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Popular scientific summary

* We investigated the role of school lunches for nutrient adequacy among Japanese primary school
children.

* On days without a school lunch, the prevalence of nutrient shortages was higher than those on days
with a school lunch irrespective of income.

¢ Children from low-income households had higher rates of nutrient shortages than those from
middle-income households on days without a school lunch.

* School lunches are important for achieving adequate nutrient intakes in schoolchildren and reduce
disparities by income.

Abstract

Background: Evidence for whether the nutrient intakes of Japanese schoolchildren differ according to house-
hold income is sparse.

Objective: We investigated the role of school lunches for nutrient adequacy among Japanese primary school
children using dietary reference intakes in a cross-sectional survey.

Design: Participants were 10- to 11-year-old (5th grade) children from 19 public primary schools in four pre-
fectures of East Japan, and 836 children were analyzed. The participants completed 24-h dietary records with
photographs of their meals for 4 consecutive days, composed of 2 days with and 2 days without a school
lunch.-Children’s household income was obtained from questionnaires that were completed by the partici-
pants’ guardians and divided into the following three categories: low (0.2236-2.2361 million yen; n = 319),
middle (2.3333-2.8868 million yen; n = 194), and high (3.1305-6.3640 million yen; n = 323). Logistic regres-
sion analyses were used to estimate the odds ratios for whether participants had poor nutrient intakes, with
adjustment for confounders.

Results: On days without a school lunch, the prevalence of nutrient shortages was significantly higher com-
pared with those on days with a school lunch for most macro- and micronutrients among all three levels of
household income. Children from low-income households had higher rates of nutrient shortages for vitamin
B,, pantothenic acid, K, Mg, P, Fe, and Zn than those from middle-income households on days without a
school lunch (P = 0.004, 0.001, 0.001, 0.006, 0.037, <0.001, and 0.015, respectively), but those differences were
not significant on days with a school lunch.

Conclusion: The findings suggest that school lunches are important for achieving adequate nutrient intakes in
schoolchildren and reduce disparities of adequate nutrient intake by household income levels.
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cern, especially since children from low-socioeco-

nomic status (SES) families are more likely to be
obese (1). Childhood obesity has also been associated
with adulthood obesity and biomarkers in adults that are
associated with the metabolic syndrome, cardiovascular
disease, and several cancers (2). Children undergo rapid
biological and cognitive changes (3) in addition to form-
ing dietary habits that persist into adulthood (4). It is es-
sential to establish evidence that defines the desirable food
and nutrient intakes for children. Children from low-SES
households in Western countries have less healthy food
and nutrient intakes than those from middle- or high-
SES households, including higher intake of energy-dense
foods such as meat products and sugar-sweetened drinks,
and lower intake of fruits, vegetables, fish, and low-fat
milk (5, 6). A systematic review revealed positive associ-
ations between a low SES and low intake of micronutri-
ents such as vitamin B ,, folate, vitamin C, vitamin D, Ca,
Fe, I, and Zn in Western children (7). In Asia, a study
from Korea showed that children from low-SES house-
holds consumed less energy from protein and more energy
from carbohydrates compared with those from high-SES
households (8). However, the evidence for the relation-
ship between SES and the adequacy of nutritional intake
among Japanese children is sparse.

Although Japan was a relatively egalitarian society
for several decades, the household income gap in Japan
has widened since the 1980s (9). Previous studies on Jap-
anese adults have reported associations of a low house-
hold SES with poor dietary intake and high morbidity
and mortality from the 1990s onward (10). The socioeco-
nomic disparities of Japanese children have also become
greater, and the Japan Comprehensive Survey of Living
Conditions reported the relative poverty rate of children
to be 13.9% in 2015 (11). There is a limited amount of ev-
idence regarding the association between SES and dietary
and nutritional intakes in Japanese children. One study
reported that the dietary intakes of preschool children
in one city were not associated with household income
after adjustment for maternal education (12). Our previ-
ous study of 10- to 11-year-old Japanese schoolchildren
in four prefectures showed that a lower household in-
come was related to a lower mean intake of fish/shellfish,
sugar, protein, and several micronutrients in addition to a
higher intake of carbohydrates (13). However, no studies
in Japan have investigated whether schoolchildren differ
in their nutrient adequacy according to their household
income by considering dietary reference intakes (DRIs)
(14), although shortages of nutrient intakes could affect
the physical and mental growth of children during school
ages.

Additionally, our previous study reported that the as-
sociations between income and food/nutrient intake were

Socioeconomic disparities are a serious global con-
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not significant on days with a school lunch but were sig-
nificant on days without a school lunch (11). During the
fiscal year 2018, elementary schools in Japan provided
school lunches to 99.1% of all schoolchildren and offered
the lunch service on approximately 190 days per year (15).
Daily school lunches improve children’s nutrition based
on the Standards for the School Lunch Program, accord-
ing to the School Lunch Program Act, which was enacted
in 1954 (16, 17). This standard prescribes the minimum
requirement for energy and nutrition in daily school
lunches, which must contain at least a third of children’s
energy and nutritional requirements per day, and strin-
gent requirements are prescribed for vitamin A (240%),
vitamin B, (240%), vitamin B, (240%), Ca (250%), Fe
(>240%), and fiber (240%) (17). Previous studies from
the United States have shown that the introduction of a
school lunch program modified food security and weight
status in schoolchildren (18, 19). Therefore, it is necessary
to consider the adequacy of nutrient intake of schoolchil-
dren as according to household income by assessing it
separately for days with school Iunches and days without
school lunches.

In the present study, we aimed to investigate the asso-
ciation between household income and nutrient adequacy
among Japanese primary school children using DRIs, and
determine whether their nutrient adequacy differed be-
tween days with and without a school lunch.

