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ABSTRACT
Background: A person’s daily nutrient intake and overall nutritional status are determined by a complex interplay of the types and amounts of
foods ingested in combination with the timing and frequency of eating.
Objectives: The aim was to summarize frequency of eating occasion data examined by the 2020 Dietary Guidelines Advisory Committee, the
macronutrient contributions they provide, and meal frequency relative to dietary quality among the US population (≥2 y), with a focus on sex, age,
race/Hispanic origin, and income.
Methods: Demographic and 24-h recall data from the 2013–2016 NHANES were examined. An eating occasion was defined as “any ingestive
event (e.g., solid food, beverage, water) that is either energy yielding or non-energy yielding”; all eating occasions were further divided into
discrete meals and snacks. Frequency of meals and snacks was defined as “the number of daily EOs [eating occasions],” respectively. Diet quality
was assessed via the Healthy Eating Index (HEI)–2015.
Results: Most Americans consume 2 (28%) to 3 (64%) meals on a given day and >90% consume 2 to 3 snacks on that day. Adult, Hispanic, and
non-Hispanic Black and lower-income (<131% family poverty-to-income ratio) Americans had a lower frequency of eating than children or
adolescents, non-Hispanic White, and non-Hispanic Asian Americans and higher-income Americans, respectively. Americans who reported 3 meals
on a given day consumed a diet higher in dietary quality than Americans who consumed 2 meals on a given day (HEI-2015: 61.0 vs. 55.0),
regardless of population subgroup.
Conclusions: The frequency of the types of eating occasions differs according to age, race and Hispanic origin, and income. Dietary quality is
associated with the number of meals consumed. Healthy dietary patterns can be constructed in a variety of ways to suit different life stages,
cultural practices, and income levels; improved diet quality and careful consideration of nutrient density when planning meals are warranted.
Curr Dev Nutr 2022;6:nzac132.
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Introduction

Eating is a human behavior critical for meeting energy and nutrient
needs and for sustaining growth and development, metabolic func-
tion, and maintenance. Eating behaviors can either promote or impair
a healthy lifestyle and can therefore strongly influence the quality and
length of one’s life (1, 2). While eating behaviors are commonly referred
to in terms of the types and amounts of foods ingested, the timing and
frequency of eating are also important factors. The daily nutrient intake
and overall nutritional status of an individual is determined via a com-
plex interplay of these 3 factors (3–6). The timing and frequency of eat-
ing may impact the types and/or amounts of foods eaten and may alter
metabolic processes and responses (7–9). Thus, changes in frequency of
eating could give rise to fluctuations in a person’s nutritional status, as
well as risk of some cardiometabolic diseases (7–9).

A wide variety of eating patterns exist in America, especially in terms
of the frequency and timing of eating. The conventional American diet
typically consists of approximately 3 meals per day (i.e., breakfast, lunch,
and dinner). This 3-meal frequency of eating pattern is deeply rooted
in American culture (10); however, a recent study designed to assess the
frequency of eating, timing of eating occasions, and the labels applied to
those eating occasions by Americans suggested that Americans now, on
average, report over 5 eating occasions (i.e., meals or snacks) on a given
day (10). Most eating occasions tend to cluster around specific times that
coincide with the conventional naming of meals (11); however, several
advantages and disadvantages are associated with this approach, given
the broad variability in eating behaviors between different population
subgroups in the United States.

This increase in the frequency of eating among the American pop-
ulation is directly related to an increase in snacking, although a lack of
consensus exists on the proper terminology (i.e., definitions and dis-
tinctions) for meals and snacks (12). The term “snacking” is often used
to describe eating behaviors that occur between “traditional” US meal-
times (i.e., breakfast, lunch, dinner); yet, many definitions of snacking
vary according to energy contribution (4, 6), time of day of intake (3, 5,
13–15), and type of food or whether the consumer labels the eating oc-
casion as a snack (5, 10, 16–19). As such, conflicting evidence exists in
the literature as to whether snack consumption should be encouraged
or restricted, and the contribution of snacks to the types and amounts
of foods and beverages ingested remains largely unknown (18–23).

Previous iterations of the US Dietary Guidelines for Americans
(DGA) have not provided any recommendations on eating frequency,
although the DGA have consistently encouraged nutrient-dense food
choices at breakfast and during snacking occasions for improved health
outcomes (1, 24). Heightened public awareness and additional research
efforts focused on specific aspects of eating frequency, including “graz-
ing,” intermittent fasting, time-restricted eating, meal skipping, and
late-night eating, suggest an increased level of interest in the evolving
science of eating frequency. With an emerging scientific evidence base,
an examination of eating behaviors and meal frequency with health out-
comes across diverse populations is possible. Accordingly, an examina-
tion of whether eating frequency affects diet quality and health is war-
ranted and was therefore addressed by the 2020 Dietary Guidelines Ad-
visory Committee (DGAC) for the first time.

The objective of this paper is to provide a summary of the data ex-
amined and findings by the DGAC related to the types of eating oc-

casions (i.e., meals and snacks) and the macronutrient contributions
they provide, respectively, as well as the frequency of meal occasions
relative to dietary quality among the US population (≥2 y), with a fo-
cus on sex, age, race and Hispanic origin, and family income, using
nationally representative data from the NHANES. As such, portions
of this work were previously published in a formal report to the US
government (25).

Methods

The 2020 DGAC comprised 20 non-federal scientists who assembled
as a panel under the endorsement of the Federal Advisory Committee
Act; the DGAC also received additional support from federal staff in
the statistical review and analysis of data on eating frequency and the
macronutrient contributions provided among the US population (25).
The analysis submitted by the Federal Data Analysis Team was com-
pleted using What We Eat in America (WWEIA) data, the dietary com-
ponent of NHANES 2013–2016.

NHANES survey description
NHANES is a nationally representative, cross-sectional survey designed
to assess the health and nutritional status of the noninstitutionalized,
civilian residents of the United States, and is conducted by the National
Center for Health Statistics (NCHS), CDC (26). NHANES uses a com-
plex, stratified, multistage probability cluster sampling design. Data are
collected and released for each 2-y cycle on the NHANES website (27,
28).

