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Abstract
Objective: To examine the associations of meal frequency (MF) and snack
frequency (SF) with diet quality.
Design: Dietary intake was assessed using two 24 h dietary recalls. All eating
occasions providing ≥210 kJ of energy were divided into meals or snacks on the
basis of contribution to energy intake (≥15% or <15%), self-report and time
(06.00–09.00, 12.00–14.00 and 17.00–20.00 hours, or others). Diet quality was
assessed using the Healthy Eating Index (HEI)-2010.
Setting: Nationally representative sample of the US population.
Subjects: Children aged 6–11 years (n 4269) and adolescents aged 12–19 years
(n 6193) in the National Health and Nutrition Examination Survey 2003–2012.
Results: Irrespective of the definition of meals, higher MF was associated with
higher HEI-2010 in both children and adolescents. One additional meal per day
increased HEI-2010 by 1·45–3·59 points (all P< 0·005). Conversely, the associa-
tions for SF were inconsistent. While SF based on energy contribution was
positively associated with HEI-2010 in both children and adolescents
(0·70 (P= 0·001) and 1·00 (P< 0·0001) point increase by one additional snack,
respectively), there were no associations for SF based on self-report or time. In
analyses in which only plausible energy reporters (3425 children and 3753
adolescents) were included, similar results were obtained.
Conclusions: In a representative sample of US children and adolescents, MF was
associated with better diet quality, while the associations for SF varied depending
on the definition of snacks. The findings highlight the importance of applying
different definitions of meals and snacks when assessing the impact of dietary
patterns on health.
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Diet in childhood and adolescence has been suggested to
have a potential lifelong effect on the development of
many chronic diseases such as obesity(1) and CVD(2).
Additionally, evidence suggests that dietary patterns
established during childhood and adolescence persist into
adulthood at least to some extent(3,4). Thus, investigation
of dietary behaviours that contribute to healthier dietary
patterns in children and adolescents is a high public health
priority. In this regard, eating frequency (EF), i.e. sum of
meal frequency (MF) and snack frequency (SF), has
received increased attention because of an increasing
trend in EF in representative samples of US children and
adolescents between the 1970s and 2000s(5), in parallel
with an increasing prevalence of overweight and
obesity(6). Nevertheless, research on the association

between EF and dietary intake is extremely limited in
young populations(7).

Investigation of EF in relation to dietary intake in adult
populations has also produced inconsistent associa-
tions(8–14). However, several methodological limitations
make it difficult to interpret these studies. First, EF has
often been estimated using a series of self-report ques-
tions(8–11,15–19), the validity of which has not been exam-
ined or reported. Only a limited number of studies have
estimated EF with the use of information on actual dietary
behaviours (based on dietary record or 24 h recall)(20–24).
Second, there is no consensus about what constitutes a
snack, a meal or an eating occasion. While some studies
have relied on respondents’ self-identification of meals,
snacks or eating occasions(8–11,15–18,25,26), others have tried
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to apply more objective criteria(19–24,27–30). Third, the
associations between EF and dietary intake may be
confounded by the under-reporting of EF accompanied by
the under-reporting of energy intake (EI), particularly by
obese or overweight individuals(12,13). Taken together, the
discrepant findings are not surprising and merit more
robust data analyses than hitherto to resolve this issue.

Furthermore, potentially different effects of MF and SF
have not been investigated using different definitions of
meals and snacks. An accurate distinction between meals
and snacks is important, because they are hypothesized to
exert different effects on EI and dietary intake(14). This is also
important for the development of science-based recom-
mendations on snack and meal patterns for consumers(31).
Moreover, in the absence of a universally accepted defini-
tion of meals and snacks, an understanding of the influence
of different meal and snack definitions on the associations
with diet quality may facilitate the interpretation of the
existing literature and help establish consensus on the most
appropriate research definition for meals and snacks(14).

The aim of the present cross-sectional study in a
representative sample of US children and adolescents
based on the data from the National Health and Nutrition
Examination Survey (NHANES) was to examine the
relationship of MF and SF with diet quality, by focusing on
the confounding of EI misreporting and the use of
different definitions of meals and snacks.

Methods

Survey design and analytic sample
The present cross-sectional analysis was based on public
domain data from NHANES, a continuing population-
based survey that uses a complex, stratified multistage
probability sample design to create a representative
sample of the non-institutionalized civilian US popula-
tion(32,33). The survey examines about 5000 persons each
year and the data are released in two-year cycles. The
unweighted response rates for the examined persons aged
6–19 years for NHANES 2003–2004, 2005–2006,
2007–2008, 2009–2010 and 2011–2012 were 84%, 83%,
83%, 86% and 77%, respectively(34). The documentation
and data for each of these surveys used were downloaded
from the NHANES website(35).

The analytic sample was limited to children and
adolescents aged 6–19 years with two complete and
reliable, self-reported 24h dietary recall data determined by
the National Center for Health Statistics (n 11 712). After
excluding pregnant (n 96) and lactating (n 15) respondents
as well as those with missing information on the variables
of interest (n 672 for family poverty income ratio; n 446 for
education of household head; n 153 for body height or
weight; n 3 for some EF variables; some respondents had
more than one missing value), the final analytic sample
included 10 462 respondents from NHANES 2003–2012.

Dietary assessment
All surveys collected dietary information with the use of
two 24 h dietary recalls (one by face-to-face interview and
one by telephone 3–10 d after the first recall). The dietary
data were collected with the use of an automated five-step
multiple pass approach, namely the US Department of
Agriculture’s Automated Multiple-Pass Method(35–39). Par-
ticipants were asked to report the time each food and
beverage was eaten and to classify each eating occasion
from a predefined list of categories, which were used to
define meals and snacks, as described later. Proxies, most
commonly a parent, assisted with the dietary interview for
children aged 6–11 years; dietary intake was self-reported
by adolescents aged 12–19 years. Estimates of intakes of
energy and selected nutrients from all reported foods and
beverages were calculated by using the US Department of
Agriculture’s Food and Nutrient Database for Dietary
Studies(35). The mean of dietary intake over the 2 d for
each participant was used for the present analysis.

