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Abstract 

Background: Overweight and obesity rates have increased rapidly in Chinese school‑age children, and previous 
studies have indicated that poor dietary literacy can lead to unhealthy eating behaviours. However, few studies have 
investigated the association between the dietary literacy of daily diet providers and the eating behaviours and nutri‑
tional status of school‑age children raised by the providers. Thus, we aimed to explore this association.

Methods: We collected data on the eating behaviours and nutritional status of children in two primary schools in 
Anhui Province, as well as the dietary literacy of their daily diet providers. T‑tests, one‑way ANOVA, chi‑square tests, 
and multiple linear regression were used to analyse the association.

Results: We found significant differences in the scores on the Questionnaire of Children’s Daily Diet Providers’ Dietary 
Literacy (QCDDPDL) by region, relationship with the child, age, and educational level of the daily diet provider (all 
p < .05). Moreover, the children in the low QCDDPDL score group were inclined to engage in unhealthy eating behav‑
iours such as emotional undereating and overeating (p < .05). In addition, the incidence of overweight and obesity 
was higher in the low QCDDPDL attitude score group than in the high score group (p = .006).

Conclusions: Our study showed that the dietary literacy of diet providers may influence children’s health and eating 
behaviours. Improving the dietary literacy of diet providers may promote the health status and eating behaviours of 
school‑age children.
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Introduction
The problem of overweight and obesity in children has 
become increasingly serious, affecting their current and 
even life-long health [1]. The 2014 Chinese National 

Survey of Student Health showed that the prevalence 
of overweight and obesity was 20.5% in students aged 7 
to 18, which had increased approximately 3 times com-
pared to two decades ago [2]. Obesity increases the risk 
of physical and psychological problems, including type 2 
diabetes, cardiovascular and liver disease as well as social 
discrimination, low self-esteem, and depression [3–5]. 
Meanwhile, malnutrition cannot be neglected; although 
the prevalence of malnutrition in children and adoles-
cents declined steadily over the last decade, it was up to 
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10% in economically underdeveloped areas of China in 
2014 [6]. Malnutrition can not only stunt children but 
also increase susceptibility to infectious diseases [7]. Cur-
rently, the coexistence of malnutrition and obesity among 
children is a major public health problem in China [8]. A 
systematic review of obesity and dietary factors in chil-
dren aged 6–12  years in the Middle East showed that 
obesity is related to missing breakfast, excessive intake 
of sugary beverages, and low consumption of fruits, veg-
etables and milk [9]. In addition, a cross-sectional study 
of school-age children aged 7–12  years in China found 
lower levels of magnesium, iron, and copper in the blood 
of children with picky eating behaviour [10]. Notably, 
extensive research has indicated that obesity in school-
age children is associated with abnormal eating behav-
iours and specific appetite characteristics, which lead to 
the dysregulation of food varieties and intake [11, 12]. 
The Children’s Eating Behaviour Questionnaire (CEBQ) 
assesses a child’s eating behaviours in 8 dimensions (sati-
ety responsiveness, slowness in eating, food fussiness, 
food responsiveness, enjoyment of food, desire to drink, 
emotional undereating, and emotional overeating) based 
on parents’ description of their child’s daily eating activi-
ties [13]. The results of the systematic review and meta-
analysis showed strong associations between overweight 
and obesity and eating behaviours such as overeating in 
children [14, 15]. Compared to normal-weight children, 
obese 11-year-old children showed faster eating, lower 
satiety, and other eating behaviours that may contribute 
to higher total food intake [16]. A study from the ’Growth 
and Obesity Chilean Cohort Study’ (GOCS) in Chile also 
showed that emotional overeating is positively associated 
with children’s BMI in Chilean children aged 7–10 years 
[17]. Some studies have reported that the dietary literacy 
of parents is associated with children’s eating behaviours 
and dietary quality [18, 19], suggesting that we could 
address children’s obesity and malnutrition by strength-
ening the dietary literacy of their dietary providers [20].

Dietary literacy involves making healthy dietary deci-
sions based on experience and knowledge about society, 
culture, food, and the environment [21]. The elements 
of dietary literacy include practical knowledge and skills 
to regulate food intake, such as selecting food and plan-
ning meals, and dietary literacy also includes the ability 
to understand the impact of food and nutrition on health 
[22]. A significant positive association between higher 
nutritional knowledge and higher intake of fruits and veg-
etables was found [23]. In addition, the majority of stud-
ies found positive associations between higher dietary 
literacy, such as more knowledge about food and more 
frequent food preparation behaviours, and healthier eat-
ing habits [24]. However, the lack of autonomy in food 
selection and long-term cohabitation make the dietary 

intake of school-age children largely dependent on the 
dietary provider. The attitudes, knowledge, and behav-
iours of diet providers will affect their food selections and 
meal preparation and in turn affect their children’s eat-
ing behaviours and health status [25]. On the other hand, 
providers with low dietary literacy probably will not 
choose beneficial foods for their children by reading food 
labels and nutrient contents [26]. In addition, the family 
eating environment, for example, a reduction in screen 
time, could influence children’s food intake [27]. There-
fore, the dietary literacy of children’s daily diet providers 
affects not only their health but also children’s health and 
eating behaviours [28].

