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Objectives: To determine if limited ability to delay grati-
fication (ATDG) at age 4 years is independently associ-
ated with an increased risk of being overweight at age
11 years and to assess confounding or moderation by child
body mass index z score at 4 years, self-reported mater-
nal expectation of child ATDG for food, and maternal
weight status.

Design: Longitudinal prospective study.

Setting: Ten US sites.

Participants: Participants in the National Institute of
Child Health and Human Development Study of Early
Child Care and Youth Development.

Main Exposure: Ability to delay gratification at 4 years,
measured as pass or fail on a validated task.

Outcome Measures: Overweight at 11 years,
defined as a body mass index greater than or equal to

the 85th percentile based on measured weight and
height.

Results: Of 805 children, 47% failed the ATDG task.
Using multiple logistic regression, children who failed
the ATDG task were more likely to be overweight at 11
years (relative risk, 1.29; 95% confidence interval, 1.06-
1.58), independent of income to needs ratio. Body mass
index z score at 4 years and maternal expectation of child
ATDG for food did not alter the association, but mater-
nal weight status reduced the association significantly.

Conclusions: Children with limited ATDG at age 4 years
were more likely to be overweight at age 11 years, but
the association was at least partially explained by mater-
nal weight status. Further understanding of the associa-
tion between the child’s ATDG and maternal and child
weight status may lead to more effective obesity inter-
vention and prevention programs.
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T HE ABILITY TO DELAY GRATI-
fication (ATDG) is the ca-
pacity to postpone imme-
diately available rewards to
attain subsequent but more

valued outcomes and is a basic aspect of
self-regulation.1 Ability to delay gratifica-
tion in the preschool age range is modifi-
able,2 associated with parenting style,3 and
linked to better academic and social out-
comes in adolescence.4,5 The association
between ATDG and risk of obesity has
been the focus of several studies in the past
3 decades, with some studies showing an
association between limited ATDG and
higher weight status in children2,6-9 and
others demonstrating no association.10,11

Interpretation has been limited owing to
no study having used the contemporary
definition of overweight2,6-11; an absence
of longitudinal data2,6-11; small sample
sizes2,6-11; and homogeneous, primarily
white, middle-class2,8,9,11 or simply unde-

scribed population samples.6,7,10 Finally, to
our knowledge, no study has evaluated the
potential role of maternal expectation of
child ATDG (ME-ATDG) for food or ma-
ternal weight status as factors that may al-
ter the association between ATDG and
overweight status in children.

Two theories have been set forth to
explain the proposed link between lim-
ited ATDG and obesity. Externality
theory states that obese individuals are
more responsive to environmental cues
to eat and less sensitive to internal hun-
ger and satiety signals.12 Response-inhi-
bition theory states that obese individu-
als are less able to inhibit responses to
affectively positive food stimuli.13 Some
evidence that limited response inhibition
(eg, impulsivity and poor behavior regu-
lation) contributes to obesity risk is pro-
vided by studies that show an increased
risk of overweight in children with atten-
tion-deficit/hyperactivity disorder.14-16 In
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the last 20 years, the research in self-regulation has
shifted from ATDG specifically to impulsivity as a more
general construct,17,18 of which ATDG is just 1 compo-
nent.19 That shift likely connects to the broader belief
that overeating reflects problems with several control/
inhibitory and excitatory mechanisms that may reorga-
nize themselves throughout one’s life.

To our knowledge, no study has evaluated the poten-
tial role of ME-ATDG in altering the association between
ATDG and overweight status in children. If we consider
limited ATDG to be an early-appearing or innate charac-
teristic, mothers who expect their children to have ATDG
for food may reduce the effect of this characteristic on obe-
sity risk through parenting. An alternative hypothesis is
that a child’s ATDG is not innate, but rather entirely the
result of parenting, in which case maternal expectations
of the child and the child’s actual observed ATDG would
each predict the child’s weight status in the same way.