Assessment of diet quality
As a measure of diet quality, the Healthy Eating Index
(HEI)-2010 was applied. Food group and nutrient
component standards and the development and evalua-
tion of the HEI-2010 have been described previously(40,41).
Briefly, the HEI-2010 is an index that reflects con-
formance/adherence to the 2010 Dietary Guidelines for
Americans(42), including twelve components. Of these,
nine components assess adequacy of the diet (total fruit;
whole fruit; total vegetables; greens and beans; whole
grains; dairy; total protein foods; seafood and plant pro-
teins; fatty acids as the ratio of PUFA and MUFA to SFA),
with higher scores reflecting better diet quality. The
remaining three components assess moderation of the diet
(refined grains; sodium; empty calories, i.e. energy from
solid fats, alcohol and added sugars), with higher scores
reflecting better diet quality (lower consumption). A den-
sity approach is used to set standards (i.e. per 4184 kJ of
energy or as a percentage of energy). The scores of the
twelve components are summed to a total score (i.e.
HEI-2010), the maximum of which is 100. The SAS code
used to calculate HEI-2010 was downloaded from the
Center for Nutrition Policy and Promotion’s website(43).

Definition of eating frequency, meal frequency and
snack frequency
Data from the two 24 h dietary recalls were also used to
calculate the average number of eating occasions per day,
i.e. EF. Eating occasions were defined as any occasion
when any food or drink was consumed(24–26,30). In many
previous studies, if two eating occasions occurred in
≤15min, both events were counted as a single eating
occasion; when >15min separated two eating occasions,
these were considered distinct eating occa-
sions(20,21,23,24,30). In the present study, however, all foods
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and beverages reported at one discrete clock time were
considered as part of one eating occasion, because almost
all eating episodes (>99·5%) occurred at least 15min apart
in NHANES(44). EF was calculated based on all eating
occasions except for those providing <210 kJ of energy.
This calculation method has been used in several previous
studies(21,24–26,30) and was chosen to avoid giving undue
weight to eating occasions that included only water,
low-calorie beverages or small quantities of foods.

All eating occasions were divided into either meals or
snacks with the use of three different published defini-
tions: on the basis of (i) contribution to total EI(45); (ii) self-
reported name of eating occasion(44); and (iii) clock
time(46). For the first definition(45), a meal was defined as
any eating episode comprising ≥15% of total EI, regard-
less of the time of day or composition of foods or
beverages consumed. All other eating episodes were
classified as a snack. For each participant, MF and SF
determined based on percentage contribution to total EI
were thus calculated (hereafter referred to as MFenergy%
and SFenergy%, respectively). For the second definition(44),
any eating occasions with self-reported name of ‘break-
fast’, ‘brunch’, ‘lunch’, ‘supper’ and ‘dinner’ or their
equivalents in Spanish were considered meals. All other
self-reported eating events (i.e. ‘snack’, ‘drink’ and
‘extended consumption’ or their equivalents in Spanish, as
well as ‘other’ and ‘don’t know’) were considered snacks.
For each participant, MF and SF determined based on
self-report were thus calculated (hereafter referred to as
MFself-report and SFself-report, respectively). For the third
definition(46), meals were defined as eating events repor-
ted during selected times of the day, i.e. 06.00–09.00,
12.00–14.00 and 17.00–20.00 hours. All other eating
occasions were considered snacks. For each participant,
MF and SF determined based on the time consumed were
thus calculated (hereafter referred to as MFtime and SFtime,
respectively).

Assessment of non-dietary variables
Race/ethnicity was categorized as non-Hispanic white,
non-Hispanic black, Mexican American, and others. As
indicators of socio-economic status, we considered family
income as a percentage of the federal poverty threshold
and years of education of the household head. The family
poverty income ratio was categorized as <130%,
130–349% and ≥350%(47). The educational level of the
household head was categorized as <12 years, 12 years,
some college, and college degree or more. Information on
household size (≤2, 3–4 or ≥5) was also collected. The
physical activity variable was created as follows. For
children aged 6–11 years, the response to the question on
the number of times per week that play or exercise was
hard enough to induce sweat in the past 7 d (NHANES
2009–2012) or without a specified period (NHANES
2003–2008): 0–3 times= low; 4–6 times=moderate; and
7 times= active. For adolescents aged 12–19 years, the

responses to two different questions on any leisure-time
moderate or vigorous activities lasting ≥10min in the past
30 d (NHANES 2003–2006) or without a specified period
(NHANES 2007–2012): no to both two questions= low;
yes to one question=moderate; and yes to both two
questions= active. The hours of screen time were deter-
mined from questions on television/video watching (h/d)
or computer use (h/d) over the past 30 d (except for
adolescents aged 12–19 years in NHANES 2007–2008 and
2009–2010, for whom information on sedentary activity
was used), which were categorized as <2, ≥2 to <4, ≥4 to
<6 and ≥6 h/d. BMI (kg/m2) was calculated as weight
(in kilograms) divided by height (in metres) squared. The
percentile of BMI-for-age was calculated using the SAS
program for growth charts available from the Centers for
Disease Control and Prevention(48,49). Weight status was
defined based on the percentile of BMI-for-age as
follows(50): underweight (<5th percentile); normal (≥5th
to <85th percentile); overweight (≥85th to <95th
percentile); and obese (≥95th percentile).