Methods

Study participants

Participants were all 10- to 11-year-old (5th grade) chil-
dren from 19 public primary schools in four prefectures
of East Japan. The schools were located in areas A (three
schools in two cities), B (six schools in one city), C (eight
schools in one city and one village), and D (two schools
in one city). A and C were rural residential areas, while
B and D were urban residential areas. These prefectures
were the areas in which the researchers’ workplaces were
present; two were in metropolitan East Japan and two
were in non-metropolitan East Japan. The total number
of elementary schools in these four prefectures of East
Japan is 2,526. Researchers asked each prefectural and
city board of education to introduce them to elementary
schools that might possibly participate in this study, and
19 school agreed to participate. The schools were selected
after obtaining permission from the respective Boards of
Education of the cities and head teachers of the primary
schools. The protocol for the study, which is in accordance
with the Declaration of Helsinki and the Ethical Guide-
lines for Clinical/Epidemiological Studies of the Japanese
Ministry of Health Labor and Welfare, received ethical
approval from the ethics committee of the University of
Niigata Prefecture, Japan (No. 1309). A written informed
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parental consent was obtained for all subjects. The survey
was carried out from September to December 2013.

The eligibility criterion was that all children be in the
5th grade of elementary school. This study included 1,447
of the eligible 1,498 pairs of children and guardians after
excluding children who had been absent for a long period,
and 1,231 (85.1%) pairs agreed to participate. Finally,
836 pairs (57.8%) completed the surveys and their data
were analyzed. The flow diagram of study participants is
shown in Fig. 1.

Household socioeconomic status

The household SES of the participating children was
determined from a questionnaire completed by their
guardians. The SES of the participants was assessed from
children’s household income and the education levels of
their fathers and mothers. The questions about household
SES included the total annual household income, includ-
ing salary, social benefits, family allowance, and rental
income of all household members during the fiscal year
2012. Participants selected one of the following answers:
<1 million yen, between 1 and 2 million yen, between 2
and 3 million yen, between 3 and 4 million yen, between 4
and 6 million yen, between 6 and 8 million yen, >8 million
yen, or do not wish to answer. Each response was calcu-
lated as an equivalent household income by dividing the
income by the square root of the number of household
members (20), and the midpoints of each income category
were used as representative incomes, i.e. 0.5, 1.5, 2.5, 3.5, 5,
7, and 9 million yen (21). We divided the income variables

Nutrient adequacy of Japanese schoolchildren

into the following three categories: low (0.2236-2.2361
million yen; n = 319), middle (2.3333-2.8868 million yen;
n = 194), and high (3.1305-6.3640 million yen; n = 323).
The median incomes of each group were 1.75, 2.5, and 3.5
million yen, respectively. The number of household mem-
bers and the highest educational level of each parent were
also determined.

Dietary records of children

Nutritional and food intakes were assessed by 24-h di-
etary records with photographs for 4 consecutive days,
composed of 2 days with a school lunch (weekdays) and
2 days without a school Iunch (weekend). Dietary record
sheets for 4 days, a camera, a mat with a graded scale to
confirm the size of the tableware and amount of food,
and instructions on keeping records were distributed to
each child. Participants recorded the names and amounts
of all foods and beverages consumed in a day, and each
meal was photographed on the provided mat. Guardians
were asked to support and confirm the records. A trained
researcher explained to all children in each classroom how
they should record food and photograph their meals using
the same training manual. The details about this manual
were described elsewhere (13).

We used a standardized software for population-based
surveys and nutrition counseling in Japan (EIYO-KUN
version 7.0, 2nd edition, developed at the site of the Shi-
koku University Nutrition Database), which are based on
the Standard Tables of Food Composition in Japan (22),
edited by the Japanese Ministry of Education, Culture,

Eligible children
1498
Children mvited to this study Children who had been absent for a long period of time
1447 51
Children participated in this study Children who did not agree to take the survey
1231 216
Children with missing data 395
307 did not provide information about income
82 did not complete the dietary records
Children completed this study 5 did not provide imnformation about their height and weight
836 1 did not respond to the questions regarding frequency of exercise

Fig. 1. Flow diagram of study participants.
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Sports, Science, and Technology to calculate nutrient,
food, and energy intakes. Registered dietitians analyzing
the dietary intake identified the names and amounts of
food from the 4-day records and examined the meal pho-
tographs based on the manual.

Confounding factors of children

Other measurements in addition to the dietary survey in-
cluded sex, frequency of exercise, and food allergies and/
or food restrictions. This information was obtained by
providing questionnaires for the children to complete to-
gether in the classroom. Children were asked about their
frequency of exercise per week, including outdoor play
and excluding exercise class at school, and could choose
among the following four categories: >5 days/week, 3—4
days/week, 1-2 days/week, or 0 day/week. The presence or
absence of food allergies and food restrictions was checked
with the inclusion of clinical treatment. The height and
body weight of children were measured at school accord-
ing to the published guidelines (23) in September 2013.

Statistical analysis

Categorical variables were expressed as percentages of
participants, while numerical variables were expressed as
means and standard deviation (SD) or 95% confidence
interval (CI). The y* test was used to compare categori-
cal data among household incomes, and numerical vari-
ables were examined using one-way analysis of variance.
DRIs for 10- to 11-year-old boys and girls (14) were used
to assess whether each child met his/her nutrient intake
requirements. Daily nutrient shortages were evaluated
according to the estimated average requirement (EAR),
while nutrient adequacy was evaluated according to the
adequate intake (AI) and the dietary goal (DG) for pre-
venting non-communicable diseases.

