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Objective: To characterize associations of snacking frequency with weight status among US children

aged 1 to 5 years.

Methods: Participants were children (n 5 4,669) aged 1 to 5 years in the 2005 to 2014 National Health

and Nutrition Examination Survey (NHANES). Snacking was assessed by two 24-hour dietary recalls

using definitions that considered “snack” occasions as well as other foods/beverages consumed

between meals. Overweight/obesity (OW/OB) was defined using percentile cutoffs: � 97.7th weight-for-

length (< 2 years) cutoff and the� 85th BMI-for-age (�2 years) cutoff. Linear/logistic regressions eval-

uated snacking based on daily occasions and relative to current recommendations (two to three snacks

per day).

Results: During 2005 to 2014, US children aged 1 to 5 years consumed, on average, two to three snacks

daily. Children with normal weight in both age groups tended to snack less frequently than children with

OW/OB when considering all foods/beverages eaten between meals (P<0.01-0.12). Across most snack-

ing definitions, children< 2 years who snacked more frequently than recommended had greater odds of

having OW/OB (P< 0.01-0.12) and consumed greater daily snack energy than those who snacked within

recommendations (all P<0.01). Recommendations did not clearly delineate weight status among children

aged 2 to 5 years.

Conclusions: Snacking frequency and weight are positively associated among US children 1 to 5 years

old, with most consistent associations seen among children< 2 years old and when considering all

foods/beverages consumed between meals.

Obesity (2018) 26, 1034-1042. doi:10.1002/oby.22172

Introduction
Snacking (i.e., eating in between meals) is nearly universal among

young children (1,2). The American Academy of Pediatrics (AAP)

recommends two to three small snacks daily for toddlers and two

snacks daily for preschool-aged children as part of its Healthy Active

Living for Families obesity prevention–oriented guidance (3). Despite

the fact that snacking is pervasive (1,2), the association of snacking

with overweight/obesity (OW/OB) is unclear, particularly for young

children for whom snacks are believed to be most nutritionally impor-

tant (4). Concerns about snacking (5) have arisen in response to secu-

lar increases in the number and portion size of snacks consumed by

US children since the late 1970s (2). Furthermore, the top snack foods

consumed by US children (2 to 18 years of age) are desserts, sweet-

ened beverages, and salty snacks that tend to be high in energy, satu-

rated fat, and added sugars (6). Surprisingly, there have been no stud-

ies of snacking and weight outcomes focused on toddlers and

preschoolers, particularly at the national level.

Measurement issues, including the lack of a standard definition, are

often cited as a fundamental barrier to understanding associations of

snacking with obesity and other health outcomes (7). Snacking tends

to be participant defined in epidemiological studies; this is poten-

tially problematic for understanding weight outcomes among
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children, given qualitative findings that parents offer young children

foods and beverages outside of meals that they do not consider to

be “snacks” (8,9). Analytical definitions of snacking have similarly

differed as to whether all food and beverage occasions between

meals are considered to be snacks (1,6,10-12), as opposed to only

those occasions identified by caregivers as snacks being included

(13,14), and whether occasions involving trivial energy intake (e.g.,

water) are included (1,11,13,14) or excluded (6,10,12). As noted by

Murakami and Livingstone (12), much of the research on this topic

has also failed to account for reporting bias that may attenuate the

relationship between snacking and weight (15).

The purpose of this analysis was to evaluate, for the first time (to our

knowledge), the association of daily snacking occasions with weight

status among US children aged 1 to 5 years, using 2005 to 2014

National Health and Nutrition Examination Survey (NHANES) data.

A secondary aim was to characterize associations of snacking occa-

sions with the patterning of energy intake. AAP guidance on snacking

was used to contextualize associations of snacking with weight and

energy intake (3). Associations were evaluated across several

occasion-based analytical definitions of snacking to address gaps in

knowledge around measurement. Models were adjusted for dietary

reporting accuracy to account for potential reporting bias as well as

for mean snack size and snack energy density to consider other snack-

ing dimensions that might explain associations with weight. Data

from children 1 to 2 years of age were analyzed separately from those

of older children in the interest of: (1) generating population-

representative evidence to support the development of dietary guide-

lines for children under 2 years of age (16) and (2) reflecting age-

related differences in assessment and definition of OW/OB (17).