Misreporting of EI was evaluated based on the ratio of
EI to estimated energy requirement (EER). EER was
calculated using sex-, age- and weight status-specific
equations published from the US Dietary Reference
Intakes, based on sex, age, body height and weight, and
physical activity(51). Because of a lack of an objective
measure of physical activity in the present study, we
assumed ‘low active’ level of physical activity (i.e. physical
activity level ≥1·4 to <1·6)(51) for all participants during
this calculation. The 95% confidence limits of the expec-
ted EI:EER of 1·0 (i.e. 0 on the natural log scale) were
calculated, taking into account coefficients of variation in
intakes and other components of energy balance (i.e. the
within-subject variation in EI= 23%; the error in the EER
equations= 4·8%; the day-to-day variation in total energy
expenditure= 8·2%)(52). Consequently, under-, acceptable
and over-reporters were defined as having EI:EER <0·69,
0·69–1·46 and >1·46, respectively.

Statistical analysis
Statistical analyses were performed for children aged
6–11 years (n 4269) and adolescents aged 12–19 years
(n 6193) separately, using the statistical software package
SAS version 9·2. All of the analyses used the NHANES-
provided sampling weights that were calculated to take
into account unequal probabilities of selection resulting
from the sample design, non-response and planned
oversampling of selected subgroups, so that the results are
representative of the US community-dwelling popula-
tion(33,53). Linear regression analyses were performed to
explore the associations of EF, MF and SF (independent
variables) with dietary intake variables (dependent vari-
ables). EF, MF and SF were analysed continuously after
confirming the linearity of relationships using tertile,
quartile and quintile categories. With the use of the PROC
SURVEYREG procedure, we calculated the adjusted
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regression coefficients (with standard errors) of variation
of dietary intakes by one increase of EF, MF and SF.
Potential confounding factors considered were sex, age,
race/ethnicity, family poverty income ratio, education of
household head, household size, physical activity,
watching television and computer use, weight status,
dietary reporting status and survey cycle. We repeated the
analyses without adjustment for dietary reporting status as
well as those after excluding under- and over-reporters. All
reported P values are two-tailed, and P< 0·01 was con-
sidered statistically significant to minimize the chance of a
type 1 error arising from multiple testing.

Results

Basic characteristics of the participants are shown in
Table 1. The mean value of EF was higher in children than
in adolescents. The mean values of MF and SF were also
higher in children than in adolescents irrespective of the
definition applied, except for no difference in SFtime.

Table 2 shows EF, MFself-report and SFself-report (as
examples) according to categories of participants’
characteristics. In both age groups, there was no sex dif-
ference in any measures. For children EF and SFself-report
were the highest in non-Hispanic whites and MFself-report
was the highest in Mexican Americans, with the lowest in
non-Hispanic blacks. For adolescents EF was the highest
in others and MFself-report was the highest in non-Hispanic
whites, with the lowest in non-Hispanic blacks. Only in
adolescents, there were positive associations between
family poverty income ratio and EF and MFself-report. Edu-
cation of the household head was positively associated
with MFself-report in both children and adolescents.

Household size showed an association with MFself-report
only in adolescents, with the highest value in the ‘3–4’
group and the lowest in the ‘≤2’ group. All EF, MFself-report
and SFself-report were positively associated with physical
activity in adolescents. Watching television and computer
use was inversely associated with MFself-report only in
children and with EF only in adolescents. SFself-report was
highest in the ‘≥4 to <6 h/d’ group and lowest in the
‘≥6 h/d’ group only in adolescents. Weight status was
inversely associated with all EF, MFself-report and SFself-report
in adolescents, while in children MFself-report was the
highest in those who were underweight and the lowest in
those who were overweight. Over-reporters had the
highest values for all measures, with under-reporters
having the lowest values. In adolescents, survey cycle
was associated positively with MFself-report and inversely
with SFself-report.

Associations of EF, MF and SF with HEI-2010 and its
component intakes are presented in Table 3. Irrespective
of the definition of meals, MF was positively associated
with HEI-2010 in both age groups. In children, one addi-
tional meal per day defined by MFenergy%, MFself-report and
MFtime increased HEI-2010 by 1·45, 3·59 and 1·72 points,
respectively. The corresponding value in adolescents was
1·74, 3·56 and 1·99 points, respectively. All measures of MF
also showed positive associations with whole grains.
There was a positive association between MFenergy% and
total fruit in children, while in adolescents MFenergy% was
associated positively with dairy and inversely with total
vegetables, fatty acids ratio and sodium. MFself-report was
positively associated with total fruit, whole fruit (adoles-
cents only) and dairy, and inversely with the fatty acids
ratio (adolescents only) and empty calories. MFtime

showed positive associations with total fruit, whole fruit,

Table 1 Basic characteristics of the sample of US children and adolescents: National Health and Nutrition Examination Survey 2003–2012*

Children aged 6–11 years (n 4269) Adolescents aged 12–19 years (n 6193)

Mean SE Mean SE P†

EF (times/d) 4·76 0·03 4·13 0·03 <0·0001
MFenergy% (times/d)‡ 2·87 0·01 2·68 0·01 <0·0001
SFenergy% (times/d)‡ 1·89 0·03 1·45 0·03 <0·0001
MFself-report (times/d)§ 2·88 0·01 2·55 0·01 <0·0001
SFself-report (times/d)§ 1·89 0·03 1·58 0·03 <0·0001
MFtime (times/d)|| 2·96 0·02 2·40 0·02 <0·0001
SFtime (times/d)|| 1·80 0·02 1·73 0·03 0·05
EI (kJ/d) 8204 65 8992 87 <0·0001

