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Abstract: Snacking contributes a significant portion of adolescents’ daily energy intake and is associ-
ated with poor overall diet and increased body mass index. Adolescents from low socioeconomic
status (SES) households have poorer snacking behaviors than their higher-SES counterparts. How-
ever, it is unclear if the types of food/beverages and nutrients consumed during snacking differ by
SES among adolescents. Therefore, this study examines SES disparities in the aforementioned snack-
ing characteristics by analyzing the data of 7132 adolescents (12–19 years) from the National Health
and Nutrition Examination Survey 2005–2018. Results reveal that adolescents from low-income
households (poverty-to-income ratio (PIR) ≤ 1.3) have lower odds of consuming the food/beverage
categories “Milk and Dairy” (aOR: 0.74; 95% CI: 0.58-0.95; p = 0.007) and “Fruits” (aOR: 0.62, 95%
CI: 0.50–0.78; p = 0.001) as snacks and higher odds of consuming “Beverages” (aOR: 1.45; 95% CI:
1.19-1.76; p = 0.001) compared to those from high-income households (PIR > 3.5). Additionally,
adolescents from low- and middle-income (PIR > 1.3–3.5) households consume more added sugar
(7.98 and 7.78 g vs. 6.66 g; p = 0.012, p = 0.026) and less fiber (0.78 and 0.77 g vs. 0.84 g; p = 0.044,
p = 0.019) from snacks compared to their high-income counterparts. Future research is necessary
to understand factors that influence snacking among adolescents, and interventions are needed,
especially for adolescents from low-SES communities.
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1. Introduction

Adolescents from low socioeconomic status (SES) households are at greater risk of
obesity than their higher-SES counterparts [1,2]. One way to reduce obesity risk is to
improve snacking behaviors. Snacks, often consumed between meals (e.g., breakfast, lunch,
and dinner) [3], account for 22% of adolescents’ daily energy intake [4]. In addition, ado-
lescents consume an average of 284.54 calories (kcal) per snacking occasion [5]. Moreover,
there is evidence that poor snacking behaviors, such as greater kcal consumed from snacks
and more frequent consumption of energy-dense, nutrient-poor snacks, are positively
associated with obesity among adolescents [5–7]. What remains less clear is if there are SES
differences in snacking behaviors, such as snacking frequency, foods/beverages consumed
as snacks, and nutrients consumed from snacks.

On average, adolescents have 1.77 snacking occasions per day [5], and it remains
unclear if there are differences in snacking frequency by SES. A study by Tripicchio et al.
analyzed data from the National Health and Nutrition Examination Survey (NHANES)
2005–2016 and found no SES differences in snacking frequency among adolescents (12–
19 years) [5]. However, the analysis only examined SES differences between adolescents
from households with a poverty-to-income ratio (PIR) of greater than and less than 1.25.
Additionally, analysis of data from Project EAT (Eating Among Teens), a longitudinal
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study in urban areas of Minnesota, USA, also found no significant differences in snacking
frequency by SES [8]. However, Project EAT does not include a nationally representative
sample, and snacking frequency was captured through adolescents’ self-report of the
number of snacking occasions per day. Thus, conclusions from this study may have
limited generalizability.

In addition to snacking frequency, there may be SES differences in the types of
foods/beverages consumed as snacks and the nutrient composition of snacks. An analysis
of NHANES 2005–2006 revealed that the top five foods/beverages consumed as snacks
by adolescents are grains, vegetables, fruits, milk, and meat/beans [9]. The authors did
not examine differences in foods/beverages consumed as snacks by SES. Regarding the
nutrient composition of snacks, the analysis of NHANES 2005–2016 by Tripicchio et al.
reported that adolescents from low-SES households consume significantly more added
sugar calories from snacks than adolescents from higher-SES households [5]. This analysis
also found no differences in sodium and saturated fat consumed from snacks by SES [5].
Findings from Project EAT reveal that adolescents from low-SES households consume
significantly more sugary drinks and energy-dense, nutrient-poor snacks (captured by a
food frequency questionnaire) than adolescents from higher-SES households [8]. Overall,
data on the types of foods/beverages consumed as snacks by adolescents are dated, with
limited examination of differences by SES. In addition, only select nutrients have been
examined when exploring SES differences in the nutrient composition of snacks.

