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Abstract
Background Eating behavior is in�uenced by multiple factors and understanding the interplay of these factors is necessary to promote children’s healthy food
choices. This study investigated the relations of family food environment (FFE) factors with food and nutrition literacy (FNL) in Chinese school-age children.

Methods A total of 605 children aged 7 ~ 13 years from grade 1 to 5, and their caregivers participated in the cross-sectional study in Beijing of China during
April 2019. The FFE was assessed by the validated Family Food Environment Questionnaire for Chinese School-age Children (FFEQ-SC). For the children of
grade 3 to 5 (n = 260), the FNL, including cognitive and skill domains, was assessed by Food and Nutrition Literacy Questionnaire for Chinese School-age
Children (FNLQ-SC). Both FFEQ-SC and FNLQ-SC were developed �rstly for Chinese school-age children and had good reliability. The anthropometric data
(height and weight) was derived from local health information management system for primary schools.

Results Overall, 68.9% of the children’s families had higher level of FFE. The total FNL score of 260 children from grade 3–5 was 63.23 ± 10.32. Comparison of
children’s FNL score among different levels of FFE showed the children with higher level of FFE, especially higher level of caregiver’s educational degree and
FNL, were more likely to have signi�cant higher FNL scores (P < 0.05). The multivariate analysis showed the children’s total FNL score was signi�cantly related
with family caregiver (β= -0.123, P = 0.04) and caregiver’s nutritional literacy (β = 0.210, P = 0.002). Furthermore, the children with higher level of caregiver’s
nutritional knowledge were less likely to be overweight or obesity (OR = 0.043, P = 0.04).

Conclusions and Implications: Family food environment, especially caregivers’ FNL, were signi�cantly related with children’s FNL, even the risk of overweight.
These �ndings highlight the importance of targeting nutritional knowledge of family caregivers to facilitate the children’s FNL to maintain good health.

Background
Globally, there are 1.8 billion children and adolescents ages 5–19 years. A comprehensive and integrated overview showed that the remarkable nutritional
transition in adolescent health occurred globally, the prevalence of overweight was 18% in 2016, an increase of 176.9 million compared with 1990, and
prevalence of anemia was 24% in 2016, an increase of 74.2 million compared with 1990 [2]. Correspondingly, the food choices and dietary quality in
childhood, which affected the lifelong risk of nutrition-related diseases [17; 32], remained poor over the world. American National Health and Nutrition
Examination Survey (NHANES) in 2015–2016 showed 56.1% (95% CI: 51.4%-60.7%) of youth aged 2 to 19 years had poor quality diets [18]. Latent class
analysis of the China Health and Nutrition Survey (CHNS) data revealed four types of food preferences in 697 adolescents aged 12 to 17 years, including
varied diet (37.09%), avoiding vegetables (19.69%), low appetite (7.56%) and healthy diet (35.66%) [23]. The Global School-Based Student Health Survey
(GSHS) in 2019 showed roughly half of the countries reported that 10%-30% of 13–15 years old students did not eat any fruit at all, and a quarter reported that
10%-30% of students did not eat any vegetables at all; Nearly 70% of countries reported that at least half of their students eat fast food on a weekly basis; all
countries found that one out of �ve students consumed carbonated soft drinks at least once a day [9]. Recent reports suggested unhealthy eating behavior in
childhood may have reached plateau and even decreased slightly from 2000 in developed countries, while in many developing and transition countries
including China, the problems have become far more complex and intractable [4].

Following an ecological model, food choices and eating behavior depend on the interaction of different environmental factors and personal characteristics,
such as genetics, sociodemographic characteristics, nutrition related knowledge and skill [20]. At individual level, food and nutrition literacy is generally
de�ned as the individual capacity to obtain, process, and understand nutrition information and skills needed to make appropriate nutrition decisions and
maintain a good diet and health, which is one way to understand the reasons behind the nutrition-related problems and behaviors among children and
adolescents [1]. A systematic review showed that food literacy may play a role in shaping adolescent’s dietary intake, in addition, �ndings suggest that food
skills and behaviors learned in adolescence are sustained later in life [26]. There are many factors that might relate to the individual food and nutrition literacy,
such as nutrition education, food environment and other adjustable variables [3; 8].