Most studies in the past have focused on the relation-
ships between parental dietary literacy and infant feeding 
patterns, practices and nutritional status [29–32]. Impor-
tantly, not only does the nutritional status of the infant 
have a profound impact on future health [33, 34] but also 
the eating behaviours subsequently formed can lastingly 
impact the physical and mental health of children [35, 
36]. However, few studies have examined the relation-
ships between parents’ dietary literacy and school-age 
children’s eating behaviours and nutritional status. At this 
age, eating behaviours and habits are being formed under 
the influence of their parents. The early establishment of 
healthy eating behaviours may promote children’s health 
and reduce the risk of various diseases later in life [37]. 
Particularly, there are a large number of migrant work-
ers in China, and the care of their children may be left 
to other family members (http:// www. stats. gov. cn/ tjsj/ 
zxfb/ 201902/ t2019 0228_ 16512 65. html). Therefore, we 
conducted this study to explore the association between 
the dietary literacy of daily diet providers and school-age 
children’s nutritional status and eating behaviours in less 
economically developed areas of China.

Methods
Participants
One primary school from urban area and the other from 
rural area were selected for students who ate their daily 
meals at home. The schools are located in Hefei, Anhui 
Province, which is a less economically developed area in 
central China. The research was conducted in November 
2018. All students in grades 3 to 6 were included in the 
investigation after informed consent was obtained from 
the children’s daily diet providers and assent was pro-
vided by the students. To obtain accurate information on 
the targeted population, we emphasized in the informed 
consent that the questionnaire should be completed by 
the person responsible for the child’s diet, such as the one 
who routinely prepares the food. A total of 1,137 children 
and their daily diet providers participated in this study. 
The questionnaire was completed by the meal providers, 
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and the children’s physical development data and periph-
eral blood were collected. Those who did not complete 
the questionnaire and those who did not provide periph-
eral blood samples were excluded. The required max 
sample size was determined based on the chi-square test 
for medium effect size (w = 0.3), 5% significance level 
(two-tailed), 95% power, and a 4-DF (degree of freedom), 
and the compute required sample size was 207 [38]. Eth-
ics approval was given by the Biomedicine Ethics Com-
mittee of Anhui Medical University (No. 20170386).

Questionnaire
A self-report questionnaire was completed by the stu-
dent’s daily diet provider. The questionnaire mainly 
includes three parts: 1. General demographic charac-
teristics of the student and her/his dietary provider, 
such as the child’s age, life area (urban, rural), sex (male, 
female), and the dietary provider’s age, relationship with 
child, education level and self-rated family economy. 2. 
The dietary literacy of children’s daily diet providers was 
evaluated by the Questionnaire of Children’s Daily Diet 
Providers’ Dietary Literacy (QCDDPDL), which was 
developed by our research group and was verified with 
acceptable reliability and validity [39]. The QCDDPDL 
consists of 30 items that investigate the dietary literacy 
of daily diet providers from four dimensions, namely, 
attitude (7 items, e.g., Pay attention to choose fresh and 
hygienic food), actions (7 items, e.g., Make sure your 
children drink milk every day), skills (9 items, e.g., Can 
understand the nutrition label on food packaging), and 
environment (7 items, e.g., Can keep home dining table 
and tableware clean), by using a 4-point Likert scale 
(0 = very inconsistent, 3 = very consistent). Five of these 
items are reverse scored (Additional file  1: Supplement 
Table 1). In this study, the score of the four dimensions 
was calculated by adding their corresponding items, and 
the total score was calculated by summing the scores of 
the four dimensions. A higher score indicates a stronger 
ability of the child’s daily diet provider to use dietary 
nutrition knowledge to improve the child’s health sta-
tus. The Cronbach’s α coefficient, split-half reliability, 
and test–retest reliability of the QCDDPDL were 0.874, 
0.813, and 0.878, respectively. Additionally, the struc-
tural equation model constructed using AMOS demon-
strated that the QCDDPDL had an acceptable validity: 
goodness-of-fit index (GFI = 0.927), adjusted goodness-
of-fit index (AGFI = 0.912), and root mean square error 
of approximation (RMSEA = 0.042). 3. The children’s 
eating behaviours were assessed by using the Children’s 
Eating Behaviour Questionnaire (CEBQ), which was 
developed by the British scholar Wardle and colleagues 
in 2001 and validated as having acceptable reliability and 
validity [13]. The CEBQ contains 35 items that evaluate 