The overall aim of this paper is to analyze data from a nationally representative sample
of U.S. adolescents (12–19 years) participating in NHANES 2005–2018 to examine what
foods/beverages and nutrients are consumed when snacking and what differences exist by
SES. Findings can help guide future interventions that aim to improve snacking behaviors
among adolescents from low-SES households.

2. Materials and Methods
2.1. Study Design and Population

Data from adolescents (12–19 years) who participated in NHANES 2005–2018 were
included in this analysis. NHANES is an ongoing, cross-sectional study conducted by
the Centers for Disease Control and Prevention (CDC) that collects nutrition and health
data from a nationally representative sample of U.S. civilian, noninstitutionalized popula-
tions [10]. NHANES is conducted in two-year cycles, using a complex, multistage probabil-
ity sampling method to recruit participants. Seven NHANES cycles from 2005–2018 (i.e.,
2005–2006, 2007–2008, etc.) were included in this analysis. Data collection for NHANES
starts with an at-home interview where sociodemographic and basic health information
are collected by a trained interviewer. Adolescents 12–15 years answer questions with the
assistance of an adult, and adolescents 16–19 years answer questions independently.

Next, adolescents visit the NHANES Mobile Examination Center (MEC), where health
measures (e.g., anthropometrics) and a 24-h dietary recall are collected. Adolescents
(≥12 years) independently self-report dietary intake. A second 24 h dietary recall is
collected via telephone within 3 to 10 days of the MEC visit but was not used in this present
study. In this present study, only 1 day of dietary data was able to be used, since the most
common types of foods/beverages consumed as snacks were described by the proportion
of adolescents consuming the food/beverage category as a snack on a given day. Thus,
the interviewer-administered 24 h dietary recall in the MEC was utilized, as it is more
standardized and valid than the second 24 h dietary recall collected via telephone [11].

Given the research question, inclusion criteria were adolescents (12–19 years), reliable
interviewer-administered 24 h dietary recall in the MEC, consumption of at least one snack
item other than plain/tap water, and complete household poverty-to-income ratio (PIR)
data (2948 excluded). The final analytic sample included 7132 adolescents.

Adolescents 12–17 years provided assent with parental consent, and adolescents 18–
19 years provided consent. NHANES was approved by the National Center for Health
Statistics Research Ethics Review Board (protocol #2005-6 for years 2007–2010, #2011-17 for
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years 2011–2016, and #2011-17 and #2018-01 for years 2017–2018) [12]. NHANES data are
publicly available and de-identified, and university Institutional Review Board approval
was not necessary.

2.2. Measures
2.2.1. Sociodemographic Characteristics

Sex (male or female) and race/ethnicity (non-Hispanic White, non-Hispanic Black,
Mexican American, Other non-Hispanic, and Other Hispanic) were self-reported. House-
hold PIR was utilized to operationalize SES, and it is calculated by dividing family income
by the poverty threshold specific to the survey year and accounting for family size. PIR was
characterized into three categories: low-income (PIR ≤ 1.3), middle-income (PIR > 1.3–3.5),
and high-income (PIR > 3.5) [13]. As an estimation, a PIR of 1.3 equates to an annual
income of $34,444 for a family of four, and a PIR of 3.5 equates to $92,733 for a family of
four [14].