Eating behavior is highly complex and in�uenced by multiple factors across different contexts, which has been conceptualized as a function of the social and
physical environment. The child’s ecological niche includes family and peers, which are both in�uenced by community, society, media, and food offering [5],
these different environmental factors are de�ned as food environment. Considering most of children’s eating behaviors occur at and around home, so the
potential impact of family food environment on children’s eating behavior and diet quality is particularly relevant. Young children depend on their families to
support their wellbeing and promote positive development, including eating behaviors. The family food environment is the most fundamental context in which
children's eating behaviors are socialized and food preferences are formed. A systematic review indicated family environmental factors, which were
consistently and positively associated with children's healthy food consumption, were household food availability, nutritional knowledge of family or
caregivers and family income [21]. The Cochrane living systematic review assessed the effectiveness of 78 eligible intervention trials till August 2019, the
results showed that parents’ child-feeding practice may lead to small increases in fruit and vegetable consumption in children, with very low-quality evidence,
and future research should adopt more rigorous methods to advance the �eld [15].

Both individual food and nutrition literacy and contextual food environment are important factors in�uencing children’s eating behaviors; but their interaction
remained unclear. It was hypothesized that the food environment, especially the caregivers’ nutritional knowledge and skill, may help children develop the food
and nutrition literacy, then improve their food choice and dietary quality. Therefore, this study investigated the relationship of FFE withFNLin Chinese school-
age children, to provide evidence for further intervention.

Methods

The family food environment questionnaire for Chinese school-age children
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The study �rstly developed and validated the FFEQ-SC. The conceptual framework and dimensions of FFEQ-SC were preliminarily constructed based on
literature review and evaluated by food and nutrition experts in the study steering group.

The framework for the Analysis Grid for Elements Linked to Obesity (ANGELO) process was �rst developed for use as a practical tool for categorizing and
scanning the environment for potential environmental barriers to healthy eating and physical activity [24]. The basic framework is a 2 × 4 grid which divides
obesogenic environments in two sizes of environment – micro and macro, and four types of environment – physical, economic, policy and sociocultural.
Referring to ANGELO framework and other assessment instruments, the FFEQ-SC was developed including six dimensions: 1) Family sociodemographic
characteristics, including family structure (member number), family economic status, caregivers and their educational level and so on. The family economic
status was assessed using adjusted “The Family A�uence Scale (FAS)”, which was a six-item scale used in Health Behavior in School-aged Children (HBSC),
a WHO collaborative cross-national study [26]. Considering the Chinese family situation, three items were remained, like “Does your family own a car, van or
truck?”; “Do you have your own bedroom for yourself?”; “How many times did your family travel for a holiday/vacation last year?”. 2) Caregiver’s food and
nutrition literacy, including nutritional knowledge and skill (food and nutrients, dietary guideline, food labelling and food portion), modeling and
encouragement practices, discussing nutrition information with children, and so on. 3) Family feeding patterns, including permission (I permit my child to eat
what he/she wants.), restriction (I have to be sure that my child does not eat too many foods high in sugar, fat and salt.), enforcement patterns (If my child
says “I am not hungry” I try to get him/her to eat anyway.) and so on. 4) Family eating rules, including focusing on dinner (No meals while watching
TV/DVDs), food limitation (I limit my child to eat foods high in sugar, fat and salt.) and food preparation (My child must help prepare food and do the dishes).
5) Family meal practices, including location, length, frequency and members present of family meals. 6) Family food availability, including healthy foods
(fruits and vegetables, dairy products and whole grain) and unhealthy foods high in sugar, fat and salt.