EF, eating frequency; MFenergy%, meal frequency (MF) determined based on percentage contribution to total EI; SFenergy%, snack frequency (SF) determined
based on percentage contribution to total EI; MFself-report, MF determined based on self-report; SFself-report, SF determined based on self-report; MFtime, MF
determined based on the time consumed; SFtime, SF determined based on the time consumed; EI, energy intake.
*Analyses are based on participants with complete data on two 24 h dietary recalls as well as complete information on the variables of interest. All dietary
variables are based on mean values of two 24 h dietary recalls.
†P values for differences between children and adolescents based on independent t test.
‡A meal was defined as any eating episode comprising ≥15% of total EI, regardless of the time of day or composition of foods and beverages consumed; all
other eating episodes were classified as snacks.
§Self-reports of breakfast, brunch, lunch, supper and dinner or their equivalents in Spanish were considered as meals; all other self-reported eating events were
considered as snacks.
||Meals were defined as eating events reported during selected times of the day (0.600–09.00, 12.00–14.00 and 17.00–20.00 hours); all other eating occasions
were considered as snacks.
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Table 2 Eating frequency, meal frequency and snack frequency according to categories of participants’ characteristics: US children and
adolescents, National Health and Nutrition Examination Survey 2003–2012*

Children aged 6–11 years (n 4269) Adolescents aged 12–19 years (n 6193)

EF
(times/d)

MFself-report
(times/d)†

SFself-report
(times/d)†

EF
(times/d)

MFself-report
(times/d)†

SFself-report
(times/d)†

n Mean SE Mean SE Mean SE n Mean SE Mean SE Mean SE

Sex
Boys 2112 4·83 0·04 2·89 0·02 1·94 0·04 3162 4·20 0·04 2·57 0·02 1·63 0·04
Girls 2157 4·70 0·04 2·86 0·02 1·83 0·03 3031 4·06 0·04 2·52 0·02 1·54 0·03
P ‡ 0·013 0·14 0·03 0·012 0·05 0·05

Race/ethnicity
Non-Hispanic white 1269 4·85 0·04 2·89 0·02 1·96 0·04 1774 4·18 0·04 2·59 0·02 1·60 0·04
Non-Hispanic black 1137 4·37 0·04 2·75 0·03 1·62 0·04 1932 3·86 0·05 2·33 0·03 1·53 0·04
Mexican American 1164 4·77 0·05 2·96 0·03 1·81 0·04 1662 4·10 0·05 2·58 0·03 1·51 0·04
Others 699 4·81 0·07 2·89 0·02 1·92 0·07 825 4·22 0·07 2·54 0·04 1·68 0·06
P ‡ <0·0001 <0·0001 <0·0001 <0·0001 <0·0001 0·10

Family poverty income ratio
<130% 1855 4·69 0·05 2·87 0·02 1·82 0·04 2513 4·06 0·04 2·50 0·03 1·56 0·03
130–349% 1512 4·76 0·06 2·87 0·03 1·89 0·05 2259 4·04 0·04 2·50 0·02 1·55 0·04
≥350% 902 4·85 0·05 2·89 0·02 1·96 0·06 1421 4·28 0·05 2·64 0·02 1·65 0·05
P ‡ 0·08 0·60 0·12 <0·0001 <0·0001 0·10

Education of household head
<12 years 1207 4·61 0·05 2·81 0·03 1·80 0·05 1871 4·09 0·05 2·51 0·03 1·58 0·04
12 years 1035 4·76 0·06 2·83 0·03 1·93 0·05 1435 4·00 0·05 2·48 0·03 1·52 0·05
Some college 1196 4·83 0·05 2·90 0·02 1·93 0·05 1831 4·15 0·04 2·52 0·02 1·63 0·04
College degree or more 831 4·81 0·06 2·93 0·02 1·88 0·05 1056 4·26 0·07 2·67 0·03 1·59 0·06
P ‡ 0·011 0·002 0·21 0·011 <0·0001 0·49

Household size
≤2 155 4·86 0·12 2·88 0·04 1·99 0·11 495 3·93 0·08 2·38 0·05 1·56 0·07
3–4 1825 4·75 0·04 2·86 0·02 1·89 0·04 2831 4·16 0·04 2·58 0·02 1·59 0·04
≥5 2289 4·77 0·04 2·89 0·01 1·88 0·04 2867 4·13 0·04 2·54 0·02 1·59 0·04
P ‡ 0·64 0·57 0·69 0·03 0·004 0·90

Physical activity§
Low 714 4·73 0·08 2·82 0·02 1·91 0·07 972 3·86 0·05 2·40 0·04 1·46 0·04
Moderate 989 4·69 0·05 2·90 0·02 1·79 0·05 2514 4·07 0·03 2·56 0·02 1·51 0·03
Active 2566 4·80 0·03 2·88 0·02 1·92 0·04 2707 4·28 0·04 2·58 0·02 1·69 0·04
P ‡ 0·15 0·02 0·08 <0·0001 0·0006 <0·0001

Watching television and computer use
<2 h/d 1108 4·70 0·06 2·93 0·02 1·78 0·05 1097 4·19 0·07 2·57 0·03 1·62 0·06
≥2 to <4 h/d 1792 4·79 0·05 2·89 0·02 1·90 0·05 1627 4·19 0·05 2·57 0·03 1·62 0·05
≥4 to <6 h/d 843 4·80 0·06 2·84 0·03 1·97 0·05 1339 4·20 0·06 2·51 0·03 1·69 0·05
≥6 h/d 526 4·75 0·09 2·77 0·04 1·99 0·08 2130 4·03 0·04 2·54 0·02 1·49 0·04
P ‡ 0·52 0·005 0·06 0·008 0·18 0·0095