To our knowledge, no study has evaluated the poten-
tial role of maternal weight status in altering the associa-
tion between children’s ATDG and risk of overweight. Ma-
ternal obesity strongly predicts child obesity,20 and 1 study
found that obese women have limited ATDG.21 If the link
between a child’s ATDG and obesity is reduced or elimi-
nated by maternal weight status, this suggests that a child’s
ATDG is either a learned behavior from a mother who her-
self has limited ATDG or possibly a genetically mediated
phenotypeassociatedwithan increasedriskofoverweight.

If there is an association between ATDG and over-
weight risk, this could provide a specific point of inter-
vention. The first aim of this study was to test the hy-
pothesis that children with limited ATDG at 4 years will
have a higher risk of being overweight at 11 years, inde-
pendent of potential confounders. The second aim was
to determine if this association is confounded or mod-
erated by the child’s body mass index (BMI) z score at 4
years, ME-ATDG, and maternal weight status.

METHODS

SAMPLE

The National Institute of Child Health and Human Develop-
ment Study of Early Child Care and Youth Development
(NICHD-SECCYD) is a longitudinal study of the child care en-
vironment and its association with child health, behavior, and
development. Details of study eligibility, recruitment, and char-
acteristics of the original cohort have been described else-
where.22 The study was approved by the institutional review
boards of all relevant institutions.

We used data collected at ages 4 and 11 years. The ATDG
task in the NICHD-SECCYD was performed at age 4 years, an
age during which self-regulatory competence is develop-
ing.1,23 We focused on age 11 years as the time to examine out-
come, because between ages 5 and 11, the incidence of child-
hood overweight increases significantly24,25 and children develop
more independence in eating such that limited ATDG may be-
gin to go unchecked by parental supervision.

MAIN EXPOSURE

Ability to delay gratification at age 4 years was assessed using
Mischel and Ebbesen’s26 validated, self-imposed waiting task.

Although the task has always used food as the experimental
stimulus, it has been conceptualized as a general, and not food-
specific, measure of ATDG. During a videotaped laboratory ses-
sion, children first chose candy, animal crackers, or pretzels
as their preferred food. They were shown a large and a small
quantity of their chosen food, and it was confirmed that chil-
dren identified the larger quantity as preferable. The waiting
game was then explained to the child: the examiner would leave
the room and 2 plates would be left with the child, one with a
large quantity of the chosen food and the other with a small
quantity. The child was told that he would be allowed to eat
the large quantity of the chosen food if he waited until the ex-
aminer returned. If he could not wait until the examiner re-
turned, he could ring a bell to summon the examiner back into
the room, at which time he could eat the small quantity. Chil-
dren’s understanding of the instructions was confirmed. Of the
1038 children who participated, 72 were excluded because they
did not understand the task, resulting in a final sample of 966.

The examiner then left the room and observed the child
through a 2-way mirror. If the child waited the prescribed 7
minutes until the examiner returned, he or she was given a pass-
ing score and was given the large quantity of the chosen food
(n=514). If the child rang the bell to summon the examiner
back into the room before 7 minutes had passed, he or she was
scored as failing and received the small quantity of the chosen
food (n=334). The child was also scored as failing if, before
the 7 minutes had passed, he ate the food without summoning
the examiner, became distressed, went to the door, or called
for his parent or the examiner (n=118). These final 2 catego-
ries were combined such that 452 children were considered to
have failed.

MAIN OUTCOME MEASURE

At ages 4 and 11 years, heights and weights were measured by
standardized protocol.22 Body mass index was calculated (weight
in kilograms divided by height in meters squared) and chil-
dren with a BMI greater than or equal to the 85th percentile
for age and sex27 at age 11 years were categorized as over-
weight.28 Body mass index z score was calculated at age 4 years
and used to control for baseline weight status.