Secondly, a cross-sectional survey was conducted in 599 Chinese school-age (7 ~ 13 years) children’s parents, to analyze the reliability and validity of FFEQ-
SC. The preliminary questionnaire had 54 items. Finally, 47 items were included by the exclusion criteria as item discrimination less than 0.1, coe�cient of
di�culty more than 0.15 and less than 0.85, factor loads less than 0.4, and factor loading coe�cients were similar in 2 or more than 2 factors. The overall
FFEQ-SC questionnaire had high internal consistency (Cronbach’s α = 0.78, split-half reliability = 0.84). The exploratory factor analysis extracted 15 factors
which were included in the conceptual framework, and cumulative contribution of variance accounted to 62.33%. The Pearson correlation coe�cients between
dimensions and total questionnaire were from 0.33 to 0.76. The results of construct validity were χ2/df = 1.97, goodness of �t index (GFI) = 0.88, adjusted
goodness of �t (AGFI) = 0.85, normed �t index (NFI) = 0.86, incremental �t index (IFI) = 0.92, comparative �t index (CFI) = 0.92, root mean square residual
(RMR) = 0.03, and root mean square error of approximation (RMSEA) = 0.04 (P > 0.05). The results showed the FFEQ-SC had good reliability, and it could
potentially be a useful instrument for assessing FFE for Chinese school-age children.

The food and nutrition literacy questionnaire for Chinese school-age children
Till now there are no FNL assessment instruments for Chinese children. The study developed and validated the FNLQ-SC.

The conceptual framework and dimensions of FNLQ-SC were preliminarily constructed based on literature review and experts interview, considering the
cognitive level and dietary behavior problems in school-age children. In this study FNL is de�ned as “collection of inter-related knowledge, skills and behaviors
required to plan, manage, select, prepare and eat foods to meet needs and determine food intake”. A two-stage electronically distributed Delphi consultation
study was conducted to determine the dimension and core components of FNLQ-SC. Finally, 19 core components of FNLQ-SC were determined, including �ve
dimensions of food and nutrition related knowledge and understanding (cognitive domain), the ability of access, selection, preparing of food and healthy
eating (skill domain), as well as three levels of functional, interactive and critical literacy. The �nal questionnaire included 50 questions.

Secondly, a cross-sectional survey was conducted in 2452 Chinese children aged 10–15 years, to analyze the reliability and validity of FNLQ-SC. The results
showed the overall FNLQ-SC questionnaire had high internal consistency (Cronbach’s α = 0.698). Regarding the �ve dimensions (knowledge and
understanding, access and planning of food, selecting food, preparing food, eating), Cronbach’s α coe�cient was 0.452, 0.300, 0.244, 0.148, 0.436,
respectively. The Kaiser–Meyer–Olkin (KMO) test showed sampling adequacy (KMO = 0.738), and Bartlett’s test con�rmed factor analysis was appropriate (P 
< 0.001). The exploratory factor analysis (EFA) of skill components extracted 5 factors (selecting and eating, access and preparation, food label and
measurement, picky eating, snacks) with eigenvalue more than 1, and cumulative contribution of variance accounted to 50.60%. The commonality was more
than 0.20 for all components. The Pearson correlation coe�cients among different dimensions were ranged 0.152 ~ 0.400, and correlation coe�cients
between dimensions and total questionnaire were from 0.370 to 0.877, especially the dimension of knowledge and understanding, selecting food, and eating,
whose coe�cients were more than 0.6, that showed strong correlation with total questionnaire. The results showed the FNLQ-SC had good reliability, and it
could potentially be a useful instrument for assessing FNL for Chinese school-age children.

Participants and data collection
A cross-sectional survey was conducted in a primary school in Beijing of China using convenient sampling during April 2019. A total of 605 school-age
children from grade 1 to 5 and their caregivers were included in the study. For all participant children (n = 605), the FFE was assessed by developed self-
administered FFEQ-SC, which was �lled out by children’s caregiver.

Considering the differences of cognition, reading and writing literacy between junior and senior students, the FNL should be assessed by different instruments.
Based on these, just for the senior children of grade 3 to 5 (n = 260), the FNL was assessed by self-administered FFEQ-SC, which was developed and validated
for students of grade 3–8, not for junior primary students (grade 1–2).

