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Objective: Most studies on dietary patterns have focused on the total daily intake of foods without differenti-
ating intake at specific eating occasions. The aim of this study was to identify meal-specific (breakfast, lunch,
and dinner) dietary patterns and examine their contribution to overall dietary patterns, using data from the
2012 National Health and Nutrition Survey, Japan.
Methods: Dietary intake was assessed with a 1-d weighed dietary record for 15 618 Japanese adults >20 y of
age.
Results: Using principal component analysis based on daily consumption of 22 food groups, four overall die-
tary patterns were identified: vegetable/fruit/fish/pulse, bread/dairy, meat/fat, and noodle/seasoning pat-
terns. Four meal-specific dietary patterns, which were independently identified in the same manner based
on consumption at each eating occasion, were as follows:
¢ Breakfast: rice/vegetable/fish/pulse/seasoning, bread/dairy/fruit/sugar, meat/egg/fat, and tea/coffee patterns;
e Lunch: bread/dairy, noodle/seasoning, meat/fat, and vegetable/pulse/potato/sugar patterns; and
e Dinner: meat/vegetable/seasoning, noodle/alcoholic beverage, fish/sugar/alcoholic beverage, and other
grains/fat patterns.
The major contributors to interindividual variation in the vegetable/fruit/fish/pulse overall dietary pattern
included the rice/vegetable/fish/pulse/seasoning breakfast (28%), the vegetable/pulse/potato/sugar lunch
(15%), and the fish/sugar/alcoholic beverage dinner (19%). For other overall dietary patterns, the major con-
tributors were generally patterns with similar characteristics, namely the bread/dairy/fruit/sugar breakfast
(33%) and the bread/dairy lunch (24%) for the bread/dairy overall dietary pattern; the meat/egg/fat breakfast
(13%), the meat/fat lunch (33%), the meat/vegetable/seasoning dinner (28%), and the other grains/fat dinner
(11%) for the meat/fat overall dietary pattern; and the noodle/seasoning lunch (51%) and the noodle/alcoholic
beverage dinner (25%) for the noodle/seasoning overall dietary pattern.
Conclusion: Major meal-specific dietary patterns were identified in the Japanese context, which differentially
contributed to major overall dietary patterns.

© 2018 Elsevier Inc. All rights reserved.

Introduction

Japanese dietary habits have long attracted interest from other
countries, primarily because of their possible contribution to a low
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prevalence of coronary artery disease and long life expectancy
[1,2]. Typical characteristics of the Japanese diet include high con-
sumption of refined grains, soybean products, seaweeds, vegeta-
bles, fish, and green tea and low consumption of whole grains,
nuts, processed meat, and soft drinks [3,4]. Nevertheless, studying
single nutrients or foods in isolation may be inappropriate because
such a study cannot inherently take into account the complicated
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interactions and cumulative effects that occur among individual
dietary components [5]. More recently, focus has shifted to overall
diet and dietary patterns [6]. Dietary patterns are generally
assessed using two main approaches. The first is the a priori
approach, which relies on diet quality scores or indices based on
dietary guidelines. However, research based on this approach in
Japan has been hindered by the lack of an appropriate tool for
assessing the Japanese diet [7]. The second is the a posteriori
approach, which uses statistical techniques (e.g., principal compo-
nent analysis). This approach has been applied to dietary data from
representative population groups in a number of countries [8—-19].

Despite the finding that people generally eat specific combina-
tions of foods at mealtimes [20—22], most previous studies on die-
tary patterns have focused on the total daily intake of food with no
differentiation of eating occasions. The study of meal-specific die-
tary patterns in addition to overall dietary patterns may be more
insightful, given synergies and interactions during digestion and
metabolism [23] and the potential importance of time of eating
[24]. Moreover, an understanding of the patterns of food combina-
tions at meals and their association with overall dietary patterns
may be used to inform the development of culturally appropriate
and meaningful public health policies and recommendations for
healthy eating. In addition, because these patterns reflect how peo-
ple actually eat, meal-specific dietary advice would likely be more
practical. To our knowledge, only two studies (from Brazil [25] and
China [26]) have identified meal-specific dietary patterns, but their
associations with overall dietary patterns were not investigated.
Because all foods are not always consumed proportionately for
each meal in free-living settings, empirical evidence on the associa-
tions between meal-specific dietary patterns and overall dietary
patterns is needed.

Therefore, the aim of the present cross-sectional study was to
identify meal-specific dietary patterns to examine their contribu-
tion to overall dietary patterns using data from the 2012 National
Health and Nutrition Survey, Japan (NHNS]J).