We estimated the distribution of the habitual intake of
energy and nutrients during the 2 days with school lunches
and the 2 days without school lunches by the best-power
method, using the HabitDist software (National Institute
of Public Health, Wako, Saitama, Japan) (24, 25). The ad-
equacy of nutrient intake was calculated based on the esti-
mated distribution of intakes as described earlier. Fisher’s
test was performed to assess whether the proportion of
participants with an insufficient nutrient intake differed
between the days with and without a school lunch. When
the variables used to weight the cases contained zero val-
ues, we added 0.5 to each cell as previously described (26).

To assess whether the nutrient adequacy of the partic-
ipants during the 2 days with and 2 days without school
lunches varied according to their household income,
logistic regression analyses were used to estimate the
adjusted odds ratios (ORs) and 95% Cls. The ‘middle’-in-
come category was used as the reference for the ‘low’- or
‘high’-income categories to verify whether or not the
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low-income group had a different level of eating habits
than the middle-income group. These analyses were ad-
justed for prefecture (A, B, C, and D), school (19 schools),
sex (men and women), BMI (continuous), exercise fre-
quency (>5 days/week, 34 days/week, 1-2 days/week,
and 0 day/week), and food allergy status (yes and no) of
the child, with parental education (less than high school,
high school, college, university/graduate school, and don’t
know) as a covariate. All P-values were two-sided, and the
significance level was <0.05. All statistical analyses were
carried out using SPSS Statistics Version 23 (IBM, Ar-
monk, NY, USA).

Results

Characteristics and household incomes of the 5th grade
children (836 participants; 48.9% boys) are shown in
Table 1. Significant differences were observed among the
three income groups in terms of their residency/socio-
economic features such as prefecture, educational levels
of the father and mother, household annual income, and
number of family members (all P < 0.001). There were
no significant differences in gender, frequency of exercise
(excluding physical education class), presence or absence
of food allergy, height, body weight, BMI, and degree of
obesity among the three household income levels.

Table 2 shows the data for nutrient adequacy from
the 2-day periods with and without school lunches. On
days without a school lunch, the prevalence of nutrient
shortages was significantly higher compared with those
on days with a school lunch for most macro- and micro-
nutrients among all three household income levels. A sig-
nificant prevalence of nutrition excess was seen only for
salt intake regardless of income level. On days without a
school lunch, the children tended to have a significantly
lower prevalence of excess salt intake than on days with a
school lunch.

Table 3 shows the association between household in-
come and inadequate nutrient intake as an average of
2 days with school lunches. Children from households
with a high income had significantly lower rates of nutri-
ent shortages only for vitamin D and Mn compared with
the rates for households with a middle income (P = 0.026
and P = 0.030, respectively). The low-income group
showed a significantly higher rate of nutrient shortage for
pantothenic acid compared with the middle-income group
(P =0.020), whereas the rates of shortages for other nutri-
ents did not significantly differ between these groups.

Results from the analysis of associations between
household income and inadequate nutrient intake on
the 2 days without a school lunch are shown in Table 4.
There were no significant differences in the rates of
nutrient shortage between children from households
with a high income and those from households with a
middle income. In contrast, children from low-income
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Table 1. Characteristics of participants according to household income level: 5th grade children (10-11 years old) from 19 schools in four pre-

fectures of Japan

Variable Category Total High Middle Low pt
(n=836) (n=323) (n=194) (n=319)
n % n % n % n %
Prefecture of residency A 188 22.5 73 22.6 44 22.7 71 223 <0.001
B 221 26.4 86 26.6 73 37.6 62 19.4
C 283 339 88 272 44 22.7 151 47.3
D 144 17.2 76 23.5 33 17.0 35 1.0
Gender Boys 409 48.9 159 49.2 99 51.0 151 473 0712
Girls 427 51.1 164 50.8 95 49.0 168 52.7
Exercise of child (except >5 days/week 296 354 11 344 77 39.7 108 339 0.167
physical education class)
3—4 days/week 296 354 16 359 53 273 127 398
1-2 days/week 199 238 78 24.1 54 27.8 67 21.0
0 day/week 45 5.4 18 5.6 10 5.2 17 5.3
Food allergy of child Yes 71 8.5 30 9.3 14 72 27 85 0715
No 765 91.5 293 90.7 180 92.8 292 91.5
Educational level of father ~ Don’t know 36 43 | 0.3 3 1.5 32 10.0 <0.001
Less than high school 48 5.7 I 34 9 4.6 28 8.8
High school 298 35.6 97 30.0 70 36.1 131 41.1
Vocational/junior college 161 19.3 46 14.2 48 24.7 67 21.0
University/graduate school 293 35.0 168 52.0 64 33.0 6l 19.1
Educational level of mother Don’t know 5 0.6 | 0.3 0 0.0 4 1.3 <0.001
Less than high school 17 2.0 | 0.3 5 2.6 I 34
High school 308 36.8 94 29.1 82 423 132 41.4
Vocational/junior college 385 46.1 148 45.8 88 45.4 149 46.7
University/graduate school 121 14.5 79 245 19 9.8 23 7.2
Household annual income <l 6 0.7 0 0.0 0 0.0 6 1.9 <0.001
(million yen)
| to <2 36 43 0 0.0 0 0.0 36 1.3
2to <3 6l 73 0 0.0 0 0.0 61 19.1
3 to <4 103 12.3 0 0.0 2 1.0 101 31.7
4 to <6 275 329 3 0.9 157 80.9 115 36.1
6 to <8 215 257 180 55.7 35 18.0 0 0.0
8 and over 140 16.7 140 433 0.0 0 0.0
Number of family members 2 20 2.4 7 22 1.0 I 34 <0.001
3 93 1.1 25 77 29 14.9 39 12.2
4 373 44.6 164 50.8 128 66.0 8l 25.4
5 230 27.5 98 303 0 0.0 132 41.4
6 8l 9.7 20 6.2 28 14.4 33 10.3
7 32 3.8 7 22 6 3.1 19 6.0
8 6 0.7 2 0.6 0 0.0 4 1.3
9 | 0.1 0 0.0 | 0.5 0 0.0
P for
Physique of child Mean SD Mean SD Mean SD Mean SD trend*
Height (cm) 142.7 7.0 143.0 6.4 142.2 7.3 142.7 74 0393
Weight (kg) 35.8 7.5 36.0 7.5 36.1 82 354 72 0534
BMI (kg/m?) 17.4 2.7 17.5 2.7 17.7 2.8 17.3 25 0240
Degree of obesity (%)* -1.9 14.0 -22 14.4 -0.2 14.4 -2.6 134 0.159
P-value for y? test among income levels. ¥P-value for one-way analysis of variance test among income levels.
$Degree of obesity (%) = (body weight [kg]-standard body weight for height [kg])/(standard body weight for height [kg]) x 100.
Citation: Food & Nutrition Research 2020, 64: 5377 - hitp://dx.doi.org/ 102921 9/fnrv64.5377 5

