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Abstract
Epidemiological evidence on the association between eating frequency and overall diet quality does not represent a consistent picture. This
cross-sectional study examined the associations ofmeal frequency and snack frequencywith diet quality, using different definitions ofmeals and
snacks. Based on 4-d weighed dietary record data obtained from 639 Japanese adults aged 20–81 years, all eating occasions were divided into
meals or snacks based on either the participant-identified or time-of-day definitions. Diet quality was assessed by the Healthy Eating Index-2015
(HEI-2015) and Nutrient-Rich Food Index 9.3 (NRF9.3). One additional meal per d increased the HEI-2015 total score by 3·6 and 1·3 points based
on the participant-identified and time-of-day definitions, respectively. A highermeal frequencywas also associatedwith higher values of some of
the HEI-2015 component scores (total vegetables, greens and beans, and total protein foods), irrespective of how meals were defined.
Additionally, one additional participant-identified snack per d increased the HEI-2015 total score by 0·7 points. The frequency of partici-
pant-identified snacks also showed positive associations with some of the HEI-2015 component scores (total fruits, whole fruits, total vegetables,
greens and beans, dairy products, and Na). However, the frequency of time-of-day defined snacks was not associated with the total scores of
HEI-2015, although there were some associations for its components. Similar findings were obtained when the NRF9.3 was used. In conclusion,
higher meal frequency was consistently associated with higher diet quality, while associations between snack frequency and diet quality varied
depending on the definition of snacks.
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Epidemiological evidence on the association between total
eating frequency (i.e. sum of meal frequency and snack
frequency) and overall diet quality does not represent a consis-
tent picture(1–14). These studies should be cautiously interpreted
in terms of substantial methodological problems. First, while
the assessment of total eating frequency has often relied on a
series of non-validated, self-report questions(1–6), only a few
studies(9–14) have used comprehensive information on actual
dietary habits (using 24-hour dietary recall or dietary record)
over multiple days to take into account the relatively large
day-to-day variation at the individual level(15). Second, there is
no consensus about what constitutes a snack, a meal or an eating

occasion, making it complicated to interpret the literature on
this topic. Although the majority of researchers have relied
on participants’ self-identification of meals, snacks or eating
occasions(1–11,14), others have tried to apply more objective cri-
teria such as the time-of-day approach(12,13,16). An accurate dis-
tinction between meals and snacks is important given that they
are hypothesised to exert different nutritional effects on diet
quality(17). Because of the lack of a universally accepted defini-
tion of meals and snacks, an understanding of the influence of
different meal and snack definitions on the associations between
total eating frequency (as well as meal frequency and snack
frequency) and diet quality can facilitate the interpretation of
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the existing literature and help establish consensus on the most
appropriate research definition for meals and snacks(17). Third,
the associations between eating frequency and diet quality can
be confounded by the underreporting of energy intake (EI) particu-
larly by obese or overweight individuals because it can have an
influence on both estimates of total eating frequency and diet
quality(11–13). Taken together, the diversity of the findings is not at
all surprising and merits more robust data analyses to resolve
this issue.

The most robust evidence to date about the association
between eating frequency and diet quality has focused on
Western-type diets(11–13) but not from countries such as Japan.
Japanese dietary habits have long attracted interest from other
countries, primarily because of their possible contribution to a
low prevalence of coronary artery disease and long life expect-
ancy(18,19). In addition to food choice(20), eating patterns prob-
ably differ considerably between Japanese and Western
populations. For example, the proportion of daily EI consumed
as breakfast, lunch, dinner and snackswas, on average, 23, 30, 40
and 8 %, respectively, in Japan(20), while the range of corre-
sponding value was 9–20 % (median 16 %), 16–45 % (25 %),
24–40 % (32 %) and 10–34 % (26 %), respectively, in the
USA(21) and ten European countries participating in the
European Prospective Investigation into Cancer and Nutrition
calibration study(22). Thus, it is conceivable that the associations
of eating patterns, including eating frequency, with diet quality
may differ between Japan and Western countries.

The aim of this cross-sectional study was to investigate the
associations of meal frequency and snack frequencywith overall
diet quality among Japanese adults, using different definitions of
meals and snacks, based on actual intake data derived from a
4-d weighed dietary record.

Methods

Data source and analytic sample

The present cross-sectional analysis was based on two indepen-
dent data collected using the similar procedure but at different
time periods, that is, in 2003 and 2013. As details of both surveys
have been provided elsewhere(23–27), only a brief description is
given here. The former survey (the 2003 survey) was conducted
among apparently healthy women and their cohabitating
spouses in four geographically diverse areas in Japan: Osaka
(urban), Okinawa (urban island), Nagano (rural inland) and
Tottori (rural coastal)(24,25). Our recruitment strategy was such
that each 10-year age category, namely, 30–39, 40–49, 50–59
and 60–69 years, included eight women for each area (without
consideration of age of men), resulting in 256 invited participants.
The latter survey (the 2013 survey) was conducted among appa-
rently healthy men and women aged 20–69 years working in
welfare facilities (and, in some occasions, their neighbours and
acquaintances for age over 60 years) in twenty study areas con-
sisting of twenty-three (out of forty-seven) prefectures(26,27). In the
recruitment process, each of the areas included two men and
two women from each of five 10-year age groups (20–29, 30–39,
40–49, 50–59 and 60–69 years), resulting in 400 invited participants.
Participation of one individual per household was permitted.

In total, 642 participants (n 250 in 2003 and 392 in 2013)
provided dietary data for the present analysis. After excluding
three participants with missing information on the time of eating,
which was needed to create eating frequency variables as
described below, the present analysis included 639 individuals.
None of the sample was a dietitian, had an experience with
dietary counselling from a medical doctor or dietitian or had
history of hospitalisation for diabetes education.

For both studies, the study purpose and protocol were
explained before the study, and written informed consent was
obtained from each participant. Use of data from the 2003 survey
and the study protocol of the 2013 survey were approved by the
University of Tokyo Faculty of Medicine Ethics Committee.