Materials and methods
Data source and analytical sample

The NHNSJ is an annual, nationwide, nutrition survey conducted since 1945
through local public health centers under the supervision of Japan's Ministry of
Health, Labour and Welfare on the basis of the Health Promotion Law. The present
cross-sectional study used data from the 2012 NHNS], with permission of the Min-
istry. The 2012 NHNS] has been detailed elsewhere [4]. In brief, based on the popu-
lation census, 475 of ~1 million census units were randomly sampled as survey
areas. All non-institutionalized Japanese people >1 y of age living in survey areas
(approximately N=61 000) were asked to participate, with a total of 12 750 of 24
555 eligible households (52%) taking part. The survey was performed from October
25 to December 7, 2012.

The number of participants in the 2012 NHNSJ >20 y of age was 30 639, of
whom 3913, 8593, and 14 44 had missing information on dietary intake, anthropo-
metric measurements, and lifestyle variables, respectively (some with more than
one missing variable). After exclusion of 246 lactating and 136 pregnant women,
the final sample for the present analysis with complete information on the varia-
bles of interest was 15 618 male participants and non-lactating and non-pregnant
female participants >20y of age. The participants (N = 15 618) were somewhat dif-
ferent from those excluded from the analysis (n=1032-15 021 depending on vari-
ables); those excluded were more likely to be male, younger, current smokers,
physically inactive, and have lower mean energy intake (EI), body mass index
(BMI), and waist circumference (WC; P < 0.0001 for all).

This survey was performed in accordance with guidelines in the Declaration of
Helsinki. Verbal informed consent was provided by all individual participants. In
accordance with the Statistics Act, the Ministry of Health, Labour, and Welfare ano-
nymized individual-level data collected from the NHNS], and provided access to
the data sets to the first author of this study. Consistent with ethical guidelines
developed for epidemiologic research by the Ministry of Education, Culture, Sports,
Science and Technology and the Ministry of Health, Labour and Welfare, this anal-
ysis did not require institutional review board approval.

Dietary assessment

Data on dietary intake were obtained using a 1-d weighted household dietary
record, as detailed previously [4,22,27,28]. In brief, the main record keeper (in
most cases the main household cook) was provided written and verbal instruc-
tions at home by trained fieldworkers, who were registered dietitians, on how to
conduct the dietary record and its purpose. The main record keeper was required
to record and weigh all foods and beverages (excluding drinking water) consumed
by household members on the recording day, such that the dietary record com-
prised data for all household members. When foods from the same dish were
shared among household members, the record keeper recorded approximate pro-
portions of the food eaten by each member. When weighing could not be con-
ducted, such as when eating out, the record keeper recorded as much information
as possible, including consumed portion sizes and details of leftovers. To increase
participation, the recording day could be freely selected by households, with Sun-
days, national holidays, and days with special events (e.g., wedding party or
funeral) excluded. The trained fieldworker collected the diary within several days
of completion—often the next weekday—and checked the completeness of record-
ing. Additional information was recorded where necessary.

Using an NHNSJ study manual, trained fieldworkers converted the estimates of
portion size measured using household measures into weights and coded all indi-
vidual food items following the Standard Tables of Food Composition in Japan [29].
After collection, the dietary records were rechecked at the local center by trained
fieldworkers who input the data using software specifically developed for the
NHNSJ. These input data were compiled by trained investigators at the central
office to create the overall dietary data set.

Estimated daily intake of foods, energy, and selected nutrients for individuals
was calculated from the household food consumption record, and approximate
proportions consumed by each household member were calculated for shared
dishes or foods using the Standard Tables of Food Composition in Japan [29]. Nutri-
ent intake values were energy adjusted with the density method (i.e., percentage
of energy for energy-providing nutrients; amount per 4184 kJ of energy for foods
and other nutrients).

Regarding the utility of this household dietary record for estimating dietary
intake for individuals [30], dietary intake of young women (~20 y of age) esti-
mated using this 1-d household dietary record by mothers (mean age, 49 y) were
compared with that with a separate 1-d weighted dietary record by the young
women themselves (n=32). Mean differences in intake by the two methods for
energy, protein, fat, and carbohydrate were 6.2%, 5.7%, 6.7%, and 6.3%, yielding
Pearson correlation coefficients of 0.90, 0.89, 0.91, and 0.90, respectively. In addi-
tion, previous analyses based on the NHNS] yielded mean ratios of EI to estimated
energy requirement of 1.04 for children [31] and 0.98 for adults [32].

Identification of overall dietary patterns

Before dietary pattern analysis, each unique food item consumed by the partic-
ipants (>1600 individual item codes) was recoded into 22 food groups (Supple-
mentary Table 1). Food grouping was based on the similarity of nutrient profiles or
culinary usage of the foods, mainly according to the Standard Tables of Food Com-
position in Japan [29] and the classification of food groups used in the NHNSJ [4].