2.2.2. Dietary Intake

Dietary intake was obtained through the first interviewer-administered 24 h dietary
recall in the MEC. The United States Department of Agriculture (USDA) Automated
Multiple-Pass Method was used to collect the dietary recalls, and the following information
about all foods/beverages consumed was collected: name of eating occasion, time eaten,
where obtained, eaten at home or not, description of the food/beverage, additions to the
food/beverage, and amount of food/beverage consumed [15]. The selected “name of
eating occasion” was used to identify snack items (i.e., snack, drink, extended consump-
tion, merienda, entre comida, botana, bocadillo, tentempie, or bebida). The term “snack
item” will be used hereafter to refer to each separate snack food/beverage reported by
the participant.

In the dataset, each snack item was given a Food and Nutrient Database for Dietary
Studies (FNDDS) code, and the Food Patterns Equivalent Database (FPED) was used to
convert FNDDS codes into USDA What We Eat in America (WWEIA) Food/Beverage
Categories. In this study, we will report on the top five WWEIA Food/Beverage Categories
by the proportion of adolescents consuming it as a snack item. In addition, we will report
the average number of snack items consumed, average amount of energy per snack item,
proportion of total energy intake from snack items, and mean nutrient densities of snack
items (grams, milligrams, or micrograms of the nutrient per 100 kcal of the snack item). The
nutrients examined in this study were the three macronutrients and dietary components
of public health interest according to the USDA Dietary Guidelines for Americans (i.e.,
saturated fat, added sugar, fiber, sodium) [16].

2.3. Analyses

Survey weights, strata, and clustering variables were used to account for the complex,
multistage probability sampling design used in NHANES [17,18]. A combined (seven-
survey cycle) weight was calculated using the dietary day 1 sample weights in accordance
with NHANES methods [19]. Categorical variables were summarized with weighted pro-
portions, and continuous variables were described using weighted means ± standard error
(SE). Rao–Scott Chi-Square tests were used for examining associations between categorical
data. Survey-weighted logistic regression models were used to estimate adjusted odds
ratios (aOR) with 95% confidence intervals. Survey-weighted multiple linear regression
models were run to estimate adjusted least squares (LS) means for comparisons of con-
tinuous data. The normality of the fitted residuals from the linear models was assessed
using histograms and Q–Q plots. If distributions were highly skewed, p-values were
reported using square-root transformed nutrient values. All models controlled for sex,
age (years), and race/ethnicity to produce adjusted estimates. The significance level was
set at p < 0.05, and p-values were also adjusted for multiple pairwise comparisons using
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the Tukey–Kramer adjustment. All analyses were conducted using SAS Version 9.4 (Cary,
NC, USA).

3. Results

Weighted proportions for individual and household characteristics of the study sample
(n = 7132) are presented in Table 1. Approximately half (51.8%) of the participants were
12–15 years, and half (48.2%) were 16–19 years. Most participants were non-Hispanic
White (29.7%), and 26.3% were non-Hispanic Black, 23.9% were Mexican American, 11.3%
were Other non-Hispanic, and 8.8% were Other Hispanic. About 32.5% of the adolescents
resided in a low-income household (PIR ≤ 1.3), 36.0% in a middle-income household
(PIR > 1.3–3.5), and 31.5% in a high-income household (PIR > 3.5).

Table 1. Demographic characteristics of U.S. adolescents (12–19 years), n = 7132 (NHANES 2005–2018).

Poverty-to-Income Ratio Groups

Characteristic Overall
PIR ≤ 1.3

Low-Income
(n = 2975)

PIR > 1.3–3.5
Middle-Income

(n = 2580)

PIR > 3.5
High-Income

(n = 1577)
p-Value b

n % % (SE) % (SE) % (SE)

Total a 7132 100 32.5 (1.52) 36.0 (1.24) 31.5 (1.43)

Sex 0.11

Male 3620 50.8 48.1 (1.28) 52.8 (1.57) 51.2 (1.86)

Female 3512 49.2 51.9 (1.28) 47.2 (1.57) 48.8 (1.86)

Age 0.031

12–15 3693 51.8 47.2 (1.74) 53.2 (1.54) 52.7 (1.78)

16–19 3439 48.2 52.8 (1.74) 46.8 (1.54) 47.3 (1.78)