Weight status||
Underweight 122 4·76 0·12 3·00 0·05 1·76 0·13 201 4·52 0·13 2·72 0·06 1·79 0·11
Normal 2595 4·81 0·04 2·91 0·01 1·90 0·03 3699 4·25 0·03 2·58 0·02 1·67 0·03
Overweight 684 4·68 0·07 2·78 0·03 1·90 0·06 1017 3·88 0·07 2·48 0·03 1·40 0·06
Obese 868 4·67 0·05 2·82 0·03 1·86 0·05 1276 3·87 0·05 2·46 0·03 1·41 0·04
P ‡ 0·08 <0·0001 0·63 <0·0001 <0·0001 <0·0001

Dietary reporting status¶
Under-reporting 447 3·90 0·07 2·50 0·05 1·40 0·05 2115 3·54 0·04 2·37 0·03 1·18 0·03
Acceptable reporting 3425 4·77 0·03 2·90 0·01 1·86 0·03 3752 4·36 0·03 2·62 0·02 1·74 0·03
Over-reporting 397 5·53 0·10 2·99 0·03 2·54 0·09 326 5·10 0·14 2·72 0·08 2·38 0·15
P ‡ <0·0001 <0·0001 <0·0001 <0·0001 <0·0001 <0·0001

Survey cycle
2003–2004 775 4·82 0·06 2·80 0·03 2·02 0·05 1758 4·22 0·07 2·47 0·04 1·75 0·06
2005–2006 873 4·76 0·06 2·86 0·04 1·90 0·07 1716 4·19 0·06 2·53 0·03 1·66 0·06
2007–2008 813 4·74 0·06 2·92 0·02 1·83 0·05 857 4·07 0·07 2·53 0·03 1·55 0·07
2009–2010 867 4·73 0·05 2·88 0·02 1·85 0·04 944 4·09 0·06 2·59 0·02 1·50 0·05
2011–2012 941 4·76 0·08 2·92 0·02 1·84 0·09 918 4·08 0·06 2·61 0·03 1·46 0·06
P ‡ 0·85 0·03 0·09 0·44 0·009 0·006

EF, eating frequency; MFself-report, meal frequency determined based on self-report; SFself-report, snack frequency determined based on self-report.
*Analyses are based on participants with complete data on two 24 h dietary recalls as well as complete information on the variables of interest. All dietary
variables are based on mean values of two 24h dietary recalls.
†Self-reports of breakfast, brunch, lunch, supper and dinner or their equivalents in Spanish were considered as meals; all other self-reported eating events were
considered as snacks.
‡Based on Wald’s F test.
§The physical activity variable was created as follows. For children aged 6–11 years, the response to the question on the number of times per week that play or
exercise was hard enough to induce sweat in the past 7 d (NHANES 2009–2012) or without a specified period (NHANES 2003–2008): 0–3 times= low; 4–6
times=moderate; and 7 times= active. For adolescents aged 12–19 years, the responses to two different questions on any leisure-time moderate or vigorous
activities lasting ≥10min in the past 30 d (NHANES 2003–2006) or without a specified period (NHANES 2007–2012): no to both two questions= low; yes to one
question=moderate; and yes to both two questions= active.
||Defined based on the percentile of BMI-for-age(50): <5th percentile for underweight; ≥5th to <85th percentile for normal; ≥85th to <95th percentile for
overweight; and ≥95th percentile for obese.
¶Defined based on ratio of reported energy intake to estimated energy requirement: <0·69 for under-reporting; 0·69–1·46 for acceptable reporting; and >1·46 for
over-reporting.
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Table 3 Associations of eating frequency, meal frequency and snack frequency with the Healthy Eating Index (HEI)-2010 and its component intakes: US children and adolescents, National Health and Nutrition
Examination Survey 2003–2012*

EF (times/d) MFenergy% (times/d)† SFenergy% (times/d)† MFself-report (times/d)‡ SFself-report (times/d)‡ MFtime (times/d)§ SFtime (times/d)§

Mean SE β|| SE|| P β|| SE|| P β|| SE|| P β|| SE|| P β|| SE|| P β|| SE|| P β|| SE|| P

Children aged 6–11 years (n 4269)
HEI-2010 47·0 0·34 1·21 0·25 <0·0001 1·45 0·50 0·005 0·70 0·21 0·001 3·59 0·58 <0·0001 0·60 0·27 0·03 1·72 0·32 <0·0001 0·10 0·26 0·70
Total fruit (cup eq./4184 kJ) 0·62 0·02 0·09 0·01 <0·0001 0·07 0·02 0·004 0·06 0·01 <0·0001 0·12 0·03 0·0002 0·07 0·01 <0·0001 0·10 0·01 <0·0001 0·03 0·01 0·04
Whole fruit (cup eq./4184 kJ) 0·34 0·01 0·04 0·01 <0·0001 0·03 0·02 0·13 0·03 0·01 0·0002 0·05 0·03 0·05 0·04 0·01 <0·0001 0·05 0·01 <0·0001 0·01 0·01 0·26
Total vegetables

(cup eq./4184 kJ)
0·51 0·01 −0·02 0·01 0·011 −0·02 0·02 0·17 −0·01 0·01 0·09 0·02 0·02 0·32 −0·03 0·01 0·003 −0·01 0·01 0·50 −0·02 0·01 0·011

Greens and beans
(cup eq./4184 kJ)

0·043 0·002 −0·002 0·002 0·30 −0·001 0·005 0·75 −0·002 0·002 0·47 0·003 0·006 0·67 −0·003 0·003 0·22 0·000 0·002 0·84 −0·004 0·003 0·20

Whole grains
(oz eq./4184 kJ)

0·35 0·01 0·03 0·01 0·004 0·10 0·02 <0·0001 0·004 0·010 0·70 0·10 0·02 <0·0001 0·01 0·01 0·27 0·05 0·01 <0·0001 −0·005 0·011 0·64

