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Abstract
Objective: The present study aimed to investigate the correlation between mothers’
and children’s vegetable intake and whether children are conscious about their
vegetable intake.
Design: Cross-sectional study. Self-administered questionnaires for mothers and
children, consisting of items regarding diet history, were distributed to children via
homeroom teachers. We created dummy exposure variables for each quartile of
mothers’ vegetable intake. Multiple regression analysis was performed with
children’s vegetable intake as the outcome variable.
Setting: Two public elementary schools in a residential district of Tokyo, Japan.
Subjects: Study participants were upper-grade children (aged 10–12 years) and
their mothers (332 pairs of mothers and children).
Results: The mean vegetable intake in mothers and children was 310 (SD 145) g/d
and 276 (SD 105) g/d, respectively. A positive linear relationship was found
between mothers’ and children’s vegetable intake even after adjustment for
considerable covariates (P< 0·001). When stratified by children’s consciousness,
the positive linear relationship was more pronounced in children who were
conscious of eating all their vegetables (P< 0·001 for interaction with children’s
consciousness).
Conclusions: Mothers’ vegetable intake was significantly correlated with children’s
vegetable intake. However, this correlation was stronger in children who were
conscious of eating all their vegetables. Our findings suggest that enhancing
mother’s vegetable intake and health consciousness of children are indispensable
prerequisites for increasing vegetable intake among children.
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Childhood dietary habits are the determinants of diet in
adulthood(1). As higher vegetable intake during childhood
is associated with a lower risk of adult chronic disease(2), it
is important to develop consciously the habit of eating
vegetables from childhood. However, data from the WHO
Health Behaviour in School-aged Children Survey show
that the average proportions of 11-year-olds who eat
vegetables every day in each country and region are
36·1 % for girls and 30·5 % for boys(3). Similarly, in Japan,
school lunch plate waste has a high ratio of vegetable
dishes to grains or desserts(4), and the vegetable intake
of each age group does not reach the recommended
quantity(5). Therefore, while nutrition education is important
for all generations, childhood nutrition education is of

particular importance as it may exert great influence on
the growth of children as well as prevention of future
chronic diseases. Unfortunately, recent systematic reviews
of interventions to increase vegetable intake among
children have found that the optimal design components
remain unclear(6).

To increase vegetable intake among children, con-
sideration should be given to the home food environment,
as the majority of school-aged children eat at home except
for school lunch. In a previous study, eating a balanced
school lunch was associated with the availability of
healthier foods at home and an overall healthier diet(7),
suggesting that healthy eating patterns are acquired at
home. Thus, nutritional education conducted only at
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school might not increase vegetable intake among children.
Exposing children to a variety of foods is the key to
develop their dietary preference, and food availability,
which usually depends on the parents, affects vegetable
intake during childhood(7,8), as most children would eat
vegetables if parents prepare them. In this context, parents
represent an environmental factor that determines
children’s vegetable intake. A recent review suggested that
parental encouragement, family rules (demand/allow) and
parental occupational status were positively associated
with children’s vegetable intake(9). However, because
variables that significantly correlate with children’s vegetable
intake differ between studies, it was inconclusive with
regard to which factors were significantly associated.
Certainly, mothers’ vegetable intake may be affected by
these factors and may serve as an important determinant
of the home food environment, which may in turn influ-
ence children’s diets. Therefore, the present study focuses
on how mothers’ vegetable intake may serve as a potential
predictor of children’s vegetable intake.

On the other hand, health behaviours are influenced by
both personal factors (e.g. health consciousness) and the
social environment (i.e. parental factors), as the model of
triadic reciprocal causation suggests(10). In this model, the
environment, the individual and behavioural factors all
operate as interacting determinants. Accordingly, not only
parental factors but also children’s health consciousness
may play an important role in increasing vegetable intake
among children. Consistent with this hypothesis, we
speculate that children’s consciousness of eating all their
vegetables would modify the association between parental
vegetable intake and children’s vegetable intake. In other
words, vegetable intake in children would not increase
even if their parents were to eat a lot of vegetables, if
children themselves are not conscious of the need to do
so. Yet, few studies have simultaneously considered both
parental and personal (children) factors.