(page number not for citation purpose)


http://dx.doi.org/10.29219/fnr.v64.5377�

Chika Horikawa et al.

2dA1 sduausyu ‘9dy "oy ‘sausjeAinba A11Ande [ounad ‘Jyy “usfeAinbs
uelu ‘g ‘A8Jaus jo a8eIusdiad ‘I Auswadinbaua A3usus parewnss ‘Y33 Quswadinbau s3easAe parewISe YT {saseasIp S|qedlunwwod-uou 3unusaa.d Joj [eoS AJelsip aAneIUS] ‘D (] ‘Sxelul a1enbape |y

¥00°0 99 056 €0¢€ ¥'88 18T TS00 L'S ¥'96 981 L'68 %L1 1000> TOl +06 T6CT TO8 6ST Iv 3woes> 3w 0e> U
000°I 00 €0 | €0 | 000°I 00 00 0 00 O 000°I 00 00 0 00 0 Wv3a 8w 50> 8w ¢'0> no
10000> €0l L0l €3 €0 | 9000 TS L'S Il S0 | 1000 9v €9 Ll 90 4 ¥v3 Sw 9> 3w 09> uz
1000> 8T 89L 44 0TS 991 6100 yZl €19 611 06y S6 1000> 6TC 879 €0T 66€ 61 dvd Bwo/> 8w 0 /> CF |
10000> TS VEL PET 0T 99 100°0> géer ¥¥9 STl 6%l 6T 1000> ¥9F 885 061 T O v 8w 000‘1> 8w 001> d
1000>  €£€ 1'0¥ 14 8C 6 100°0> 89C 68T 99 ' ¥ 10000> €7 Tt SL 60 € v3 3w 081> 3w 081> EIN
1000>  €%9 906 68T €97 8 100°0> 78S 1'S8 991 89T TS 1000> L69 898 LLT 191 TS dv3 3w 009> 3w 009> D
1000> 199 €€9 (414 L €C 100°0> €Yy YLy T6 I'e 9 1000> GS'SF 68y 85l V€ I od 8w 000'T> 8w 00T'T>
1000> 0Tk 124 8¢l €l ¥ 100°0> ¥6r 66T 85 S0 | 10000> £'sT 09T 8 €0 | v 8w 008‘1> 8w 006‘I> P
1000>  |'6" 906 68T L'66 8l€ 9100 L'S— €16 6L1 616 061 1000> ¥8- L06 €67 166 0T€ 5A 80/< 869< s
1000>  €9C 0'LT 98 90 [4 100°0> L'€T L€T 9% 00 O 10000> 0¢€l 6¢€l 4 60 € dv3 3w 09> 3w 09> D UlWelA
1000> 089 €69 1TT €1l 9€ 100°0> YLy 9€¢S  ¥OI T9 TI 1000> €79 /LSS 08l '€ Il v 8w 9> 3w 9> p1de dlusylojueq
1000> 20l L0l 143 00 0 100°0> L9 L9 €l 00 O 000 8'C 8'C 6 00 0 yv3 8 051> 8 051> 91g|04
000°1 €0 €0 | 00 000°1 S0 S0 | 00 O 000°I 00 00 0 00 0 ¥vi 8lg> 8 ¢'|> 19 Ulwenp
1000> VI 6ty (14 ST 100°0> L'€C 8ST 0§ (A 4 10000> 94T L6T 96 [ L ¥va Swo> 3w Q> 99 UIWENA
000°1 00 00 0 00 000’1 00 00 0 00 O 000°| 00 00 0 00 0 ¥vd INBwol> INBw ||> ueIN
1000>  €°€9 665 161 99 1000°0> ¥ 919 001 1Y 8 10000> 08y Tér 651 Tl 14 dv3a  Sw > sw |'|> 79 UlWenA
1000> 8% L% (34 6’ 9 100°0> 69y S90S 8 9Y 6 10000> €6£ Tly €1 61 9 ¥v3 Sw o> Swo|> 19 UlWeNA
1000> G€C 09T €8 ST 8 100°0> 1'0C 10T 6£ 00 O 10000> 191 9Ll /LS 9l S v 3 oz1> 8 oz1> 3 Ulwenp
1000>  ¥'61 ¥'S€ €l 091 19 0100 €1 8L vs 991 TE 0001 €0- 191 [4% ¥9l €9 Iv 3wggs> 8w g'g> J UIWENA
1000> €TF 689 881 991 €9 100°0> g1 SIS 00l 00 O 10000> O0¢F L& I¥l 90 4 Iv 8 gp> 8 gp> Qg ulweA
1000>  T'SS 9°€9 €0C '8 LT 100°0> 00§ 1TS (0] I A 4 10000> 6'€S 8% LLI 60 € ¥v3 3wy 3d oop> 3wy 3 oS> YV UlWelA
1000> 8'6€ ¥'8L (1174 98¢  €TI 1000> §TE TU Okl L6E LL 1000> ¥TP TSL €¥T 8TE 90l v g¢el> EXSP J42q14
81T0 9°0- 00 0 90 4 000°I S0 1'C 14 gl € 1000> 08 S0l 143 ST 8 od 3 %05> 3 %09>
0400 (3 9'S 8l ST 8 000°I S0~ 9% 6 s 0l 0001 €y 005 W9l /8 8¢ od 3 %09< 3 %09< a1eapAyoqued
000°1 00 00 0 00 0 000°I 00 00 0 00 O 000°| 00 00 0 00 0 od 3 %0T> 3 %0T>
90€0 'y g'ee £01 S6T V6 9000 Yyl LLS T €€y +¥8 1000 9€l I'ls 991 §/LE 1T 9Sa 3 %0€< 3 %0€< Jeq
1200 80" €l 14 1"C 0 6900 Sl Sl € 00 O 81T0 90 90 [4 00 0 yv3 8 0p> 80>
1000> §'£ S'L ¥T 00 0 2000 3 I'g 9 00 O 1000> €6 €6 0€ 00 0 od 3 %E1> 3 %E1>
000°1 00 00 0 00 0 000°I 00 00 0 00 O 000°I 00 00 0 00 0 od 3 %0T< 3 %0T< ure3old
1000 €01 ¥'88 [4:14 1'8L 6¥T 8IT0 (4] 198 /91 608 LS| +000 6'6 078 99T I'TL €€CT  ¥3IT 1B 001T>  [B0STT> A8au3
d % % u % u d % % u % U d % % u % u  adhy SMI9 skog
younj jooyds younj jooyds younj| |ooyds yaun| jooyds younj [ooyds  ydun| [ooyds
%V Inoyum skeq yam skeq %V InoyuM sAkeq  yaum skeq %V oYM ske@  yum sheq 19y Aep J4ad anjea yoind
(61€=1) F61 =) (eze =)
moT S|PPIW y3iH uslINN