Dietary assessment

Dietary data were collected by a four-non-consecutive day
weighed dietary record during the winter season (February
and March) in both surveys(23,27). Each recording period com-
prised three week days (Monday–Friday) and one weekend
day (Saturday or Sunday) in the 2003 survey and three working
days and one non-working day in the 2013 survey. Each of
recording days was allocated within ~2 weeks by research
dietitians. In the latter survey, night shift-working days and days
before and after a night shift work were avoided as recording
days. Each participant was issued recording sheets and a digital
scale (KD-173; Tanita in 2003 and KD-812WH; Tanita in 2013).
After receiving written and verbal instructions by a research
dietitian, as well as an example of a completed diary sheet, each
participant was requested to document andweigh all items eaten
or drunk, both in and out of the home, on each of the recording
days. On occasions whenweighing was problematic (e.g. dining
out), they were instructed to document as much information
as possible, including the brand name of the food and the
consumed portion size (based on typical household measures),
as well as the details of leftovers.

The recording sheets for each survey day were submitted
directly to the research dietitian after the survey was completed,
who then reviewed the forms and, whenever necessary, sought
additional information or modification of the record via tele-
phone or in person. All the collected records were then reviewed
by research dietitians at each local centre and again at the study
centre. As requested in the study protocol, portion sizes esti-
mated using household measures were converted into weights,
and individual food items were coded based on the Standard
Tables of Food Composition in Japan(28). Estimated intakes of
energy and selected nutrients for each individual were calcu-
lated based on the intakes of food items and their nutrient
contents. Added sugar intake was also calculated based on a
recently compiled comprehensive composition database(29).

Assessment of diet quality

As measures of diet quality, the Healthy Eating Index 2015
(HEI-2015)(30–32) and Nutrient-Rich Food Index 9.3 (NRF9.3)(33–36)

were calculated. The HEI-2015 is a 100-point scale to assess com-
pliance with the 2015–2020 Dietary Guidelines for Americans(37),
with a higher score indicating a better quality of overall diet. The
HEI-2015 consists of nine adequacy components (total fruits,whole
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fruits, total vegetables, greens and beans, whole grains, dairy prod-
ucts, total protein foods, seafood and plant proteins, and fatty acids
as the ratio of the sum of PUFA and MUFA to SFA) and four mod-
eration components (refinedgrains,Na, added sugars and saturated
fats). We calculated the HEI-2015 component and total scores
based on energy-adjusted values of overall dietary intake, namely,
amount per 4184 kJ (1000 kcal) of energy or percentage of energy,
except for fatty acids(25).

The NRF9.3 is a composite measure of the nutrient density of
the total diet, calculated as the sum of the percentage of refer-
ence daily values for nine qualifying nutrients, namely, protein,
dietary fibre, vitamin A, vitamin C, vitamin D, Ca, Fe, K and Mg,
minus the sum of the percentage of reference daily values for
three disqualifying nutrients, namely, added sugars, saturated
fats and Na. Reference daily values were determined for sex
and age categories, based on the Dietary Reference Intakes
for Japanese, 2015(38), except for added sugars, for which the
conditional recommendation advocated by theWHO (i.e. upper
limit of 5 % of energy)(39) was used because of the lack of a rec-
ommended value for added sugars in Japan, as well as their low
intake levels(29). We calculated the NRF9.3 component and total
scores based on the overall daily intake of each nutrient for each
participant, whichwas adjusted for EI by the density method and
then normalised for the sex- and age-specific Estimated Energy
Requirement for a moderate level of physical activity (from the
Dietary Reference Intakes for Japanese, 2015(38)) and expressed
as a percentage of the reference daily value(25). Higher NRF9.3
scores indicated a better quality of the overall diet.

Definition of meal frequency, snack frequency and total
eating frequency

Data from the 4-d dietary record were also used to calculate
eating frequency, that is, the number of eating occasions
per d. Food intake was documented according to the typical
Japanese eating pattern, comprising breakfast, lunch, dinner
and snacks, which were prescribed in the diary(24). During the
diet recording, participants were asked to record the clock time
when a food or beverage was consumed (both start and finish
times). In this study, eating occasions were defined as any
separate intake occasion with a discrete start clock time and
name, except for eating occasions consisting of water only
(tap and mineral water), which were excluded(16).

All eating occasions were divided into either meals or snacks
with the use of two different published definitions. For the
participant-identified definition(11,13,16), eating occasions recorded
in the sectionsof breakfast, lunch anddinner in the fooddiarywere
considered meals, while eating occasions recorded in the snack
section were considered snacks. We found multiple entries of eat-
ing occasions (with different times) into a section of breakfast,
lunch or dinner (only ten cases), inwhich case the first eating occa-
sion was considered a meal, and the following eating occasions
were considered snacks. For the time-of-day definition(12,13), meals
were defined as eating occasions whose start time was within
select time periods of the day (06.00–10.00, 12.00–15.00 and
18.00–21.00 hours), and any eating occasions starting outside of
these timeperiodswere considered snacks. These aremost widely
used definitions of meals and snacks(16).

During data cleaning, it was found that ≥2 different types of
eating occasions were recorded within the overlapping time
period (243 cases), in which case each of the overlapping eating
occasionswas combined and counted as a single eating occasion
(irrespective of definitions of meals and snacks). For the partici-
pant-identified definition, where a participant recorded consum-
ing a meal and a snack within the overlapping period, we
considered this eating occasion a meal, unless the participant
had already recorded that samemeal (breakfast, lunch or dinner)
earlier in the day, in which case this eating occasion was consid-
ered a snack. For the time-of-day definition, the earliest start time
was used to define meals or snacks. For each participant, we
calculated meal frequency and snack frequency using the two
different definitions, as well as total eating frequency (i.e. sum
of meal frequency and snack frequency).

Assessment of other variables

Body height was measured without shoes to the nearest
0·1 cm. Body weight was measured in light clothing to the
nearest 0·1 kg. BMI (kg/m2) was calculated as body weight
(kg) divided by the square of body height (m), based on which
weight status was grouped into three categories of underweight
(<18·5 kg/m2), normal weight (≥18·5 to <25·0 kg/m2) and over-
weight (≥25·0 kg/m2)(40). Misreporting of EI was evaluated on
the basis of the ratio of EI:BMR (Goldberg’s cut-off)(41). BMR
was estimated according to an equation specifically developed
for Japanese on the basis of body height and weight, age and
sex(42,43). Assuming a physical activity level for a sedentary life-
style (i.e. 1·55) for all participants (because of a lack of an objec-
tive measure of physical activity), underreporting, plausible
reporting and overreporting were defined as having an EI:
BMR of <1·02, ≥1·02 to <2·35 and ≥2·35, respectively(41).