In NHANES, data on health and demographic information were first
collected as part of an in-home interview, followed by an examination
completed in person in the Mobile Examination Center (MEC). Dur-
ing the MEC visit, trained dietary interviewers collected information
from participants via a 24-h dietary recall (24HR) using the USDA’s Au-
tomated Multiple-Pass Method (AMPM) (27–29). The research ethics
review board at the NCHS authorized all NHANES protocols; each par-
ticipant (or proxy) provided written informed consent prior to study
initiation. Details regarding NHANES dietary assessment can be found
online (30).

For the current analyses, data available from 2 recent survey cy-
cles (i.e., 2013–2014 and 2015–2016) were used. The responses rates
for the NHANES 2013–2014 and 2015–2016 survey cycles were 68.4%
and 62.3%, respectively. For analyses assessing overall diet quality [via
the Healthy Eating Index (HEI)–2015], NHANES 2013–2014 and 2015–
2016 were combined to obtain estimates with increased precision nec-
essary for a Healthy Eating Index analysis. All other analyses were based
on data from the NHANES 2015–2016 survey cycle. The analytic sam-
ples included Americans aged 2 y and older who had at least 1 reli-
able 24HR for NHANES 2015–2016 (analytic sample 1; n = 7918) and
NHANES 2013–2016 (analytic sample 2; n = 15,985). Thus, for both an-
alytic samples, those who were <2 y of age (n = 464, NHANES 2013–
2014; n = 409 NHANES 2015–2016), did not participate in the day 1
24HR (n = 362, NHANES 2013–2014; n = 427, NHANES 2015–2016),
or had unreliable or incomplete 24HR data were excluded (n = 1282,
NHANES 2013–2014; n = 1217, NHANES 2015–2016).
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NHANES demographic and health-related characteristics
Demographic and health-related characteristics, including data on sex,
age, race and Hispanic origin, and family income, were self-reported
by participants during the household interview. Age (in years) was cat-
egorized as follows: 2–5 y, 6–11 y, 12–19 y, 20–29 y, 30–39 y, 40–49
y, 50–59 y, 60–69 y, and 70+ y; data were also examined among chil-
dren and adolescents (ages 2–19 y) and adults (ages ≥20 y). Race and
Hispanic origin groupings were categorized according to NCHS guide-
lines: non-Hispanic White, non-Hispanic Black, non-Hispanic Asian,
and Hispanic. Family income was identified in accordance with the fam-
ily poverty-to-income ratio (PIR), which examines family income in re-
lation to family size (29, 31, 32). PIR is a commonly used indicator of
family income and serves as a measure of income eligibility for federal
nutrition-assistance programs, such as the Supplemental Nutrition As-
sistance Program (SNAP). Most notably, a PIR ≤130% indicates poten-
tial eligibility for SNAP benefits (33). Conversely, previous studies have
utilized a PIR >350% to designate high-income families (34, 35). Ac-
cordingly, for the purposes of this analysis, 3 PIR categories were estab-
lished: ≤130% (low income), 131–350% (middle income), and >350%
(high income).

NHANES dietary assessment
Dietary intake was self-reported via the in-person, day 1 24HR, con-
ducted by trained interviewers in the MEC. Participants recalled all
foods and beverages consumed over the prior 24-h period, which was
recorded by trained interviewers using the USDA AMPM method (36).
Dietary 24HRs were reported during the MEC examination by partici-
pants or their proxies depending on the age of the participant: children
2 to 5 y used a proxy, children 6 to 8 y used a proxy and assisted the
proxy, older children 9 to 11 y self-reported the 24HR with the assis-
tance of a proxy, and participants aged 12 y and older self-reported the
24HR. The USDA’s Food and Nutrient Database for Dietary Studies, up-
dated for the 2015–2016 NHANES cycle (37), was used to calculate the
energy and macronutrient content of foods and beverages reported. For
each eating occasion recalled on the 24HR, a time stamp, name of eat-
ing occasion, and all foods and beverages (including water) consumed
during that eating occasion were recorded. Survey respondents selected
the name of all eating occasions from a fixed list that was provided dur-
ing the interview. According to the NHANES protocol, types of eating
occasions consisted of breakfast, lunch, dinner, supper, brunch, snack,
drink, and extended consumption (in addition to their Spanish equiva-
lents: desayano, almuerzo, comida, merienda, cena, entre comida, botana,
bocadillo, tentempie, bebida) (38, 39).

Eating occasion definitions
For the purposes of this study, an eating occasion was defined as “any
ingestive event (food or beverage, including water) that is either energy
yielding or non-energy yielding,” whereas frequency of eating was de-
fined as “the number of daily eating occasions.” All eating occasions
were further divided into discrete meal categories (i.e., breakfast, lunch,
dinner, and Spanish-language equivalents) and snacks (i.e., self-defined
snacks, beverage only, and extended consumption events). Breakfast in-
cluded all eating occasions designated by the respondent as “breakfast”
or the Spanish equivalents desayuno and almuerzo; lunch included all
eating occasions designated as “brunch,” “lunch,” or the Spanish equiv-
alent comida; and dinner included all eating occasions designated as

“dinner,” “supper,” or the Spanish equivalent cena (40). Snacks were re-
ported as distinct eating occasions and consisted of 1 or more food and
beverage items, including plain water. All reports of “snack,” “drink,” or
“extended consumption” were included as snacks, as well as the Spanish
equivalents merienda, entre comida, botana, bocadillo, tentempie, and
bebida. Extended consumption was defined as an eating occasion that
does not have a distinct period of consumption (e.g., sipping a cup of
coffee throughout the day), and where the respondent can more eas-
ily report on the total amount consumed rather than smaller amounts
throughout the day.

