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Abstract

Background—~Previous studies have indicated that snacking is contributing to increased calorie
intake of American children, and that the energy density of snacks in US diets has increased in
recent decades.

Objective—Examine short and long-term trends in the energy density and food sources of snacks
for US children over from 1977 to 2014, and examine whether trends differ between socio-
demographic groups.

Methods—We used data collected from eight nationally representative surveys of food intake in
57,762 US children age 2-18 years, between 1977 and 2014. Overall patterns of snacking, trends
in energy intake from snacking, trends in food and beverage sources and energy density of snacks
across race-ethnic, age, gender, education and income groups were examined.

Results—In all socio-demographic groups there was a significant increase in per capita energy
intake deriving from snacks from 1977 to 2014 (P<0.01). Salty snack intake doubled over the
study period, and sugar-sweetened beverage intake decreased overall from 1977 to 2014 but
increased in Non-Hispanic Blacks. Non-Hispanic Blacks had the largest increase in per capita
intake from foods as a snack from 1977 to 2014. Children in the lowest poverty level and
household education groups had more than 100% increase in calorie intake from snacks from
1977-2014.

Conclusions—We found that snacking behavior in the US differs between race-ethnic,
household education, gender and income groups, yet snacking remains a significant component of
children’s diets and the foods consumed at these shacks are not the types of foods recommended
by the US dietary guidelines.
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Introduction

Currently around one in three US children are overweight or obese.! Obese children are
more likely to have risk factors for cardiovascular disease, such as high cholesterol or high
blood pressure,? and are more likely to become obese adults, hence at higher risk for non-
communicable diseases.3 Obesity increases in recent decades have been attributed to a
number of factors, including consuming food outside the home, increased portion sizes,
increases in intake of sugar-sweetened beverages (SSBs) and increases in snacking
behaviors.#° There are growing concerns about the types of food and beverages consumed
as snacks, and the amount of energy snacking provides. A recent review of snacking patterns
among children and adolescents highlighted the lack of data describing snacking trends in
the US population, and available data were not recent enough to understand what effects
snacking may be having on current energy intake in US children.®

Research over the last five years has suggested a plateauing of obesity levels in children and
adolescents’ and a decline in energy intakes of US households with children.8 It is important
to examine whether declines in snacking behaviour are also occurring. One study examining
long-term trends of snacking behaviors in children found that the percentage of children
snacking on any given day increased from 74% in 1977-1978 to 98% in 20032006 and that
snacks accounted for 27% of daily total energy intake in 2003-2006.° However it is
unknown whether this increasing trend for snacking has continued in recent years or whether
trends are in line with plateauing obesity levels and reduced energy intake of US households.

In addition, studies that #ave examined short-term snacking trends have observed
inconsistent results between different race-ethnic, age and weight groups,1? and also that a
large proportion of snacks still appear to derive from less healthy foods such as salty snacks,
desserts and sweets.®11 To date there have been no studies exploring how and whether long-
term snacking trends differ by socio-demographic factors such as race-ethnicity, household
income and household education, and no short-term studies exploring whether household
income and education are associated with snacking behaviour in US children.

Population averages may mask important differences between socio-demographic
subgroups. As such, we examined both short and long-term changes in snacking patterns in
US children by age group, gender, race-ethnicity, education and income level. This included
an examination of overall snacking patterns, trends in energy intake from snacking, trends in
food and beverage sources and overall trends of the energy density of snacks across race-
ethnic, age, education, gender and income groups.
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Methods

Survey population

Data were obtained from eight nationally representative surveys of food intake in 57,762 US
children aged <19 years. Data are from the 1977-1978 Nationwide Food Consumption
Survey (NFCS); the 1989-1991 Continuing Survey of Food Intake by Individuals (CSFII),
the 1994-1996 CSFII and the 1997-1998 CSFII. Four NHANES surveys were used:
NHANES 2003-2004, NHANES 2005-2006 (NHANES 03-06), NHANES 2011-12 and
NHANES 2013-14 (NHANES 11-14). Supplementary Table 1 shows the number of records
used in each survey year. The USDA and NHANES surveys are based on a multistage,
stratified area probability sample of noninstitutionalized US households. Detailed
information about each survey and its sampling design has been published previously.12 By
utilizing secondary USDA and NHANES data, we were exempt from institutional review
board concerns for this paper.