Statistical analysis

All statistical analyses were performed using SAS statistical soft-
ware (version 9.4, SAS Institute Inc.). All reported P values are
two-tailed, and P values <0·05 were considered statistically sig-
nificant. For all dietary variables,mean daily values over 4 dwere
used in the analysis. Descriptive statistics of meal frequency,
snack frequency and total eating frequency are presented as
means and standard deviations. Differences in meal frequency
and snack frequency between the two definitions were exam-
ined using paired t test. Pearson correlation coefficients among
eating frequency variables were calculated. Differences in
eating frequency variables and diet quality scores between
sex, between survey year and across categories of age (<40,
40–59 and ≥60 years), weight status and dietary reporting status
were examined on the basis of independent t test or ANOVA fol-
lowed by Bonferroni’s post hoc test. Associations between eating
frequency variables and diet quality scores were examined using
the general linear model, with adjustment for sex, age group,
weight status, dietary reporting status and survey year. In these
analyses, eating frequency variables were treated as either a con-
tinuous variable or a categorical variable (approximate tertile,
except for participant-identified meal frequency, for which only
two categories could be made). For the analysis on meal fre-
quency, further adjustment for snack frequency based on the
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same definition was also made and vice versa. Analyses were
repeated after stratified by age (by median), sex or survey year,
which provided associations generally similar to those observed
in the entire sample (data not shown). The present report, there-
fore, presents the results for the entire sample.

Power calculations were performed based on the sample size
and the standard deviations of eating frequency variables and
the total score of HEI-2015 in the present study. We had
>80 % power to detect associations as small as 0·55–3·63 point
increase of HEI-2015 total score per one increase of meal, snack
or total eating frequency per d. Thus, the present study had
adequate power to detect a magnitude of associations similar
to those reported in a previous study(13).

Results

The present analysis included 639 Japanese adults with a mean
age of 47·1 (SD 13·2) years and amean BMI of 23·1 (SD 3·4) kg/m2.
Table 1 shows descriptive statistics of meal, snack and total
eating frequency. For bothmeal frequency and snack frequency,
mean values differed significantly between the participant-
identified v. the time-of-day definitions: 2·92 v. 3·56 times/d
and 1·76 v. 1·12 times/d, respectively. While there was only a
weak correlation formeal frequency between the two definitions
(Pearson correlation 0·30), the correlation for snack frequency
was strong (Pearson correlation 0·74). Both meal frequency
and snack frequency were positively correlated with total
eating frequency irrespective of definition (Pearson correlation
0·24–0·99).

Table 2 showsmeal, snack and total eating frequency and diet
quality scores according to each category of basic characteristics.
Compared with men, women had a higher mean value of all
eating frequency variables (except for time-of-day defined meal
frequency) and a lower mean value of NRF9.3. Participants
aged <40 years and those identified as underreporters had

lower meal frequency and diet quality scores than those aged
40–59 and ≥60 years and plausible reporters and overreporters,
respectively, irrespective of their definitions. Underreporters
also had a lower total eating frequency. Participants in the
2003 survey had a higher frequency of participant-identified
meals and higher diet quality scores compared with those in
the 2013 survey. There were no differences in any of the eating
frequency variables and diet quality scores across weight status
categories.

The associations between meal frequency and overall diet
quality scores are shown in Table 3. In the analysis where meal
frequency was treated as a continuous variable, there was a pos-
itive association betweenmeal frequency and overall diet quality
irrespective of their definitions. For both definitions of meal, a
higher meal frequency was associated with a higher value of
the HEI-2015 total score, some of the HEI-2015 component
scores (including total vegetables, greens and beans, and
total protein foods), the NRF9.3 total score and some of the
NRF9.3 component scores (including dietary fibre, vitamin C,
vitamin D, Ca, K and Mg). For example, one additional meal
per d increased the HEI-2015 total score by 3·6 points based
on the participant-identified definition and by 1·3 points based
on the time-of-day definition. Additionally, the frequency of par-
ticipant-definedmealswas associatedwith a favourable intake of
added sugars (a higher score for HEI-2015 and a lower score for
NRF9.3), while the frequency of time-of-day defined meals was
associated with higher scores of some other HEI-2015 compo-
nents, including whole fruits, whole grains, and seafood and
plant proteins.

On the other hand, the association between snack frequency
and overall diet quality differed by the definition of snacks
(Table 4). In the analysis where the frequency of participant-
identified snacks was treated as a continuous variable, snack fre-
quency showed positive associations with theHEI-2015 total score,
some of the HEI-2015 component scores (including total fruits,
whole fruits, total vegetables, greens and beans, dairy products,

Table 1. Descriptive statistics of meal frequency, snack frequency and total eating frequency in 639 Japanese adults aged 20–81 years
(Mean values and standard deviations; median values and 25th and 75th percentiles)

Mean* SD Minimum Q25 Median Q75 Maximum

Pearson correlation

Meal frequency Snack frequency

Participant
identified

Time of
day

Participant
identified

Time of
day

Meal frequency (times/d)
Participant identified† 2·92 0·20 1·50 3·00 3·00 3·00 3·00 1·00
Time of day‡ 3·56 0·91 0·50 3·00 3·50 4·25 6·75 0·30 1·00

Snack frequency (times/d)
Participant identified† 1·76 1·27 0 0·75 1·75 2·50 8·00 0·09 0·77 1·00
Time of day‡ 1·12 0·80 0 0·50 1·00 1·50 6·00 0·05 0·18 0·74 1·00

Total eating frequency
(times/d)§

4·68 1·31 1·50 3·75 4·50 5·50 11·00 0·24 0·80 0·99 0·73

Q25, 25th percentile; Q75, 75th percentile.
* For both meal frequency and snack frequency, mean values differed significantly between the two definitions (paired t test; P< 0·0001).
† For the participant-identified definition, eating occasions recorded in the sections of breakfast, lunch and dinner in the food diary were considered meals, while eating occasions
recorded in the snack section were considered snacks. For multiple entries of eating occasions into a section of breakfast, lunch or dinner (ten cases), however, the first eating
occasion was considered a meal, and the following eating occasions were considered snacks.