To derive overall dietary patterns, principal component analysis was per-
formed based on intake of the 22 food groups expressed as amount per day, using
the PROC FACTOR procedure in SAS version 9.4 (SAS Institute Inc, Cary, NC, USA).
The derived factors are linear combinations of the included variables that explain
as much as possible of the variation in the original variables. The factors were
rotated by orthogonal transformation (varimax rotation) to provide a simpler
structure having greater interpretability. The number of retained factors was
determined by evaluating the scree plot and the combination of food groups for
the identified factors [33]. The proportion of variance explained by the respective
factors was determined by dividing the sum of squares of the respective factor
loadings by the number of variables (i.e., food groups). Factor loadings are correla-
tion coefficients between individual food groups and dietary patterns. Food groups
having absolute factor loadings of >0.30 were determined to have contributed to a
factor [14,16,17,34]. Dietary patterns were described based on the food groups having
the highest positive loadings per dietary pattern, and factor scores for each participant
and for each dietary pattern were obtained by adding the standardized intake of each
of the 22 food groups weighted by the factor loading for each pattern. These scores
represent standardized variables with a mean of 0 and a standard deviation of 1.

Identification of meal-specific (breakfast, lunch, and dinner) dietary patterns

The food diary sheet was derived from a typical Japanese eating pattern, com-
prising breakfast, lunch, dinner, and snacks. These eating events were described in
the diary (information on time of eating occasions was not collected). Meal types
in the analysis were based on this classification. Using the same procedure to
derive overall dietary patterns, meal-specific dietary patterns, namely breakfast,
lunch, and dinner patterns, were independently derived based on the amount of
22 food groups consumed at each eating occasion. Because a large proportion of
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Table 1
Factor loadings for overall dietary patterns (N= 15 618): The 2012 National Health and Nutrition Survey, Japan™
Factor 1 Factor 2 Factor 3 Factor 4
Overall intake (g/d) Vegetable, fruit, fish, Bread and Meat and Noodle and
and pulse pattern' dairy pattern' fat pattern' seasoning pattern'
Mean SD

Rice 341.3 184.3 0.26 -0.56 0.16 -042
Bread 31.0 432 -0.15 0.65 0.17 -0.02
Noodles 64.6 106.7 -0.16 0.01 —0.02 0.80
Other grains 15.5 35.1 0.01 0.08 033 0.03
Potatoes 57.7 69.5 040 -0.02 0.13 -0.13
Sugar 85 104 0.33 0.39 0.15 —0.04
Pulses 67.0 79.1 043 -0.10 -0.14 0.08
Nuts 2.6 9.6 0.21 0.13 0.00 0.01
Vegetables 313.7 178.7 0.68 -0.02 0.13 0.06
Fruits 116.5 137.0 048 0.39 -0.21 0.02
Fish 80.9 75.2 046 -0.16 -0.18 -0.02
Meat 78.0 68.3 0.00 -0.14 0.69 0.01
Eggs 34.5 33.8 0.16 -0.10 0.32 -0.11
Dairy products 98.8 126.2 0.18 0.50 -0.07 -0.02
Fats and oils 9.5 9.1 -0.04 0.17 0.72 -0.03
Confectioneries 30.0 494 0.02 0.26 -0.03 —0.04
Fruit juice 5.9 38.7 -0.02 0.10 0.12 0.10
Vegetable juice 94 473 -0.02 0.13 0.03 0.02
Alcoholic beverages 121.4 2744 0.06 -0.32 0.20 0.22
Soft drinks 45.8 125.7 -0.07 —0.03 0.23 0.08
Tea and coffee 533.8 405.8 0.22 0.19 0.07 -0.15
Seasonings 87.8 85.8 0.28 -0.12 0.17 0.67
Variability explained (%) — - 7.8 7.6 7.2 6.4

*Overall dietary patterns were identified using principal component analysis based on overall intakes of the 22 food groups (g/d). Absolute factor loading values >0.30 are

presented in bold.

Dietary patterns were named according to the food groups with the highest positive factor loadings per dietary pattern.

participants went without snacking (35%) compared with those who went without
breakfast (4.5%), lunch (1.8%), or dinner (0.4%), snack patterns were not investi-
gated in this study.