children’s eating behaviours from 8 dimensions, namely, 
satiety responsiveness (5 items, e.g., My child gets full 
up easily), slowness in eating (4 items, e.g., My child eats 
slowly), food fussiness (6 items, e.g., My child enjoys a 
wide variety of foods), food responsiveness (5 items, e.g., 
My child’s always asking for food), enjoyment of food 
(4 items, e.g., My child enjoys eating), desire to drink (3 
items, e.g., My child is always asking for a drink), emo-
tional undereating (4 items, e.g., My child eats less when 
s/he is upset), and emotional overeating (4 items, e.g., 
My child eats more when anxious). The CEBQ items are 
scored on a 5-point Likert scale (1 = never, 5 = always), 
and the score of each dimension is calculated by sum-
ming its corresponding items. A higher score indicates 
stronger characteristics of the corresponding dimen-
sion. In this study, 64 school-age children (2 students per 
classroom) were retested 1 week after the survey, and the 
retest reliability of the questionnaire score ranged from 
0.86 to 0.93 for each dimension.

Detection of children’s nutritional status
BMI and body fat percentage
The weight and height of children were measured to cal-
culate BMI using the formula BMI = weight (kg)/height2 
 (m2). Students were divided into 3 categories (wasting, 
normal, and overweight or obese) by using the BMI cut-
off recommended by the World Health Organization [40]. 
For a detailed division, see Additional file 2: Supplement 
Table 2. In addition, the skinfold thickness of the upper 
triceps and subscapular folds was measured by sebaceous 
callipers. The measured skinfold thickness was converted 
into body fat density using the Japanese Changling for-
mula, and then the percentage of body fat was estimated 
using the modified formula of Brozek [41]. The body fat 
percentage was divided by quartile. P25 to P75 was con-
sidered the normal body fat group, < P25 was considered 
the low body fat group, and > P75 was considered the high 
body fat group [42].

Haemoglobin
A haemoglobin strip (dry chemical method) was used to 
test the haemoglobin content in the blood from the fin-
gertips of children. Hb < 115 g/L in children aged 5 to 11 
and Hb < 120 g/L in children aged 12 to 14 were used as 
the defining criteria for nutritional anaemia in children 
based on the WHO recommended standards [43].

Calcium, Iron, and Zinc
Forty microliters of blood from the fingertips of chil-
dren were aspirated by using a micropipette and meas-
ured within 2  h after shaking. The contents of calcium 
(Ca), iron (Fe), and zinc (Zn) elements in the sample were 
detected by the standard curve method using a BH5500 
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atomic absorption spectrometer (Beijing Bohui Innova-
tive Photoelectric Technology Co., Ltd., Beijing). The 
children’s element contents were divided into normal 
and deficient groups by the detection criteria. The refer-
ence ranges of normal values of Ca, Fe, and Zn in chil-
dren aged 6 to 11 years were 1.51 to 2.01 mmol/L, 7.36 to 
9.34  mmol/L, and 67.72 to 103.84  µmol/L, respectively; 
the reference ranges of normal values of Ca, Fe, and Zn 
in children aged 12 to 14 years were 1.42 to 1.90 mmol/L, 
7.16 to 9.85 mmol/L, and 71.46 to 111.33 µmol/L, respec-
tively. Data of reference ranges were provided by the 
measurement company using a BH5500 atomic absorp-
tion spectrometer [44].

Quality control
The children took the questionnaire home after school 
(an instruction manual was attached to guide the diet 
provider); the questionnaire was completed by their 
guardians, who mainly provided meals for them and 
were returned the next morning. The head teachers were 
in charge of this process. The physical development of 
students was measured uniformly in schools by child 
health workers from our university-affiliated hospital 
after obtaining informed consent. Biological indicators of 
blood samples from the two schools were tested in one 
laboratory, all instruments for laboratory testing were 
calibrated, and the testing was completed by laboratory 
professionals.

Statistical analysis
The database was established by using EpiData 3.1, and 
SPSS 21.0 was used for statistical analysis. First, t-test 
and one-way ANOVA were used to compare the dietary 
literacy scores of daily diet providers based on different 
demographic characteristics. Then, the dietary literacy 
score of each dimension and the total score were divided 
into the low group (< P25), moderate group (P25 to P75), 
and high group (> P75) by using the quartile method [45]. 
Chi-square tests were used to explore whether there were 
differences in the nutritional status of children among 
different dietary literacy groups. Third, one-way ANOVA 
was used to compare whether there were differences in 
8 dimensions of children’s eating behaviours between 
the three dietary literacy groups. Last, multiple linear 
regression analysis (controlling for demographic char-
acteristics) was used to explore the effects of daily diet 
providers’ dietary literacy on school-age children’s eating 
behaviours. p < 0.05 was considered significant.