‡ For the time-of-day definition,mealswere defined as eating occasionswhose start timewaswithin select time periods of the day (06.00–10.00, 12.00–15.00 and 18.00–21.00 hours),
and any eating occasions starting outside of these time periods were considered snacks.

§ Sum of meal frequency and snack frequency.
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and Na), the NRF9.3 total score and some of the NRF9.3 com-
ponents (including vitamin C, vitamin D, Ca, K and Mg). For
example, one additional participant-identified snack per d
increased the HEI-2015 total score by 0·7 points. The fre-
quency of participant-identified snacks was also associated
with an unfavourable intake of Na (a lower score for HEI-
2015 and a higher score for NRF9.3). However, the frequency
of time-of-day snacks was not associated with the total scores
of HEI-2015 or NRF9.3, although there were some associations
for their component scores.

Consistent with these findings, total eating frequency
(sum of meal frequency and snack frequency) was positively
associated with overall diet quality (online Supplementary
Table S1). For example, one additional eating occasion per
d increased the HEI-2015 total score by 0·8 points. When the
analyses were repeated treating each of eating frequency
variables as a categorical variable, generally similar results
were obtained (Table 3 for meal frequency, Table 4 for snack

frequency and online Supplementary Table S1 for total eating
frequency).

Discussion

To our knowledge, this is the first study to examine associations
of different measures of meal frequency and snack frequency
with diet quality in Japanese adults. After adjustment for poten-
tial confounding factors, we found that a higher meal frequency
was associatedwith a higher quality of overall diet as assessed by
the HEI-2015 and NRF9.3. This was not dependent on the defi-
nition of meals because the results were similar for both the
participant-identified and time-of-day approaches. On the other
hand, associations between snack frequency and diet quality
varied depending on the definition of snacks. The frequency
of participant-identified snacks, but not that of time-of-day
defined ones, showed positive associations with overall diet

Table 2. Meal, snack and total eating frequency and diet quality scores according to each category of basic characteristics in 639 Japanese adults
aged 20–81 years
(Mean values and standard deviations)

n

Meal frequency (times/d) Snack frequency (times/d)
Total eating
frequency
(times/d)‡ HEI-2015§ NRF9.3‖

Participant
identified* Time of day†

Participant
identified* Time of day†

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Sex
Male 318 2·90 0·24 3·51 0·95 1·62 1·31 1·02 0·79 4·52 1·34 51·7 7·3 678 104
Female 321 2·94 0·15 3·61 0·86 1·89 1·23 1·21 0·79 4·83 1·26 52·5 7·4 657 107
P¶ 0·04 0·13 0·007 0·002 0·003 0·21 0·01

Age group (years)
<40 205 2·86a 0·28 3·43a 0·94 1·71 1·35 1·14 0·84 4·57 1·43 48·2a 6·5 615a 114
40–59 279 2·94b 0·16 3·70b 0·90 1·85 1·23 1·09 0·77 4·78 1·23 52·5b 6·6 675b 92
≥60 155 2·97b 0·11 3·49a,b 0·84 1·65 1·26 1·13 0·79 4·62 1·27 56·6c 6·9 723c 84
P** <0·0001 0·003 0·24 0·77 0·17 <0·0001 <0·0001

Weight status††
Underweight 35 2·94 0·15 3·71 1·04 2·05 1·42 1·28 0·78 4·99 1·45 50·5 6·2 633 117
Normal weight 445 2·92 0·20 3·58 0·91 1·77 1·24 1·11 0·77 4·69 1·27 52·1 7·2 671 101
Overweight 159 2·91 0·23 3·47 0·86 1·65 1·34 1·09 0·89 4·57 1·38 52·5 7·9 664 116
P** 0·82 0·27 0·23 0·45 0·21 0·33 0·10

Dietary reporting status‡‡
Underreporting 20 2·43a 0·51 2·90a 1·26 1·30 1·34 0·83a 0·64 3·73a 1·49 46·8a 9·4 605a 150
Plausible reporting 604 2·94b 0·16 3·57b 0·88 1·77 1·27 1·14a 0·80 4·71b 1·29 52·2b 7·2 671b 102
Overreporting 15 3·00b 0·00 3·95b 1·09 1·67 1·50 0·72a 0·67 4·67a,b 1·50 54·9b 7·9 615a,b 159
P** <0·0001 0·001 0·25 0·03 0·004 0·002 0·004

Survey year
2003 250 2·96 0·14 3·61 0·80 1·72 1·11 1·07 0·68 4·69 1·13 53·6 6·9 689 96
2013 389 2·89 0·23 3·53 0·97 1·78 1·37 1·14 0·87 4·67 1·41 51·2 7·5 653 110
P¶ <0·0001 0·23 0·62 0·27 0·89 <0·0001 <0·0001

HEI-2015, Healthy Eating Index-2015; NRF9.3, Nutrient-Rich Food Index 9.3.
* For the participant-identified definition, eating occasions recorded in the sections of breakfast, lunch and dinner in the food diary were considered meals, while eating occasions
recorded in the snack section were considered snacks. For multiple entries of eating occasions into a section of breakfast, lunch or dinner (ten cases), however, the first eating
occasion was considered a meal, and the following eating occasions were considered snacks.

† For the time-of-day definition,mealswere defined as eating occasionswhose start timewaswithin select time periods of the day (06.00–10.00, 12.00–15.00 and 18.00–21.00 hours),
and any eating occasions starting outside of these time periods were considered snacks.

‡ Sum of meal frequency and snack frequency.
§ A maximum score is 100. A higher score indicates a higher diet quality.
‖ A maximum score is 900. A higher score indicates a higher diet quality.
¶ Based on independent t test.
** Based on ANOVA. When the overall P from ANOVA was <0·05, Bonferroni’s post hoc test was performed; values within each variable with unlike superscript letters are

significantly different (P< 0·05).
†† Underweight, normal weight and overweight were defined as participants having a BMI (in kg/m2) of <18·5, ≥18·5 to <25 and ≥25, respectively.
‡‡ Underreporting, plausible reporting and overreportingwere defined as participants having a ratio of reported energy intake to BMRof<1·02,≥1·02 to<2·35 and≥2·35, respectively.
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quality. Thus, the present results suggest the different effects of
meal frequency and snack frequency on diet quality as well as
the importance of definitions of meals and snacks applied.