Methods
Design and participants
Participants were US children aged 1 to 5 years (12 to 71.9 months)

in the 2005 to 2014 NHANES. NHANES is a continuous, cross-

sectional, nationally representive study of the nutritional and health

status of the civilian noninstitutionalized US population (18,19).

NHANES uses a complex, multistage, probability sampling design

with county as the primary sampling unit, within which clusters of

households are selected, followed by the selection of participants.

Data are released in 2-year cycles; five consecutive cycles from

2005 to 2014 were examined. NHANES included an in-home inter-

view during which demographic data were collected. Dietary and

anthropometric data were collected during a second visit to a mobile

examination center; dietary data were also collected during a follow-

up telephone call. Response rates across data cycles evaluated in

this research ranged from 68.5% to 77.3% (median 5 75.4%). Writ-

ten consent for children’s participation was provided by the parent/

legal guardian as approved by the National Center for Health Statis-

tics Research Ethics Review Board.

Children between the ages of 12 and 71.9 months were included in the

analysis. Exclusion criteria for the present analysis included the use of

medications known to affect appetite and/or weight (e.g., prednisolone,

levothyroxine, n 5 90), the presence of diabetes (n 5 1), having< 1 day

of dietary data (n 5 598), and missing weight and/or length or height

data (n 5 227). Cases that included eating occasions labeled as “infant

feeding” were also excluded (n 5 512), as many of these instances

involved solely milk feedings (e.g., human milk, formula; data not

shown). The final analytic sample included 4,669 children.

Measures
Demographics. Data on age, sex, and race/ethnicity were col-

lected for the participating child and head of the household (HH)

via computer-assisted software at an in-home interview. Data on

marital status, level of education, and income were collected about

the HH. The ratio of income to poverty (RIP) was estimated to

express family income relative to the poverty threshold, with adjust-

ments for geographic location and family size (20).

Dietary intake. Daily snacking occasions were assessed as part of

the What We Eat in America interview (21) using two 24-hour dietary

recalls. The first recall occurred in person in the mobile examination

center and a second recall occurred by telephone. The Automated

Multiple-Pass Method was used to collect the data, including a quick

list recall, forgotten foods, eating time and frequency, detail cycle, and

final probe. A proxy respondent (e.g., a parent or caregiver from the

home) completed dietary recalls on behalf of children. Data were proc-

essed using the US Department of Agriculture Food and Nutrient Data-

base for Dietary Studies (versions 3.0, 4.1, 5.0, 2010-2011, 2013-

2014). Mean 2-day values were calculated for each individual and used

with dietary weights developed for use with 2 days of recall data that

adjust sample weights for dietary nonresponse and day of the week

(22). Nutrient intakes from supplements were not included in this anal-

ysis, given the focus on eating behavior and food intake.

Eating occasions were participant defined (i.e., by proxy) from a

predetermined list. Consistent with previous studies, all food and

beverages reported at the same clock time were considered a single

eating occasion (12). Following previous research, two main

occasion-based definitions of snacking were employed (including

Spanish equivalents): (1) only those occasions identified by the care-

giver as a snack (13,14) and (2) snack occasions plus all other

foods/beverages consumed between meals as given by “beverage”

and “extended consumption” occasion labels (1,6,10-12). Each of

these definitions was evaluated with (1,11,13,14) and without occa-

sions (6,10,12) at which trivial energy (< 5 kcal) was consumed

(e.g., water). Of all eating occasions reported between meals, 39,905

were labeled as snacks, whereas 7,955 were labeled as beverages

and 3,125 were labeled as extended consumption. Removal of occa-

sions involving trivial energy intake (< 5 kcal) excluded 4,319

snack, 2,879 beverage, and 2,210 extended consumption occasions.

Descriptive data on the types of foods and beverages consumed

between meal eating occasions were generated using What We Eat

in America food group classifications (21): (1) milk and milk prod-

ucts; (2) meat, poultry, fish, and mixtures; (3) eggs; (4) beans,

legumes, nuts, and seeds; (5) grain products (e.g., bread, cake,

cookies); (6) fruits (e.g., whole fruit, 100% fruit juice); (7) vegeta-

bles; (8) fats, oils, and salad dressings; or (9) sugars, sweets, and

beverages (e.g., candies, sugar-sweetened beverages).