Results
Ultimately, 1,043 children and their main diet providers 
were included because of the complete questionnaire 
and complete data on children’s nutritional status. The 

effective rate was 91.7%, and there were no significant 
differences in sex or BMI between the 1,043 included 
children and the 94 non-included children (p > 0.05). In 
addition, no significant differences were found between 
the included diet providers and the non-included diet 
providers in region, relationship with child, age, educa-
tion level, and self-rated family economy level (p > 0.05). 
Among the included children, 693 (66.4%) were from 
urban areas, and 350 (33.6%) were from rural areas; 
boys and girls accounted for almost half each, and 
their ages ranged from 7 to 13  years, with a mean of 
9.89 ± 1.32 years. Table 1 shows that there were signifi-
cant differences in the four dimensions and total score 
between the daily diet provider’s region, relationship 
with the child, age, and educational level. However, 
there were no significant differences in the attitude and 
environment dimensions between the self-rated fam-
ily economy levels. The dietary literacy scores of the 
medium upper self-rated family economy were signifi-
cantly higher than those of the lower family economy 
only in behaviour, skill, and total score.

Table  2 shows that there was no significant differ-
ence in the distribution of the percentage of body fat 
or haemoglobin content among the different dietary 
literacy groups. Only in the dimension of attitude was 
a significant difference found between the distribution 
of children’s BMI and the dietary literacy of daily diet 
providers (p = 0.006); in the remaining dimensions, no 
significant differences were found. For comparison of 
Ca, Fe, and Zn among different dietary literacy groups, 
Table  3 shows that the contents of calcium, iron, and 
zinc did not differ significantly among children in the 
low, moderate, and high dietary literacy groups for each 
dimension and the total score. Table 4 shows that chil-
dren raised by diet providers with high total dietary 
literacy had lower scores in various eating behaviours 
except for slowness in eating and enjoyment of food 
compared with those raised by diet providers with low 
total dietary literacy. The scores for slowness in eating 
were also lower, which was not statistically significant. 
Notably, a higher score for children’s enjoyment of food 
was found in the high total dietary literacy group.

Table 5 shows that the high total score group of pro-
viders’ dietary literacy was associated with reduced 
scores of most eating behaviours (satiety responsive-
ness, slowness in eating, food fussiness, food respon-
siveness, desire to drink, emotional undereating, and 
emotional overeating) (β < 0, p < 0.05). However, the 
high total score group was associated with increased 
scores of children’s enjoyment of food (β > 0, p < 0.05). 
Even if the effects on eating behaviours were not as 
strong as the high score group, the moderate score 
group also showed significant associations with food 
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fussiness, food responsiveness, desire to drink, and 
emotional overeating.

Discussion
The first finding of this study was that children’s diet 
providers who were in the city, younger, highly edu-
cated, and economically advanced had a higher level of 
dietary literacy. Such phenomena are easily understand-
able. For urban children who live in better-educated 
families, their daily diet providers pay more attention to 
dietary nutrition and purchase more suitable food for 
children’s growth and development [46]. Those with bet-
ter economic status can choose a wider variety of food 
with better quality. Well-educated people can make 
safer, healthier food choices and are consciously main-
taining balance diets that are beneficial to their bod-
ies, such as consuming more vegetables and fruits; also, 
they will encourage their children to eat more vegetables 
and fruits [47–49]. Therefore, the dietary literacy scores 
of these people were higher on attitude, action, skills, 

and environment dimensions compared to lower educa-
tional and economic level. However, no correlation was 
found between the nutritional status of the child (body 
fat percentage, haemoglobin, calcium, iron, zinc) and the 
dietary literacy of their diet providers in these two pri-
mary schools. People could purchase most of the food 
they needed for the rapid socioeconomic development of 
China in the last two decades, which was the main rea-
son contributing to improving children’s nutritional sta-
tus. The effects of economic development are particularly 
strong in economically disadvantaged rural areas [2]. 
People with high dietary literacy are more likely to pro-
vide dietary supplements to their children; theoretically, 
children who consume dietary supplements will have 
higher levels of micronutrients than those who do not 
[50]. However, no differences were found in Ca, Fe, and 
Zn contents between different dietary literacy groups in 
our study. A Korean study also did not find significant 
differences in most dietary macronutrients and micro-
nutrients between dietary supplement (DS) users and 

Table 1 Comparison of daily diet providers’ dietary literacy scores between different demographic characteristics

Characteristics N (%) Attitude
Mean SD

Behaviour
Mean SD

Skill
Mean SD

Environment
Mean SD

Total score
Mean SD

Region
 Cities 693(66.4) 15.0 2.7 15.3 3.5 19.0 4.1 14.0 2.8 63.2 10.3

 Countryside 350(33.6) 13.6 3.2 14.3 3.9 18.1 4.5 12.8 3.2 58.7 11.5

 p  < .001  < .001 .001  < .001  < .001

Relationship with child
 Parents 894(85.7) 14.7 2.8 15.1 3.5 18.9 4.1 13.8 2.8 62.5 10.4