Assessment of other variables

Approximately 90% of the participants underwent anthropometric measure-
ments by trained fieldworkers using standard methods. Body height (to the closest
0.1 cm) and weight (to the closest 0.1 kg) were measured with the participants
barefoot and wearing light clothes. WC was measured at the level of the umbilicus
(to the closest 0.5 cm) at end respiration with the participant standing erect, the
arms at the side, and the feet held together. In a few cases, height, weight, and WC
were measured at home by other household members or were self-reported. BMI
was calculated as weight (kg) divided by height (m) squared (kg/m?). Systolic and
diastolic blood pressure (SBD and DBP, respectively) was measured by trained
fieldworkers in the right arm with a standard mercury sphygmomanometer after
the participant had been sitting quietly for at least 5 min. This measurement was
followed by a second measurement 1 to 2 min later, and the mean of the two was
used. Blood samples collected while not fasting were analyzed for serum total cho-
lesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C), and glycated hemoglobin (HbA1c) concentrations by a com-
mercial laboratory [4,35,36].

Following the NHNS] report [4], six age categories were defined: 20 to 29, 30 to
39, 40 to 49, 50 to 59, 60 to 69, or >70 y. Information also was collected on smok-
ing status (never, past, or current), and habitual exercise (no or yes). Dietary
reporting status was evaluated based on the ratio of reported EI to basal metabolic
rate (BMR) (Goldberg's cutoff) [37], as described elsewhere [27]. Briefly, BMR was
estimated using sex-specific equations for Japanese adults based on age, body
height, and weight [38,39]. Participants were evaluated as plausible, under-, or over-
reporters of EI by whether their ratio was within, below, or >95% confidence limits
for agreement between EI:BMR and physical activity level for a sedentary lifestyle
(i.e., 1.55) [37]. From this, underreporters, plausible reporters, and overreporters
were defined as having an EI:BMR of <0.87, 0.87 to 2.75, and >2.75, respectively.

Statistical analysis

All statistical analyses were performed using SAS statistical software version
9.4 (SAS Institute Inc). Differences in overall dietary pattern scores across catego-
ries of basic characteristics were examined based on the independent ¢ test or
analysis of variance followed by a Bonferroni post hoc test. Associations between
overall dietary pattern scores and overall intake of energy and selected nutrients
were examined using Pearson correlation coefficients. Associations of overall die-
tary pattern scores with metabolic risk factors were investigated by linear

regression analyses, with adjustment for potential confounding factors including
sex, age, smoking status, habitual exercise, dietary reporting status, and total
energy intake (as well as BMI for analyses on SBP and DBP; TC, HDL-C, LDL-C, and
HbA1c). Contributions of meal-specific dietary pattern scores to interindividual
variation in overall dietary pattern scores were examined using linear regression
analyses. All reported P-values are two-tailed, and P < 0.05 was considered statisti-
cally significant, except for the case of correlation coefficients, for which an abso-
lute correlation >0.30 was considered significant.

Results
Overall dietary patterns

The present analysis included 15 618 adults (6552 men and
9066 women) with a mean age of 58.4 y (Standard deviation 16.4).
The principal component analysis identified four overall dietary
patterns: vegetable/fruit/fish/pulse, bread/dairy, meat/fat, and noo-
dle/seasoning patterns (Table 1). Overall, the four dietary patterns
accounted for 28.8% of the total variance in overall food group
intake. Each of the overall dietary pattern scores differed signifi-
cantly according to sex, age, smoking status, habitual exercise, and
dietary reporting status (Supplementary Table 2). In relation to
nutrient intake (Supplementary Table 3), the vegetable/fruit/fish/
pulse pattern was positively correlated with intakes of energy, dietary
fiber, folate, vitamin C, potassium, calcium, magnesium, and iron. The
bread/dairy pattern showed positive correlations with saturated fatty
acid (SFA) and calcium intakes. The meat/fat pattern was correlated
positively with intakes of energy, fats, SFAs, monounsaturated fatty
acids, and w-6 polyunsaturated fatty acids and inversely with intakes
of carbohydrate, calcium, and magnesium. There was a positive corre-
lation between the noodle/seasoning pattern and sodium intake.

After adjustment for potential confounding factors, the vegeta-
ble/fruit/fish/pulse pattern showed inverse associations with WC,
SBP, DBP, TC, and LDL-C (Supplementary Table 4). The bread/dairy
pattern was associated inversely with BMI, WC, SBP, and DBP but
positively with TC and LDL-C. Conversely, the remaining two



Table 2

Factor loadings for meal-specific (breakfast, lunch, and dinner) dietary patterns (N =15 618): The 2012 National Health and Nutrition Survey, Japan*

Breakfast' Lunch Dinner'

Factor 1 Factor 2 Factor 3 Factor 4 Factor 1 Factor 2 Factor 3 Factor 4 Factor 1 Factor 2 Factor 3 Factor 4