Other snacking variables. Mean snack size (kilocalories) per

occasion, daily snack energy (kilocalories), daily meal energy (kilo-

calories), total daily energy (kilocalories), and the percentage of

total daily energy from snacks were used to characterize snacking

influences on the patterning of energy intake.
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Dietary reporting accuracy. Dietary reporting accuracy was

estimated using the ratio of reported energy intake to estimated

energy requirements (EI/EER) (12). Estimated energy requirements

were calculated using Dietary Reference Intake equations based on

age, sex, weight, and physical activity level (23). A “low active”

level of physical activity (� 1.4 to< 1.6) was assumed for all chil-

dren based on accelerometer data from NHANES 2003 to 2006

(24). Following the methods of Murakami and Livingstone (12), the

EI/EER ratio was used as a covariate in analyses, as this approach

has been shown to yield similar results to excluding implausible

cases, without biasing sample selection (12,25)).

Weight status. Child weight and recumbent length (children< 2

years) or standing height (children� 2 years) were measured by

trained professionals at the mobile examination center. OW/OB was

defined following Centers for Disease Control and Prevention age-

specific recommendations (17). Among children< 2 years, overweight

was defined as weight for length� 97.7th percentile, based on World

Health Organization growth standards (27). Among children� 2 years,

OW/OB was defined as BMI for age� 85th percentile (28), based on

Centers for Disease Control and Prevention reference data (29).

Analyses
Analyses were performed in Stata/SE (version 14.2; StataCorp, College

Station, Texas). Descriptive statistics and measures of variability were

generated for all variables; data are shown as the mean (SE) unless other-

wise indicated. Data from children< 2 years of age (12 to 23 months;

n 5 809) were analyzed separately from those of older children aged 2 to

5 years (24 to 71 months; n 5 3,860) to reflect substantive interests in

building the evidence base for dietary guidelines for children under 2

years of age (16) and methodological issues related to the assessment of

OW/OB (17). Analyses were conducted across four analytical definitions

of snacking. Multiple linear regression was used to evaluate differences in

the number of daily snacking occasions between children with normal

weight versus those with OW/OB. To evaluate snacking relative to AAP

guidance (two to three snacks for children< 2 years, two snacks for child-

ren� 2 years (3)), the reference group was defined as two to three daily

snacking occasions, against which less and more frequent snacking was

compared. Logistic regression was used to evaluate prevalence of OW/

OB, and multiple linear regression was used to evaluate the patterning of

energy intake, relative to snacking recommendations.

Weights created specifically for 2 days of dietary data were used (22);

these further adjust 1-day sample weights for dietary nonresponse and

day of the week. Poisson regression using backward elimination using

P> 0.10 was used to evaluate the following potential covariates in

models predicting daily snack occasions and weight status: child sex,

age, race, EI/EER ratio, HH age, marital status, education, RIP, and

survey cycle. Child race, EI/EER, HH age, marital status, education,

RIP, and survey cycle year were retained in the model and included as

covariates in all analyses for which daily snacking occasions was the

predictor of interest. Mean snack size (kilocalories) was included as a

precision variable in models evaluating the association of snacking

occasions with weight status. The mean snack energy density (kiloca-

lories per gram) of all foods and beverages consumed per snacking

occasion (30) was also included in the aforementioned models as an

indicator of snack quality in sensitivity analyses; substantive conclu-

sions were equivalent. The distributions of daily energy and energy

from snacks were not normally distributed. Square root transformation

toward normality as suggested via Tukey’s ladder of powers did not

affect the substantive results. For this reason, the more interpretable,

untransformed energy (kilocalorie) metric is presented. Statistical sig-

nificance was inferred by P< 0.05.

Results
Demographics
The analytic sample was approximately 54% non-Hispanic white, 16%

Mexican American, 14% non-Hispanic Black, 8% other race, and 8%

other Hispanic (Table 1). Approximately 7% of children< 2 years old

had overweight and 22% of children 2 to 5 years old had OW/OB. On

average, HH age was 35 years, with more than half (56.9%) reporting

education beyond high school and most (81.2%) either married or part-

nered. The RIP, on average, was 230%.