uede[ jo sarnjodjard Inoj ur sjooyds 6|
wolj (o s1eak [ [—(0]) USIP[IYd 9peIS YIG :youn| [00OYds B INOYIIM PUEB [IIM SABP 7 US0MII] SIOUAIJIP I3} PUB [9A] SWOOUT P[OYasnoy] £q Sas$00x9/sa31)10Ys JudLnu jo doudeadrd ayy 'z oqng

Citation: Food & Nutrition Research 2020, 64: 5377 - http://dx.doi.org/10.292 1 9/fnrvé4.5377

6

(page number not for citation purpose)


http://dx.doi.org/10.29219/fnr.v64.5377�

Nutrient adequacy of Japanese schoolchildren

Table 3. Logistic regression analysis of household income level and nutrient adequacy on 2 days with a school lunch: 5th grade children (10-11

years old) from 19 schools in four prefectures of Japan

Cutoff value per day Ref. High (n = 323) Middle Low (n =319)
(n=194)
Boys Girls type OR 95% CI P OR 95% CI P

Energy <2,250 keal <2,100 kecal EER 075 (050 — 1.12) 0.158 Ref 096 (063 — 1.47) 086l
Protein >20% E >20% E DG NA NA - NA NA Ref NA NA - NA NA

<I3%E <I3%E DG 074 (036 — 1.52) 0417 Ref 070 (033 — 1.51) 0367

<40 g <40 g EAR NA NA - NA NA Ref 025 (0.0l — 7.23) 0417
Fat >30% E >30% E DG 090 (0.62 — 1.31) 0.591 Ref 074 (051 — 1.09) 0.130

<20% E <20% E DG 079 (021 - 291) 0.724 Ref 0.82 (020 — 3.35) 0.78I
Carbohydrate >60% E >60% E DG 077 (024 — 2.49) 0.663 Ref 0.66 (0.18 — 2.41) 0533

<50% E <50% E DG 128 (0.68 — 2.42) 0.446 Ref .12 (0.56 — 2.21) 0.753
Fiber <I3g <I3g Al 0.85 (0.58 — 1.26) 0.428 Ref .15 (0.77 — 1.72) 0.485
Vitamin A <450 pg RAE <400 pg RAE EAR 092 (052 — 1.62) 0.768 Ref .12 (0.64 — 1.97) 0.700
Vitamin D <4.5 pg <4.5 pg Al 0.65 (044 — 0.95) 0.026 Ref 0.8 (054 — 1.19) 028l
Vitamin E <55 mg <55 mg Al 094 (061 — 1.43) 0.763 Ref .13 (073 — 1.74) 0593
Vitamin K <120 pg <120 pg Al .14 (0.64 — 2.02) 0.665 Ref 146  (0.82 — 2.59) 0.201
Vitamin Bl <1.0 mg <0.9 mg EAR 083 (045 - 1.52) 0.548 Ref 079 (042 — 1.47) 0453
Vitamin B2 <l.I mg <l.l mg EAR 125 (0.67 — 2.35) 0.480 Ref .53 (0.81 — 2.88) 0.192
Niacin <11 mg NE <10 mg NE EAR NA NA - NA NA Ref NA NA -  NA NA
Vitamin B6 <1.0 mg <1.0 mg EAR .12 (0.59 - 2.149) 0732 Ref .52 (0.81 — 2.85) 0.188
Vitamin B2 <1.5 pg <1.5 pg EAR 0.18 (001 —239) 0.194 Ref NA NA - NA NA
Folate <150 pg <150 ug EAR NA NA - NA NA Ref 274 (024 - 31.69) 0419
Pantothenic acid <6 mg <6 mg Al 1.07 (0.63 — 1.83) 0.804 Ref 1.87 (1.10 — 3.18) 0.020
Vitamin C <60 mg <60 mg EAR 1.0l (045 - 229) 0974 Ref 0.8 (036 — 1.85) 0.623
Salt >65¢g >70¢g DG 190 (0.61 — 591) 0.265 Ref 079 (030 — 2.07) 0.634
K <1,900 mg <1,800 mg Al 079 (026 — 2.44) 0.682 Ref .68  (0.62 — 4.53) 0.305