Diet quality indicator
The HEI-2015 score was utilized to assess dietary quality (41). The HEI-
2015 is a diet quality construct designed to measure how closely the di-
etary patterns of Americans adhere to the 2015–2020 DGA (1, 41, 42).
The HEI-2015 is composed of 13 total dietary components; 9 of these
components focus on food group and nutrient adequacy and include
total fruit, whole fruit, total vegetables, greens and beans, whole grains,
dairy, total protein foods, seafood and plant proteins, and fatty acids (41,
42). The other 4 components are refined grains, sodium, added sugars,
and saturated fats, all of which are nutrient and/or food components
that should be consumed in moderation (41, 42). The HEI-2015 score
ranges from 0 to 100, with a greater score indicating higher diet qual-
ity. The HEI-2015 uses a density-based approach, meaning that it takes
into consideration the amounts of food groups and nutrients consumed
relative to energy intake, as opposed to the absolute quantity of foods
and nutrients consumed (41, 42). It is also important to note that the
HEI-2015 does not take into consideration any nutrient exposures from
dietary supplements.

Statistical analysis
Distributions of meal and snack patterns and estimated proportions of
daily energy and macronutrient intakes from meals and snacks among
the US population and population subgroups were computed using de-
scriptive statistics.

HEI-2015 component and total scores were estimated using day 1
24HR data and the population ratio method; the HEI-2015 population
ratio method has been previously described elsewhere (43), and was
computed using publicly available SAS® macros distributed by the Na-
tional Cancer Institute (43). Briefly, the population ratio method sums
the intake of energy and the relevant food group and nutrient compo-
nents for all individuals in a population to obtain population-level in-
take estimates. The ratio of each food group and/or nutrient component
to energy is then computed and scored; the total score reflects the sum
of the 13 component scores.

All statistical analyses were performed using SAS® version 9.4 (2012;
SAS Institute, Inc.) and SAS®/STAT 14.2 (2016; SAS Institute, Inc.).
SAS-callable SUDAAN®, release 11.0 (2012; RTI International), was
used to account for the WWEIA, NHANES sample design in standard
error estimation and statistical testing. NHANES dietary day 1 sample
weights were used to adjust for oversampling, post-stratification, nonre-
sponse, noncoverage, and differential probabilities of selection (27, 28).
Day of the week of dietary recall was also adjusted for in the estimation
process via NHANES dietary sampling weights (27, 28). For analyses
assessing overall diet quality, estimates between groups were compared
using a 2-sided t test with a Bonferroni correction for multiple com-
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parisons; statistical significance was established at P < 0.0002. NCHS
presentation standards were used for flagging unreliable estimates (44).

Results

The majority of Americans (≥2 y) reported consuming 2 (31%) or 3
(64%) meals on a given day and 2 (23%) or 3 (22%) snacks on that day
(Tables 1 and 2). More than one-third of the population consumed 3–
4 snacks on a given day. However, the frequency of eating, specifically
meal and snack patterns, varied by age, race and Hispanic origin, and
family income. Most notably, the likelihood of reporting 3 meals on a
given day varied by age. US adults (≥ 20 y) were less likely to report
3 meals on a given day, when compared with their child or adolescent
counterparts (Table 1), and they reported the largest percentage of their
daily energy intake at dinner time (36%), as compared with breakfast
(18%), lunch (25%), and snacks (22%) (Supplemental Table 1). Among
children (2–19 y), total daily energy was distributed among breakfast
(18%), lunch (27%), dinner (32%), as well as snacks (23%) in a similar
fashion to adults (Supplemental Table 1 and Supplemental Table 2).

Comparable patterns were also observed when evaluating differ-
ences in eating behaviors by race and Hispanic origin. The frequency
of meals and snacks varied by race and Hispanic origin, with Hispanic
and non-Hispanic Black Americans reporting lower consumption of 3
meals (i.e., breakfast, lunch, and dinner) on a given day as compared
with other race and Hispanic origin groups (Table 3). Additionally, His-
panic children and adults tended to consume a higher amount of energy
and macronutrients as a percentage of daily intake at breakfast than any
other race or Hispanic origin group (Supplemental Table 1 and Supple-
mental Table 3).

Differences were also observed when assessing the frequency of
meals by family income. Those whose family income was less than 131%
of the federal poverty level were more likely to report the lowest num-
ber of meal occasions (i.e., ≤1 meal) when compared with those who
had a family income greater than 131% of the poverty level (Table 4).
Individuals with the lowest income (PIR <131%) had a slightly lower
proportion of macronutrients consumed at lunch when compared with
other income groups (Supplemental Table 3).

As noted above, snacking was ubiquitous in the US population (93%)
(Table 2 and Supplemental Table 2). While these types of eating occa-
sions most often occur in the afternoon between lunch and dinner, they
also provide nearly 22% of total daily energy intake for most Americans
(Supplemental Table 2).

Differential patterns of snacking occurred by family income level.
Across all ages, those whose family income was less than 131% of the
poverty level were the least likely to report consuming meals (i.e., break-
fast, lunch, dinner) or snacks, when compared with their higher income
counterparts (i.e., PIR 131–350% and PIR >350%) (Supplemental Ta-
bles 1 and 2).

When evaluating the relation between meal patterns and dietary
quality using the HEI-2015, Americans who consumed 3 meals on a
given day (HEI-2015 score = 61) consistently reported a diet higher
in dietary quality than Americans who consumed 2 meals on a given
day (HEI-2015 score = 55) (P < 0.001; Table 5). These findings were
also consistent with individual HEI-2015 dietary quality components.

Americans who consumed 3 meals on a given day were likely to have
higher diet quality as a result of higher intakes of several adequacy
components, including total vegetables, greens and beans, total fruit,
whole fruit, whole grains, and dairy (all P < 0.001) and lower intakes
of some moderation components, such as added sugar and sodium
(both P < 0.001), than those who consumed only 2 meals on a given
day (Table 5).

Discussion

Eating behaviors are most commonly characterized by the frequency,
types, and amounts of foods ingested. The frequency of eating is associ-
ated with a wide range of appetitive, digestive, and metabolic processes
that are relevant to the health and well-being of Americans (7, 45–50).
While the types and amounts of foods consumed are a traditional fo-
cus of the US DGA and DGAC, the 2020 Committee was the first to
directly address the question of frequency of eating. Understanding the
frequency of eating in the US population is critical, given that changes
in the frequency of eating may be associated with changes in a person’s
overall nutritional and health status (7, 46, 49–52).