The present study aimed to investigate the correlation
between mothers’ and children’s vegetable intake and
whether children are conscious of the need to eat vegetables.

Methods

A cross-sectional study of elementary-school children and
their mothers was conducted.

Participants
Study participants were upper-grade children (aged 10–12
years) in two public elementary schools and their mothers in
Setagaya ward, a residential area in Tokyo, Japan. Consistent
with the Japanese school lunch programme offerings, both
schools provided school lunch every weekday.

Responses were obtained from 362 of 463 pairs of
children and their mothers who were asked to participate
in the study (response rate: 78·2 %). Overall, the numbers

of missing data or criteria violations in various categories
were as follows: responses from grandmothers (n 2),
non-entries in the dietary questionnaire (n 4), different
respondents for the dietary questionnaire and the general
health questionnaire (n 20), and missing data regarding
mothers’ employment status (n 1) or children’s weight and
height (n 3). A total of 332 respondent questionnaires
were analysed.

Data collection
Self-administered questionnaires for mothers and children
consisting of items regarding background characteristics,
factors that may influence children’s vegetable intake and
diet history were put into an envelope, together with
explanations of the study purpose and methodology and a
consent form. These envelopes were distributed to children
via homeroom teachers in July 2012. Children handed the
questionnaire to their mothers at home.

Measures

Vegetable intake
In mothers, vegetable intake and total energy intake were
assessed with a validated self-administered brief diet
history questionnaire (BDHQ)(11,12). The BDHQ surveys
the consumption frequency of a total of fifty-eight food
and beverage items, with specified serving sizes described
in terms of the natural portion or standard weight and
volume measurement of servings commonly consumed in
the general Japanese populations. In the BDHQ, vegetable
intake is estimated by the sum of green and yellow
vegetables (three types), other vegetables (four types) and
pickled vegetables (two types). Regarding validity of the
BDHQ for adult women, Spearman’s correlation coefficients
for the amount of vegetable intake by the dietary record
method were 0·57 for green and yellow vegetables, 0·39 for
other vegetables and 0·78 for pickled vegetables(12).

In children, vegetable intake and total energy intake
were assessed with a modified version of the BDHQ
(BDHQ-10y), which takes into account the readability of
the questionnaire and knowledge of foods among older
children and adolescents(13). The cover sheet of the
BDHQ-10y instructs children to answer each question
based on their past month’s activity, without over-thinking,
and when the question is too difficult, children are
instructed to work together with their guardians. Vegetable
intake adjusted for total energy intake was calculated by
the residual method(14).

Participant characteristics and lifestyle habits
A written questionnaire was developed based on back-
ground characteristics and lifestyle habits that may influence
children’s vegetable intake. Information regarding mother’s
age, employment, height, weight, preventive behaviours
for lifestyle-related diseases (yes/no) and frequency of
eating breakfast was obtained from the self-administered
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questionnaire for mothers. Information regarding children’s
height, weight, frequency of eating breakfast, start and
end time for breakfast and dinner, and frequency and
contents of outdoor play time was obtained using the
self-administered questionnaire for children. In this
questionnaire, children were also asked ‘Are you conscious
of eating all vegetables?’, and given the options of ‘Yes’ or
‘No’. The exercise intensity of outdoor play activity was
classified as <3 MET or ≥3 MET(15) (where MET=metabolic
equivalent of task). The questionnaire items were based
on the survey for school-aged children conducted by a
government-affiliated organization(16) and the National
Health and Nutrition Survey(17).

