intake and either the number of eating
ccasions or number of unique foods (8). Our analysis of
nteractions between portion size and the other regula-
ion variables indicates that infants and toddlers compen-
ate for variation in the number of eating occasions by
djusting their portion sizes. This is consistent with find-
ngs from previous research in both controlled and free-
iving environments (10,12). In addition, the negative
ssociation between energy density and average portion

edictors of energy intakea

6 to 11 Months 12 to 24 Months

cient SEb T ratio Coefficient SEb T ratio

5.39 16.12*** 51.04 5.83 8.75***

2.35 8.97*** 38.42 2.35 16.29***
0.62 5.85*** 4.92 0.58 8.54***
0.28 8.29*** 3.25 0.30 10.90***
4.17 4.99*** 40.12 4.76 8.43***

’s education, and household income.

as predictors of portion sizea

6 to 11 Months 12 to 24 Months

cient SEb T ratio Coefficient SEb T ratio

0.12 �3.65*** �0.32 0.15 �2.18*
0.01 �6.54*** �0.04 0.01 �3.71***
0.01 2.58** �0.01 0.01 �1.92
0.07 �3.88*** 0.16 0.10 1.53

’s education, and household income.
as pr

oeffi

6.83

1.12
3.62
2.36
0.82

mother
ables

oeffi

0.45
0.07
0.02
0.26

mother
ize z scores among infants indicates that infants com-
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ensate for changes in energy density by adjusting the
mount of food they consume. This is consistent with
esearch that has demonstrated that infants have an
nnate ability to adjust food intake in response to changes
n the energy content of food (11,36). The lack of a rela-
ionship between energy density and portion size among
oddlers suggests a diminished responsiveness to changes
n energy density. Birch and colleagues report that young
hildren’s ability to adjust intake in response to alter-
tions in energy density can be readily disrupted by the
mposition of controlling child-feeding practices that at-
empt to regulate what and how much children eat (37).

It is important to educate parents
and caregivers about the potential for

environmental cues to diminish
natural hunger-driven eating

behaviors, even among young
toddlers.

While our findings provide evidence of energy self-reg-
lation among young infants and toddlers, they do not
ell us how successful these compensatory mechanisms
re in keeping infants, and especially toddlers, in energy
alance. There is evidence that by the time children are 3
r 4 years old, eating may be less controlled by natural
elf-regulation than by responses to a variety of environ-
ental influences (37). It is not clear how early interfer-

nce with natural self-regulation may start. Several stud-
es have suggested that bottle feeding may promote
verconsumption of energy because caregivers using this
eeding method may be less responsive to infants’ cues
bout hunger and satiety than breastfeeding mothers
38,39). Tavares and colleagues found that mothers who
reastfed their infants in early infancy and who breastfed
or longer periods of time reported less restrictive child
eeding practices at 1 year (40). Future research should
ssess the relationships between energy intake, self-reg-
lation mechanisms, and the weight status of infants and
oddlers.

IMITATIONS
his study has some limitations that should be acknowl-
dged. First, all of our data were self-reported. Caregivers
ay have over- or underreported intakes. There is reason

o believe that overreporting was more common than
nderreporting (18). However, mean energy intakes of
ITS toddlers are consistent with mean energy intakes
eported for 1-year-olds in CSFII 1994 to 1996 and 1998
41) and in the Third National Health and Nutrition
xamination Survey (42) and the portion sizes reported

n FITS are consistent with the portion sizes reported in
SFII 1994 to 1996 (8,34). Thus, if overreporting is
resent, it appears to be comparable to that observed in
ational nutrition monitoring surveys. Second, analyses
re based on intake of foods during a single 24-hour
eriod rather than “usual” food intake. Methods for esti-

ating usual food intake are limited and cannot be ap-

January 2006 ●
lied to detailed food groups. Moreover, there is some
vidence to suggest that there is less day-to-day variation
n dietary intake among infants and toddlers than among
lder children and adults (43).

ONCLUSIONS
ur findings confirm the presence of energy self-regula-

ion among infants and young toddlers. These findings
an be used to assure parents and caregivers that infants
ave an innate ability to regulate energy intake. At the
ame time, it is important to educate parents and care-
ivers about the potential for environmental cues to di-
inish natural hunger-driven eating behaviors, even

mong young toddlers. Dietetics professionals should em-
hasize the potential adverse effects that coercive feeding
ehaviors can have on children’s innate ability to regu-
ate energy intake. This includes not only admonitions to
clean your plate,” but overrestriction of intake that may
e motivated by concerns that children are overeating
14). Satter summed up the situation quite well when she
aid: “Effective feeding demands a division of responsi-
ility: The parent is responsible for what the child is
ffered to eat; the child is responsible for how much and
ven whether to eat” (44).

his research project was funded by Gerber Products
ompany. This research project was a collaborative effort
mong Mathematica Policy Research, Inc staff (authors
evaney and Razafindrakoto), consultant Fox, and staff

authors Ziegler and Reidy) for the Gerber Products Com-
any.
The opinions or views expressed in this supplement are

hose of the authors and do not necessarily reflect the
pinions or recommendations of Gerber.
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