Traditionally, eating occasions aligned closely with the conventional
naming of meals, such as breakfast (e.g., 07:00 to 09:00), lunch (e.g.,
12:00 to 13:00), and dinner (e.g., 18:00 to 20:00). While conventional
naming of meals helps shape the context for providing and tailoring rec-
ommendations, the frequency of conventional meals no longer reflects
the dietary practices of the majority of the US population. Most Amer-
icans now report consumption of approximately 5.7 daily eating occa-
sions, inclusive of meals, snacks, beverages, and extended consumption,
that occur most often at noon or in the “evening.” These daily eating oc-
casions are primarily composed of 2 to 3 meals and 2 to 3 snacks on a
given day. Ninety-three percent of the US population reported at least
1 snack on a given day, which is often consumed in the afternoon be-
tween lunch and dinner. According to the American Time of Use Survey
(ATUS), increased constraints on time are resulting in a larger propor-
tion of Americans participating in eating occasions on the go or while
working (11), which may contribute to the shift in the American dietary
patterns towards secondary eating occasions. This trend raises health
questions as the highest diet quality was observed among Americans
with a more traditional dietary pattern (i.e., consumption of 3 meals on
a given day). The ATUS study population was also most likely to con-
sume 2 to 3 snacks on a given day (as opposed to ≤1 snack or ≥4 snacks)
(11), which is aligned with the number of snacks most commonly con-
sumed among the general US population. However, the analysis of this
nationally representative sample of the US population also indicates that
the frequency of types of eating occasions is shaped by a number of de-
mographic characteristics, such as age, race and Hispanic origin, and
family income.

While the relation between eating frequency and the quality of the
American diet has been investigated, few studies have examined sepa-
rately the effects of meal frequency on dietary quality. An earlier study
conducted by Murakami and Livingstone (53) concluded that higher
meal and snack frequency resulted in higher HEI-2010 scores among US
men and women, after accounting for the confounding effects of energy
intake misreporting. The magnitude of the association was stronger for
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TABLE 1 Distribution of meal patterns on a given day among the US population (≥2 y), by sex and age: NHANES 2015–20161

Meal patterns
Breakfast, lunch,

and dinner2 Any 2 meals Any 1 meal or less

Males
Age group

2–5 y 84 (2.1) 15 (1.9) 1∗ (0.3)
6–11 y 73 (3.7) 24 (3.4) 3∗ (1.0)
12–19 y 52 (2.7) 37 (1.6) 11 (1.9)
20–29 y 54 (4.1) 36 (3.4) 10 (2.1)
30–39 y 60 (2.9) 33 (2.6) 7 (1.4)
40–49 y 65 (4.3) 30 (3.2) 6 (1.9)
50–59 y 60 (3.5) 35 (4.0) 5 (1.4)
60–69 y 67 (5.7) 30 (5.4) 3∗ (0.7)
≥70 y 68 (2.2) 30 (2.2) 2∗ (0.8)

Children (2–19 y) 66 (2.7) 28 (1.9) 6 (1.1)
Adults (≥20 y) 61 (1.7) 33 (1.5) 6 (0.7)
All (≥2 y) 63 (1.7) 31 (1.2) 6 (0.7)

Females
Age group

2–5 y 89 (2.3) 11 (2.3) #

6–11 y 72 (2.4) 24 (2.9) 4 (0.9)
12–19 y 49 (1.6) 41 (2.4) 10 (2.3)
20–29 y 59 (2.5) 33 (2.8) 7 (1.2)
30–39 y 66 (2.6) 29 (2.9) 5 (0.9)
40–49 y 70 (3.7) 27 (3.4) 4∗ (0.7)
50–59 y 65 (3.3) 32 (3.5) 2∗ (0.8)
60–69 y 66 (4.5) 30 (4.8) 4∗ (1.3)
≥70 y 68 (3.1) 28 (2.9) 4∗ (1.1)

Children (2–19 y) 65 (1.8) 29 (2.0) 6 (1.1)
Adults (≥20 y) 66 (1.6) 30 (1.7) 4 (0.4)
All (≥2 y) 65 (1.4) 30 (1.4) 5 (0.4)

Males and females
Children (2–19 y) 66 (2.0) 28 (1.6) 6 (0.9)
Adults (≥20 y) 64 (1.5) 31 (1.3) 5 (0.4)
All (≥2 y) 64 (1.4) 31 (1.1) 5 (0.5)

1Values are % (SE). ∗Indicates an estimate that does not meet National Center for Health Statistics standards of reliability. #Indicates a non-zero value too small to report.
2All eating occasions designated by the respondent as “breakfast,” “lunch,” and “dinner,” respectively, or their Spanish equivalents.

higher meal frequency when compared with higher snack frequency
(53). Similar studies have also suggested that meal frequency, but not
snack frequency, is positively associated with higher dietary quality
among adolescents (54); yet, several findings also support the view
that snacks have the potential to increase dietary quality among chil-
dren (54). Snacks alone provide as much as 35% of total added sug-
ars among children (25). Thus, snacks are a popular target for man-
agement of energy intake. However, snacks also have the potential to
contribute to diet acceptability, quality of life, and increased macronu-
trient content (55). Thus, conscious, healthful snack choices among
US children may aid in improving their dietary quality (56). Alterna-
tive eating practices (i.e., reducing snacking or improving the nutri-
ent density and reducing the energy density of snacks) may also aug-
ment diet quality among children (16, 57, 58), adolescents (17), and
adults (21).

Research needs
While data characterizing eating frequency and dietary patterns exist
at the national level, much fewer data are available to examine the re-

lations between frequency of eating and health. Indeed, the DGAC was
tasked with evaluating a systematic review of literature on frequency
of eating and various health outcomes across the life course. How fre-
quency of eating is defined and examined is not consistent, making
synthesis of the available literature challenging. Due to the inconsis-
tency and limitations in the body of evidence included in the system-
atic review, the evidence was deemed insufficient to draw conclusions
about the relations between frequency of eating and growth, size, body
composition, and risk of overweight and obesity, cardiovascular disease,
and type 2 diabetes. Thus, a research need exists to standardize fre-
quency of eating terms and ingestive events across study designs, and
to complete more well-designed, randomized controlled trials that di-
rectly examine whether a causal role exists between frequency of eat-
ing and health. Future studies on frequency of eating should consider
including all the necessary data in a study to assess frequency of eat-
ing and outcomes, including key confounders and adequate dietary data
collection.