COVARIATES

Demographics

Demographic covariates included sex, race, and income to needs
(ITN) ratio. These covariates were considered because of their
association with overweight and ATDG. Specifically, a more lim-
ited ATDG has been reported among males,29 lower-income
groups,30 and children with absent fathers31; and overweight
in children has a higher reported prevalence among black and
Hispanic populations,25 lower-income groups,32 and children
of single mothers.33

Maternal Expectation
of Child ATDG for Food

Maternal expectation of child ATDG at 4 years was assessed
with a question in the Home Observation for Measurement of
the Environment Inventory,34 a standardized instrument
using combined observation and semi-structured interview-
ing designed to assess the quality and quantity of support and
stimulation provided to the child in a home environment. A
research assistant trained to reliability in interview technique
asked each mother whether or not she allowed her child to eat
whenever the child expressed interest in eating or if she im-
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posed some restrictions on him or her regarding eating. The
mother was encouraged to tell in her own words what she did
and how she expected her child to show ATDG. If there was a
lack of clarity, the interviewer then followed a protocol to
probe further to determine precisely what restrictions were
placed on eating until the interviewer had established
whether the standards stipulated in the question item were
met. “Some delay of food gratification is expected” was scored
as yes vs no based on the mother’s responses. A score of yes
was given if (1) rules were established and enforced regarding
eating between meals and (2) routines were established for
snacking between meals. To get credit for the item, the child
was not allowed to snack whenever he or she chose, was not
permitted a snack within 30 minutes of a meal, and was not
permitted to “nibble” all day, with logical and reasonable ex-
ceptions. A score of no was given if the mother reported that a
child could obtain snack items on his or her own or with the
aid of a sibling, was typically given snacks upon request, or if
the child was allowed to eat within 30 minutes of a planned
meal. If the parent’s initial response to the interviewer’s ques-
tion about rules and routines pertaining to snacking was un-
clear, the interviewer probed more to determine whether the
criteria for obtaining a yes response were satisfied.

Maternal Weight Status

The NICHD-SECCYD data set does not include measured ma-
ternal weight or height. Figure ratings based on pictorial scales
correlate with actual measured weight status,35-37 with r=0.87
using the 9-point Stunkard Figure Rating Scale with video-
taped images and BMI.38 Videotaped images of the mother dur-
ing standardized study tasks when the child was aged 15
(n=1114), 24 (n=1161), and 36 (n=1175) months were coded
for maternal weight status using the Stunkard Figure Rating
Scale, in which higher scores represent a higher BMI. All tapes
were double-coded by independent raters blind to study hy-
potheses and subject characteristics not observable in the vid-
eotapes (intraclass correlation coefficient, 0.80-0.90). Data points
at which the mother was pregnant were excluded (n=48 at 15
months, n=69 at 24 months, and n=358 at 36 months) and
the remaining values were averaged to obtain the maternal weight
status variable used in this analysis. This coded maternal weight
status variable (n=1235) correlated with maternal BMI based
on self-reported weight and height when the child was aged
15 years (n=912), with r=0.74.

STATISTICAL ANALYSIS

Univariate and bivariate statistics, including �2 and t tests, were
used to describe the sample by ATDG at age 4 years. We tested
the unadjusted association of each demographic covariate (sex,
race, ITN ratio, and maternal marital status) with the out-
come, overweight status at age 11 years. Multiple logistic re-
gression was used to evaluate the association between failing
the ATDG task at age 4 years and being overweight at age 11
years, controlling for the demographic covariates that were sig-
nificantly associated with the outcome in unadjusted analy-
ses. Covariates that were no longer significantly associated with
the outcome in this multivariate model were removed to gen-
erate the base model. Interaction terms for ATDG with each
covariate in the base model were tested.

In the base model, we then individually tested child BMI z
score at 4 years, ME-ATDG, and maternal weight status. Each
covariate was assessed for its main effect on child overweight,
its role as a potential mediator via its effect on the main effect
of ATDG on overweight, and its role as a potential moderator
via testing the interaction of each of these covariates with ATDG.