Mothers’ degree of obesity was assessed by BMI
calculated by dividing self-reported weight (in kilograms)
by self-reported height (in metres) squared, and categorized
as underweight (<18·5 kg/m2), normal (18·5–24·9 kg/m2)
and obese (≥25 kg/m2)(18). Children’s degree of obesity
was calculated as [weight (kg)− reference weight for height
(kg)]/[reference weight for height (kg)]× 100 (%) according
to the methods of School Health Statistics Research, and
classified into underweight trend (<−20%), normal (−19 to
19%) and obesity trend (≥20 %)(19).

Statistical analysis
Participant characteristics were compared between quartile
groups of mother’s vegetable intake using the χ2 test for
categorical variables and one-factor ANOVA for continuous
variables. Multiple regression analysis was performed with
children’s vegetable intake as the outcome variable and
mothers’ vegetable intake as the exposure variable. We
examined the relationship between mothers’ and children’s
vegetable intake by using the following models: Model 1,
which adjusted for mothers’ age and children’s age and sex;
and Model 2, in which each variable was adjusted for
mothers’ age, employment and BMI, and children’s age,
sex, degree of obesity and school. Because variables that
correlate significantly with children’s vegetable intake differ
between studies(9), we chose the minimum number of
confounding factors from the basic characteristics of
participants.

To assess the interaction effect of children’s conscious-
ness to eat all their vegetables, we tested for interactions
and then stratified participants by children’s consciousness
according to Model 2, excluding nine participants with
missing data (n 323).

All statistical analyses were performed with the statistical
software package IBM SPSS 20·0 for Windows. P< 0·05 was
considered statistically significant using two-tailed tests.

Results

Mean age for mothers and children was 42·9 (SD 3·9) years
and 10·9 (SD 0·7) years, respectively. Among the mothers,
41·6 % were not working. Among the children, 54·8 %

were boys and 92·2 % had normal weight. Mean vegetable
intake for all participants, mothers and children was 293
(SD 128) g/d, 310 (SD 145) g/d and 276 (SD 105) g/d,
respectively. Characteristics of mothers and their children
are shown in Table 1. Mothers who consumed larger
amounts of vegetables were more likely to behave in ways
that help to prevent lifestyle-related diseases. These
behaviours help prevent lifestyle-related diseases through
restriction of energy intake, consumption of large amounts
of vegetables and reduction in salt intake.

The coefficients of vegetable intake for mothers and
children used in multiple linear regression models are
shown in Table 2. A positive linear relationship was
observed between mothers’ and children’s vegetable
intake, even after adjustment for covariates (P< 0·001 in
Model 2). R2 values for the crude model, Model 1 and
Model 2 were 0·165, 0·172 and 0·184, respectively.

The coefficients of mothers’ vegetable intake stratified
by children’s consciousness are shown in Table 3. We
observed the quantitative interaction that the positive
linear relationship was more pronounced in children who
were conscious of eating all their vegetables (P< 0·001 for
interaction with children’s consciousness).

Discussion

The present study aimed to investigate the correlation
between mothers’ and children’s vegetable intake and
whether children are conscious of the need for vegetable
intake. The results showed that increased vegetable
intake in children was positively associated with mothers’
vegetable intake, especially among children who were
conscious of eating all their vegetables. The present study
is one of few studies conducted in Japan that explored the
correlates of vegetable consumption among elementary-
school children.

Vegetable intake levels among the mothers and children
in the present study were consistent with findings of most
other studies reported to date(20–23). Although some
studies have shown no relationship between mothers’ and
children’s vegetable consumption(24–26), those studies
used different methods to assess vegetable intake in
parents and children, and thus did not yield comparable
results. We assessed the vegetable intake in mothers with
the previously validated BDHQ, and that in children using
the BDHQ-10y, a modified version of the BDHQ for older
children and adolescents. We thereby addressed the issue
of inconsistency in assessment method such that our
findings could contribute to the data in this field.