Additionally, intermittent fasting, intermittent energy restriction,
time-restricted eating, breakfast skipping, and late-night eating are all
topics of current public interest. The manipulation of eating frequency
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TABLE 2 Distribution of snack occasions among the US population (≥2 y), by sex, age, race and Hispanic origin, and family
poverty-to-income ratio: NHANES 2015–20161

Snack occasions2

0 1 2 3 4 5 6 ≥7

Males
Children (2–19 y) 8 (1.2) 20 (1.4) 25 (1.7) 21 (1.4) 16 (1.3) 6 (0.7) 2 (0.4) 2 (0.5)
Adults (≥20 y) 7 (0.6) 17 (1.5) 22 (1.2) 20 (1.2) 16 (1.4) 8 (1.1) 5 (1.0) 3 (0.6)
All (≥2 y) 8 (0.7) 18 (1.2) 23 (0.9) 20 (1.0) 16 (1.2) 8 (0.9) 4 (0.8) 3 (0.5)

Females
Children (2–19 y) 9 (1.1) 19 (2.3) 25 (1.3) 21 (1.3) 14 (1.8) 7 (1.0) 3 (0.5) 2 (0.4)
Adults (≥20 y) 5 (0.6) 17 (1.3) 23 (1.4) 25 (1.6) 14 (1.0) 9 (0.9) 3 (0.6) 5 (0.9)
All (≥2 y) 6 (0.5) 17 (1.3) 24 (1.2) 24 (1.2) 14 (0.8) 8 (0.8) 3 (0.4) 4 (0.8)

Males and females
Children (2–19 y) 9 (1.0) 20 (1.5) 25 (0.9) 21 (1.2) 15 (1.1) 6 (0.6) 2 (0.3) 2 (0.3)
Adults (≥20 y) 6 (0.4) 17 (1.1) 23 (1.2) 23 (1.2) 15 (0.9) 8 (0.6) 4 (0.6) 4 (0.6)
All (≥2 y) 7 (0.5) 18 (1.1) 23 (0.8) 22 (0.9) 15 (0.8) 8 (0.6) 4 (0.5) 4 (0.5)

Non-Hispanic White 5 (0.4) 15 (1.2) 22 (1.0) 24 (1.2) 16 (1.1) 9 (0.7) 4 (0.7) 4 (0.6)
Non-Hispanic Black 10 (1.0) 23 (1.3) 27 (1.4) 19 (1.1) 12 (0.8) 5 (0.8) 2 (0.5) 2 (0.3)
Non-Hispanic Asian 7 (1.2) 17 (1.5) 23 (1.3) 19 (1.6) 16 (1.2) 8 (1.1) 4 (1.1) 6 (1.3)
Hispanic 10 (1.3) 22 (1.4) 25 (1.2) 20 (1.2) 12 (1.0) 6 (0.9) 3 (0.5) 2 (0.4)
<131% PIR 11 (0.9) 22 (1.5) 25 (1.3) 21 (1.0) 12 (1.0) 5 (0.7) 2 (0.3) 2 (0.4)
131–350% PIR 7 (0.7) 19 (1.3) 25 (0.9) 22 (1.1) 14 (0.9) 7 (0.8) 4 (0.7) 3 (0.5)
>350% PIR 4 (0.4) 14 (1.3) 20 (1.7) 24 (1.7) 18 (1.3) 10 (0.8) 4 (0.8) 5 (0.9)
1Values are % (SE). PIR, family poverty-to-income ratio.
2Snack occasions were reported as distinct eating occasions during the dietary interview and consisted of ≥1 food and beverage items, including plain water. All reports
of “snack,” “drink,” or “extended consumption” (items that were consumed over a long period of time) were included as snack occasions. Spanish-language interviewers
used Spanish-language snack occasion names: merienda, entre comida, botana, bocadillo, tentempie, and bebida.

TABLE 3 Distribution of meal patterns on a given day among the US population (≥2 y), by race and Hispanic origin: NHANES
2015–20161

Meal patterns
Breakfast, lunch,

and dinner2 Any 2 meals Any 1 meal or less

Non-Hispanic White
Adults (≥20 y) 68 (1.8) 28 (1.7) 3 (0.4)
All (≥2 y) 69 (1.7) 27 (1.5) 4 (0.4)

Non-Hispanic Black
Adults (≥20 y) 49 (1.9) 37 (1.6) 14 (1.1)
All (≥2 y) 52 (1.7) 35 (1.6) 12 (1.0)

Non-Hispanic Asian
Adults (≥20 y) 73 (3.3) 24 (2.6) 3∗ (1.1)
All (≥2 y) 74 (3.0) 23 (2.4) 3 (0.9)

Hispanic
Adults (≥20 y) 49 (2.4) 44 (2.2) 7 (1.1)
All (≥2 y) 51 (1.7) 42 (1.5) 7 (0.9)

1Values are % (SE). ∗Indicates an estimate that does not meet National Center for Health Statistics standards of reliability.
2All eating occasions designated by the respondent as “breakfast,” “lunch,” and “dinner,” respectively, or their Spanish equivalents.

and timing of ingestion is at the core of each of these eating behaviors.
Although timing of eating occasions is also an important consideration
in the relation between frequency of eating and health, the number and
timing of daily eating occasions could be evaluated as the primary in-
tervention/exposure or exposure of interest and health. Given the dif-
ferences observed in timing and frequency of eating varied by key so-
ciodemographic factors like family income in the United States, future
research could address how food insecurity and other constraints on
food choice and access may relate to health.