Race/ethnicity <0.001

Non-Hispanic White 2121 29.7 41.3 (2.57) 58.1 (2.47) 77.4 (1.52)

Non-Hispanic Black 1878 26.3 20.7 (1.93) 13.5 (1.22) 7.0 (0.78)

Mexican American 1701 23.9 21.3 (1.96) 12.9 (1.17) 5.1 (0.72)

Other Non-Hispanic 807 11.3 7.5 (0.96) 8.7 (1.00) 7.9 (0.95)

Other Hispanic 625 8.8 9.2 (1.17) 6.8 (0.91) 2.6 (0.42)
a Row % displayed for “Total”. All other percentages are column %. b Comparisons of demographic variables across PIR groups were
conducted using Rao–Scott Chi-Square tests. p < 0.05 are shown in bold.

On average, adolescents consumed 2.94 snack items per day. There were no signif-
icant differences in the number of snack items consumed by PIR, with those from low-,
middle-, and high-income households consuming 2.90, 2.92, and 2.99 snack items per day,
respectively. Per snack item, adolescents consumed an average of 210.89 kcal and 10.27%
of their total energy intake. Those from low-income households consumed significantly
more calories per snack item than those from high-income households (220.25 kcal vs.
194.94 kcal; p = 0.023). Additionally, adolescents from low- and middle-income households
had a higher percentage of calories from snacks than those from high-income households
(10.85% and 10.54% vs. 9.44%; p < 0.001 and p = 0.006).

3.1. Types of Foods and Beverages Consumed as Snack Items and Differences by SES

Table 2 describes the five most common WWEIA Food/Beverage Categories consumed
as a snack item. The “Snacks and Sweets” category (e.g., savory snacks, crackers, candy)
was consumed as a snack item by 73.3% of adolescents. “Beverages” (e.g., sweetened
beverages, 100% juice, diet beverages, and coffee and tea) were consumed by 51.9% of
adolescents. “Milk and Dairy” was the third most consumed food/beverage category, with
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a quarter (25.0%) of adolescents consuming it as a snack item. “Fruits” were consumed
as a snack item by 21.0% of adolescents. Lastly, “Grains”, which include quick breads
and bakery products and ready-to-eat cereals, were consumed by 15.4% of adolescents. In
terms of overall diet, snacking contributed to approximately 68.7% of adolescents’ daily
“Snacks and Sweets” intake, 40.2% of their “Beverages” intake, 22.2% of their “Milk and
Dairy” intake, 49.4% of their “Fruits” intake, and 11.1% of their “Grains” intake.

Table 2. Proportion of adolescents consuming What We Eat in America food/beverage categories as a snack item on a given
day by poverty-to-income ratio (PIR) from NHANES 2005–2018 (n = 7132).

Poverty-to-Income Ratio Groups

Top 5 Food/Beverage
Categories

All Adolescents
(n = 7132)

PIR ≤ 1.3
Low-Income

(n = 2975)

PIR > 1.3–3.5
Middle-Income

(n = 2580)

PIR > 3.5
High-Income

(n = 1577)
p-Value a

% (SE) % (SE) % (SE) % (SE)

Snacks and Sweets 73.3 (0.90) 71.2 (1.20) 72.4 (1.53) 76.4 (1.75) 0.038

Beverages 51.9 (0.93) 55.1 (1.55) 52.8 (1.33) 47.7 (1.82) 0.004

Milk and Dairy 25.0 (0.88) 21.4 (1.05) 25.9 (1.53) 27.8 (1.95) 0.017

Fruits 21.0 (0.87) 18.7 (1.10) 19.8 (1.30) 24.8 (1.73) 0.004

Grains 15.4 (0.82) 15.7 (1.01) 15.9 (1.25) 14.6 (1.31) 0.65

Weighted column % displayed. a Comparisons of reported food/beverage category consumption across PIR categories were conducted
using Rao–Scott Chi-Square tests. p < 0.05 are shown in bold.