Rice, vegetable, Bread, dairy, Meat, egg, and Tea and coffee Bread and dairy Noodle and Meat and fat ~ Vegetable, Meat, vegeta-  Noodle and Fish, sugar, and Other grains

fish, pulse, and fruit, and sugar fat pattern pattern pattern seasoning pattern pulse, potato,  ble, and sea- alcoholic bev-  alcoholic bev- and fat pattern

seasoning pattern pattern and sugar soning pattern erage pattern  erage pattern

pattern pattern
Rice 0.69 -040 —0.01 0.13 —-0.45 —0.66 0.15 0.12 0.13 —0.68 0.06 -0.16
Bread —0.58 0.47 0.33 0.09 0.74 0.03 0.08 0.04 —0.06 0.10 0.04 0.31
Noodles 0.00 -0.12 0.12 -0.23 —0.18 0.78 —0.04 -0.24 0.05 0.63 -0.32 —-0.03
Other grains 0.07 0.13 0.01 -0.22 0.05 0.07 0.29 0.05 0.22 0.07 0.01 0.53
Potatoes 043 0.11 0.16 —0.03 —0.09 —0.05 0.20 044 0.29 -0.23 0.25 0.07
Sugar -0.07 0.52 0.16 0.17 0.25 —0.07 0.08 047 0.18 -0.10 0.49 —0.02
Pulses 046 0.02 -0.08 0.06 -0.14 0.01 -0.16 0.50 0.17 0.20 0.31 -0.32
Nuts 0.10 0.27 -0.10 0.02 0.04 —0.02 —0.04 0.24 0.04 0.04 0.30 0.08
Vegetables 0.68 0.15 0.25 0.02 —0.26 0.00 0.28 0.57 0.58 0.01 0.27 -0.22
Fruits 0.06 0.64 -0.11 -0.02 0.34 0.06 -0.15 0.33 —-0.06 -0.07 0.15 0.11
Fish 0.49 0.00 —0.08 0.02 -0.31 —0.30 —0.23 0.32 -0.29 0.05 0.68 —0.01
Meat 0.12 -0.10 0.63 -0.23 -0.12 —-0.09 0.75 0.02 0.73 —0.05 —0.26 0.06
Eggs 0.15 —0.16 0.49 0.11 —0.05 —0.29 0.26 -0.19 0.13 —0.09 0.13 0.25
Dairy products -0.10 0.60 —0.02 —0.28 0.62 0.08 0.03 0.24 -0.07 —0.01 0.04 0.30
Fats and oils -0.27 0.16 0.69 0.02 0.06 -0.13 0.76 —0.01 0.39 —0.06 —0.04 0.58
Confectioneries -0.16 —0.07 -0.22 -0.21 0.29 —0.02 -0.12 -0.13 -0.10 0.10 0.10 0.28
Fruit juice —0.01 0.11 0.02 -0.15 0.08 0.00 0.04 —0.03 —0.06 0.06 —-0.07 0.08
Vegetable juice —0.04 0.12 —0.03 -0.21 0.15 —0.04 —0.01 —0.06 —0.05 0.00 —0.02 0.19
Alcoholic beverages 0.09 —0.04 0.23 —-0.29 —0.09 0.06 0.07 0.15 0.11 0.46 0.36 0.11
Soft drinks —0.09 —0.06 —0.04 -0.37 0.10 —0.03 0.10 -0.14 —0.01 0.07 0.01 0.25
Tea and coffee 0.00 0.07 0.09 0.70 —0.04 —0.29 0.03 —0.03 0.00 -0.32 —0.04 —0.06
Seasonings 0.54 —0.01 0.13 —0.03 -0.33 0.62 0.18 0.09 0.44 0.32 0.10 -0.24
Variability explained (%) 10.9 7.6 6.8 5.2 8.2 8.0 7.3 6.8 7.2 6.5 6.3 6.1

*Meal-specific (breakfast, lunch, and dinner) dietary patterns were identified using principal component analysis based on intakes of the 22 food groups from each meal (g/d). Absolute factor loading values >0.30 are presented in

bold.

fMeal-specific dietary patterns were named according to the food groups with the highest positive factor loadings per dietary pattern.
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Table 3
Contributions of meal-specific (breakfast, lunch, and dinner) dietary pattern scores to interindividual variation in overall dietary pattern scores (N =15 618): The 2012 National Health and Nutrition Survey, Japan*

Overall diet'