Snacking occasions
In the full sample, 77.2% of eating occasions between meals were

labeled as snacks, whereas 16.5% were labeled as beverages and

TABLE 1 Demographic characteristics of US children aged
1-5 y

Total

(n 5 4,669)

< 2 y

(n 5 809)

�2 y

(n 5 3,860)

P% % %

Child
Race 0.62

Non-Hispanic White 54.4 56.2 54.1 —

Mexican American 15.8 14.8 15.9 0.45

Non-Hispanic Black 14.3 15.2 14.2 0.78

Other race 7.8 6.3 8.1 0.20

Other Hispanic 7.7 7.5 7.7 0.78

Gender 0.99

Male 51.6 51.0 51.7 —

Female 48.4 49.0 48.3 0.81

Weight statusa

Normal weight — 93.5 77.7 —

Overweight — 6.5 12.5 —

Obesity — — 9.8 —

Caregiver
Age, mean (SE) 35.3 (0.3) 34.3 (0.6) 35.5 (0.3) 0.08

RIP, mean (SE)b 2.3 (0.1) 2.4 (0.1) 2.3 (0.1) 0.44

Education
High school or less 43.1 41.5 43.3 —

More than high school 56.9 58.5 56.7 0.59

Marital status
Partnered 81.2 80.6 81.3 —

Not partnered 18.8 19.4 18.7 0.77

aOverweight among children< 2 y 5 weight for length� 97.7th percentile (17,27);
overweight among children�2 y 5 BMI for age� 85th percentile; obesity among
children� 2 y 5 BMI for age�95th percentile (28,29).
bCalculated by dividing family income by US Health and Human Services poverty
guidelines, specific to family size, as well as year and state.
RIP, ratio of income to poverty; —, not applicable.
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6.3% were labeled as extended consumption. As shown in Figure 1,

grains and milk or milk products were consumed most frequently at

snack occasions among children< 2 years (29.0% and 21.0%,

respectively), whereas grains and sugars/sweets were consumed

most frequently among older children (27.8% and 25.8%, respec-

tively). Of beverage occasions, milk or milk products were con-

sumed most frequently by children< 2 years of age (58.0%),

whereas sugars/sweets (i.e., sugar-sweetened beverages) were most

frequently consumed among older children (54.0%). Finally, sugars/

sweets dominated extended consumption occasions in both age

groups (61.7% among children< 2 years, 82.6% in children� 2

years).

The number of daily snack occasions (excluding< 5-kcal occasions)

was 2.3 (0.1) and 2.2 (0.03) among children< 2 years of age and

children� 2 years of age, respectively. When all eating occasions

between meals (i.e., snacks, beverages, and extended consumption)

were included in the definition (excluding< 5-kcal occasions), daily

snacking occasions increased to 3.1 (0.1) and 2.6 (0.03) among

younger and older children, respectively. Mean snack size and

energy density across snack definitions ranged from 117.3 (3.0) to

133.2 (3.4) kcal per occasion and 0.7 (0.02) to 1.5 (0.1) kcal/g

among children< 2 years and 139.0 (1.8) to 170.4 (2.4) kcal per

occasion and 0.8 (0.01) to 1.7 (0.03) kcal/g among older children,

respectively.

As illustrated in Figure 2, the percentage of children meeting AAP

recommendations varied with the snacking definition employed.

Based on occasions labeled as snacks (< 5-kcal occasions excluded),

close to 57% of children were within AAP recommendations (i.e.,

two to three times daily), with approximately 8% of children

snacking more frequently. When considering all energy-containing

eating occasions between meals (< 5-kcal occasions excluded), close

to a third of children< 2 years and approximately 17% of older chil-

dren snacked more frequently than recommended.

Associations of snacking occasions with child
weight status
As shown in Table 2, when considering only occasions labeled as

snacks (both with and without< 5-kcal occasions), daily snacking

occasions did not differ between children with normal weight and

children with OW/OB in either age group. However, when expand-

ing the definition to include all occasions between meals, children

with normal weight consumed fewer snacks daily than children with

OW/OB in both age groups. Daily snacking occasions were 3.2

(0.1) versus 3.7 (0.2) occasions per day among children with normal

weight and OW/OB who were< 2 years and were 3.2 (0.04) versus

3.3 (0.1) occasions per day among children 2 to 5 years of age (all

P< 0.05). Among children< 2 years but not older children, differen-

ces in daily snacking occasions by weight status remained signifi-

cant when< 5-kcal occasions were removed. In both age groups,

children with normal weight also consumed less total daily energy

from snacks as well as from meals in comparison to children with

OW/OB (P< 0.01-0.05; Supporting Information Table S1).