There were also differences in the odds of consuming a particular food/beverage
category as a snack item by income (Table 3). Adolescents from low-income households
had approximately 45% higher odds of consuming “Beverages” as a snack item than those
from high-income households (aOR: 1.45; 95% CI: 1.19–1.76; p = 0.001). However, odds
of consuming “Snacks and Sweets” (aOR: 0.75; 95% CI: 0.59–0.95; p = 0.035), “Milk and
Dairy” (aOR: 0.74; 95% CI: 0.58–0.95; p = 0.007), and “Fruits” (aOR: 0.62, 95% CI: 0.50–0.78;
p = 0.001) were lower than adolescents from high-income households. There were no
significant differences in odds of consuming “Grains” by SES.

Table 3. Odds of adolescents consuming a What We Eat in America food/beverage category as a snack item on a given day
by poverty-to-income ratio (PIR) from NHANES 2005–2018 (n = 7132).

Top 5 Food/Beverage
Categories Poverty-to Income Ratio Odds Ratio 95% Confidence

Interval p-Value

Snacks and Sweets

PIR ≤ 1.3
low-income 0.75 0.59–0.95 0.035

PIR >
1.3–3.5middle-income 0.79 0.61–1.03 0.35

Beverages

PIR ≤ 1.3
low-income 1.45 1.19–1.76 0.001

PIR > 1.3–3.5
middle-income 1.28 1.05–1.57 0.44

Milk and Dairy

PIR ≤ 1.3
low-income 0.74 0.58–0.95 0.007

PIR > 1.3–3.5
middle-income 0.92 0.71–1.19 0.56
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Table 3. Cont.

Top 5 Food/Beverage
Categories Poverty-to Income Ratio Odds Ratio 95% Confidence

Interval p-Value

Fruits

PIR ≤ 1.3
low-income 0.62 0.50–0.78 0.001

PIR > 1.3–3.5
middle-income 0.69 0.54–0.89 0.20

Grains

PIR ≤ 1.3
low-income 1.03 0.81–1.31 0.98

PIR > 1.3–3.5
middle-income 1.06 0.83–1.36 0.66

Survey-weighted logistic regression models were adjusted for sex, age (years), and race/ethnicity; adjusted odds ratios with 95% CI are
shown. Referent group PIR > 3.5. p < 0.05 is shown in bold.

3.2. Nutrient Composition of Snack Items and Differences by SES

Per 100 kcal of the snack item, adolescents consumed an average of 2.85 g total fat,
1.00 g saturated fat, 17.55 g carbohydrates, 0.80 g fiber, 10.68 g total sugar, 7.46 g added
sugar, 103.80 mg sodium, and 1.96 g protein. In terms of overall diet, snacking contributed
to approximately 25.0% of adolescents’ daily total fat intake, 25.4% of saturated fat intake,
31.6% of carbohydrate intake, 25.5% of fiber intake, 39.5% of total sugar intake, 41.9% of
added sugar intake, 17.8% of sodium intake, and 16.9% of protein intake.

There were differences in nutrient intake by income (Table 4). Adolescents from
low- and middle-income households consumed 2.79 and 2.81 g of total fat per 100 kcal of
the snack item, respectively, while adolescents from high-income households consumed
2.96 g of total fat (p = 0.007 and p = 0.041). Similarly, those from low- and middle-income
households consumed less saturated fat than those from high-income households (0.95
and 0.98 g vs. 1.07 g; p = 0.001 and p = 0.039).

Table 4. Energy and nutrient consumption from snack items by poverty-to-income ratio (PIR) among adolescents from
NHANES 2005–2018 (n = 7132).