<2,200 mg <2,000 mg DG 1.06  (0.55 — 2.04) 0.866 Ref .73 (093 — 3.22) 0.083
Ca <600 mg <600 mg EAR 087 (0.58 — 1.32) 0518 Ref .18 (0.78 — 1.78) 0437
Mg <180 mg <180 mg EAR 071 (032 — 1.56) 0.392 Ref 070 (032 — 1.53) 0.373
P <1,100 mg <1,000 mg Al 1.03  (0.66 — 1.61) 0.904 Ref 1.47  (0.95 — 2.30) 0.086
Fe <7.0 mg <7.0 mg EAR 0.78 (0.54 — 1.14) 0.198 Ref 1.03  (0.70 — 1.51) 0.88l
Zn <6.0 mg <6.0 mg EAR 0.68 (0.14 — 324) 0.630 Ref 0.88 (0.19 — 4.08) 0872
Cu <0.5 mg <0.5 mg EAR NA NA - NA NA Ref NA NA - NA NA
Mn <3.0 mg <3.0 mg Al 0.59 (0.37 — 0.95) 0.030 Ref 078 (047 — 1.29) 0332

Al, adequate intake; Cl, confidence interval; DG, tentative dietary goal for preventing non-communicable diseases; EAR, estimated average
requirement; EER, estimated energy requirement; %E, percentage of energy; NE, niacin equivalent; OR, odds ratio; RAE, retinol activity equivalents;

Ref. type, reference type.

Adjusted for prefecture (A, B, C,and D), school (19 schools), sex (men and women), BMI (continuous), exercise frequency (>5 days/week, 3—4 days/
week, -2 days/week, and 0 day/week), and food allergy status (yes and no) of the child, and parental education (less than high school, high school,

college, university/graduate school,and don’t know).

households showed a significantly lower rate of excessive
fat intake in addition to having low carbohydrate intake
compared with those from middle-income households
(P =0.043 and P = 0.039, respectively). The intakes of
several vitamins and minerals also showed significantly
higher rates of shortages in the low-income group than
in the middle-income group: vitamin B, (P = 0.004), pan-
tothenic acid (P = 0.001), K (P = 0.001 and P < 0.001
when the Al and DG reference values were used, respec-
tively), Mg (P = 0.006), P (P = 0.037), Fe (P < 0.001),
and Zn (P = 0.015).
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Discussion

In the present study, we determined the association be-
tween household income and nutrient adequacy based
on DRIs in Japanese school children using 4-day di-
etary records including 2 days with and 2 days without
a school lunch. To the best of our knowledge, this is the
first study that showed differences in the prevalence of
nutrient adequacy of Japanese schoolchildren accord-
ing to their household income by considering DRIs.
The association between household income and mean
intake of food groups and nutrients for children has
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Table 4. Logistic regression analysis of household income level and inadequate nutrient intake on 2 days without a school lunch: 5th grade chil-