Snacking definition—Each eating occasion was self-defined by the respondent in each
survey. Respondents were asked to name the type of each eating occasion and the main meal
planner was asked about intake for any child under the age of 12.12 The snack category
includes those eating occasions defined by the respondent as “snhack,” plus occasions related
to snacking, such as food and/or beverage breaks.

Dietary data

All dietary survey data used a comparable food composition table and collection methods
developed by the USDA. To examine trends over time from surveys with different collection
methods on days 1 and 2, we used only the first day’s data (a single, interviewer-
administered 24-h dietary recall) collected from each individual (as recommended by the
USDA) and used appropriate weights and adjustments for the sample design provided.

UNC food grouping system

To determine snack food items contributing to energy intake, the food grouping system
developed by the University of North Carolina at Chapel Hill (UNC-CH) was used. This
food grouping system links all foods from 1977 onwards and has been previously described.
14 All foods reported in the USDA surveys were assigned to one of the 107 UNC-CH food
groups. For all children, the amount of energy content provided by each UNC-CH snack
food group was calculated and divided by the total energy from snacking of all individuals.
Those food groups contributing the most to snacking energy intake are reported.

Statistical analysis

Data are presented as means (SE). Snacking trends were studied by dividing the population
into three age groups (2-5y, 6-11y, and 12-18 y), four race-ethnic groups (Hispanic, Non-
Hispanic White, Non-Hispanic Black and Other), two genders (Male and Female), three
income groups (<185%, 185-350% and >350% of the National Poverty Level) and four
household education groups (less than high school, high school diploma, some college and
bachelor’s degree). We used survey commands to account for survey design, weighting, and
clustering.1® The proportion of children consuming snacks within each race-ethnic, gender,
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income, age and education group was determined. For each survey year, the percentage of
children who were reported snackers was examined by each socio-demographic group. We
calculated the mean number of snacking occasions per day, mean energy intake (calories)
from snacks per capita per day, and the proportion of energy intake deriving from snack
foods. Survey methods were used within STATA to account for the clustering and weighting
that is inherent in the NHANES sampling methodology, so as to allow statistically
significant differences between survey cycles to be identified using Student’s t-test. A p-
value of <0.05 was considered significant. STATA version 14.1 was used for all analyses.

Overall trends

For all US children there was a significant increase in per capita energy intake from snacks
from 1977-2014 (P<0.01) (Table 1). There was a peak in per capita energy intake from
snacks in all age groups in 2003-06, with a subsequent decrease between 2006 and 2014,
however this was only significant in the 6-11 and 12-18 y age groups (~<0.01) (Table 1).
Overall the same trend was seen in the number of snacks per day and the calorie intake per
snacker.

Overall food and beverage shifts—For food and beverages the trend was an overall
increase in mean calorie intake from 1977 to 2006 with a subsequent decrease observed
from 2006-2014 (Figure 1a. and 1b.). This decrease was greater for beverages, with the
same trend also observed specifically in consumption of SSBs. 12—-18 year olds had the
highest intake of SSBs than all other age groups, however the long term trend was a lower
intake in 2014 than in 1977 (Figure 2b.). Sports drinks, coffee and tea and fruit and
vegetable juices were the only beverage categories in which an increase in calorie intake
from 1977 to 2014 was observed. Salty snack intake more than doubled from 1977-2014
overall, and was more than three times higher in 2-5 year olds in 2014 than in 1977 (Figure
2a.). Calorie intake from desserts and sweets snacks remained stable overall during the study
period, with a slight peak in 1994-98 (Figure 2c.). Grain-based desserts were the number
one source of total calorie intake in each survey year (Supplementary Table 3), with around
half of the top food sources of snacks deriving from “less healthy” food items such as salty
snacks, desserts and sweets in each year. Calorie intake from healthier food sources such as
fruit and vegetables, meat and fish, and dairy products remained relatively stable over the
study period.