Poverty-to-Income Ratio

Nutrients All Adolescents
(n = 7132)

PIR ≤ 1.3
Low-Income

(n = 2975)

PIR > 1.3–3.5
Middle-Income

(n = 2580)

PIR > 3.5
High-Income

(n = 1577)

LS Mean ± SE LS Mean ± SE LS Mean ± SE LS Mean ± SE

Energy, kcal 210.89 ± 4.02 220.25 ± 5.90 a 218.27 ± 8.66 194.94 ± 5.33

Energy, % 10.27 ± 0.15 10.85 ± 0.28 c 10.54 ± 0.23 b 9.44 ± 0.24

Total Fat, g 2.85 ± 0.04 2.79 ± 0.05 b 2.81 ± 0.06 a 2.96 ± 0.06

Saturated Fat, g 1.00 ± 0.02 0.95 ± 0.02 c 0.98 ± 0.03 a 1.07 ± 0.03

Carbohydrate, g 17.55 ± 0.11 17.78 ± 0.14 a 17.68 ± 0.19 17.20 ± 0.19

Fiber, g 0.80 ± 0.02 0.78 ± 0.03 a 0.77 ± 0.03 a 0.84 ± 0.03

Total Sugar, g 10.68 ± 0.11 10.88 ± 0.19 a 10.94 ± 0.18 a 10.21 ± 0.19

Added Sugar, g 7.46 ± 0.14 7.98 ± 0.23 a 7.78 ± 0.18 a 6.66 ± 0.21

Sodium, mg 103.80 ± 3.26 99.02 ± 3.05 101.39 ± 4.37 111.02 ± 7.34

Protein, g 1.96 ± 0.04 1.85 ± 0.06 c 1.94 ± 0.07 b 2.08 ± 0.05
a p < 0.05 when compared with PIR > 3.5. b p < 0.01 when compared with PIR > 3.5. c p < 0.001 when compared with PIR > 3.5. “Energy,
kcal” is the average calorie amount of a snack item. “Energy, %” is the average % energy of a snack item out of a person’s total energy
intake. All other nutrients are presented per 100 kcal of a snack item. Survey-weighted linear regression models were adjusted for sex, age
(years), and race/ethnicity; adjusted least squares (LS)-means with standard error (SE) are shown. p-values for all pairwise differences
across all three PIR categories were adjusted using Tukey–Kramer method.
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For carbohydrates, adolescents from low-income households consumed 17.78 g of the
nutrient per 100 kcal of the snack item, while adolescents from high-income households
consumed significantly less at 17.20 g (p = 0.030). Adolescents from low- and middle-
income households had significantly less fiber from snack items than those from high-
income households (0.78 and 0.77 g vs. 0.84 g; p = 0.044 and p = 0.019). In terms of total
sugar, those from low- and middle-income households consumed 10.88 and 10.94 g per
100 kcal of the snack item, respectively, which was significantly higher than adolescents
from high-income households (10.21 g; p = 0.037 and p = 0.022). For added sugar, those
from low- and middle-income households also consumed significantly more (7.98 and 7.78
g) than those from high-income households (6.66 g; p = 0.012 and p = 0.026). There were no
significant differences in sodium from snack items by SES. Lastly, adolescents from low-
and middle-income households consumed less protein at 1.85 and 1.94 g per 100 kcal of the
snack item, respectively, compared to those from high-income households, who consumed
2.08 g protein (p < 0.001 and p = 0.01).

4. Discussion

This study fills a critical gap in understanding SES differences in foods/beverages
and nutrients consumed during snacking among a nationally representative sample of U.S.
adolescents. Findings from the current study revealed that adolescents from lower-income
households consume significantly more calories, “Beverages”, carbohydrates, total sugar,
added sugar and less “Snacks and Sweets”, “Milk and Dairy”, “Fruits”, total fat, saturated
fat, fiber, and protein from snacks than adolescents from high-income households. Of
particular concern are “Beverages”, “Fruits”, and “Milk and Dairy”, as well as added sugar,
fiber, and saturated fat, which are dietary components of public health interest, according
to the Dietary Guidelines for Americans [16].