The children’s anthropometric data (height, weight) were derived from “Beijing health information management system for primary and secondary schools”,
which was measured in April 2019. And the BMI (kg/m2) was calculated and de�ned according to Chinese standards of “Screening for overweight and obesity
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among school-age children and adolescents (WS/T 586–2018)” and “Screening standard for malnutrition of school-age children and adolescents (WS/T
456–2014)”.

The study protocol was approved by the Peking University Institutional Review Board (Beijing, China) and informed written consent was obtained from
children and their caregivers.

Statistical analysis
Except some items of family sociodemographic characteristics (family member number, caregiver), which relations with children’s food choice remained
inconsistent, other items were scored, and the total score of FFEQ-SC was 94, including 18 of family sociodemographic characteristics, 20 of caregiver’s FNL,
14 of family feeding patterns, 18 of family eating rules, 8 of family meal practices, and 16 of family food availability. Considering the scores were positively
related with better/healthier performance theoretically, so the six dimensions was de�ned as two levels of high/good/healthy (≥ P60 of total score) and
low/poor/unhealthy (< P60 of total score). It was noteworthy that the higher score of family feeding patterns was associated with more freedom of children’s
food choice, and then different feeding patterns were de�ned as permission (≥ P60 of total score), restriction (P40 ~ P60) and enforcement (< P40) patterns.

The total scores of FNLQ-SC were 92 in grade 3–4 and 98 in grade 5 respectively, which was converted in a centesimal measure for further statistical analysis.

The relations of family food environment with FNL of children were analyzed by t / F test and LSD adjustment (P < 0.05), correlation coe�cient and
multivariate linear regression analysis (P < 0.05).

Results

Characteristics of the participant children and their family food environment
Among all 605 children of grade 1–5, there were 303 (50.1%) boys and 302 (49.9%) girls, aged 7 ~ 13 years. And 54.7% of the children were “only child”.
Overall, 68.9% of children’s families had higher level of FFE. Most of the family caregivers were their mother (71.4%) or father (27.1%). More than half (59.5%)
of the caregiver’s educational level was junior college or higher, and 69.3% of those had high level of FNL. More families restricted (61.3%) or enforced (20.2%)
their children to eat or not to eat certain foods, compared with permission feeding pattern (18.5%). Most of the families had eating rules (65.3%) and good
meal practices (68.9%). 78.2% of the families supplied their children more healthy foods than unhealthy foods.

Among 260 children in subgroup, the percentage of grade 3, 4, 5 were 22.3%, 35.0% and 42.7% respectively, aged from 9 to 13 years. The prevalence of
overweight and obesity were 16.9% and 20.8% respectively. Nearly half of children (48.8%) were “only child”. Overall, 61.5% of children’s families had high level
of FFE. Most of the family caregivers were their mother (69.2%) or father (28.8%), and 68.8% of the caregivers had high level of FNL. More families adopt
restriction (61.5%) and enforcement (24.2%) feeding patterns. Most of the families had eating rules (61.5%) and good meal practices (65.0%). 69.6% of the
families supplied their children more healthy foods than unhealthy foods. The characteristics of the children and their families are shown in Table 1.
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Table 1
Characteristics of the participant children and their family food environment n (%)

Characteristics Total (n = 605) Subgroup (n = 260)

Gender    

Boys 303 (50.1) 125 (48.1)

Girls 302 (49.9) 135 (51.9)

Age (years)    

7 ~ 8 304 (50.2) —

9 ~ 10 169 (27.9) 133 (51.2)

11 ~ 13 132 (21.8) 127 (48.8)

Grade    

Junior (1 ~ 2) 308 (50.9) —

Senior (3 ~ 5) 297 (49.1) 260 (100.0)

Weight status (BMI)    

Wasted 31 ( 5.1) 11 ( 4.2)

Normal 331 (54.7) 151 (58.1)

Overweight 90 (14.9) 44 (16.9)

Obesity 153 (25.3) 54 (20.8)

Only child    

Yes 331 (54.7) 127 (48.8)

No 274 (45.3) 133 (51.2)

Family size (member number)    