Dairy (cup eq./4184 kJ) 1·18 0·02 0·03 0·01 0·05 0·05 0·03 0·05 0·01 0·01 0·37 0·14 0·02 <0·0001 0·002 0·013 0·88 0·02 0·02 0·19 0·01 0·01 0·28
Total protein foods

(oz eq./4184 kJ)
2·21 0·03 −0·14 0·02 <0·0001 −0·05 0·05 0·35 −0·11 0·02 <0·0001 0·01 0·06 0·86 −0·16 0·02 <0·0001 −0·10 0·04 0·009 −0·10 0·03 0·0004

Seafood and plant proteins
(oz eq./4184 kJ)

0·40 0·02 −0·05 0·03 0·08 −0·02 0·05 0·71 −0·03 0·02 0·06 0·02 0·03 0·44 −0·05 0·03 0·06 −0·04 0·03 0·20 −0·02 0·02 0·20

Fatty acids¶ 1·70 0·01 −0·02 0·01 0·09 −0·04 0·02 0·09 −0·01 0·01 0·30 −0·06 0·03 0·05 −0·01 0·01 0·32 −0·03 0·01 0·05 −0·01 0·01 0·56
Refined grains

(oz eq./4184 kJ)
3·09 0·03 −0·08 0·03 0·005 −0·03 0·05 0·57 −0·06 0·03 0·03 0·05 0·05 0·29 −0·09 0·03 0·004 −0·05 0·03 0·12 −0·06 0·03 0·02

Sodium (g/4184 kJ) 1·57 0·01 −0·06 0·01 <0·0001 −0·03 0·01 0·04 −0·04 0·01 <0·0001 −0·01 0·02 0·79 −0·06 0·01 <0·0001 −0·04 0·01 <0·0001 −0·04 0·01 <0·0001
Empty calories

(% of energy)**
33·5 0·2 0·005 0·177 0·98 −0·39 0·39 0·33 0·09 0·15 0·56 −3·09 0·46 <0·0001 0·61 0·18 0·001 −0·77 0·24 0·002 0·67 0·21 0·002

Adolescents aged 12–19 years (n 6193)
HEI-2010 43·9 0·27 1·52 0·20 <0·0001 1·74 0·37 <0·0001 1·00 0·24 <0·0001 3·56 0·42 <0·0001 0·42 0·22 0·06 1·99 0·23 <0·0001 0·08 0·25 0·77
Total fruit (cup eq./4184 kJ) 0·46 0·02 0·07 0·01 <0·0001 0·05 0·02 0·011 0·05 0·01 <0·0001 0·09 0·02 0·0002 0·04 0·01 <0·0001 0·09 0·01 <0·0001 0·01 0·01 0·51
Whole fruit (cup eq./4184 kJ) 0·21 0·01 0·04 0·01 <0·0001 0·02 0·01 0·08 0·03 0·01 <0·0001 0·05 0·01 <0·0001 0·02 0·01 <0·0001 0·04 0·01 <0·0001 0·01 0·01 0·38
Total vegetables

(cup eq./4184 kJ)
0·59 0·01 −0·02 0·01 0·014 −0·04 0·01 0·005 −0·01 0·01 0·26 0·03 0·01 0·07 −0·04 0·01 0·0004 −0·01 0·01 0·35 −0·02 0·01 0·05

Greens and beans
(cup eq./4184 kJ)

0·046 0·003 −0·003 0·002 0·23 −0·003 0·004 0·41 −0·002 0·002 0·43 0·005 0·004 0·28 −0·005 0·002 0·04 0·003 0·002 0·30 −0·006 0·003 0·03

Whole grains
(oz eq./4184− kJ)

0·30 0·01 0·05 0·01 0·0004 0·06 0·02 0·003 0·03 0·01 0·02 0·08 0·01 <0·0001 0·02 0·01 0·08 0·04 0·01 0·0005 0·02 0·02 0·13

Dairy (cup eq./4184 kJ) 1·01 0·02 0·02 0·01 0·16 0·11 0·02 <0·0001 −0·02 0·01 0·23 0·16 0·02 <0·0001 −0·03 0·01 0·009 0·05 0·02 0·005 −0·02 0·01 0·15
Total protein foods

(oz eq./4184 kJ)
2·52 0·04 −0·14 0·03 <0·0001 −0·13 0·05 0·0103 −0·11 0·03 0·0006 0·02 0·05 0·76 −0·16 0·03 <0·0001 −0·09 0·03 0·002 −0·10 0·03 0·003

Seafood and plant proteins
(oz eq./4184 kJ)

0·37 0·02 0·04 0·01 0·004 0·02 0·03 0·44 0·03 0·01 0·006 0·01 0·03 0·64 0·04 0·02 0·02 0·04 0·01 0·007 0·01 0·01 0·29

Fatty acids¶ 1·80 0·01 −0·04 0·01 0·0006 −0·10 0·02 <0·0001 −0·01 0·01 0·36 −0·10 0·02 <0·0001 −0·008 0·011 0·43 −0·04 0·01 0·002 −0·02 0·01 0·22
Refined grains

(oz eq./4184 kJ)
3·16 0·02 −0·08 0·02 0·001 −0·06 0·06 0·31 −0·06 0·02 0·02 0·08 0·04 0·03 −0·11 0·02 <0·0001 −0·06 0·02 0·02 −0·04 0·03 0·18

Sodium (g/4184 kJ) 1·66 0·01 −0·05 0·01 <0·0001 −0·05 0·02 0·003 −0·04 0·01 <0·0001 0·04 0·02 0·03 −0·07 0·01 <0·0001 −0·03 0·01 0·011 −0·04 0·01 0·0001
Empty calories