Factor 1 Factor 2 Factor 3 Factor 4
Vegetable, fruit, fish, and pulse pattern Bread and dairy pattern Meat and fat pattern Noodle and seasoning pattern
B SE! Partial R B SE Partial R? B! SE! Partial > SE Partial R?
Model R* 0.84 Model R? 0.74 Model R 0.89 Model R 0.84
Breakfast'
Factor 1: Rice, vegetable, fish, pulse, and seasoning pattern 043 0.003 0.28 -0.38 0.004 0.10 —0.06 0.003 0.02 0.04 0.003 0.00
Factor 2: Bread, dairy, fruit, and sugar pattern 0.20 0.003 0.09 0.57 0.004 0.33 0.00° 0.003 0.00 0.04 0.003 0.01
Factor 3: Meat, egg, and fat pattern 0.04 0.003 0.00 0.11 0.004 0.01 033 0.003 0.13 —0.01 0.003 0.00
Factor 4: Tea and coffee pattern 0.07 0.003 0.01 0.01'! 0.004 0.00 —0.02 0.003 0.00 —0.08 0.003 0.02
Lunch!
Factor 1: Bread and dairy pattern -0.14 0.003 0.02 0.49 0.004 0.24 —0.02 0.003 0.00 -0.15 0.003 0.03
Factor 2: Noodle and seasoning pattern —0.08 0.003 0.01 0.11 0.004 0.01 -0.09 0.003 0.01 0.71 0.003 0.51
Factor 3: Meat and fat pattern 0.04 0.003 0.01 —-0.02 0.004 0.00 0.53 0.003 033 0.00¢ 0.003 0.00
Factor 4: Vegetable, pulse, potato, and sugar pattern 0.39 0.003 0.15 0.10 0.004 0.01 —-0.03 0.003 0.00 —0.08 0.003 0.01
Dinner’
Factor 1: Meat, vegetable, and seasoning pattern 0.23 0.003 0.05 —0.06 0.004 0.00 0.53 0.003 0.28 0.15 0.003 0.02
Factor 2: Noodle and alcoholic beverage pattern —0.05 0.003 0.00 —-0.03 0.004 0.00 —0.05 0.003 0.00 0.50 0.003 0.25
Factor 3: Fish, sugar, and alcoholic beverage pattern 0.44 0.003 0.19 -0.07 0.004 0.01 —0.08 0.003 0.01 —-0.01 0.003 0.00
Factor 4: Other grains and fat pattern -0.13 0.003 0.02 0.16 0.004 0.02 0.32 0.003 0.11 -0.07 0.003 0.01

P < 0.0001 for all values unless otherwise indicated.

*Meal-specific (breakfast, lunch, and dinner) dietary patterns were identified using principal component analysis based on intakes of the 22 food groups from each meal (g/d). Overall dietary patterns were identified using principal
component analysis based on overall intakes of the 22 food groups (g/d). The dietary pattern scores represent standardized variables with mean 0 and SD 1.

TMeal-specific dietary patterns and overall dietary patterns were named according to the food groups with the highest positive factor loadings per dietary pattern.

Regression coefficients indicate the change of overall dietary pattern scores with a 1-point increase of meal-specific dietary pattern scores.

ip=033.

lp=0.03.

P=0.85.
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dietary patterns (meat/fat and noodle/seasoning patterns) were
positively associated with all metabolic risk factors examined,
except for HbA1c for both and DBP for the former.

Meal-specific (breakfast, lunch, and dinner) dietary patterns

Breakfast, lunch, dinner, and snacks on average contributed to
23%, 30%, 40%, and 8% of total EI, respectively. The amounts of rice,
vegetables, tea, and coffee consumed were large for all three main
meals (Supplementary Table 5). Other food groups with large con-
sumption included dairy products and fruits for breakfast; noodles
for lunch; and alcoholic beverages, fish, and meat for dinner.

The principal component analysis identified four breakfast
patterns:

1. rice/vegetable/fish/pulse/seasoning,
2. bread/dairy/fruit/sugar,

3. meat/egg/fat, and

4, tea/coffee patterns (Table 2).

Four patterns also were identified for lunch:

1. bread/dairy,

2. noodle/seasoning,

3. meat/fat, and

4. vegetable/pulse/potato/sugar patterns.

Four patterns were again identified for dinner:

. meat/vegetable/seasoning,

. noodle/alcoholic beverage

. fish/sugar/alcoholic beverage, and
. other grains/fat patterns.

AW N =

Each of the four patterns for breakfast, lunch, and dinner
accounted for 30.5%, 30.3%, and 26.1%, respectively, of the variance
in food-group intake consumed at each eating occasion.