Of the 1364 children enrolled in the NICHD-SECCYD at
birth, 1038 participated in the ATDG task at age 4 years. The
results were considered valid for 996 children. Of these 996
children, 818 had height and weight measurements at age 11
years, of whom 805 also had ITN ratio data. The sample with
complete data included in the analysis (n=805) differed from
the sample without complete data (n=559) in that children in
the retained sample were more likely to be female (53% vs 41%,
P� .001), to be white (83% vs 76%, P=.002), and to have moth-
ers who were partnered or married (83% vs 76%, P=.01). Sample
sizes for the models that included the covariates BMI z score
at 4 years, ME-ATDG, and maternal weight status were 797,
792, and 801 children, respectively.

RESULTS

Almost half (47%) of the children failed the ATDG task
at age 4 years. Characteristics of the sample by ATDG
are provided in Table 1.

Results of the multiple logistic regression analyses are
presented in Table 2. One third (33%) of the children
were overweight at age 11 years. In unadjusted bivariate
analyses, overweight was associated with both race (20.2%
of overweight children were not white vs 14.2% of
nonoverweight children, P=.03) and ITN ratio (3.0 [stan-
dard deviation (SD), 2.4] among overweight children vs
3.9 [SD, 3.5] among nonoverweight children, P� .001).
When both race and ITN ratio were included in the model
with ATDG, race was no longer significant and there-
fore excluded from the final base model. Children who
failed the ATDG task had 1.3 times the risk of being over-
weight at age 11 years independent of ITN ratio. The in-
teraction of ATDG and ITN ratio was not significant
(P=.45).

The main effect of ATDG was not altered when the
child’s BMI z score at 4 years was included in the model
(relative risk, 1.30; 95% confidence interval, 1.08-1.57,

Table 1. Characteristics of the Study Sample
by Child’s Performance on the ATDG Task

Covariates

No. (%)

Total
(N=805)

Unable
to Delay

Gratification
(n=374)

Able
to Delay

Gratification
(n=431)

Child characteristics
Male sex 376 (46.7) 179 (47.9) 197 (45.7)
White race 670 (83.2) 273 (73.0) 397 (92.1)
BMI z score at 4 y, mean (SD) 0.36 (0.99) 0.40 (0.96) 0.33 (1.01)

Family/maternal characteristics
Income to needs ratio,

mean (SD)
3.6 (2.7) 2.9 (2.4) 4.2 (2.8)

Mother married or partnered 653 (83.3) 280 (77.6) 373 (88.2)
Mother self-reported

expectation of child ATDG
on HOME Inventory

506 (63.9) 221 (60.2) 285 (67.1)

Maternal weight status,
mean (SD)a

4.6 (1.4) 4.8 (1.5) 4.4 (1.3)

Abbreviations: ATDG, ability to delay gratification; BMI, body mass index;
HOME, Home Observation for Measurement of the Environment.

aDerived from the Stunkard Figure Rating Scale and evaluated continuously
(1 = very thin, 9 = very obese).
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for the main effect of ATDG). The main effect of ATDG
was also not altered when ME-ATDG was included in the
model (relative risk, 1.28; 95% confidence interval, 1.04-
1.56, for the main effect of ATDG). The main effect of
ATDG was, however, significantly reduced when mater-
nal weight status was included in the model (relative risk,
1.16; 95% confidence interval, 0.95-1.42, for the main
effect of ATDG). There was no significant interaction be-
tween ATDG and BMI z score at 4 years (P=.63), ME-
ATDG (P=.61), or maternal weight status (P=.51).

We considered that the association between failing the
ATDG task and risk of overweight may have differed based
on the manner in which the child failed the ATDG task.
We found that there was no difference in the risk of over-
weight based on whether the failure was due to the child
failing by ringing the bell vs spontaneously eating the food
or becoming distressed (P=.29).