(% of energy)**
33·6 0·2 0·35 0·20 0·09 0·05 0·29 0·87 0·34 0·18 0·07 −2·60 0·36 <0·0001 1·31 0·18 <0·0001 −0·29 0·23 0·21 0·72 0·22 0·001

EF, eating frequency; MFenergy%, meal frequency (MF) determined based on percentage contribution to total energy intake; SFenergy%, snack frequency (SF) determined based on percentage contribution to total energy intake; MFself-report,
MF determined based on self-report; SFself-report, SF determined based on self-report; MFtime, MF determined based on the time consumed; SFtime, SF determined based on the time consumed; eq., equivalent.
*Analyses are based on participants with complete data on two 24h dietary recalls as well as complete information on the variables of interest. All dietary variables are based on mean values of two 24h dietary recalls. Adjustment was
made for sex (boys or girls), age (years, continuous), race/ethnicity (non-Hispanic white, non-Hispanic black, Mexican American, or others), family poverty income ratio (<130%, 130–349% or ≥350%), education of household head (<12
years, 12 years, some college, or college degree or more), household size (≤2, 3–4 or ≥5), physical activity (low, moderate or active), watching television and computer use (<2, ≥2 to <4, ≥4 to <6 or ≥6h/d), weight status (underweight,
normal, overweight or obese), dietary reporting status (under-reporting, acceptable reporting or over-reporting) and survey cycle (2003–2004, 2005–2006, 2007–2008, 2009–2010 or 2011–2012).
†A meal was defined as any eating episode comprising ≥15% of total energy intake, regardless of the time of day or composition of foods and beverages consumed; all other eating episodes were classified as snacks.
‡Self-reports of breakfast, brunch, lunch, supper and dinner or their equivalents in Spanish were considered as meals; all other self-reported eating events were considered as snacks.
§Meals were defined as eating events reported during selected times of the day (0.600–09.00, 12.00–14.00 and 17.00–20.00 hours); all other eating occasions were considered as snacks.
||Regression coefficients mean the change of dietary variables with one additional eating occasion per day.
¶Ratio of PUFA and MUFA to SFA.
**Energy from solid fats, alcohol and added sugars.



dairy (adolescents only), and seafood and plant proteins
(adolescents only), and inverse associations with total
protein foods, fatty acids ratio (adolescents only), sodium
(children only) and empty calories (children only).

The associations for SF varied depending on the defi-
nition of snacks. While SFenergy% was positively associated
with HEI-2010 in both children and adolescents (0·70 and
1·00 point increase by one additional snack, respectively),
SFself-report and SFtime showed no associations. SFenergy%
was associated positively with total fruit, whole fruit, and
seafood and plant proteins (adolescents only), and inver-
sely with total protein foods and sodium. SFself-report
showed positive associations with total fruit, whole fruit
and empty calories, and inverse associations with total
vegetables, dairy (adolescents only), total protein foods,
refined grains and sodium. SFtime was positively associated
with empty calories and inversely with total protein foods
and sodium. EF was positively associated with HEI-2010,
total fruit, whole fruit, whole grains, and seafood and plant
proteins (adolescents only), and inversely with total pro-
tein foods, fatty acids ratio (adolescents only), refined
grains and sodium.

All analyses were conducted without adjustment for
dietary reporting status (data not shown) or after exclud-
ing under- and over-reporters (n 447 and 397 in children
and 2115 and 326 in adolescents, respectively; see online
supplementary material, Supplemental Table 1), providing
similar results.

Discussion

To our knowledge, the present study is the first to examine
associations of different measures of MF and SF with diet
quality, after taking into account the confounding of EI
misreporting. In a representative sample of US children and
adolescents, higher MF was associated with higher diet
quality as assessed by HEI-2010. This was not dependent
on the definition of meals. The associations were not
confounded by misreporting of EI, as the results did not
change before and after adjustment for EI misreporting and
when only those with plausible EI were analysed. How-
ever, the associations for SF varied depending on the
definition of snacks. While SF based on energy contribution
was positively associated with diet quality, there were no
associations for SF based on self-report or based on time.
Thus, the study suggests the importance of the use of dif-
ferent definition of meals and snacks to better understand
the effects of different dietary patterns on health.

While many epidemiological studies which have
investigated the association between EF (i.e. sum of MF
and SF) and dietary intakes have yielded inconsistent
outcomes(8–14), there have been few attempts to investi-
gate the effects of MF and SF separately. In Swedish adults,
SF assessed by a questionnaire showed positive associa-
tions with intakes of confectionery, fat, sugar and alcohol,

and inverse associations with intakes of protein and diet-
ary fibre(11). In contrast, SF calculated based on self-report
was associated with higher intakes of vitamins A, C and E,
β-carotene, Mg and K in US elderly people(12). SF calcu-
lated based on self-report was also associated with a
higher score for HEI-2005 in US adults(13). A higher MF
was associated with higher diet quality as assessed by the
Canadian HEI among Canadian elderly people, although
no clear definition of meal was provided(54). A previous
US study showed that SF calculated based on self-report,
but not MF, was positively associated with diet quality (as
assessed by the HEI-2005) in children (aged 9–11 years)(7).
Conversely, in adolescents (aged 12–15 years) SF was
inversely associated with diet quality, while MF showed a
positive association(7). In the present study, while MF was
associated with better diet quality irrespective of the
definition of meals, the associations for SF varied
depending on the definition of snacks. These inconsistent
observations may be, at least partly, due to differences in
the characteristics and lifestyles of the populations, defi-
nitions of MF and SF, dietary assessment methods and
potential confounding factors considered.