There have been only a few attempts to separately investigate
the effects of meal frequency and snack frequency on diet quality.
A study in a representative sample of American adults(13)

found positive associations of both meal frequency and snack fre-
quency with diet quality assessed by the Healthy Eating Index-
2010 irrespective of the definitions of meals and snacks, that is,
based on time of day and based on self-report (as well as based
on EI contribution, whichwas not used in the present studymainly
because of a lack of sufficient information for determining an
appropriate cut-off point in Japanese). An analysis based on the
UK National Diet and Nutrition Survey showed that, using the
time-of-day and EI contribution approaches, a higher snack fre-
quency was consistently associated with lower diet quality
assessed by the Healthy Diet Indicator and Mediterranean Diet
Score, while associations for meal frequency varied depending
on sex andon thedefinitionofmeals(12). In a representative sample
of Australian adults, the frequency of participant-identified meals,
but not snacks, was positively associated with overall diet quality
as assessed with the use of the 2013 Australian Dietary Guidelines
Index(11). Using the participant-identified and time-of-day
approaches, the present study found consistent associations
between meal frequency and diet quality, while the associations
for snack frequency varied depending on its definition, which
broadly concurswith the Australian study. The diversity of the find-
ingsmaybe, at least partly, due to the diversity of the characteristics
and lifestyles of the populations examined, dietary assessment
methods and diet quality measures applied, definitions of meals
and snacks and potential confounding factors considered.

The positive association between meal frequency and diet
quality we observed here may be due to the food profiles of
Japanese meals. According to a secondary analysis based on
the National Health and Nutrition Survey, meals (breakfast,
lunch and dinner) were characterised by a high intake of a vari-
ety of foods such as vegetables, fruits, dairy products, fish and
pulses(20). Additionally, these meals typically contribute to
>90 % of total EI(20). The present findings thus suggest that meals
are an important determinant of diet quality in Japanese and
should be interpreted as evidence that meal skipping may result
in lowering diet quality (rather than increasingmeal frequency as
an effective strategy for improving diet quality). On the other
hand, the associations between snack frequency and diet quality
varied depending on the definition of snacks, with the frequency
of participant-identified snacks, but not that of time-of-day
defined ones, showing positive associations. This is most prob-
ably a reflection of the heterogeneous nature of snacking behav-
iours in terms of nutritional and food profiles. In a Japanese
study, for example, snacks were characterised by a high intake
of not only foods such as confectioneries and soft drinks but also
foods such as dairy products and fruit(44). Thus, snack behav-
iours may represent some opportunity for improving overall diet
quality, although this should not be overstressed considering
that snacks contribute only about 8 % of total EI in Japan(20).

Reaching a consensus on the most appropriate definition of
meals and snacks is likely to remain elusive. While the

participant-identified meal frequency and snack frequency have
been most widely used, these are subject to inconsistencies due
to differences in individual perceptions of meals and snacks and
would not necessarily have reduced bias(45). Themeal frequency
and snack frequency based on time of daymay also be problem-
atic because eating patterns vary according to lifestyle as well as
the cultural environment(45). In the present study, 90 % of partici-
pant-identified meals were categorised into time-of-day defined
meals (6703 of 7459). This may also help to explain the consis-
tent associations between meal frequency and diet quality and
suggest that the use of these two different definitions are inter-
changeable in the context of the Japanese diet. Conversely, only
53 % of participant-identified snacks were categorised into time-
of-day defined snacks (2390 of 4485) and reflected in inconsis-
tent associations between snack frequency and diet quality.
While it is reasonable to assume that people may consider their
dessert as a snack, this dessert may bemainly composed of foods
potentially related to higher diet quality (e.g. dairy products and
fruits). Alternatively, the dessert may be mainly composed of
foods potentially related to lower diet quality (e.g. confectioner-
ies). The nutritional quality of snacks may thus be largely depen-
dent on the choice of foods, which may also be associated with
the time of day of eating. Thus, the choice of snack definition
may have substantial impact on the outcomes. In any case, sim-
ilar research using different definitions of meals and snacks
needs to be accumulated before reaching a consensus on what
is the most meaningful way to define meals and snacks in the
context of the Japanese diet.

The strength of this study is the use of two different published
definitions of meal frequency and snack frequency based on
detailed dietary information obtained from a 4-dweighed dietary
record. However, there are also several limitations. First,
although sampling was conducted to consider regional
differences in dietary habits, the present population is not a
nationally representative sample of general Japanese, but rather
volunteers. In particular, our participants may be biased towards
greater health consciousness. Nevertheless, themean values and
standard deviations of the HEI-2015 in the present population
were comparable with those reported from the 2012 Japanese
National Health and Nutrition Survey (51·3 (9·0) for men and
52·9 (9·2) for women; information not available for eating fre-
quency variables and NRF9.3)(46). Conversely, mean snack fre-
quency (based on the participant-identified definition) in this
population was lower than that reported fromWestern countries
(2·3–4·1 times per d)(21,22). Further research in a more represen-
tative sample is needed.

Second, all self-reported dietary assessmentmethods are sub-
ject to both random and systematic errors(47), and the nature and
extent of themeasurement error of self-report-based information
on eating patterns, including eating frequency, are largely
unknown(21). The present results should therefore be interpreted
with caution in this respect. To minimise the influence of mea-
surement error in dietary variables, we included dietary report-
ing status as a covariate as well as the use of energy-adjusted
values of all the diet quality measures(48).