Strengths and limitations
This study analyzed data from the NHANES, a nationally represen-
tative sample of the US noninstitutionalized population. The findings
are limited by the cross-sectional nature of the data and, therefore, do
not allow inferences regarding temporality or causation. Limitations,
such as energy underreporting, have been previously associated with
self-report dietary data (e.g., 24HRs) and are well-characterized in the
literature (30, 59, 60). Previous studies have shown that energy mis-
reporting varies with different eating occasions (e.g., energy under-
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TABLE 4 Distribution of meal patterns on a given day among the US population (≥2 y), by family poverty-to-income ratio:
NHANES 2015–20161

Meal patterns
Breakfast, lunch,

and dinner2 Any 2 meals Any 1 meal or less

<131% PIR
Adults (≥20 y) 50 (2.5) 39 (2.4) 11 (1.1)
All (≥2 y) 53 (1.9) 36 (1.4) 10 (1.0)

131–350% PIR
Adults (≥20 y) 61 (1.7) 34 (1.4) 5 (0.6)
All (≥2 y) 62 (1.6) 33 (1.2) 5 (0.6)

>350% PIR
Adults (≥20 y) 74 (2.1) 24 (1.9) 2 (0.5)
All (≥2 y) 73 (1.9) 24 (1.7) 2 (0.5)

1Values are % (SE). PIR, family poverty-to-income ratio.
2All eating occasions designated by the respondent as “breakfast,” “lunch,” and “dinner,” respectively, or their Spanish equivalents.

TABLE 5 HEI-2015 total and component scores on a given day among the US population (≥2 y), by the number of meals
consumed: NHANES 2013–20161

Breakfast, lunch,
and dinner Any 2 meals

Difference in
means P (α = 0.0002)

HEI-2015 component
Total vegetables 3.48 (0.11) 3.17 (0.08) 0.308 <0.001
Greens and beans 3.34 (0.24) 2.77 (0.18) 0.568 <0.001
Total fruit 3.16 (0.12) 2.36 (0.13) 0.807 <0.001
Whole fruit 4.70 (0.22) 3.18 (0.19) 1.518 <0.001
Whole grains 3.35 (0.15) 2.32 (0.13) 1.031 <0.001
Dairy 6.32 (0.18) 5.43 (0.16) 0.898 <0.001
Total protein foods 5.00 (0.00) 5.00 (0.00) 0.000 —
Seafood and plant
protein

5.00 (0.00) 4.87 (0.17) 0.134 <0.001

Fatty acid ratio 4.14 (0.21) 4.10 (0.12) 0.045 <0.001
Sodium 3.30 (0.15) 4.42 (0.26) − 1.125 <0.001
Refined grains 6.40 (0.15) 6.38 (0.20) 0.015 0.0005
Saturated fat 5.05 (0.16) 5.29 (0.17) − 0.245 <0.001
Added sugar 7.34 (0.14) 6.04 (0.20) 1.305 <0.001

HEI-2015 total score 60.6 (1.0) 55.3 (0.9) 5.26 <0.001
1Values are HEI score (SE) unless otherwise indicated. HEI, Healthy Eating Index.

reporting is more prevalent with snacks when compared with meals)
(61, 62). However, self-report dietary data can be useful for examining
frequency-of-eating data at the population level and are important for
monitoring the health and nutritional status of the population over time
(59, 60).

Conclusions
Taken together, these findings support the recommendation to make
nutrient-dense food choices at most eating occasions. Healthy dietary
patterns can be constructed in a variety of ways to suit differing life
stages, cultural practices, and income levels; continued efforts to im-
prove diet quality and careful planning of nutrient-dense meals are
presently advisable (25).

Acknowledgments
The authors thank Ashley Vargas for her support provided to the 2020
DGAC Working Group on the frequency of eating. The authors’ respon-

sibilities were as follows—RLB, HJL, RDM, SBH, and CJB: designed
the research and concepts presented; RLB and AEC: wrote sections of
the manuscript; TRP, AJM, JDG, DGR, EES, JdJ, and KOC: performed
the data analysis; RLB, HJL, RDM, SBH, CJB, AEC, NA, TRP, EES,
JdJ, and KOC: provided critical review and insights presented during
manuscript drafting and revision; and all authors: read and approved
the final manuscript.

Data Availability

Data described in the manuscript are publicly available without restric-
tion at: https://wwwn.cdc.gov/nchs/nhanes/default.aspx. Data analy-
sis was performed by the Federal Data Analysis Team for the Dietary
Guidelines Advisory Committee and inquiries regarding the codebook
and/or analytic code should be made to them.

CURRENT DEVELOPMENTS IN NUTRITION

https://wwwn.cdc.gov/nchs/nhanes/default.aspx


8 Bailey et al.

References

1. US Department of Health and Human Services; US Department of
Agriculture. Dietary guidelines for Americans 2015–2020. 8th ed.
Washington (DC): US Government Printing Office; 2015.

2. Micha R, Peñalvo JL, Cudhea F, Imamura F, Rehm CD, Mozaffarian
D. Association between dietary factors and mortality from heart disease,
stroke, and type 2 diabetes in the United States. JAMA 2017;317:
912–24.

3. Garriguet D. Canadians’ eating habits. Health Rep 2007;18:17–32.
4. Murakami K, Livingstone MBE. Eating frequency is positively associated

with overweight and central obesity in US adults. J Nutr 2015;145:
2715–24.

5. Leech RM, Worsley A, Timperio A, McNaughton SA. Characterizing eating
patterns: a comparison of eating occasion definitions. Am J Clin Nutr
2015;102:1229–37.

6. Ma Y, Bertone ER, Stanek EJ, 3rd, Reed GW, Hebert JR, Cohen NL, et al.
Association between eating patterns and obesity in a free-living US adult
population. Am J Epidemiol 2003;158:85–92.

7. Paoli A, Tinsley G, Bianco A, Moro T. The influence of meal frequency and
timing on health in humans: the role of fasting. Nutrients 2019;11.

8. Davis R, Rogers M, Coates AM, Leung GKW, Bonham MP. The impact of
meal timing on risk of weight gain and development of obesity: a review of
the current evidence and opportunities for dietary intervention. Curr Diab
Rep 2022;22:147–55.

9. Santos HO, Genario R, Tinsley GM, Ribeiro P, Carteri RB, Coelho-
Ravagnani CF, et al. A scoping review of intermittent fasting, chronobiology,
and metabolism. Am J Clin Nutr 2022;115:991–1004.