COMMENT

To our knowledge, this is the first study to find that chil-
dren with limited ATDG are more likely to be over-
weight several years later independent of ITN ratio. Al-
though our study cannot prove causality, results support
prior studies that suggest that ATDG is a potential fac-
tor in overweight risk among children.2,6-9 Controlling
for BMI z score at 4 years did not change the association
between failing the ATDG task and overweight risk, in-
dicating that the effect of limited ATDG on overweight
risk operated at least in part after age 4 years.

Children with limited ATDG may be particularly at
risk in today’s environment of ubiquitous food availabil-
ity when parents provide limited guidance. Indeed, chil-
dren with insecure attachment have less ATDG,39 and in-
sensitive or neglectful parenting increases overweight
risk.40 To our surprise, our hypothesis that parenting (in
the form of ME-ATDG) would moderate or eliminate the
association between the child’s observed ATDG and over-
weight risk was not supported. Results suggest that parent-
ing in the form of ME-ATDG is not wholly responsible
for the child’s actual ATDG, and that the mother’s self-

reported expectations surrounding the child’s ATDG seem
to do little to mute the risk conferred by limited ATDG.

Our hypothesis that maternal weight status would at-
tenuate the association between limited ATDG and in-
creased risk of overweight was supported. The influ-
ence of maternal weight status on child weight reflects
genetic as well as environmental factors, such as feed-
ing patterns and availability of food. Although chil-
dren’s limited ATDG for food may reflect behavior learned
from an overweight mother, there is evidence that eat-
ing behaviors are inherited as well as learned.41,42 One eat-
ing style linked to genetic markers is called disinhibi-
tion, or eating in the absence of hunger.43-45 Children with
this eating style have higher BMIs.43,44 We postulate that
children with a heritable disinhibition, or propensity to
eat in the absence of hunger, may have limited ATDG
for food, increased consumption, and therefore may be
more likely to be overweight.

Preschoolers’ ATDG has been shown to develop with
age46 and can be modified.2,26,47,48 Children have better
ATDG when they believe there are consequences to oth-
ers rather than themselves,2 they are provided distrac-
tions,26,47,49 and the desired reward is out of sight.26 Three-
and 4-year-old children demonstrated an improved ATDG
when they were taught the difference in immediate vs
long-term rewards between 2 choices.48 Hence, focus-
ing on improving children’s ATDG for food during the
preschool years when self-regulatory competence is de-
veloping23 presents itself as 1 potentially interesting area
for future intervention research.

Our study has limitations. This is an observational
study and not a randomized controlled trial, thus the abil-
ity to infer causation is limited. It remains possible that
the observed association is due to some other unmea-
sured construct underlying both limited ATDG and child-
hood overweight. There was also some loss to follow-up
with missing data, which may affect our results. This
sample, though more diverse than previous cohorts, pri-
marily earn middle to upper incomes, are white, and may
not be generalizable to low-income or African American
or Hispanic populations, which have higher preva-

Table 2. Overweight at Age 11 Years in Relation to ATDG at Age 4 Years in Unadjusted and Adjusted Analyses

Characteristic

Relative Risk (95% Confidence Interval)

Unadjusted
(n=818)

Base Model
(n=805)

Base Model
Adjusted for Child’s

BMI z Score at 4 Years
(n=797)

Base Model
Adjusted for

ME-ATDG
(n=792)

Base Model
Adjusted for

Maternal Weight
(n=801)

Inability to delay gratificationa 1.44 (1.18-1.75) 1.29 (1.06-1.58) 1.30 (1.08-1.57) 1.28 (1.04-1.56) 1.16 (0.95-1.42)
Income to needs ratiob 0.92 (0.88-0.97) 0.95 (0.91-0.99) 0.92 (0.87-0.96) 0.96 (0.92-1.01)
BMI z score at 4 y 1.90 (1.73-2.10)
No ME-ATDG for food 1.21 (0.99-1.47)
Mean maternal weight status

at 15, 24, and 36 moc
1.32 (1.24-1.40)