Among children< 2 years of age, snacking more frequently than

recommended by AAP was associated with increased odds of OW/

OB for three of the four snacking definitions considered (Table 3).

Odds of OW/OB among children< 2 years consuming four or more

Figure 1 Food groups consumed outside of meal eating occasions.
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snacks per day ranged from 1.8 (not significant) to 14.4 (P< 0.01)

times that of children who snacked within recommendations, and the

predicted probability of OW/OB ranged from 18.7% (not significant)

to 52.8% (P< 0.01). However, among children 2 to 5 years old,

odds of OW/OB did not differ between children who snacked within

recommendations versus more frequently than recommended,

regardless of the snacking definition employed. When taking into

account all eating occasions between meals (including< 5-kcal occa-

sions), children 2 to 5 years old who snacked infrequently (0-1 times

daily) were less likely to have OW/OB compared with children who

snacked within recommendations (P< 0.05).

Associations of snacking occasions with
patterning of energy intake
As shown in Table 4, total daily energy intake of children who

snacked within recommendations did not differ from those who

snacked less or more frequently. Regardless of the snacking defini-

tion employed, children who snacked more frequently than recom-

mended by the AAP tended to consume greater total daily energy

from snacks and a greater percentage of total daily energy from

snacks than those children who snacked within recommendations

(all P< 0.001). Conversely, children who snacked less frequently

consumed less daily energy from snacks and a lower percentage of

their total daily energy from snacks (all P< 0.001). The mean snack

size of children who snacked more frequently than recommended

was smaller than that of children who snacked within recommenda-

tions (all P< 0.01), regardless of the definition used. With few

exceptions, the mean snack size among children who snacked less

frequently did not differ from that of children who snacked within

recommendations.

Discussion
Understanding modifiable practices that influence weight status

among young children is critical to public health efforts to address

Figure 2 Distribution of snack consumption by age and snacking definition.

TABLE 2 Mean snack occasions among US children 1-5 y with
normal weight and overweight

< 2 y (n 5 809)a � 2 y (n 5 3,860)b

Snack occasions Snack occasions

Mean SE P Mean SE P

Snacksc

Normal weight 2.0 0.1 — 2.3 0.03 —

Overweight/obesity 2.4 0.2 0.10 2.4 0.1 0.29

Snacks, removing< 5-kcal occasions
Normal weight 1.9 0.1 — 2.3 0.03 —

Overweight/obesity 2.4 0.2 0.07 2.3 0.1 0.33

Snacks 1 other eating between mealsd

Normal weight 3.2 0.1 — 3.2 0.04 —

Overweight/obesity 3.7 0.2 0.02 3.3 0.1 0.02

Snacks 1 other eating between meals, removing< 5-kcal occasions
Normal weight 2.6 0.1 — 2.7 0.04 —

Overweight/obesity 3.2 0.2 < 0.01 2.8 0.1 0.12

Adjusted for dietary weights, survey cycle year, child race, HH age, HH marital sta-
tus, HH level of education, RIP, EI/EER ratio, mean snack size, mean snack energy
density.
aOverweight among children< 2 y 5 weight for length�97.7th percentile (17,27).
bOverweight/obesity among children� 2 y 5 BMI for age� 85th percentile (28,29).
cSnacks 5 eating occasions identified by caregivers as snacks.
dOther eating between meals 5 eating occasions identified by caregivers as bever-
ages and extended consumption.
EI/EER, reported energy intake to estimated energy requirements; HH, head of
household; RIP, ratio of income to poverty; —, not applicable.
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obesity. To our knowledge, this research is the first to evaluate the

association of daily snacking occasions with child weight status in a

large nationally representative sample of US children aged 1 to 5

years. Results revealed that the associations varied with child age

and the definition of snacking employed. Positive associations of

snacking with weight status were seen most consistently among chil-

dren under 2 years of age and when employing snacking definitions

that took into account snacks and other occasions between meals,

which were primarily occasions labeled beverages. That children

with OW/OB in both age groups consumed greater daily energy

from snacks than children with normal weight generally corroborates

these findings. Collectively, the findings support the notion that

snacking frequency is relevant for weight status, particularly among

young children.