Contribution of meal-specific (breakfast, lunch, and dinner) dietary
patterns to interindividual variation in overall dietary patterns

Although the correlations between each of the 12 meal-specific
dietary pattern scores were generally weak (r, —0.05 to 0.19), 74%
to 89% of interindividual variation in overall dietary pattern scores
were explained by meal-specific dietary pattern scores (Table 3).
The major and positive contributors to the vegetable/fruit/fish/
pulse overall dietary pattern included the rice/vegetable/fish/pulse/
seasoning breakfast (28%), vegetable/pulse/potato/sugar lunch
(15%), and fish/sugar/alcoholic beverage dinner (19%). The corre-
sponding meal-specific patterns for the bread/dairy overall dietary
pattern were the bread/dairy/fruit/sugar breakfast (33%) and bread/
dairy lunch (24%). For the meat/fat overall dietary pattern, the
meat/egg/fat breakfast (13%), meat/fat lunch (33%), meat/vegetable/
seasoning dinner (28%), and other grains/fat dinner (11%) contrib-
uted largely and positively. The noodle/seasoning lunch (51%) and
noodle/alcoholic beverage dinner (25%) were major and positive
contributors to the noodle/seasoning overall dietary pattern.

Discussion

To our knowledge, this is the first study to investigate meal-
specific dietary patterns and their contribution to overall dietary

patterns using data from a national nutrition survey in Japan. We
identified four major dietary patterns for each meal (breakfast,
lunch, and dinner). Each of the four meal-specific dietary patterns
accounted for 26% to 31% of the variance in food intake at each eat-
ing occasion. Based on daily food intake, four major overall dietary
patterns were also identified, which accounted for 29% of the vari-
ance. About 74% to 89% of interindividual variation in overall die-
tary pattern scores was explained by meal-specific dietary pattern
scores, but major contributors were considerably different.

Despite large differences in dietary habits among countries, pre-
vious studies from various countries have consistently identified
two major dietary patterns [8—19]: A healthy/prudent pattern
(characterized by a high intake of fruit, vegetables, whole grains,
fish and seafood, legumes, olive oil, nuts, seeds, and low-fat dairy
products) and a Western/unhealthy pattern (characterized by a
high intake of meat [mainly processed], refined grains, sweets, and
soft drinks). The vegetable/fruits/fish/pulse overall dietary pattern
identified in this study was similar to the former, whereas the
meat/fat overall dietary pattern had some characteristics in com-
mon with the latter. In addition to these two patterns, the two
other patterns (i.e., the bread/dairy and noodle/seasoning patterns)
were similarly identified in previous Japanese studies [33,40—43].
This study, based on a national dietary survey, thus confirms major
patterns of the Japanese diet.

Published systematic reviews and meta-analyses have generally
concluded that a healthy/prudent'dietary pattern is associated with a
favorable metabolic risk factor profile, whereas a Western/unhealthy
dietary pattern shows associations in the opposite direction [44—46].
The present study consistently showed that the vegetable/fruits/fish/
pulse overall dietary pattern was associated with favorable metabolic
risk factors, whereas the meat/fat overall dietary pattern showed unfa-
vorable associations. Although the bread/dairy overall dietary pattern
was positively associated with TC and LDL-C, which may have been
due to a higher intake of SFAs [47], it was nevertheless inversely associ-
ated with body fat measures and BP. In contrast, the noodle/seasoning
overall dietary pattern was associated with adverse metabolic risk fac-
tor profiles. These findings may seem irrelevant at first glance, consid-
ering not only that there were virtually no correlations between these
two dietary patterns and nutrient intakes but also that consumption of
whole grains and low-fat dairy products is quite low in Japan [48].
However, these findings might be reasonable in terms of the timing of
eating, given that the bread/dairy overall dietary pattern was explained
mainly by breakfast and lunch patterns characterized by bread,
whereas the noodle/seasoning overall dietary pattern was explained
by lunch and dinner patterns characterized by noodles. Supporting
this, several previous studies have suggested that increasing intake of
carbohydrate or energy in the morning could be protective against the
development of metabolic disorders [24].

This study identified four breakfast, four lunch, and four dinner
dietary patterns. To our knowledge, only two studies have identified
meal-specific dietary patterns. In a sample of the residents in Sao
Paulo City, Brazil, three breakfast (healthy, traditional, and snack), five
lunch (traditional, salad, sweetened juice, Western, and meats), and
four dinner (coffee with milk and bread, transitional, traditional, and
soups and fruits) dietary patterns were identified [25]. In a study con-
ducted in central eastern China, two dietary patterns (traditional
[wheat for breakfast and rice for lunch and dinner] and modern)
were identified for each meal [26]. Thus, in contrast to similarities in
overall dietary patterns, meal-specific dietary patterns appear to vary
among populations (despite some similarities in naming). Neverthe-
less, these studies consistently indicate that although similar dietary
patterns were seen in the three meals within each study, analysis of
dietary patterns by meals allowed the identifications of specific char-
acteristics of each meal.
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In the present study, although some dietary patterns repeatedly
appeared on more than one eating occasion (e.g., some combina-
tions of bread/dairy and meat/fat), the correlations between each
of the 12 meal-specific dietary patterns were generally weak. Of
note, each of the meal-specific dietary patterns contributed pri-
marily to only one of the overall dietary patterns (except for the
tea/coffee breakfast pattern). In addition, none of the four overall
dietary patterns could be explained by a single meal-specific die-
tary pattern. Taken together, this study clearly indicates that all
meals are important for improving overall diet quality, and that
dietary modifications may be achievable from every meal (but not
from a single meal), taking into account various factors including
feasibility and preference. This in turn has valuable implications for
meal-based or meal-specific dietary guidelines or interventions,
given that dietary patterns are associated with individual-level
characteristics (such as age and sex).