dren (10-11 years old) from 19 schools in four prefectures of Japan

Cutoff value per day Ref. High (n = 323) Middle Low (n = 319)
(n=194)
Boys Girls type OR 95% ClI P OR 95% Cl P
Energy <2,250 keal <2,100 keal EER 0.78 (0.50 — 1.23) 0.281 Ref I.15 ©.71 — 1.87) 0.569
Protein >20% E >20% E DG 6.03 (0.70 — 52.26) 0.103 Ref 0.79 (0.07 — 9.40) 0.854
<I3%E <I3%E DG 081 (0.51 — 1.29) 0.384 Ref 1.06 (0.66 — 1.68) 0.815
<40 g <40 g EAR 062 (0.21 — 1.83) 0.384 Ref 0.85 031 — 2.38) 0.761
Fat >30% E >30% E DG 088 (0.6 — 1.28) 0.510 Ref 0.68 (046 — 0.99) 0.043
<20% E <20% E DG 051  (0.19 - 1.37) 0.182 Ref 0.84 032 - 2.18) 0.717
Carbohydrate >60% E >60% E DG 096 (0.60 — 1.55) 0.873 Ref 1.09 049 - 243) 0.841
<50% E <50% E DG 0.67 (0.28 — 1.59) 0.360 Ref 0.57 (0.33 - 0.97) 0.039
Fiber <I3g <I3g Al 1.38 (092 - 2.07) 0.116 Ref 1.49 (0.98 — 227) 0.060
Vitamin A <450 pg RAE <400 pg RAE EAR 122 (0.84 - 1.77) 0.303 Ref 1.41 (0.96 — 2.08) 0.083
Vitamin D <4.5 pg <4.5 pg Al 083 (0.57 - 1.20) 0.326 Ref I.16 0.79 - 1.71) 0.446
Vitamin E <55mg <55 mg Al 080 (0.54 - I.19) 0.268 Ref 1.45 (0.98 — 2.15) 0.063
Vitamin K <120 pg <120 pg Al 1.05 (0.71 — 1.55) 0.808 Ref 1.35 0.91 — 2.00) 0.139
Vitamin Bl <1.0 mg <0.9 mg EAR 085 (0.59 — 1.22) 0.378 Ref 0.89 0.61 — 1.30) 0.541
Vitamin B2 <l.I mg <l.I mg EAR 096 (0.66 — 1.38) 0817 Ref 1.29 (0.88 — 1.89) 0.185
Niacin <l mgNE <10 mgNE EAR 040 (0.06 — 2.73) 0.352 Ref 0.14 0.01 — 1.66) 0.120
Vitamin B6 <1.0mg <1.0mg EAR 128 (0.87 — 1.89) 0.212 Ref 1.79 (120 — 2.65) 0.004
Vitamin B12 <1.5 pg <1.5 pg EAR .13 (0.53 - 2.39) 0.755 Ref 0.95 (0.44 - 2.07) 0.899
Folate <150 pg <150 pg EAR 059 (0.34 — 1.03) 0.064 Ref 1.24 (0.74 — 2.08) 0417
Pantothenic acid <6 mg <6 mg Al .19 (0.82 - 1.73) 0.351 Ref 1.92 (129 - 2.83) 0.001
Vitamin C <60 mg <60 mg EAR 095 (0.64 — 1.41) 0.790 Ref 1.34 (0.90 — 2.01) 0.149
Salt >65¢g >70¢g DG 099 (0.59 — 1.65) 0.960 Ref 1.23 ©.71 — 2.13) 0.455
K <1,900 mg <1,800 mg Al 1.06 (0.71 — 1.57) 0.792 Ref 1.96 (1.32 — 2.93) 0.001
<2,200 mg <2,000 mg DG .15 (0.79 — 1.67) 0.458 Ref 2.00 (1.36 — 2.94) <0.001
Ca <600 mg <600 mg EAR 1.18 (0.74 — 1.89) 0.486 Ref |.45 (0.88 — 2.39) 0.144
Mg <180 mg <180 mg EAR 1.05 (0.71 — 1.57) 0.799 Ref 1.75 (1.17 - 2.62) 0.006
P <1,100 mg <1,000 mg Al 093 (0.64 — 1.36) 0.714 Ref 1.52 (1.03 — 2.2¢) 0.037
Fe <7.0mg <7.0 mg EAR 1.17 (0.80 — 1.70) 0.421 Ref 2.13 (142 - 3.18) <0.00I
Zn <6.0 mg <6.0 mg EAR 099 (0.56 — 1.73) 0.960 Ref 1.93 (.14 - 3.29) 0.015
Cu <0.5 mg <0.5 mg EAR 086 (0.16 — 4.66) 0.863 Ref 0.39 (0.07 — 2.25) 0.290
Mn <3.0mg <3.0mg Al 0.66 (0.38 — I.16) 0.153 Ref 0.90 (0.50 — 1.65) 0.740

Al, adequate intake; Cl, confidence interval; DG, tentative dietary goal for preventing non-communicable diseases; EAR, estimated average
requirement; EER, estimated energy requirement; %E, percentage of energy; NE, niacin equivalent; OR, odds ratio; RAE, retinol activity equivalents;

Ref. type, reference type.

Adjusted for prefecture (A, B, C,and D), school (19 schools), sex (men and women), BMI (continuous), exercise frequency (>5 days/week, 3—4 days/
week, -2 days/week, and 0 day/week), and food allergy status (yes and no) of the child, and parental education (less than high school, high school,

college, university/graduate school,and don’t know).

been previously examined (13). We also found that the
difference in the fulfillment probability of nutrient ade-
quacy due to household income decreased on days with
a school lunch. The days without a school lunch were
weekends and the days with a school lunch were week-
days. Lifestyle factors varied between the weekdays and
weekends, and in particular, differences in dietary intake
between the weekdays and weekends that were caused by
the availability of a school lunch influenced the adequacy
of nutrition intake.
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On days without a school lunch, the prevalence of nu-
trient shortages was significantly higher compared with
those on days with a school lunch for most macro- and
micronutrients among all three levels of household in-
come. Children from households with a high income had
significantly lower rates of nutrient shortages for vitamin
D and Mn compared with those from households with
a middle income. Additionally, there was a significantly
higher rate of shortage in pantothenic acid in the low-in-
come group than in the middle-income group on days
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with school lunches. On the other hand, on days without
a school lunch, children from low-income households had
a significantly lower rate of excessive fat intake in addi-
tion to a low carbohydrate intake, but had higher rates
of shortages in vitamin B, pantothenic acid, K, Mg, P,
Fe, and Zn compared with children from middle-income
households.

Shortages of nutrient intakes could be an obstacle for
physical and mental growth of children during school age.
Moreover, dietary habits formed during school age tend
to persist throughout life (4). Therefore, it is necessary
to provide support for improving the nutrient intake of
children from households with low income to reduce the
risk of future increases in morbidity and mortality (2).
These findings provide evidence for the prevalence of in-
adequate nutrient intake among Japanese schoolchildren
from households with low income, and highlight that the
high prevalence of shortages for most nutrients on days
without a school lunch can be attributed to the availability
of a school lunch.

One possible reason why the prevalence of a shortage in
nutrient intake was significantly higher on days without a
school lunch compared with on days with a school lunch
is that school lunches have an important role in achieving
adequate nutrient intakes for Japanese schoolchildren. In
Japan, during the fiscal year 2018, the number of school-
children was 6,427,867, and elementary schools provided
school lunches to 99.1% of all schoolchildren and offered
lunch service on approximately 190 days per year (15).
The Standards for the School Lunch Program established
by the School Lunch Program Act (16) specifies that daily
school lunches must contain at least a third of children’s
nutritional requirements per day. Certain micronutrients
including vitamin A (240%), vitamin B, (240%), vitamin
B, (240%), Ca (250%), Fe (240%), and fiber (240%) have
stringent requirements (17) that are intended to increase
intake and avoid shortages of nutrients that result from
insufficient intakes at breakfast and dinner. Therefore,
when Japanese children attend school on weekdays, the
school lunches guarantee a sufficient nutrient intake for
lunch, and some micronutrients are also supplemented
to cover the shortages from breakfast and dinner. Asak-
ura et al. also recently reported that schoolchildren had
significantly different intakes for >60% of nutrients on 2
schooldays as compared with 1 non-school day, although
they did not consider children’s household income (27).
Therefore, it is necessary to monitor children’s nutrient
adequacies on days without a school lunch regardless of
their household income.