While MF was more strongly associated with diet quality
than SF based on any definition of meals and snacks we
applied, the difference in the strength of the associations
was the smallest when meals and snacks were defined
based on EI contribution, suggesting that this definition
may not appropriately differentiate meals and snacks in
terms of nutritional quality of eating occasions. This may
explain why only SFenergy% (but not SFself-report or SFtime)
was positively associated with diet quality. Conversely, the
difference in the strength of the associations was the
largest when meals and snacks were defined based on
participants’ self-report. Of particular interest is that higher
MFself-report did not contribute to overconsumption of
(unhealthy) foods but rather decreased the consumption
of empty calories. Thus the classification of meals and
snacks based on self-report, rather than contribution to
total EI and time, may be more informative for investi-
gating the effect of MF and SF on dietary intakes, at least in
US children and adolescents. However, oversimplification
should be avoided because there is no consensus
about what constitutes a snack or a meal. For example, MF
and SF based on self-report are subject to inconsistencies
due to differences in individual perception(31). In accor-
dance with a previous analysis based on NHANES(44),
eating occasions reported as ‘extended consumption’,
‘other’ and ‘don’t know’ were considered as snacks,
but this may not be appropriate at least for some indivi-
duals; further research is needed to clarify the kind and
the amount of foods consumed in such eating
occasions. Additionally, MF and SF based on time may be
problematic because eating patterns vary according to
lifestyle (e.g. shift workers, individuals who consistently
eat their meals at non-traditional times of day) as well as
the cultural environment(31). Furthermore, MF and SF
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based on energy contribution (≥15% or <15%) was made
on the basis of the US adults’ national averages of the
distribution of energy from (self-defined) meals compared
with (self-defined) snacks (breakfast ≈ 16%; lunch ≈ 25%;
dinner ≈ 37%; and snack ≈ 22% from two occasions)(44),
but this may not be suitable in children and adolescents.
Thus, results may possibly differ on the basis of other
definitions. In any case, as research explicitly examining
the impact of these different definitions is limited, further
research using different definitions of meals and snacks is
warranted.

The strengths of the present study include the use of a
variety of published definitions of MF and SF based on
detailed dietary information obtained from two 24 h diet-
ary recalls and the use of individualized measures of EER
to assess misreporting of EI in a large representative
sample of US children and adolescents. However, there
are also several limitations. First, due to the cross-sectional
design of the present study, the assessment of causality
cannot be addressed. Considering the advice frequently
made by individuals in the health-care professions and in
the lay press that those who want to lose weight should
eat small, frequent meals(25,55), overweight and obese
individuals may increase their MF and EF. Alternatively,
overweight and obese individuals may simply decrease
their MF, SF and EF in an attempt to lose weight. To
minimize the potential effect, we included weight status as
a potential confounding factor.

All self-reported dietary assessment methods are subject
to both random and systematic measurement errors(56).
Given the day-to-day variability in eating patterns of
free-living individuals, estimates of dietary intakes and
behaviours derived from two 24 h dietary recalls unlikely
represent the usual intakes or behaviours of individual
respondents. Nevertheless, as this kind of random error
would tend to result in bias towards attenuating rather
than enhancing the relationship, more recall days would
have provided stronger associations. A recent analysis
based on NHANES(57) has shown that misreporting
(under- and over-reporting) of EI is prevalent particularly
in adolescents aged 12–19 years (32·6% and 4·8%,
respectively), although the prevalence of under- and over-
reporting in children aged 6–11 years (8·7% and 9·6%,
respectively) was not high (this may, at least partly, be due
to the parental help in the recall(58)). This kind of bias may
distort true relationships between dietary behaviours and
intakes or even create spurious ones. However, we
believe that the associations observed here were not
seriously influenced by misreporting of EI, because the
results did not change before and after adjustment for EI
misreporting and when only participants with plausible EI
were analysed.

At present, the only way to obtain unbiased information
on energy requirements in free-living settings is to use
doubly labelled water(56). This technique is expensive and
impractical for application in large-scale epidemiological

studies. Instead, in the present study, EER was calculated
using equations from the US Dietary Reference Intakes,
which have been developed based on a large number of
measurements of total energy expenditure by the doubly
labelled water method and are highly accurate
(R2≥ 0·95)(51). In the absence of actual, measured total
energy expenditure, these equations should serve as the
best proxy. Because of constraints within the data set, we
did not have a validated and individualized measure of
physical activity. Although some measures of self-reported
physical activity were available, we decided not to use
such variables in the present study because self-report of
physical activity suffers from significant reporting bias
mainly attributable to a combination of social desirability
bias and the cognitive challenge associated with estimat-
ing frequency and duration of physical activity, particularly
for children and adolescents(59). Instead, we assumed ‘low
active’ level of physical activity for all participants during
the calculation of EER. This seems adequate for most US
children and adolescents, based on accelerometer-based
data in NHANES 2003–2006(59,60). Nevertheless, in very
active individuals (e.g. those aged 6–11 years, as has been
reported)(60), EER would be underestimated, resulting in
an overestimation of EI:EER. Further, although we
adjusted for a variety of potential confounding variables,
residual confounding could not be ruled out. Finally, in
view of the multiple analyses, it is possible that some of
the findings in the present study occurred by chance.

Conclusion

In the present cross-sectional study in a representative
sample of US children and adolescents based on NHANES
2003–2012, we showed positive associations between
MF and diet quality as assessed by HEI-2010. These
associations were observed whatever definition of meals,
i.e. based on EI contribution, based on self-report or based
on time, was applied and was not confounded by EI
misreporting. In contrast, the associations for SF varied
depending on the definition of snacks. While SF based on
energy contribution was positively associated with diet
quality, SF based on self-report or based on time showed
no associations. In any case, replacing snack occasions to
meal occasions may be a good strategy for improving diet
quality. Future studies should divide EF into MF and SF
based on a variety of definitions of meals and snacks so that
any effects of different dietary patterns on health can be
properly investigated.
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