Very recently, the relation between overall dietary patterns and
food intake patterns at the meal level (breakfast, lunch, afternoon
snack, and dinner) was investigated in 816 German adults [49].
Using 24-h dietary recall data, the study showed that dinner was
the highest contributor to the formation of four overall dietary pat-
terns identified (i.e., prudent, Western, traditional, and cereal and
legumes patterns). This is somewhat different from the present
findings that the contribution of breakfast and lunch was higher
than that of dinner. The exact reason is unknown but may include
differences in the study populations, dietary patterns and habits,
and dietary assessment methods. In any case, both studies clearly
showed that overall dietary patterns to some extent originate at
the meal level, which in turn could lead to a better understanding
of how principal component analysis-derived dietary patterns arise
[49]. Because principal component analysis has been widely used
to derived dietary patterns, this kind of basic information should
be accumulated from various countries.

Several limitations of this study should be mentioned. First,
although NHNS]J aims to represent a nationally representative sam-
ple of the non-institutionalized population of Japan, only 52% of
the sampled households participated. Moreover, no information
was available on the basic characteristics of households that
refused to participate [4]. Furthermore, the exact response rate at
the individual level is unknown. Thus, a degree of selection bias
cannot be ruled out.

All self-reported dietary assessments can be affected by random
and systematic measurement errors [50,51]. Considering the day-
to-day variability in dietary intake among free-living individuals,
the dietary patterns derived here from a 1-d weighted household
dietary record would not likely represent usual patterns of individ-
ual respondents. Failure to adjust for day-to-day variability affects
distributions of food intake, tending to extend the tails, which may
result in the appearance of food group combinations, meal pat-
terns, or both consumed with very small frequencies. To minimize
this possibility, we used only 22 food groups that were very gen-
eral. Moreover, days of the week for dietary assessment were not
proportionately selected, and Sundays were intentionally excluded
(in accordance with the survey protocol). This also likely produced
a degree of bias in assessment of average dietary patterns. We do
not have information on the day actually selected for dietary
recording [4]. In addition, because the survey was conducted
within the limited period of around 6 wk (October 25 to December
7,2012), no consideration was made of possible seasonal variation,
which might have introduced additional bias in the assessment of
average dietary patterns. Moreover, misreporting of dietary intake
is a serious problem associated with self-reported dietary assess-
ment methods, particularly among overweight and obese individu-
als [50,51], although repeated analysis after the exclusion of EI

under- and overreporters produced similar results (data not
shown). Most importantly, although the use of this household die-
tary record to estimate dietary intake among individuals has been
indicated among young women, but not men or women of other
age groups [30], its actual validity in assessing dietary patterns
remains unknown. It would have been preferable to assess usual
dietary patterns with several days of dietary assessment, preferably
covering all seasons and all days of the week, or using a validated
dietary assessment questionnaire. The feasibility of this should be
considered for the NHNS].

Principal component analysis is itself affected by a number of
limitations, and the results obtained may be data specific. The pres-
ent study was also hindered by analytical decisions that were at a
number of points subjective or arbitrary. These included the num-
ber (and classification) of food groups, definition of eating occa-
sions, form of the input variables, number of factors extracted as
well as the rotation method employed, and the interpretation and
naming of factors. Our process might have resulted in a degree of
inconsistency, and both the results and process used to derive
meal-specific and overall dietary patterns require careful interpre-
tation.

Conclusion

Using data from a national nutrition survey in Japan, we identified
four overall, four breakfast, four lunch, and four dinner dietary pat-
terns, each of which accounted for >25% of the variance in food
intake. Although a considerably large proportion (74—89%) of interin-
dividual variation in each of the four overall dietary pattern scores
was explained by the 12 meal-specific dietary pattern scores, major
contributors differed considerably. These findings on patterns of food
combinations at meals and their association with overall dietary pat-
terns provide a scientific basis on which meal-specific or meal-based
public health nutrition policies and recommendations can be devel-
oped.

Supplementary materials

Supplementary data related to this article can be found at
doi:10.1016/j.nut.2018.07.110.
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