10. Kant AK, Graubard BI. 40-year trends in meal and snack eating behaviors of
American adults. J Acad Nutr Diet 2015;115:50–63.

11. Zeballos E, Todd J, Restrepo B. Frequency and time of day that Americans
eat: a comparison of data from the American Time Use Survey and
the National Health and Nutrition Examination Survey. Washington
(DC):US Department of Agriculture Economic Research Service;
2019.

12. Almoraie NM, Saqaan R, Alharthi R, Alamoudi A, Badh L, Shatwan IM.
Snacking patterns throughout the life span: potential implications on health.
Nutr Res 2021;91:81–94.

13. Duffey KJ, Rivera JA, Popkin BM. Snacking is prevalent in Mexico. J Nutr
2014;144:1843–9.

14. Ovaskainen ML, Tapanainen H, Pakkala H. Changes in the contribution of
snacks to the daily energy intake of Finnish adults. Appetite 2010;54:623–6.

15. Ng SW, Zaghloul S, Ali H, Harrison G, Yeatts K, El Sadig M, et al.
Nutrition transition in the United Arab Emirates. Eur J Clin Nutr 2011;65:
1328–37.

16. Kachurak A, Davey A, Bailey RL, Fisher JO. Daily snacking occasions and
weight status among US children aged 1 to 5 years. Obesity (Silver Spring)
2018;26:1034–42.

17. Tripicchio GL, Kachurak A, Davey A, Bailey RL, Dabritz LJ, Fisher JO.
Associations between snacking and weight status among adolescents 12–19
years in the United States. Nutrients 2019;11:1486.

18. Hess JM, Jonnalagadda SS, Slavin JL. What is a snack, why do we snack, and
how can we choose better snacks? A review of the definitions of snacking,
motivations to snack, contributions to dietary intake, and recommendations
for improvement. Adv Nutr 2016;7:466–75.

19. Mattes R, Tan S-Y. Chapter 27—snacking and energy balance in humans. In:
Nutrition in the Prevention and Treatment of Disease.Coulston AM, Boushey
CJ, Ferruzzi M , editors. 3rd ed.Cambridge (MA):Academic Press; 2013. p.
501–15.

20. Johnson GH, Anderson GH. Snacking definitions: impact on interpretation
of the literature and dietary recommendations. Crit Rev Food Sci Nutr
2010;50:848–71.

21. Bellisle F. Meals and snacking, diet quality and energy balance. Physiol Behav
2014;134:38–43.

22. Hess JM, Slavin JL. The benefits of defining “snacks”. Physiol Behav
2018;193:284–7.

23. Mattes RD. Snacking: a cause for concern. Physiol Behav 2018;193:279–83.
24. US Department of Health and Human Services; US Department of

Agriculture. Dietary guidelines for Americans, 2005. 6th ed. Washington
(DC): US Government Printing Office; 2005.

25. Dietary Guidelines Advisory Committee. Scientific report of the 2020
Dietary Guidelines Advisory Committee: advisory report to the Secretary of
Agriculture and the Secretary of Health and Human Services. Washington
(DC): US Department of Agriculture Agricultural Research Service;
2020.

26. Zipf G, Chiappa M, Porter KS, Ostchega Y, Lewis BG, Dostal J. National
Health and Nutrition Examination Survey: plan and operations, 1999–2010.
National Center for Health Statistics. Vital Health Stat 1 2013;56:1–37.

27. National Center for Health Statistics National Health and Nutrition
Examination Survey 2013–2014 data, documentation, codebooks Hyattsville
(MD):National Center for Health Statistics 2016.

28. National Center for Health Statistics National Health and Nutrition
Examination Survey 2015–2016 data, documentation, codebooks. Hyattsville
(MD):National Center for Health Statistics; 2017.

29. Ahluwalia N, Herrick KA, Rossen LM, Rhodes D, Kit B, Moshfegh A, et al.
Usual nutrient intakes of US infants and toddlers generally meet or exceed
Dietary Reference Intakes: findings from NHANES 2009–2012. Am J Clin
Nutr 2016;104:1167–74.

30. Ahluwalia N, Dwyer J, Terry A, Moshfegh A, Johnson C. Update on
NHANES dietary data: focus on collection, release, analytical considerations,
and uses to inform public policy. Adv Nutr 2016;7:121–34.

31. U.S. Department of Health and Human Services. The poverty guidelines
updated periodically in the Federal Register by the U.S. Department of
Health and Human Services under the authority of 42 U.S.C. 9902(2). 2018.
Available from:https://www.govinfo.gov/content/pkg/USCODE-2020-title4
2/pdf/USCODE-2020-title42-chap106-sec9902.pdf [accessed 25 August
2022].

32. Ahluwalia N, Herrick K, Moshfegh A, Rybak M. Caffeine intake in
children in the United States and 10-y trends: 2001–2010. Am J Clin Nutr
2014;100:1124–32.

33. Oliveira V. The food assistance landscape: FY 2018 annual report:
U.S. Department of Agriculture Economic Research Service. Washington
(DC): U.S. Department of Agriculture Economic Research Service
2019.

34. Bailey RL, Akabas SR, Paxson EE, Thuppal SV, Saklani S, Tucker KL. Total
usual intake of shortfall nutrients varies with poverty among US adults. J Nutr
Educ Behav 2017;49:639–46 e3.

35. Ogden CL, Carroll MD, Fakhouri TH, Hales CM, Fryar CD, Li X, et al.
Prevalence of obesity among youths by household income and education
level of head of household—United States 2011–2014. MMWR Morb Mortal
Wkly Rep 2018;67:186–9.

36. Blanton CA, Moshfegh AJ, Baer DJ, Kretsch MJ. The USDA Automated
Multiple-Pass Method accurately estimates group total energy and nutrient
intake. J Nutr 2006;136:2594–9.

37. US Department of Agriculture. USDA Food and Nutrient Database for
Dietary Studies (FNDDS) 2015–2016. Beltsville (MD): Beltsville Human
Nutrition Research Center; 2018.