 Grandparents 128(12.3) 13.2 3.4 13.7 4.1 17.3 4.9 12.4 3.5 56.6 12.7

 Other 21(2.0) 13.1 3.6 13.8 4.5 19.0 4.6 12.6 3.7 58.3 13.3

 p  < .001  < .001  < .001  < .001  < .001

Diet provider age
  < 30 years 44(4.2) 14.4 3.1 14.6 4.1 19.0 4.7 13.1 3.3 61.0 12.6

 30 ~ 40 years 649(62.2) 14.8 2.8 15.2 3.4 19.0 4.0 13.9 2.8 62.9 10.1

 40 ~ 50 years 223(21.4) 14.3 3.0 15.0 3.7 18.4 4.4 13.4 3.1 61.1 11.2

 50 ~ 60 years 47(4.5) 13.5 3.5 14.5 4.6 18.3 4.3 13.3 3.5 59.5 12.5

  > 60 years 80(7.7) 13.2 3.2 13.3 3.8 16.9 4.9 12.0 3.3 55.3 12.1

 p  < .001  < .001  < .001  < .001  < .001

Education
 Primary school or lower 197(18.9) 13.3 3.2 13.8 4.0 17.8 4.8 12.4 3.1 57.2 12.0

 Junior middle school 417(40.0) 14.6 3.0 15.0 3.5 18.7 4.2 13.9 2.8 62.2 10.4

 High school 233(22.3) 15.0 2.6 15.5 3.8 19.3 4.1 13.9 3.0 63.6 11.1

 College and higher 196(18.8) 14.9 2.6 15.3 3.1 18.9 3.7 13.8 2.8 62.9 9.5

 p  < .001  < .001 .001  < .001  < .001

Self-rated family economy
 Medium lower 236(22.6) 14.3 3.0 14.2 3.8 18.1 4.7 13.2 3.1 59.8 11.6

 Medium 755(72.4) 14.5 3.0 15.0 3.5 18.8 4.1 13.7 2.9 62.1 10.6

 Medium upper 52(5.0) 15.0 2.9 16.2 3.9 19.6 4.4 14.0 3.0 64.7 11.5

 p .277  < .001  < .001 .063 .002
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nonusers [51]. One possible reason is that children in the 
high dietary literacy group also consume more vegeta-
bles and fruits, which hinders the absorption of micro-
nutrients such as calcium [52]. Notably, although there 
were no significant differences between the daily dietary 
literacy score of providers and children’s BMI in most 
dimensions, it was statistically significant in the attitude 
dimension. A reasonable explanation was that the high 
dietary literacy score of providers who find their children 
overweight would take measures to prevent their chil-
dren from being overweight and obese [53].

The scores of the dietary literacy attitude, behaviour, 
skill, and environment dimensions and the total dietary 
literacy score of school-age children’s daily diet providers 

were significantly correlated with most eating behav-
iours of the children. Apart from enjoyment of food, the 
remaining seven eating behaviours all scored lower in 
the high dietary literacy group than in the low dietary 
literacy group. Furthermore, the multiple linear regres-
sion results suggested that the total score of daily dietary 
literacy of diet providers was negatively associated with 
children’s satiety responsiveness, slowness in eating, food 
fussiness, food responsiveness, desire to drink, emotional 
undereating, and emotional overeating behaviours but 
positively associated with children’s enjoyment of food. 
More than one study showed that emotional overeat-
ing or undereating in early childhood is not genetic [54, 
55]; rather, it is influenced by the family environment. If 

Table 2 Comparison of partial nutritional status of children in different dietary literacy groups

a P25-P75 was used as normal group, < P25 as low body fat group, > P75 as high body fat group; bDetailed BMI classification was shown in Supplemental Table 2; 
cHB < 115 g/L in children aged 5 to 11 and Hb < 120 g/L in children older than 11 were considered as deficiency

Dietary literacy N (%) Body fat  percentagea BMIb Haemoglobinc

Normal High Low Normal Wasting Overweight
or obesity

Normal Deficiency

Attitude
 Low score < 13 233(22.3) 109 63 61 147 21 65 219 14(6.0)

 Moderate score 13–17 652(62.5) 327 166 159 483 31 138 590 62(9.5)

 High score > 17 158(15.2) 79 35 44 103 14 41 142 16(10.1)

 χ2 2.00 14.29 3.01

 p .735 .006 .222

Behaviour
 Low score < 13 246(23.6) 116 66 64 178 12 56 226 20(8.1)

 Moderate score 13–18 610(58.5) 306 153 151 432 39 139 554 56(9.2)

 High score > 18 187(17.9) 93 45 49 123 15 49 171 16(8.6)

 χ2 0.86 3.15 0.26

 p .930 .532 .878

Skill
 Low score < 16 222(21.3) 109 58 55 157 17 48 202 20(9.0)

 Moderate score 16–22 605(58.0) 290 162 153 420 40 145 551 54(8.9)