In this study, adolescents from lower-income backgrounds had higher added sugar
intake from snacks than those from high-income backgrounds. This is similar to a study that
utilized NHANES 2005–2016 data and found that adolescents from low-income households
consumed significantly more added sugar calories from snacks than those from higher-
income households [5]. However, a study that examined SES differences in added sugar
intake in adolescents’ overall diet did not find differences by PIR [20]. As such, this
information collectively suggests that adolescents from low-SES households consume
snacks high in added sugar, such as sugar-sweetened beverages (SSBs) [8]. Disparities in
SSB consumption may explain some of the difference in added sugar intake from snacks. In
fact, data from this current study reveal that the odds of those from low-income households
consuming “Beverages” (which includes SSBs) are higher than those from high-income
households. Other studies describe similar income disparities in SSB consumption [21].
Thus, focusing on reducing SSBs consumed as snacks among adolescents from low-income
households may decrease disparities in added sugar intake from snacks.

Findings also revealed that adolescents from low-SES backgrounds consumed less
fiber from snacks than their peers from high-SES backgrounds, which aligns with other
studies that have found SES disparities in intake of fiber-rich foods, such as whole grains
and fruits [22,23]. An analysis of NHANES 2005–2012 found that whole grain intake
was higher among adolescents from high-income households compared to those from
low-income households [22]. In addition, fruits are one of the main sources of dietary
fiber intake among U.S. children [24], and this study reveals that those from low-income
households have lower odds of consuming “Fruits” as a snack, compared to those from
higher-income households. Thus, increasing intake of whole grains and fruits as snacks
may improve fiber intake among adolescents from lower-income households.

Lastly, we found that saturated fat intake from snacks was lower among adolescents
from lower-income households than the high-income group. This finding may be related to
the significantly lower odds of consuming “Milk and Dairy” also reported in this present
study. Evidence from NHANES suggests that milk is one of the top sources of solid fat
(which includes saturated fat) among U.S. children (2–18 years) [25]. As such, the lower
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consumption of “Milk and Dairy” among adolescents from lower-income households in this
study could contribute to findings related to saturated fat. Other studies corroborate these
findings, revealing that milk and dairy intake among adolescents is positively correlated
with SES [26] and that milk and dairy intake is low among adolescents from low-SES
backgrounds due to factors like preferences, lactose intolerance, and health beliefs among
this demographic [27,28].

In response to the contrary findings surrounding “Snacks and Sweets”, which suggest
that those from low-income households have lower odds of consuming “Snacks and Sweets”
compared to those from high-income households, we explored several explanations. One
explanation is that adolescents from lower-income households may be eligible for USDA
food assistance programs like the Child and Adult Care Food Program (CACFP), which
provides free snacks to youth that attend centers that serve a large number of children
from low-income households [29]. There are food group/nutrient requirements for the
snacks provided by CACFP such that they cannot include many of the foods in the “Snacks
and Sweets” category [30], possibly leading to lower odds of consuming them among
adolescents from lower-income backgrounds. Another explanation may be that adolescents
from high-income households have greater discretionary funds [31], which they may
use to purchase foods in the “Snacks and Sweets” category. Nevertheless, nutrients that
are consumed from “Snacks and Sweets”, such as kcal, added sugar, and sodium, were
significantly higher in lower-income groups. As such, more research may be needed to
understand the findings surrounding “Snacks and Sweets”.

Ultimately, this study highlights improvements that can be made to adolescent snack-
ing behaviors, and one area to initiate improvements is in corner stores, where adoles-
cents from lower-income households frequently purchase snacks [32]. A study based
in low-income areas of Philadelphia found that adolescents purchased an average of
2.3 food/beverage items during each corner store visit [33]. Data also reveal that adoles-
cents’ corner store purchases are energy-dense, nutrient-poor foods/beverages [33,34]. In
the aforementioned study in Philadelphia, the top five categories of items purchased from
the corner store were beverages (the top two beverages were regular soda and fruit-flavored
drinks [<100% fruit juice]), chips, pastry, candy, and prepared food items (e.g., sandwiches
and bagels) [33]. In addition, researchers found each adolescent’s purchasing occasion
contained, on average, 650.2 kcal, 25.0 g fat, 13.9 g protein, 95.5 g carbohydrates, 61.9 g
sugars, 2.3 g fiber, and 786.3 mg sodium [33] As such, this information alongside results
from this study highlight an opportunity to improve adolescent corner store snacking.