38. Cowan AE, Higgins KA, Fisher JO, Tripicchio GL, Mattes RD, Zou P, et al.
Examination of different definitions of snacking frequency and associations
with weight status among U.S. adults. PLoS One 2020;15:e0234355.

39. National Center for Health Statistics. National Health and Nutrition
Examination Survey (NHANES) MEC in-person dietary interviewers
procedures manual 2016. Available from: https://wwwn.cdc.gov/nchs/data
/nhanes/2015-2016/manuals/2016_MEC_In-Person_Dietary_Interviewer
s_Procedures_Manual.pdf [accessed 18 July 2022].

40. U.S. Department of Agriculture Agricultural Research Service. Snacks:
distribution of snack occasions, by gender and age, What We Eat in America,
NHANES 2015–2016. Beltsville (MD):U.S. Department of Agriculture
Agricultural Research Service, 2018.

41. Krebs-Smith SM, Pannucci TE, Subar AF, Kirkpatrick SI, Lerman JL, Tooze
JA, et al. Update of the Healthy Eating Index: HEI-2015. J Acad Nutr Diet
2018;118:1591–602.

CURRENT DEVELOPMENTS IN NUTRITION

https://www.govinfo.gov/content/pkg/USCODE-2020-title42/pdf/USCODE-2020-title42-chap106-sec9902.pdf
https://wwwn.cdc.gov/nchs/data/nhanes/2015-2016/manuals/2016_MEC_In-Person_Dietary_Interviewers_Procedures_Manual.pdf


Frequency of eating in the US population 9

42. Reedy J, Lerman JL, Krebs-Smith SM, Kirkpatrick SI, Pannucci TE, Wilson
MM, et al. Evaluation of the Healthy Eating Index-2015. J Acad Nutr Diet
2018;118:1622–33.

43. National Institutes of Health, National Cancer Institute, Division of Cancer
Control and Population Sciences. Healthy Eating Index—Population Ratio
Method. 2021. Available from: https://epi.grants.cancer.gov/hei/population
-ratio-method.html [accessed 10 December 2021].

44. Parker JD, Talih M, Malec DJ, Beresovsky V, Carroll M, Gonzalez JF,
et al. National Center for Health Statistics data presentation standards for
proportions. Vital Health Stat 2 2017;175:1–22.

45. Raynor HA, Champagne CM. Position of the Academy of Nutrition and
Dietetics: interventions for the treatment of overweight and obesity in adults.
J Acad Nutr Diet 2016;116:129–47.

46. St-Onge MP, Ard J, Baskin ML, Chiuve SE, Johnson HM, Kris-Etherton P,
et al. Meal timing and frequency: implications for cardiovascular disease
prevention: a scientific statement from the American Heart Association.
Circulation 2017;135:e96–e121.

47. Leidy HJ, Campbell WW. The effect of eating frequency on appetite
control and food intake: brief synopsis of controlled feeding studies. J Nutr
2011;141:154–7.

48. McCrory MA, Shaw AC, Lee JA. Energy and nutrient timing for weight
control: does timing of ingestion matter? Endocrinol Metab Clin North Am
2016;45:689–718.

49. Munsters MJM, Saris WHM. Effects of meal frequency on metabolic profiles
and substrate partitioning in lean healthy males. PLoS One 2012;7:e38632.

50. Mattes R. Energy intake and obesity: ingestive frequency outweighs portion
size. Physiol Behav 2014;134:110–8.

51. Kant AK, Schatzkin A, Graubard BI, Ballard-Barbash R. Frequency of eating
occasions and weight change in the NHANES I Epidemiologic Follow-up
Study. Int J Obesity Relat Metabc Disord 1995;19:468–74.

52. Kahleova H, Lloren JI, Mashchak A, Hill M, Fraser GE. Meal frequency and
timing are associated with changes in body mass index in Adventist Health
Study 2. J Nutr 2017;147:1722–8.

53. Murakami K, Livingstone MB. Associations between meal and
snack frequency and diet quality in US adults: National Health and
Nutrition Examination Survey 2003–2012. J Acad Nutr Diet 2016;116:
1101–13.

54. Evans EW, Jacques PF, Dallal GE, Sacheck J, Must A. The role of
eating frequency on total energy intake and diet quality in a low-income,
racially diverse sample of schoolchildren. Public Health Nutr 2015;18:
474–81.

55. Njike VY, Smith TM, Shuval O, Shuval K, Edshteyn I, Kalantari V, et al. Snack
food, satiety, and weight. Adv Nutr 2016;7:866–78.

56. Hess J, Slavin J. Snacking for a cause: nutritional insufficiencies and
excesses of U.S. children, a critical review of food consumption patterns
and macronutrient and micronutrient intake of U.S. children. Nutrients
2014;6:4750–9.

57. Kachurak A, Bailey RL, Davey A, Dabritz L, Fisher JO. Daily snacking
occasions, snack size, and snack energy density as predictors of diet quality
among US children aged 2 to 5 years. Nutrients 2019;11(7):1440.

58. Deming DM, Reidy KC, Fox MK, Briefel RR, Jacquier E, Eldridge
AL. Cross-sectional analysis of eating patterns and snacking in the US
Feeding Infants and Toddlers Study 2008. Public Health Nutr 2017;20:
1584–92.

59. Subar AF, Freedman LS, Tooze JA, Kirkpatrick SI, Boushey C, Neuhouser
ML, et al. Addressing current criticism regarding the value of self-report
dietary data. J Nutr 2015;145:2639–45.

60. Hébert JR, Hurley TG, Steck SE, Miller DR, Tabung FK, Peterson KE, et al.
Considering the value of dietary assessment data in informing nutrition-
related health policy. Adv Nutr 2014;5:447–55.

61. Hill RJ, Davies PS. The validity of self-reported energy intake as
determined using the doubly labelled water technique. Br J Nutr 2001;85:
415–30.

62. Poppitt SD, Swann D, Black AE, Prentice AM. Assessment of selective under-
reporting of food intake by both obese and non-obese women in a metabolic
facility. Int J Obesity Relat Metab Disord 1998;22:303–11.

CURRENT DEVELOPMENTS IN NUTRITION

https://epi.grants.cancer.gov/hei/population-ratio-method.html