When looking at salt intake, over 90% of schoolchil-
dren exceeded the DG of DRI (boys: >6.5 g/day, girls:
>7.0 g/day) (14) regardless of school lunch or household
income. Excessive salt intake by the Japanese is a national
issue (28), including salt intake in schoolchildren. In
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addition, our current study showed that salt intake was
significantly higher on weekdays with a school lunch com-
pared with weekends without a school lunch. According
to a report on the formulation of the Standards for the
School Lunch Program (29), the amount of salt expected
to be consumed at a school lunch is —0.1 g/meal in 5th
grade (ages 1011 years) children, which was calculated
by subtracting the amount of salt intake other than lunch
(i.e. breakfast, dinner, and snack), estimated by dietary
surveys from the DG of DRI. However, under the pres-
ent dietary habits in Japan, it is difficult to season foods
without using salt. Therefore, the amount of salt per meal
used for school lunch for 5th grade children is set to be
less than 1/3 of DG, that is, less than 2.5 g/meal. This
standard value has been reduced from 3.0 to 2.5 g/meal
in the past (30, 31) due to the revision of DRI from the
viewpoint of promoting salt reduction. However, it is not
desirable that the intake of school lunches, which are the
key to food and nutrition education that conveys the ideal
dietary intake for schoolchildren, can be a factor in in-
creasing daily salt intake. It is important that salt content
in a school lunch be below the current standard value.
Moreover, it should be particularly noted that on days
without a school lunch, children from low-income house-
holds had higher rates of shortages for nutrients that are
essential for physical and mental development, including
vitamin B, pantothenic acid, K, Mg, P, Fe, and Zn, as
shown in Table 4. Several factors likely contributed to
the higher rate of nutrient shortages in children from
low-income households on days without a school lunch.
Not only was there no improvement in the children’s nu-
trient adequacy from a school lunch on those days, the
following factors have also been elucidated, mainly by
studies in Western countries. Food cost affects the choice
of food purchase. Previous studies have shown posi-
tive relationships between the food cost per calorie and
the energy densities of fruits, vegetables, meat, fish, and
eggs, whereas inverse relationships have been observed
for fat and sugar (32, 33). Previous studies of Japanese
adults have also reported that low-SES individuals con-
sume a lower-cost diet (34). Additionally, the amount of
knowledge about food, nutrition, health, and their in-
terrelationships was less in the low-SES group, which is
associated with a low educational level (35). These diffi-
culties regarding food purchasing and having inadequate
knowledge about food and nutrition among low-income
households are likely to contribute to the inadequate nu-
trient intake of children. Moreover, school lunch is pro-
vided for about 190 days, which is 52% of the year (15),
thus a high risk of inadequate nutrient intakes in children
from low-income household remains for 48% of the year.
In particular, Japanese elementary schools generally have
long vacations such as during summer (40 days), winter
(about 10 days), and spring (about 10 days) (36). There
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is no provision of school lunches during these periods;
therefore, it is required to carefully monitor the risk of
chronic inadequate nutrient intake during these long va-
cations. Improvements in socioeconomic disparities such
as encouraging broader use of food access and provision
in the community including food banks and commu-
nity meals, implementing subsidies and allowances for
child-rearing households and low-income households by
the government, and giving guidance about how to easily
cook healthy foods at a low cost are necessary to improve
nutrient adequacy and long-term health outlook of chil-
dren from households with low income.

The present study had several limitations. First, the
final sample might not be representative of the popu-
lation of East Japan prefectures or the entire Japanese
population because the number of participants was not
based on a sample size calculation, although researchers
were selected from four prefectures in which they worked.
Second, we could not compare our results with the lunch
intake of children who did not have a school lunch pro-
gram because the evidence on nutrient intake from school
lunch programs in Japan is sparse. Further studies are
needed to clarify the actual nutrient intake from school
lunch programs in Japan, and how school lunch contrib-
utes to the children’s nutrient adequacy. Third, the rate of
participants, who completed the study and were analyzed,
dropped to 57.8%, although 85.1% of the children and
their guardians in the participating schools initially agreed
to participate in our study. However, we consulted with
local governments and called for all 5th grade children in
each school to participate in this study, so that the distri-
bution of household income would be as close as possible
to that in the prior Japanese national survey (11). Finally,
the dietary records and photographs at home were prac-
ticed by children and their guardians. All children were
taught how to record food and photograph their meals
using the same manual by trained researchers to achieve
the best consistency possible among the subjects.

Conclusion

In conclusion, our current study found an associa-
tion between household income and nutrient adequacy
among Japanese primary school children using DRI,
and also found that children from households with low
income tend to a high prevalence of nutrient shortages
due to their poor dietary intake quality. On days without
a school lunch, children from households with low in-
come had higher rates of nutrient shortages for several
vitamins and minerals that are essential for physical and
mental growth at school age. However, the rates of nu-
trient shortage for these nutrients showed no significant
differences according to household income on days with
a school lunch. This evidence has important implications
that school lunches are important for achieving adequate
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nutrient intakes in schoolchildren and reduce disparities
of adequate nutrient intake by household income levels.
Establishing effective nutritional policy such as providing
school lunches during weekends and vacations or alter-
native approach to school lunches that enable substantial
nutrient supply is needed to enable the achievement of
adequate nutrient intake for children regardless of socio-
economic disparities.
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