 High score > 22 216(20.7) 116 44 56 156 9 51 198 18(8.3)

 χ2 3.79 2.87 0.08

 p .435 .581 .960

Environment
 Low score < 12 251(24.1) 121 65 65 183 16 52 228 23(9.2)

 Moderate score 12–16 614(58.9) 294 160 160 429 39 146 557 57(9.3)

 High score > 16 178(17.0) 100 39 39 121 11 46 166 12(6.7)

 χ2 3.98 1.67 1.16

 p .409 .797 .561

Total score
 Low score < 55 258(24.7) 125 66 67 183 16 59 236 22(8.5)

 Moderate score 55–70 550(52.7) 261 153 136 393 39 118 500 50(9.1)

 High score > 70 235(22.6) 129 45 61 157 11 67 215 20(8.5)

 χ2 6.96 5.59 0.11

 p .138 .232 .949
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a pleasant environment is not ensured at meal times, the 
child will develop the eating behaviour of undereating 
[56]. This is consistent with the findings of our study that 
the environmental dimension of dietary providers was 
negatively associated with children’s emotional undereat-
ing. Similarly, studies on picky eating in young children 
also suggested that parents repeatedly offering unfamiliar 
and unwanted foods to their children in a stressful situ-
ation could lead to food fussiness [57, 58]. However, in 
our study, the dietary literacy of the diet provider was 
positively associated with their child’s enjoyment of 
food, which may be related to the ability of high dietary 
literacy providers to make tasty food. It is worth noting 
that higher food enjoyment is associated with higher 

risks of being obese [59]. Based on previous research and 
our study, dietary literacy of diet providers is likely to be 
associated with the eating behaviours of school-age chil-
dren. In addition, our study showed that the effects of 
the high dietary literacy group were stronger than those 
of the moderate dietary literacy group, suggesting that 
the higher the dietary literacy of the dietary provider 
was, the greater the effects on the child’s eating behav-
iours. In the current study, compared to nutritional sta-
tus, the associations between school-age children’s eating 
behaviours and the diet provider’s dietary literacy were 
more apparent. Previous studies showed that obese chil-
dren were more sensitive to the smell of food and more 
likely to overeat after exposure to preferred foods than 

Table 3 Comparison of trace elements status among children in different dietary literacy groups

The cut-offs of dietary literacy are the same as Table 2; Reference ranges of normal values of Ca, Fe, and Zn in children aged 6 to 11 years were 1.51 to 2.01 mmol/L, 
7.36 to 9.34 mmol/L, and 67.72 to 103.84 µmol/L, respectively; Reference ranges of normal values of Ca, Fe, and Zn in children aged 12 to 14 years were 1.42 to 
1.90 mmol/L, 7.16 to 9.85 mmol/L, and 71.46 to 111.33 µmol/L, respectively

Dietary literacy N (%) Calcium Iron Zinc

Normal Deficiency Normal Deficiency Normal Deficiency

Attitude
 Low score 233(22.3) 192 41 189 44 213 20

 Moderate score 652(62.5) 494 158 533 119 565 87

 High score 158(15.2) 126 32 131 27 141 17

 χ2 4.77 0.20 3.94

 p .092 .903 .140

Behaviour
 Low score 246(23.6) 191 55 203 43 213 33

 Moderate score 610(58.5) 480 130 497 113 537 73

 High score 187(17.9) 141 46 153 34 169 18

 χ2 0.91 0.13 1.47

 p .636 .938 .481

Skill
 Low score 222(21.3) 178 44 177 45 185 37

 Moderate score 605(58.0) 469 136 498 107 541 64

 High score 216(20.7) 165 51 178 38 193 23

 χ2 1.01 0.80 6.15

 p .605 .671 .146

Environment
 Low score 251(24.0) 198 53 211 40 224 27

 Moderate score 614(58.9) 474 140 500 114 540 74

 High score 178(17.1) 140 38 142 36 155 23

 χ2 0.37 1.41 0.50

 p .830 .495 .777

Total score
 Low score 258(24.7) 206 52 212 46 228 30

 Moderate score 550(52.7) 429 121 451 99 479 71

 High score 235(22.6) 177 58 190 45 212 23

 χ2 1.48 0.18 1.55

 p .478 .914 .460
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normal-weight children [60]. Overreaction to food may 
not be limited to food choices but may also include bev-
erages, especially sugar-sweetened beverages, which are 
associated with weight gain [61]. The results of a meta-
analysis showed that children’s eating behaviours, such as 
food responsiveness, food enjoyment, emotional overeat-
ing, and desire to drink, could lead to obesity [11]. Obese 
children may remain obese into adulthood and be more 
likely to develop noncommunicable diseases such as dia-
betes and cardiovascular disease early in life [62]. There-
fore, we can intervene in children’s eating behaviours to 

prevent childhood obesity by improving the dietary lit-
eracy of diet providers. First, making diet providers aware 
of the importance of a healthy diet for children’s physi-
cal development, namely, improving the attitude dimen-
sion. Second, suggesting diet providers provide children 
with a balanced and nutritious meal every day, namely, 
improving the action dimension. Third, cultivating 
diet providers’ knowledge of nutrition so that they can 
know the nutritional content of various foods, namely, 
improving the skills dimension. Fourth, reminding diet 
providers of the need for a pleasant environment when 