A causal role for snacking in the development of obesity is contro-

versial, and evidence is mixed. Studies of older children or adoles-

cents have observed negative associations of snacking (31) or eating

frequency (a distinct but related construct) (32-35) with weight sta-

tus, whereas others have found no relationship (10) or a positive

association (12,35,36). The present findings provide evidence that

daily snacking occasions are positively associated with weight status

(particularly for children< 2 years). The cross-sectional nature of

the data, however, precludes causal inferences. The present findings

are inconsistent with a large meta-analysis of 11 cross-sectional

studies involving 18,849 children 2 to 19 years of age that revealed

a modest but negative association of daily eating frequency with

weight status (37). However, it is important to note that many of the

studies in the meta-analysis involved less rigorous dietary assess-

ment methods than those used in NHANES and did not take into

account dietary reporting accuracy. A recent NHANES analysis of

snacking and weight status among older children 6 to 11 years old

revealed findings similar to those reported here when adjusting for

dietary reporting accuracy, based on the EI/EER ratio (12).

Observed differences in snacking between children with normal

weight and children with OW/OB seen in the present study were rel-

atively modest. At the same time, these findings raise the possibility

that small differences in snacking may accumulate over time to

influence OW/OB among young children.

Although the influence of snacking on weight status is of primary

interest, it not possible to rule out reverse causality where children

with higher weight may simply be prone to more frequent snacking.

Indeed, children with higher weight have been observed to have

higher levels of appetitive traits that favor excessive intake, includ-

ing greater food responsiveness, reinforcing value of food (38), and

intake of energy-dense snacks in the absence of hunger (39). These

traits may make some children more susceptible to potentially obe-

sogenic aspects of the current dietary environment than others. For

instance, an observational study of 5- to 6-year-old non-Hispanic

Black children (n 5 100) found that those reported by their parents

to have lower satiety responsiveness showed greater increases in

energy intake across meals at which food portion sizes were system-

atically increased (40). Similarly, a study of 187 low-income His-

panic preschoolers revealed that greater enjoyment of food was asso-

ciated with more frequent snacking and greater daily energy intake

from snacks among children with OW/OB, whereas the opposite

was true of children with normal weight (41). Clearly, experimental

and longitudinal designs are required to evaluate temporality and

causality in associations of snacking with child appetite and weight

outcomes.

The optimal frequency of snacking for promoting healthy growth in

early childhood is unknown. This research used anticipatory

TABLE 3 Odds of overweight/obesity by number of daily
snacks among US children 1-5 y