Third, diet quality was assessed by the HEI-2015 and NRF9.3
in this Japanese study, even though both scores were primarily
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Table 3. Associations between meal frequency and diet quality scores in 639 Japanese adults aged 20–81 years*
(Mean values and standard deviations; mean values with their standard errors; median values and ranges)

Mean SD

Meal frequency (participant identified)† Meal frequency (time of day)‡

Categorical Categorical

C1 (n 123) C2 (n 516)

P

Continuous C1 (n 220) C2 (n 196) C3 (n 223)

Pfor trend

Continuous

Mean SE Mean SE β§ SE P Mean SE Mean SE Mean SE β§ SE P

Meal frequency
(times/d)‖

2·75
(1·5–2·75)

3 (3) 2·75
(0·5–3)

3·5
(3·25–3·75)

4·5
(4–6·75)

HEI-2015¶ 52·1 7·4 50·7 0·6 52·5 0·3 0·01 3·6 1·5 0·01 50·8 0·5 52·6 0·5 53·0 0·4 0·001 1·3 0·3 <0·0001
Total fruits 1·53 1·41 1·40 0·12 1·56 0·06 0·21 0·06 0·28 0·84 1·37 0·09 1·65 0·09 1·58 0·09 0·09 0·11 0·06 0·052
Whole fruits 2·33 1·90 2·02 0·16 2·40 0·07 0·03 0·55 0·37 0·14 2·08 0·11 2·54 0·12 2·39 0·11 0·06 0·18 0·07 0·02
Total vegetables 4·59 0·79 4·41 0·07 4·63 0·03 0·006 0·65 0·17 0·0001 4·47 0·05 4·62 0·05 4·68 0·05 0·005 0·13 0·03 0·0002
Greens and beans 3·43 1·74 3·26 0·15 3·47 0·07 0·23 1·02 0·36 0·005 3·09 0·11 3·69 0·12 3·53 0·11 0·006 0·24 0·07 0·0009
Whole grains 0·63 1·59 0·75 0·15 0·60 0·07 0·38 –0·09 0·36 0·80 0·44 0·11 0·70 0·11 0·74 0·11 0·06 0·17 0·07 0·02
Dairy products 2·08 1·68 1·75 0·15 2·15 0·07 0·02 0·16 0·36 0·65 1·96 0·11 2·06 0·12 2·21 0·11 0·11 0·07 0·07 0·37
Total protein foods 4·75 0·57 4·67 0·05 4·77 0·02 0·11 0·36 0·12 0·004 4·69 0·04 4·80 0·04 4·76 0·04 0·19 0·06 0·03 0·02
Seafood and plant proteins 4·78 0·72 4·74 0·07 4·79 0·03 0·54 0·07 0·16 0·66 4·70 0·05 4·82 0·05 4·82 0·05 0·08 0·09 0·03 0·004
Fatty acids** 6·31 2·58 6·11 0·24 6·36 0·11 0·36 0·30 0·57 0·60 6·51 0·17 5·95 0·18 6·42 0·17 0·75 0·01 0·11 0·94
Refined grains 1·40 2·14 1·46 0·20 1·38 0·09 0·73 –0·23 0·48 0·63 1·31 0·15 1·49 0·15 1·39 0·14 0·72 0·04 0·10 0·67
Sodium 1·96 2·60 2·08 0·23 1·93 0·11 0·59 –0·51 0·56 0·36 1·87 0·17 1·99 0·18 2·03 0·17 0·50 0·09 0·11 0·41
Added sugars 9·42 1·13 9·17 0·10 9·48 0·05 0·009 1·06 0·24 <0·0001 9·43 0·08 9·46 0·08 9·36 0·07 0·52 0·03 0·05 0·52
Saturated fats 8·93 1·65 8·85 0·15 8·95 0·07 0·57 0·20 0·35 0·57 8·93 0·11 8·78 0·11 9·06 0·11 0·38 0·08 0·07 0·28

NRF9.3†† 667 106 639 9 674 4 0·0006 118 21 <0·0001 652 7 680 7 671 7 0·054 16·0 4·3 0·0002
Protein 100·0 0·4 99·9 0·0 100·0 0·0 0·16 0·1 0·1 0·20 99·9 0·0 100·0 0·0 100·0 0·0 0·04 0·0 0·0 0·16
Dietary fibre 77·5 16·7 75·0 1·5 78·1 0·7 0·06 8·8 3·5 0·01 75·2 1·1 79·6 1·1 77·9 1·1 0·09 1·7 0·7 0·02
Vitamin A 68·1 21·7 68·3 2·0 68·0 0·9 0·92 8·6 4·7 0·06 66·6 1·4 70·1 1·5 67·8 1·4 0·58 1·1 0·9 0·25
Vitamin C 89·9 16·6 88·7 1·5 90·2 0·7 0·40 11·4 3·6 0·001 87·8 1·1 91·3 1·1 90·8 1·1 0·06 2·0 0·7 0·005
Vitamin D 86·4 22·5 83·3 2·0 87·1 1·0 0·09 14·0 4·8 0·004 83·9 1·5 89·0 1·5 86·5 1·5 0·23 2·0 1·0 0·04
Ca 79·9 18·1 75·3 1·6 81·0 0·8 0·001 10·0 3·8 0·009 76·4 1·2 81·3 1·2 82·2 1·2 0·0006 3·1 0·8 <0·0001
Fe 92·1 13·8 90·6 1·0 92·4 0·5 0·12 4·6 2·5 0·06 91·7 0·8 92·6 0·8 92·0 0·8 0·77 0·6 0·5 0·25
K 92·5 10·7 90·4 0·9 93·0 0·4 0·01 8·4 2·2 0·0002 90·2 0·7 93·8 0·7 93·7 0·7 0·0004 1·9 0·4 <0·0001
Mg 90·4 11·9 87·9 1·0 91·0 0·5 0·008 8·5 2·5 0·0006 88·0 0·8 92·3 0·8 91·1 0·7 0·006 1·8 0·5 0·0003
Added sugars 36·9 52·4 47·5 4·8 34·4 2·2 0·02 –46·4 11·2 <0·0001 34·5 3·5 36·3 3·6 39·9 3·4 0·27 –0·4 2·3 0·88
Saturated fats 20·5 23·3 21·7 2·1 20·2 1·0 0·53 –3·0 5·0 0·55 20·6 1·5 23·0 1·6 18·3 1·5 0·27 –1·3 1·0 0·19
Na 51·9 34·0 51·1 3·0 52·1 1·4 0·76 5·3 7·2 0·46 52·2 2·2 50·5 2·3 52·8 2·2 0·85 –0·1 1·4 0·94

C, category; HEI-2015, Healthy Eating Index-2015; NRF9.3, Nutrient-Rich Food Index 9.3.
* For analyses on the associations between meal frequency and diet quality scores, the meal frequency variable was treated as a categorical variable or a continuous variable based on the general linear model, with adjustment for sex, age
group, weight status, dietary reporting status, survey year and snack frequency based on the same definition.