Table 4 Comparison of eating behaviours of children in different dietary literacy of daily diet providers

The cut-offs of dietary literacy are the same as Table 2; The df of analysis of variance between groups and within groups are 2 and 1040, respectively

Dietary 
literacy

Satiety 
responsiveness
Mean SD

Slowness in 
eating
Mean SD

Food 
fussiness
Mean SD

Food 
responsiveness
Mean SD

Enjoyment of 
food
Mean SD

Desire to 
drink
Mean SD

Emotional 
undereating
Mean SD

Emotional 
overeating
Mean SD

Attitude
 Low score 12.7 3.7 10.3 3.5 16.1 4.1 11.4 4.2 13.1 3.8 6.6 3.0 10.3 3.3 8.2 3.5

 Moderate 
score

12.4 3.3 10.0 3.2 15.2 4.1 10.4 3.9 13.8 3.7 6.1 2.9 10.0 3.1 7.2 3.0

 High score 11.9 2.9 9.6 3.2 14.2 4.2 10.1 4.0 14.5 4.1 5.9 2.8 9.8 3.4 6.3 2.9

 F 3.17 1.79 9.74 6.77 6.64 2.91 1.06 18.6

 p .042 .167  < .001 .001 .001 .055 .347  < .001

Behaviour
 Low score 12.8 3.5 10.1 3.3 15.9 4.1 11.1 4.0 13.2 3.7 6.7 3.1 10.3 3.3 7.9 3.2

 Moderate 
score

12.4 3.2 10.1 3.3 15.3 4.0 10.6 4.0 13.8 3.6 6.1 2.8 10.0 3.1 7.2 3.1

 High score 11.9 3.5 9.8 3.3 14.3 4.6 9.7 3.6 14.2 4.3 5.8 3.0 9.7 3.4 6.7 3.1

 F 3.85 0.77 7.82 7.11 3.80 5.74 1.84 7.84

 p .022 .466  < .001 .001 .023 .003 .159  < .001

Skill
 Low score 12.9 3.3 10.5 3.5 16.7 4.3 11.1 4.0 13.4 3.5 7.0 3.2 10.1 3.4 7.5 3.4

 Moderate 
score

12.6 3.3 10.0 3.3 15.2 3.8 10.7 3.9 13.6 3.6 6.1 2.7 10.1 3.1 7.3 3.1

 High score 12.0 3.4 9.7 3.0 14.0 4.4 9.7 4.0 14.5 4.3 5.6 3.0 9.7 3.4 7.0 3.2

 F 3.74 4.23 25.47 7.28 5.56 12.72 1.26 1.94

 p .024 .015  < .001 .001 .004  < .001 .283 .144

Environment
 Low score 13.0 3.6 10.3 3.3 16.0 4.0 11.2 4.2 13.0 3.8 6.5 2.9 10.2 3.2 7.9 3.4

 Moderate 
score

12.4 3.3 10.0 3.4 15.2 4.2 10.6 3.9 13.9 3.7 6.3 3.0 10.1 3.2 7.2 3.0

 High score 11.6 3.0 9.9 3.0 14.6 4.2 9.5 3.8 14.1 4.0 5.3 2.6 9.3 3.3 6.6 3.2

 F 8.81 0.87 5.95 10.22 6.92 10.90 5.88 9.44

 p  < .001 .419 .003  < .001 .001  < .001 .003  < .001

Total score
 Low score 12.9 3.6 10.3 3.3 16.2 4.1 11.6 4.0 13.2 3.5 6.6 3.0 10.4 3.4 8.1 3.4

 Moderate 
score

12.4 3.3 10.0 3.3 15.3 4.0 10.6 4.0 13.7 3.7 6.2 2.8 10.0 3.8 7.2 3.0

 High score 11.8 3.1 9.8 3.2 14.2 4.5 9.4 3.6 14.4 4.2 5.6 3.0 9.6 3.4 6.6 3.0

 F 6.96 1.30 14.05 18.73 6.12 6.99 3.35 14.85

 p .001 .274  < .001  < .001 .002 .001 .036  < .001



Page 9 of 12Chang et al. BMC Public Health         (2022) 22:2286  

eating, namely, improving the environment dimension. 
Some nutrition education programmes for parents have 
shown promising results with a marked improvement 
in the dietary literacy of trained people [63–65]. Future 
research could explore the relationships between dietary 
literacy of diet providers and children’s eating behaviours 
based on establishing cohorts, and could also explore the 
impacts of improving diet providers’ dietary literacy on 
children’s eating behaviours.