The relationship between parental and childhood vege-
table intake can be explained by parental modelling, as well
as children’s tendency to imitate their parents, consciously
or unconsciously. According to the PRECEDE–PROCEDE
model, predisposing factors that facilitate or hinder motivation
for health behaviour include early childhood experiences
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that create attitudes, values and perceptions(27). Parental
behaviours, attitudes and feeding styles contribute to their
children’s dietary environment(8). A previous study
regarding the parental effects on children showed that
amounts of food served to children are related to amounts
of food parents served to themselves(28). Characteristics of
the home food environment accounted for 48 % of the
variation in the child’s fruit and vegetable score(29).
As such, the correlation between vegetable intake by
mothers and children highlights the importance of
education and support for mothers in increasing the
children’s vegetable intake. In an experimental study,
a web-based mother–child dyad education programme for
the prevention of childhood obesity induced changes in

Table 1 Participant characteristics according to quartile groups of mothers’ vegetable intake; upper-grade children (aged 10–12 years) in
two public elementary schools and their mothers (332 pairs of mothers and children), Tokyo, Japan, July 2012

Mothers’ vegetable intake (g/d)*

Q1 Q2 Q3 Q4

n or Mean % or SD n or Mean % or SD n or Mean % or SD n or Mean % or SD P†

Children’s characteristics
Boys 49 59·0 45 54·2 44 53·0 44 53·0 0·843
Degree of obesity
Underweight trend 2 2·4 3 3·6 5 6·0 2 2·4 0·607
Normal 75 90·4 78 94·0 75 90·4 78 94·0
Obese trend 6 7·2 2 2·4 3 3·6 3 3·6

Frequency of eating breakfast
0–6 times/week 6 7·2 3 3·6 5 6·0 0 0·0 0·062
Every day 77 92·8 80 96·4 78 94·0 83 100·0

Minutes spent for breakfast
<15 56 67·5 38 46·9 46 56·1 41 50·6 0·170
15–20 18 21·7 26 32·1 23 28·0 22 27·2
≥21 9 10·8 17 21·0 13 15·9 18 22·2

Minutes spent for dinner
<29 17 20·5 17 21·0 17 20·7 14 17·3 0·738
30 43 51·8 36 44·4 33 40·2 41 50·6
≥31 23 27·7 28 34·6 32 39·0 26 32·1

Frequency of outdoor play-time activity (activity ≥3 MET)
Not every day 59 71·1 61 73·5 59 71·1 49 59·0 0·180
Every day 24 28·9 22 26·5 24 28·9 34 41·0

Conscious of eating all vegetables
Yes 60 76·9 65 78·3 68 84·0 74 91·4 0·064
No 18 23·1 18 21·7 13 16·0 7 8·6

Mothers’ characteristics
Age (years), mean and SD 42·7 3·5 42·0 4·1 43·4 3·7 43·2 4·0 0·082
Employment
Not working 33 39·8 32 38·6 33 39·8 40 48·2 0·608
Part-time work 29 34·9 31 37·3 34 41·0 31 37·3
Full-time work 21 25·3 20 24·1 16 19·3 12 14·5

BMI
<18·5 kg/m2 12 14·5 15 18·1 11 13·3 17 20·5 0·650
18·5–25·0 kg/m2 61 73·5 60 72·3 67 80·7 60 72·3
≥25·0 kg/m2 10 12·0 8 9·6 5 6·0 6 7·2

Behaviours preventive of lifestyle-related diseases‡
Yes 32 39·5 32 41·6 45 60·8 53 66·3 <0·001
No 49 60·5 45 58·4 29 39·2 27 33·8

Frequency of eating breakfast
0–6 times/week 19 22·9 17 20·5 14 16·9 11 13·3 0·408
Every day 64 77·1 66 79·5 69 83·1 72 86·7

MET, metabolic equivalent of task.
Data presented are numbers and percentages, unless indicated otherwise.
*Adjusted for energy intake using the residual method. n 83 each for Q1–Q4, with the exception of missing values. Mean intake (g/d): 158 (SD 48) in Q1, 256
(SD 20) in Q2, 332 (SD 27) in Q3, 497 (SD 138) in Q4 (P< 0·001).
†Obtained by using the χ2 test for categorical variables and one-factor ANOVA for continuous variables.
‡Behaviours such as energy restriction, eating a large amount of vegetables and reduced salt intake.