† For the participant-identified definition, eating occasions recorded in the sections of breakfast, lunch and dinner in the food diary were considered meals, while eating occasions recorded in the snack section were considered snacks. For
multiple entries of eating occasions into a section of breakfast, lunch or dinner (ten cases), however, the first eating occasion was considered a meal, and the following eating occasions were considered snacks.

‡ For the time-of-day definition, meals were defined as eating occasions whose start time was within select time periods of the day (06.00–10.00, 12.00–15.00 and 18.00–21.00 hours), and any eating occasions starting outside of these time
periods were considered snacks.

§ Regression coefficients mean the change of diet quality scores with one additional eating occasion per d.
‖ Values are medians (ranges).
¶ Calculated as the sum of all components scores. A maximum score is 100. A maximum score for each component is as follows: 5 for total fruits, whole fruits, total vegetables, greens and beans, total protein foods and seafood and plant
proteins and 10 for whole grains, dairy products, fatty acids, refined grains, Na, added sugars and saturated fats. A higher score indicates a higher diet quality (i.e. a lower intake for refined grains, Na, added sugars and saturated fats
components and a higher intake for other components).

** Defined as the ratio of the sum of PUFA and MUFA to SFA.
†† Calculated as the sumof scores for nine nutrients to encourage (i.e. protein, dietary fibre, vitaminsA, C andD,Ca, Fe, K andMg)minus the sumof scores for three nutrients to limit (i.e. added sugars, saturated fats andNa). Amaximumscore

is 900. For each component, amaximumscore is 100, except for added sugars, saturated fats andNa components, for which amaximumscore is infinite depending on the intake level. A higher score indicates a higher diet quality, except for
added sugars, saturated fats and Na components, for which a higher score indicates an unfavourable dietary intake (i.e. higher intakes of added sugars, saturated fats and Na).
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Table 4. Associations between snack frequency and diet quality scores in 639 Japanese adults aged 20–81 years*
(Mean values with their standard errors; median values and ranges)

Snack frequency (participant identified)† Snack frequency (time of day)‡

Categorical Categorical

C1 (n 231) C2 (n 176) C3 (n 232)

Pfor trend

Continuous C1 (n 190) C2 (n 237) C3 (n 212)

Pfor trend

Continuous

Mean SE Mean SE Mean SE β§ SE P Mean SE Mean SE Mean SE β§ SE P

Snack frequency (times/d)‖ 0·5 (0–1) 1·75 (1·25–2) 2·75 (2·25–8) – – – – 0·25 (0–0·67) 1 (0·75–1·25) 1·75 (1·5–6) – – – –
HEI-2015¶ 50·7 0·4 52·6 0·5 53·1 0·4 0·0001 0·7 0·2 0·0008 51·6 0·5 51·8 0·4 52·9 0·5 0·07 0·1 0·3 0·66

Total fruits 1·32 0·08 1·66 0·09 1·64 0·08 0·008 0·09 0·04 0·03 1·45 0·09 1·44 0·08 1·70 0·09 0·049 0·06 0·06 0·37
Whole fruits 2·04 0·11 2·56 0·12 2·44 0·11 0·01 0·12 0·05 0·02 2·26 0·12 2·19 0·11 2·55 0·11 0·08 0·08 0·08 0·32
Total vegetables 4·50 0·05 4·52 0·06 4·73 0·05 0·0007 0·08 0·02 0·0005 4·50 0·05 4·56 0·05 4·69 0·05 0·01 0·06 0·04 0·13
Greens and beans 3·13 0·11 3·53 0·12 3·65 0·11 0·0007 0·15 0·05 0·003 3·29 0·12 3·43 0·11 3·55 0·11 0·12 0·09 0·08 0·25
Whole grains 0·45 0·11 0·66 0·12 0·78 0·10 0·03 0·08 0·05 0·10 0·63 0·12 0·70 0·10 0·53 0·11 0·52 –0·03 0·08 0·72
Dairy products 1·86 0·11 2·23 0·12 2·18 0·11 0·04 0·10 0·05 0·04 1·94 0·12 2·02 0·11 2·26 0·11 0·048 0·15 0·08 0·06
Total protein foods 4·71 0·04 4·76 0·04 4·78 0·04 0·18 0·01 0·02 0·51 4·72 0·04 4·76 0·04 4·76 0·04 0·50 –0·02 0·03 0·42
Seafood and plant proteins 4·72 0·05 4·79 0·05 4·83 0·05 0·10 0·04 0·02 0·10 4·77 0·05 4·81 0·05 4·76 0·05 0·88 –0·03 0·04 0·42
Fatty acids** 6·57 0·17 6·12 0·19 6·19 0·17 0·12 –0·13 0·08 0·12 6·45 0·19 6·35 0·17 6·14 0·18 0·23 –0·26 0·13 0·046
Refined grains 1·21 0·14 1·48 0·16 1·52 0·14 0·12 0·09 0·07 0·16 1·29 0·16 1·32 0·14 1·57 0·15 0·19 0·14 0·11 0·21
Na 1·69 0·16 2·09 0·19 2·14 0·16 0·06 0·16 0·08 0·04 1·78 0·18 1·90 0·16 2·20 0·17 0·09 0·21 0·13 0·10
Added sugars 9·61 0·07 9·37 0·08 9·26 0·07 0·0007 –0·12 0·03 0·0007 9·62 0·08 9·40 0·07 9·26 0·08 0·001 –0·22 0·06 <0·0001
Saturated fats 8·93 0·10 8·85 0·12 8·99 0·10 0·72 0·00 0·05 0·98 8·93 0·11 8·98 0·10 8·88 0·11 0·74 –0·08 0·08 0·31