There are several ways to improve adolescent corner store snacking. One method
is to increase the availability and accessibility of healthier snack options. A study that
surveyed 403 adolescents found that they would be receptive to buying a fiber-rich product
called a whole-grain snack pack, which is a whole-grain snack (e.g., granola bar, crackers)
paired with a fruit or vegetable and a condiment (e.g., yogurt, dressing), if they were
available at corner stores [35]. A related study found that corner store owners would also
be receptive to stocking a whole-grain snack pack [36]. Making a product like a whole-grain
snack pack available and accessible to adolescents may improve fiber and fruit intake from
snacks. Another intervention based in Philadelphia centered on providing resources (e.g.,
corner store owner trainings, signage, refrigeration) to increase the availability and access
of healthy foods and beverages at 192 corner stores [34]. However, one year after the
intervention, they found no differences in the energy or nutrient content of corner stores
purchases [34]. As such, other options to improve adolescent corner store snacking include
nutrition education. An example of this is the Taster’s Choice (TC) curriculum, which
is a 6th-grade health class curriculum focused on empowerment and encouraging peer
promotion of healthy snack and SSB consumption from corner stores [37]. Focus group
findings revealed that adolescents reduced SSB consumption after participation. Overall,
strategies to address availability, accessibility, and education surrounding healthy snacks at
corner stores are imperative in remediating SES snack disparities highlighted in this study.
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Though this study provides critical, translational information, it is not without lim-
itations. For example, we only used a single 24-h recall, and there is a possibility it may
not reflect usual intake, though guidelines report that a single 24-h recall is valid for es-
timating the average intake of a large group [11,38]. Additionally, the dietary data were
self-reported, so there may be missing and/or inaccurate data due to recall and/or social
desirability bias. An example of this includes misreporting of portion sizes of foods and
beverages, which may result in under- or overestimations of energy intake. However, in
NHANES, the computer-assisted Automated Multiple-Pass Method for obtaining dietary
data is used, and research reports that this method reduces bias in the collection of energy
intakes compared to other 24 h recall methods [39]. In addition, we did not include physical
activity as a covariate as the questions capturing physical activity were redefined in 2011
and not comparable across multiple survey years. Lastly, NHANES is a cross-sectional
study, and thus casual inferences cannot be made. Therefore, there is a need for further
research on factors that influence snacking among adolescents.

Despite these limitations, this study is the most detailed and updated description of
snacking behaviors among a nationally representative sample of U.S. adolescents. Examin-
ing the types of foods/beverages and nutrients consumed while snacking by SES may help
explain disparities in overall diet and obesity among adolescents, since most studies of
adolescent snacking behaviors only examine snacking frequency and energy from snacks.
This previously missing information is imperative in creating effective interventions and
policies to improve snacking behaviors among adolescents, especially those from low-SES
households.

5. Conclusions

In summary, intervening on the types of foods/beverages consumed as snacks may
be one way to address the childhood obesity epidemic and reduce SES disparities. Our
findings provide insight into specific foods/beverages and nutrients that adolescents
consume while snacking, which can be used to develop targeted intervention efforts.

This study also provides a base for future research on snacking, including exploring
snacking in relation to overall diet and examining differences between those who snack and
those who do not. Furthermore, implications from this study include the need for strategies
that address factors that influence snack choices at the individual, environmental, and
policy levels. As such, research is also needed to understand factors that influence snacking
behaviors and develop ways to improve the availability, accessibility, and affordability of
healthy snacks in low-income communities.
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