Table 2 Coefficients of mothers’ vegetable intake*,† v. children’s
vegetable intake*,† in multiple linear regression models; upper-grade
children (aged 10–12 years) in two public elementary schools and
their mothers (332 pairs of mothers and children), Tokyo, Japan,
July 2012

Linear regression coefficient SE P

Crude 0·295 0·037 <0·001
Model 1‡ 0·287 0·037 <0·001
Model 2§ 0·285 0·037 <0·001

*Adjusted for energy intake using the residual method.
†Vegetable intake per day.
‡Adjusted for mothers’ age (continuous) and children’s age (continuous) and
sex (male, female).
§Adjusted for mothers’ characteristics (age (continuous), employment (not
working, part-time, full-time), BMI (continuous)) and children’s characteristics (age
(continuous), sex (male, female), degree of obesity (continuous) and school (1, 2)).
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the home environment and facilitated an increase in fruit
and vegetable intake among children of pre-school age(30).
Further investigation into educational programmes is
needed to increase vegetable intake among both mothers
and school-aged children.

Notably, correlations between vegetable intake by
mothers and children were limited by the children’s lack
of consciousness to eat all of their vegetables. This
finding was thought to suffice as support for the model of
triadic reciprocal causation, which focuses on both social
environment and personal factors to change health
behaviours(10). Thus, nutrition education to increase
vegetable intake in children should focus both on
environmental factors (e.g. increasing vegetable intake
among mothers) and personal factors (e.g. a child’s
consciousness about needing to eat vegetables).

Our findings have practical implications for increasing
vegetable intake among children. Interventions to motivate
children to increase vegetable intake could be more effec-
tive if combined with strategies to increase vegetable intake
in their mothers.

There were some limitations to the present study. First,
dietary intake was estimated using self-administered diet
history questionnaires, which were distributed at school.
This might have affected the respondents in such a way
that they felt inclined to give socially desirable responses.
In addition, the validity of estimating energy intake by
BDHQ-10y is still unclear. Thus, the results should be
interpreted with caution. Second, mothers might have
helped their children fill out the questionnaires, especially
the diet history questionnaire, leading to an overestimation
of the association between mothers’ and children’s
vegetable intake. However, it is unlikely that this situation
occurred frequently, given that the children were aged
10–12 years and thus should be considered reliable
reporters of their own food intake(31). In addition to this,
children and mothers were provided with separate
questionnaires. Third, participants lived in a residential
district, with little farming grounds and limited access to
fresh vegetables and agricultural experiences which can
increase vegetable intake(32). This environment might
have also led to an overestimation of the association
between the vegetable intake of mothers and their children.
Fourth, the participants made up only about 0·014 % of all
students of the same age in Japan. As compared with large

sample surveys in Japan(5,16), participant characteristics
revealed that the intake of vegetables for both mothers and
children was higher, the ratio of mothers and children who
ate breakfast every day was higher, mother’s BMI was
lower and children with obese trend were fewer. This may
have limited the generalizability of our findings. Further, the
statistical power also may be limited, particularly for
children who were not conscious of eating all their
vegetables. Future studies involving a greater sample size
are warranted. Finally, because the R2 of Model 2 was
somewhat low, there is the possibility that all confounding
factors were not accounted for. For example, although we
could not obtain information regarding the economic status
of participants, it has been indicated that economic situation
is associated with vegetable intake in the National Health
and Nutrition Survey in Japan.

Conclusions

The present study found that increased vegetable intake in
children was positively associated with vegetable intake in
mothers, especially among children who were conscious of
eating all their vegetables. Our findings underscore the need
to consider not only education for children at school, but
also improvements in the home food environment to
increase vegetable intake among children. In particular,
mothers’ vegetable intake should be increased concurrently
to increase children’s motivation to eat a lot of vegetables.
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