Abbreviations: ATDG, ability to delay gratification; BMI, body mass index; ME-ATDG, maternal expectation of child ATDG.
aFailed ATDG task.
bReflects ratio of family income to poverty line; family living at poverty line has an income to needs ratio of 1.0, evaluated continuously with each 1-unit

increase reflecting increase in income relative to the poverty line.
cRange 1 to 9, with obesity (BMI [calculated as weight in kilograms divided by height in meters squared] �30) at about 6; each 1-unit increase reflects

increasing BMI.
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lences of both overweight and limited ATDG. Finally,
though maternal weight status was based on observa-
tional data with high interrater reliability, measured weight
status would clearly be optimal.

Our ATDG measure used food as a stimulus and we
are therefore unable to answer with this study whether
the association between limited ATDG and increased over-
weight risk is reflective of only limited food-related ATDG
or limited general ATDG. Some studies have shown that
the association between limited ATDG and increased over-
weight risk is moderated by stimulus type, such that the
association is present only for food-related ATDG and
not non–food-related ATDG.6,7,9 Other studies have pro-
vided no evidence for stimulus type (food vs nonfood)
as a moderator of the association.8 Future research could
test effect modification by stimulus type in large samples.

Another limitation of the study is that we did not mea-
sure parental attempts to control food/caloric intake be-
yond ME-ATDG. It may well be that other aspects of pa-
rental control over their children’s food intake (eg, limiting
what is served, limiting children’s discretion pertaining
to food intake during meals, eliminating or strongly lim-
iting snacks) are more critical than expectations regard-
ing delay of gratification; or, it may be that it is the com-
bination of various control techniques that is critical.
Maternal expectation of child ATDG may be part of that
package, but its effects may only be discernible if a broader
array of parental control strategies is examined holisti-
cally, of which some strategies deal with food intake and
some with child self-regulation more broadly.

A better understanding of how parenting styles can
help children develop ATDG may guide the develop-
ment of more effective prevention and treatment pro-
grams for overweight children. Pediatric health care pro-
viders may help in several ways. First, they could educate
families about the concept of ATDG and interview par-
ents to determine if the child seems to have limited ATDG.
When a child is described as having limited ATDG, the
pediatric health care provider could introduce parents
to parenting strategies that would accomplish 1 of 2 goals.
First, the parents may try to enhance the child’s ATDG.
Some strategies that have been described in prior stud-
ies have been keeping the desired item (in this case, food)
out of sight (and therefore out of mind)26 or distracting
the child’s attention from the food to another engaging
activity.26,47,49 Another possibility is simply providing a
logical structure to snacks and mealtimes such that the
child learns that food is not to be eaten the moment it is
desired, but to wait until the next snack or meal time. A
second parenting strategy to address a child’s limited
ATDG might be to simply manage the environment so
that the child’s limited ATDG does not result in over-
consumption. Specifically, for some children, parents may
simply need to limit access to unhealthy, calorically dense
foods. Doing so will decrease temptation and likely de-
crease frustration for both child and parent.

In summary, parents may be advised that limited ATDG
for food at age 4 years may be associated with an in-
creased risk of overweight at age 11 years. With the in-
troduction of parents to effective strategies to help the child
delay gratification for food, it may be possible to reduce
the risk of children becoming overweight in the future.
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Correction

Change in Dosage. In the Advice for Patients page in the
February issue of Archives (2009;163:192), it was rec-
ommended that “all infants, including those who are ex-
clusively breastfed, have a minimum intake of 200 IU of
vitamin D per day beginning in the first 2 months of life.”
In November 2008, the American Academy of Pediat-
rics changed this recommendation to 400 IU of vitamin
D per day “beginning in the first few days of life.”
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