Socio-demographic differences in snacking in US children

Trends by race/ethnicity—All race-ethnic groups showed an increase in calories per
capita per day between 1977 and 2006 and a decline in calories per capita per day between
2003-06 and 2011-14 (Supplementary Table 2). These increases were significant between
1977-78 to 2003-06 and 2003-06 to 2011-14 (~<0.05 for all). However, although in 1977-
78, 1989-91 and 1994-98 Hispanics and Non-Hispanic Blacks had a significantly lower
calorie intake from snhacks compared to Non-Hispanic Whites (P<0.01 Supplementary Table
3), in the most recent survey years there was no discernible difference in per capita intake
from snacks between race-ethnic groups. Across all race-ethnic groups there was an increase
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in energy intake deriving from beverages from 1977 to 2006 and a subsequent decrease
between 2006 and 2014, resulting in not much overall change in per capita calorie intake
from beverages as a snack between 1977 and 2014 (Figures 3a and 3b). Although Non-
Hispanic Blacks had the largest increase in calories per capita per day deriving from foods as
a snack from 1977 to 2014 (180Kkcal per day increase), they also had the lowest mean per
capita intake of snacks as a beverage despite having a higher intake of SSBs (Supplementary
Figure 1a.).

The major food and beverage drivers of the trends—Overall, per capita calorie
intake from SSBs as a snack increased from 1977-78 to 2003-06 and then decreased from
2003-06 to 2011-2014 (Supplementary Figure 1a). There was an increase in intake from
1977-2006 then a large decrease from 2006—2014 (around 30 calories per capita per day
decrease in last 10 years), with Non-Hispanic Blacks having the highest calorie intake from
SSBs in 2011-14. A large increase in salty snack per capita intake from 1977-2014 was
observed in all race-ethnic groups and overall (Supplementary Figure 1b). The largest
increase was seen in Hispanics with more than a four-fold increase, and a doubling in Non-
Hispanic Whites and a tripling in Non-Hispanic Blacks. Intake of desserts and sweets
remained stable overall from 1977-2014 overall however Hispanic and Non-Hispanic
Blacks had an increase of around 50% over the study period (Supplementary Figure 1c).

Trends by income level, gender and education—All income and education groups
and both gender groups showed an increase in calories per capita per day between 1977-78
and 2003-06 and a decline in calories per capita per day between 2003-06 and 2011-14
(Supplementary Table 2). The largest increase in per capita intake from snacks was seen in
the lowest poverty level (<185% NPL) and the lowest education group (less than high
school) with a more than 100% increase in calorie intake from snacks from 1977-2014. In
each survey year males had a higher per capita intake of snacks.

Discussion

To the knowledge of the authors, this is the first study to examine both short and long-term
trends in snacking behaviors of US children and adolescents in specific age, race-ethnic,
gender, household education and income groups. We found that in all socio-demographic
groups there was a significant increase in the per capita energy intake deriving from snacks
from 1977 to 2014 (P<0.01) but in the most recent period following 2006 we found a
systematic decline in all socio-demographic subgroups. Of these subgroups, children and
adolescents with the lowest household education level, those in the Non-Hispanic Black
race-ethnic group, and those in the lowest household income group had the largest increase
in calorie intake from snacks over the 37 years.

Overall calorie intake from snacking among children remains high at 459 kcal per day, with
the bulk coming from foods generally considered unhealthy such as desserts, sweets, SSBs
and salty snacks. These sources combined contributed to 54% of energy from snack foods in
2014. This aligns with research showing that the US population overall has a high intake of
foods high in added sugar and solid fats16 and with a recent short-term study in US children
from 2003-10 which showed that although total calorie intake from discretionary foods had
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declined in recent years, that intake was still unacceptably high.1% The fact that we did not
see a corresponding increase in non-discretionary food sources such as fruit and vegetables,
meat and fish or dairy, further shows that it is unlikely that “healthy snacking” is
compensating in any way for “unhealthy snacking” behaviors. In fact, our data showed that
in all years, grain-based desserts were the number one source of energy from snacking and
more than half of the top 10 sources of calories from snacks were from less healthy food
sources (Supplementary Table 3). This is comparable with the total diet of these same US
children and adolescents which has been previously reported.17:18

As expected from national trends!® we observed an increase in SSB intake from 1977 to
2006 and a decrease from 2006 to 2014 resulting in a lower intake of SSBs as snacks for US
children and adolescents in 2014 than in 1977. This highlights the importance of examining
long-term trends in snacking behaviour, with the majority of studies to date looking at
shorter time periods and observing only either an increase (research examining trends from
1989-2006)° or a decrease (research examining trends from 2003-2010)0 in SSB intake.
We observed that although Non-Hispanic Blacks had the lowest overall calorie intake from
beverages as snacks in 2014, they had the highest calorie intake from SSBs and showed an
increase in SSB consumption from 1977 to 2014, despite overall trends showing a decrease
in SSB consumption. One US study found that non-Hispanic black households had increased
consumption of SSBs compared to other race-ethnic groups.2% Our finding that Non-
Hispanic Blacks have had the largest increase in intake from SSBs as snacks from 1977 to
2014 is cause for concern considering there has been a significant decrease in the exposure
to children of advertizing of SSBs, and many schools now have reduced access to SSBs.21