Daily

occasionsa n OR 95% CI

Predicted

probability

(%) P

Snacksb

< 2 yc

0-1 snacks 278 1.4 0.4 4.6 13.9 0.55

2-3 snacks 440 ref — — 10.4 —

4 1 snacks 91 10.2 2.7 37.9 46.3 < 0.01

� 2 yd

0-1 snacks 1,371 0.9 0.6 1.2 20.1 0.35

2-3 snacks 2,060 ref — — 22.7 —

4 1 snacks 429 1.1 0.6 1.7 23.7 0.83

Snacks, removing< 5-kcal occasions
< 2 y

0-1 snacks 284 1.4 0.4 4.5 13.6 0.56

2-3 snacks 442 ref — — 10.4 —

4 1 snacks 83 14.4 3.6 57.2 52.8 < 0.01

� 2 y
0-1 snacks 1,410 0.9 0.6 1.2 20.3 0.42

2-3 snacks 2,044 ref — — 22.3 —

4 1 snacks 406 1.1 0.7 1.9 24.4 0.62

Snacks 1 other eating between mealse

< 2 y
0-1 snacks 86 0.3 0.1 1.2 4.5 0.09

2-3 snacks 373 ref — — 12.0 —

4 1 snacks 350 1.8 0.8 4.0 18.7 0.12

� 2 y
0-1 snacks 609 0.7 0.5 1.0 16.2 0.03

2-3 snacks 2,001 ref — — 22.2 —

4 1 snacks 1,250 1.1 0.8 1.4 23.6 0.55

Snacks 1 other eating between meals, removing< 5-kcal occasions
< 2 y

0-1 snacks 123 1.2 0.2 8.0 12.6 0.82

2-3 snacks 417 ref — — 10.7 —

4 1 snacks 269 3.0 1.3 6.7 23.8 < 0.01

� 2 y
0-1 snacks 976 0.9 0.6 1.3 20.0 0.57

2-3 snacks 2,088 ref — — 21.5 —

4 1 snacks 796 1.2 0.9 1.7 24.9 0.25

Adjusted for dietary weights, survey cycle year, child race, HH age, HH marital sta-
tus, HH level of education, RIP, EI/EER ratio, mean snack size, mean snack energy
density.
aPer AAP guidance: 2-3 snacks per day reference for both age groups.
bSnacks 5 eating occasions identified by caregivers as snacks.
cOverweight among children< 2 y 5 weight for length�97.7th percentile (17,27).
dOverweight/obesity among children� 2 y 5 BMI for age� 85th percentile (17,29).
eOther eating between meals 5 eating occasions identified by caregivers as bever-
ages and extended consumption.
AAP, American Academy of Pediatrics; EI/EER, reported energy intake to estimated
energy requirements; HH, head of household; OR, odds ratio; ref, reference value;
RIP, ratio of income to poverty; —, not applicable.
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guidance from AAP as a reference (3). The results provide strong

support for AAP snacking guidance for toddlers; the odds of OW/

OB among children< 2 years of age who snacked more frequently

than AAP recommendations (two to three times daily) was 3- to 14-

fold greater than those children who were within recommendations.

Children< 2 years who snacked within recommendations consumed

roughly 26% to 32% of daily energy from snacks, whereas those

who snacked more frequently consumed as much as 38% to 44% of

daily energy from snacks, across definitions. In contrast, AAP guid-

ance on snacking did not clearly delineate weight status among chil-

dren 2 to 5 years old. The reasons for this are unclear. Additional

research is needed to understand whether other dimensions (e.g.,

TABLE 4 Associations between number of daily snacks and patterning of energy intake among US children 1-5 y

Daily occasionsa

Mean snack size

(kcal)

Daily snack energy

(kcal)

Total daily energy

(kcal)

% of daily energy

from snacks

Mean SE P Mean SE P Mean SE P Mean SE P

Snacks onlyb

< 2 ya

0-1 snacks 119.9 7.6 0.3 121.7 7.4 < 0.01 1,094.9 15.9 0.8 12.2 0.6 < 0.01

2-3 snacks 110.5 3.5 ref 286.4 8.1 ref 1,090.2 13.4 ref 26.1 0.7 ref

4 1 snacks 82.6 6.8 < 0.01 439.4 25.8 < 0.01 1,080.0 45.6 0.8 37.9 1.7 < 0.01

� 2 yb

0-1 snacks 191.4 4.9 < 0.01 231.0 6.8 < 0.01 1,566.5 13.8 0.8 13.7 0.4 < 0.01

2-3 snacks 165.2 2.6 ref 415.6 6.4 ref 1,570.1 8.2 ref 26.5 0.3 ref

4 1 snacks 129.9 4.2 < 0.01 580.4 20.1 < 0.01 1,566.9 18.6 0.9 36.4 0.9 < 0.01

Snacks only, removing< 5-kcal occasions
< 2 y

0-1 snacks 122.5 7.4 0.2 124.6 7.2 < 0.01 1,094.5 15.6 0.8 12.5 0.6 < 0.01

2-3 snacks 111.1 3.3 ref 288.3 8.0 ref 1,089.6 13.1 ref 26.2 0.7 ref

4 1 snacks 87.8 6.5 0.01 458.0 21.2 < 0.01 1,085.7 48.7 0.9 39.2 1.4 < 0.01

� 2 y
0-1 snacks 197.1 6.2 < 0.01 233.8 7.2 < 0.01 1,564.0 13.7 0.6 14.0 0.5 < 0.01

2-3 snacks 166.3 2.6 ref 417.5 6.3 ref 1,571.6 7.9 ref 26.6 0.4 ref

4 1 snacks 133.5 4.8 < 0.01 595.5 21.7 < 0.01 1,566.1 19.7 0.8 37.3 0.9 < 0.01

Snacks 1 other eating between mealsc

< 2 y
0-1 snacks 137.3 15.5 0.06 147.2 20.5 < 0.01 1,086.7 36.7 0.8 15.1 1.3 < 0.01