Limitations
There were some deficiencies in this study. First, more 
than one person may provide daily diets for their child, 
such as when both parents participate; however, this 
study only investigated the dietary literacy of one pro-
vider, and the results may not be sufficiently accurate. 
Second, measurement bias and social desirability bias 
may exist, the CEBQ is a subjective scale based on paren-
tal reports, and our study only captured the opinion of 
one diet provider, reports of children’s eating behav-
iours may be biased, furthermore, diet providers may 
mask their child’s poor eating habits to conform to social 
expectations, future studies could attempt to measure 
children’s eating behaviours in objective ways such as 
applying cameras. Third, cross-sectional studies limit 
causality, and further cohort studies or randomized con-
trolled studies can be conducted to examine the rela-
tionships between diet providers’ dietary literacy and 
children’s eating behaviours. In addition, due to dietary 

culture, religious beliefs, and other factors, there are large 
differences in food choices in different regions. This study 
only conducted a sample survey in one region, and the 
survey results cannot be generalized. It is necessary to 
survey a larger sample population in future studies.

Conclusions
In this study, the dietary literacy of school-age children’s 
daily diet providers was associated with children’s eating 
behaviours. Although no association was found between 
the nutritional status of children and the dietary literacy 
of their dietary providers, previous studies have shown 
that unhealthy eating behaviours increase the risk of 
some chronic diseases. Therefore, we can improve the 
dietary literacy of children’s diet providers to cultivate 
children’s healthy eating behaviours. Additionally, appro-
priate intervention measures, such as improving diet 
providers’ dietary literacy through education programs, 
should be formulated with full consideration of socioeco-
nomic and educational levels to reduce the risk of chil-
dren’s nutrition-related diseases and promote children’s 
physical and mental health. In addition, based on the 
proposed interventions, community trials can be carried 
out to evaluate the effects of the interventions.

Abbreviations
QCDDPD: Questionnaire of Children’s Daily Diet Providers’ Dietary Literacy; 
CEBQ: Children’s Eating Behaviour Questionnaire; BMI: Body mass index; 
ANOVA: Analysis of Variance.

Table 5  Effect of daily diet providers’ dietary literacy score on children’s eating behaviours

The groups of dietary literacy are the same as Table 2 and the low score group was taken as the reference group. Region, relationship with child, diet provider age, 
education, and self-rated family were controlled as covariates

Dietary literacy Satiety 
responsiveness

Slowness 
in eating

Food 
fussiness

Food 
responsiveness

Enjoyment 
of food

Desire to 
drink

Emotional 
undereating

Emotional 
overeating

β p β p β p β p β p β p β p β p

Attitude
 Moderate score ‑0.02 .535 ‑0.06 .126 ‑0.09 .023 ‑0.10 .010 0.08 .040 ‑0.09 .015 ‑0.04 .342 ‑0.13  < .001
 High score ‑0.07 .053 ‑0.10 .010 ‑0.15  < .001 ‑0.09 .011 0.12 .002 ‑0.10 .005 ‑0.04 .271 ‑0.20  < .001
Behaviour
 Moderate score ‑0.04 .334 ‑0.01 .958 ‑0.06 .109 ‑0.04 .310 0.07 .074 ‑0.12 .001 ‑0.05 .194 ‑0.09 .014
 High score ‑0.08 .036 ‑0.05 .223 ‑0.14  < .001 ‑0.12 .002 0.08 .035 ‑0.14  < .001 ‑0.07 .080 ‑0.12 .001
Skill
 Moderate score ‑0.07 .082 ‑0.10 .007 ‑0.19  < .001 ‑0.03 .478 0.02 .561 ‑0.16  < .001 ‑0.01 .907 ‑0.02 .671

 High score ‑0.09 .023 ‑0.12 .003 ‑0.27  < .001 ‑0.13 .001 0.10 .008 ‑0.20  < .001 ‑0.05 .164 ‑0.07 .094

Environment
 Moderate score ‑0.07 .074 ‑0.03 .375 ‑0.10 .008 ‑0.07 .064 0.11 .004 ‑0.04 .249 ‑0.01 .771 ‑0.10 .006
 High score ‑0.13  < .001 ‑0.06 .095 ‑0.12 .002 ‑0.15  < .001 0.09 .011 ‑0.18  < .001 ‑0.11 .005 ‑0.14  < .001
Total score
 Moderate score ‑0.06 .116 ‑0.05 .175 ‑0.11 .004 ‑0.10 .006 0.05 .157 ‑0.09 .014 ‑0.05 .167 ‑0.12 .002
 High score ‑0.11 .005 ‑0.08 .031 ‑0.19  < .001 ‑0.20  < .001 0.11 .006 ‑0.17  < .001 ‑0.09 .015 ‑0.18  < .001
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