Salty shack intake more than doubled from 1977 to 2014 overall in US children and
adolescents (P<0.01) and long-term intake trends for desserts and sweets showed no
difference between 1977 and 2014. Despite these overall trends, Non-Hispanic Blacks had a
50% increase in intake over the 37 years in desserts and sweets and the highest intake of
salty snacks in 2014 of all race-ethnic groups. This is in contrast to prior research which
found intake of salty snacks over the past 10 years has remained stable in children and
adolescents!? and another study which found Non-Hispanic Whites had the highest intake of
salty snacks.22 However, our findings are supported by research from other countries that
show that a large proportion of energy intake from snacks derives from less healthy foods,
16.23 and that disparities exist between race-ethnic and education groups.24-27

Our analysis had some limitations. First, collected dietary data has clear limitations in
underreporting and that these limitations can vary by age, race-ethnicity and body weight.28
Second are potential differences in diet methodologies. Similar to other studies looking at
US trends in dietary intake, different methodologies were used across different years. The
introduction of the multiple pass method in the 1990s may have resulted in additional snacks
identified during that period, however our finding of a recent decrease in snacking gives us
faith that this did not affect our overall findings. Although data presented are based on the
first day 24-h recall from all surveys, the recall methodology was modified to include
multiple passes through the list of foods and beverages in the CSFII 1994-96, 98 and to
include the USDA’s automated collection system in the 2002 and later NHANES surveys.
Validation studies in adults have shown these newer methods improved completeness of the
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recall,?? although it is important to note that 24hr recall in itself is prone to underreporting.
Despite each survey being linked to the same FNDDS USDA food composition table there
may have been changes in nutrient composition based on different assay techniques which
we cannot account for.24:25 We attempted to address this by using the UNC-CH food
grouping system used in previous studies that allows foods in each survey year to be linked
to one consistent food group to offset changes in food composition table numbering and
ensure high quality estimates of nutrient values over time.

This study examined long-term and short-term trends in the number of snacking occasions,
foods consumed, and total contribution of snacks to energy intake across various socio-
demographic groups of US children and adolescents. We found a long-term increase in
overall snacking behaviour but a declining trend to 2011-14 from a peak intake of 2003-06.
We also examined critical differences in snacking behavior between race-ethnic, household
education, gender and income groups and showed important disparities in Non-Hispanic
Blacks as well as differences between the lower household education and income groups.
Importantly we found that the major foods consumed at these snacking events (SSBs,
desserts and sweets and salty snacks) are exactly the foods recommended for reduced intake
by US dietary guidelines. Future research should examine how shacking is contributing to
intake of other risk-associated nutrients such as added sugars, sodium and saturated fat.
Finally, it is important to consider that factors such as social and family aspects, cultural
practices, television and computer screen time, physical activity levels and cognitive factors
can all affect a child’s intake of snack foods. Results from this study should be considered as
one piece of the puzzle that can help guide policy recommendations related to the levels of
adverse nutrients in the food supply.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is already known about this subject

. Snacking is contributing to an increased calorie intake of US children and
adolescents

. A large proportion of snacks derive from less healthy foods such as salty
snacks, desserts and sweets

What this study adds

. This is the first study to examine both recent and long term trends in snacking
behaviors of US children and adolescents by specific age, gender, race/ethnic,
household education and income groups

. Results indicate that disparities exist in snacking behavior in the US between
various race-ethnic, household education, gender and income groups.
Importantly, disparities in Non-Hispanic Blacks as well as differences
between the lower education and income children and others were observed.
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Figure 1. Per capita intake (kcal) from snacks - beverage and food sources for US children

a. Food bh. Beverages
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Figure 2. Kilocalories per capita per day from snacks by age group for US children
a. Salty snacks b. Sugar-sweetened beverages c. Desserts and sweets
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Figure 3. Kilocalories per capita per day from foods and beverages by ethnicity for US children
a. Beverages b. Foods
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