NRF9.3†† 658 6 669 7 676 6 0·04 7 3 0·02 658 7 667 6 676 7 0·06 3 5 0·54
Protein 99·9 0·0 100·0 0·0 100·0 0·0 0·06 0·0 0·0 0·12 99·9 0·0 100·0 0·0 100·0 0·0 0·19 0·0 0·0 0·37
Dietary fibre 75·8 1·0 78·0 1·2 78·8 1·0 0·046 0·9 0·5 0·07 76·4 1·1 77·5 1·0 78·4 1·1 0·21 0·4 0·8 0·64
Vitamin A 66·1 1·4 68·9 1·6 69·4 1·4 0·09 1·2 0·7 0·06 65·1 1·5 68·1 1·4 70·7 1·4 0·009 1·8 1·1 0·09
Vitamin C 87·0 1·1 90·2 1·2 92·5 1·0 0·0003 2·4 0·5 <0·0001 86·1 1·2 90·0 1·0 93·2 1·1 <0·0001 3·3 0·8 <0·0001
Vitamin D 84·3 1·4 87·0 1·6 88·0 1·4 0·06 1·7 0·7 0·01 83·9 1·6 87·0 1·4 87·9 1·5 0·07 2·2 1·1 0·049
Ca 75·1 1·1 82·2 1·3 83·0 1·1 <0·0001 2·5 0·5 <0·0001 76·6 1·2 80·5 1·1 82·4 1·2 0·0009 2·4 0·9 0·007
Fe 92·0 0·7 91·4 0·8 92·7 0·7 0·49 0·4 0·3 0·24 91·5 0·8 92·1 0·7 92·6 0·8 0·34 0·4 0·6 0·43
K 90·1 0·7 92·7 0·7 94·8 0·6 <0·0001 1·7 0·3 <0·0001 90·5 0·7 92·5 0·6 94·3 0·7 0·0002 1·8 0·5 0·0004
Mg 88·6 0·7 91·5 0·8 91·4 0·7 0·007 0·9 0·3 0·009 89·7 0·8 90·3 0·7 91·0 0·8 0·24 0·2 0·6 0·68
Added sugars 25·8 3·3 40·5 3·8 45·3 3·3 <0·0001 6·4 1·6 <0·0001 26·1 3·7 37·7 3·3 45·8 3·5 0·0001 11·5 2·6 <0·0001
Saturated fats 20·4 1·5 21·8 1·7 19·7 1·5 0·72 0·0 0·7 0·98 20·7 1·6 19·3 1·4 21·7 1·5 0·61 1·4 1·1 0·20
Na 55·0 2·1 50·2 2·4 50·0 2·1 0·10 –1·7 1·0 0·08 55·4 2·3 53·5 2·1 47·0 2·2 0·009 –3·4 1·6 0·04

C, category; HEI-2015, Healthy Eating Index-2015; NRF9.3, Nutrient-Rich Food Index 9.3.
* For analyses on the associations between snack frequency and diet quality scores, the snack frequency variable was treated as a categorical variable or a continuous variable based on the general linear model, with adjustment for sex, age
group, weight status, dietary reporting status, survey year and meal frequency based on the same definition.

† For the participant-identified definition, eating occasions recorded in the sections of breakfast, lunch and dinner in the food diary were considered meals, while eating occasions recorded in the snack section were considered snacks. For
multiple entries of eating occasions into a section of breakfast, lunch or dinner (ten cases), however, the first eating occasion was considered a meal, and the following eating occasions were considered snacks.

‡ For the time-of-day definition, meals were defined as eating occasions whose start time was within select time periods of the day (06.00–10.00, 12.00–15.00 and 18.00–21.00 hours), and any eating occasions starting outside of these time
periods were considered snacks.

§ Regression coefficients mean the change of diet quality scores with one additional eating occasion per d.
‖ Values are medians (ranges).
¶ Calculated as the sum of all components scores. A maximum score is 100. A maximum score for each component is as follows: 5 for total fruits, whole fruits, total vegetables, greens and beans, total protein foods and seafood and plant
proteins and 10 for whole grains, dairy products, fatty acids, refined grains, Na, added sugars and saturated fats. A higher score indicates a higher diet quality (i.e. a lower intake for refined grains, Na, added sugars and saturated fats
components and a higher intake for other components).

** Defined as the ratio of the sum of PUFA and MUFA acids to SFA.
†† Calculated as the sumof scores for nine nutrients to encourage (i.e. protein, dietary fibre, vitamins A, C andD, Ca, Fe, K andMg)minus the sumof scores for three nutrients to limit (i.e. added sugars, saturated fats andNa). Amaximumscore

is 900. For each component, amaximum score is 100, except for added sugars, saturated fats andNa components, for which amaximum score is infinite depending on the intake level. A higher score indicates a higher diet quality, except for
added sugars, saturated fats and Na components, for which a higher score indicates an unfavourable dietary intake (i.e. higher intakes of added sugars, saturated fats and Na).
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developed for assessing the US diet and not optimal for assessing
the overall quality of Japanese diet, which, nevertheless, remain
the most comprehensive indices available(48). The use of other
diet quality scores, such as the Dietary Inflammatory Index(49),
which is not culture bound, would be of interest in future studies.
However, in our recent systematic review of Japanese studies
which resulted in the identification of dietary patterns using prin-
cipal component analysis, we found that those food groups
which contributed to dietary patterns termed healthy (fruits,
vegetables, potatoes, mushrooms, seaweeds and pulses) are
at least partly similar to those often observed in Western coun-
tries (fruits, vegetables including mushrooms, poultry, fish,
low-fat dairy products, legumes and whole grains)(50). It
should also be stressed that our recent analysis supports the
efficacy of these measures in assessing the overall diet quality
of Japanese: a higher total score in the HEI-2015, and NRF9.3
was associated with favourable patterns of overall diet,
including higher intakes of dietary fibre and key vitamins
and minerals and lower intakes of saturated fats, added sugars
and Na(48). In addition, 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 significant findings in the present
study occurred by chance.

To conclude, in this cross-sectional study in Japanese adults,
after taking into account potential confounding factors, a higher
frequency of both participant-identified and time-of-day defined
meals was associated with a higher quality of overall diet.
Conversely, associations for snack frequency were dependent
on the definition of snacks, as the frequency of participant-
identified snacks, but not that of time-of-day defined ones,
showed positive associations with overall diet quality. The
present results suggest the different effects of meal frequency
and snack frequency on diet quality as well as the importance
of definitions of meals and snacks applied. Further research
on how the nutritional and food profiles of meals and snacks
are associated with overall diet quality is warranted to help
inform the development of strategies and messages that encour-
age healthy eating patterns.
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