2-3 snacks 107.3 4.2 ref 293.8 11.3 ref 1,074.6 13.5 ref 28.4 1.0 ref

4 1 snacks 93.9 3.2 0.02 457.4 12.7 < 0.01 1,111.0 20.1 0.1 40.9 1.0 < 0.01

� 2 y
0-1 snacks 163.1 7.0 0.05 230.4 12.2 < 0.01 1,562.9 16.7 0.3 12.9 0.8 < 0.01

2-3 snacks 148.4 2.6 ref 410.5 7.7 ref 1,580.1 9.1 ref 25.9 0.5 ref

4 1 snacks 119.9 2.6 < 0.01 574.5 11.9 < 0.01 1,549.6 13.3 0.1 36.8 0.6 < 0.01

Snacks 1 other eating between meals, removing< 5-kcal occasions
< 2 y

0-1 snacks 143.7 13.2 0.2 147.5 14.3 < 0.01 1,062.8 27.5 0.3 15.5 1.0 < 0.01

2-3 snacks 125.2 3.9 ref 339.0 11.0 ref 1,095.6 13.8 ref 31.9 1.0 ref

4 1 snacks 99.4 3.6 < 0.01 489.7 17.2 < 0.01 1,100.2 25.6 0.9 43.5 1.0 < 0.01

� 2 y
0-1 snacks 196.1 8.4 < 0.01 243.6 8.7 < 0.01 1,575.3 17.3 0.9 14.0 0.6 < 0.01

2-3 snacks 170.1 2.4 ref 446.7 6.2 ref 1,573.0 6.5 ref 28.5 0.4 ref

4 1 snacks 137.2 2.9 < 0.01 656.3 15.1 < 0.01 1,554.7 15.8 0.1 41.9 0.6 < 0.01

Adjusted for dietary weights, survey cycle year, child race, HH age, HH marital status, HH level of education, RIP, EI/EER ratio, mean snack size, mean snack energy
density.
aPer AAP guidance: 2-3 snacks per day reference for both age groups.
bSnacks 5 eating occasions identified by caregivers as snacks.
cOther eating between meals 5 eating occasions identified by caregivers as beverages and extended consumption.
AAP, American Academy of Pediatrics; EI/EER, reported energy intake to estimated energy requirements; HH, head of household; ref, reference value; RIP, ratio of income
to poverty; —, not applicable.
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quality, time of day) or patterns of snacking are more relevant for

weight status than number alone during the preschool years when

rapid socialization of eating occurs.

Several strengths and limitations merit consideration. The use of

NHANES data provides population-representative “signals” on

snacking and weight in a relatively large sample of US toddlers and

preschoolers. Evaluating these associations across multiple snacking

definitions is another strength. At the same time, multiple-pass 24-

hour dietary recalls are considered the gold standard method of die-

tary assessment in epidemiological studies, but it is well acknowl-

edged that this method underestimates true energy intake (42), par-

ticularly for individuals with higher weight (15). If present,

however, this type of bias would likely attenuate associations of

snacking with weight. This analysis defined snacking based on occa-

sions rather than energy intake to minimize this type of bias.

Related, data on snack and daily energy intake were primarily pre-

sented for descriptive purposes using group means, which are more

robust than analyses estimating individual deviations in observed or

predicted values. Finally, the EI/EER ratio was also included in

analyses to account for reporting bias.

Conclusion
These findings provide new evidence of a positive association

between the number of daily snacking occasions and OW/OB among

US children aged 1 to 5 years, with most consistent associations seen

among children< 2 years of age and when defining snacking based

on all foods and beverages consumed between meals. These analyses

are the first, to our knowledge, to specifically focus on children< 2

years of age for whom evidence-based dietary guidance is critically

needed (16). Additional research is needed to consider other facets of

snacking that may influence OW/OB among young children, includ-

ing the quality, timing, and portion sizes of snacks offered.O

VC 2018 The Authors. Obesity published by Wiley Periodicals, Inc. on

behalf of The Obesity Society (TOS).
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