≤ 3 194 (32.1) 79 (30.4)

4 179 (29.6) 98 (37.7)

≥ 5 232 (38.3) 83 (31.9)

Family economic status    

Poor (≤ 2) 72 (11.9) 25 ( 9.6)

Medium (3–5) 325 (53.7) 138 (53.1)

A�uent (6–7) 208 (34.4) 97 (37.3)

Caregiver    

Mother 432 (71.4) 180 (69.2)

Father 164 (27.1) 75 (28.8)

Others 9 ( 1.5) 5 ( 1.9)

Caregiver’s educational level    

≤High school 245 (40.5) 138 (53.1)

≥Junior college 360 (59.5) 122 (46.9)

Caregiver’s food and nutrition literacy    

High (≥ 12.0) 419 (69.3) 179 (68.8)

Low (< 12.0) 186 (30.7) 81(31.2)

Family feeding patterns    

Permission (≥ 8.4) 112 (18.5) 37 (14.2)

Restriction (5.6 ~ 8.4) 371 (61.3) 160 (61.5)

Enforcement (< 5.6) 122 (20.2) 63 (24.2)

The family food environment was de�ned as two levels of high/good/healthy (≥ P60 of total score) and low/poor/unhealthy (< P60 of total score). The
family feeding patterns were de�ned as permission (≥ P60 of total score), restriction (P40 ~ P60) and enforcement (< P40) patterns.
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Characteristics Total (n = 605) Subgroup (n = 260)

Family eating rules    

High (≥ 10.8) 395 (65.3) 160 (61.5)

Low (< 10.8) 210 (34.7) 100 (38.5)

Family meal practices    

Good (≥ 4.8) 417 (68.9) 169 (65.0)

Poor (< 4.8) 188 (31.1) 91 (35.0)

Family food Availability    

Healthy(≥9.6) 473 (78.2) 181 (69.6)

Unhealthy (< 9.6) 132 (21.8) 79 (30.4)

Total family food environment score    

High (≥ 56.4) 417 (68.9) 160 (61.5)

Low (< 56.4) 188 (31.1) 100 (38.5)

The family food environment was de�ned as two levels of high/good/healthy (≥ P60 of total score) and low/poor/unhealthy (< P60 of total score). The
family feeding patterns were de�ned as permission (≥ P60 of total score), restriction (P40 ~ P60) and enforcement (< P40) patterns.

Family sociodemographic distribution of food and nutrition literacy in children
The total FNL score of 260 children in grade 3–5 was 63.23 ± 10.32 ranged from 30.36 to 89.93 (centesimal measure). As shown in Table 2, the girls had
higher FNL score than boys, especially the ability to select food (P = 0.04). The FNLQ-SC score increased by grade and age, the abilities of access and planning
of food, selecting food in the 5th grader were much higher than those of the 3rd grader (P = 0.001).
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Table 2
Sociodemographic predictors of food and nutrition literacy in children (mean ± SD)

Sociodemographic

characteristics

n Knowledge and
understanding

Access and planning of
food

Selecting
food

Preparing
food

Eating Total

Total 260 11.1 ± 2.7 2.8 ± 0.8 12.3 ± 3.1 6.2 ± 1.6 30.8 ± 5.6 63.2 ± 10.3

Gender              

Boys 125 10.8 ± 2.7 2.8 ± 0.8 11.9 ± 3.1a 6.4 ± 1.6 30.4 ± 5.6 62.3 ± 10.4

Girls 135 11.3 ± 2.6 2.9 ± 0.8 12.7 ± 3.1b 6.1 ± 1.6 31.2 ± 5.7 64.1 ± 10.2

P   0.13 0.23 0.04* 0.09 0.27 0.15

Age (years)              

9 ~ 10 133 10.9 ± 2.8 2.8 ± 0.9a 11.8 ± 2.8 6.2 ± 1.5 30.7 ± 5.8 62.4 ± 9.8

11 ~ 13 127 11.3 ± 2.5 2.9 ± 0.7b 12.8 ± 3.3 6.2 ± 1.7 30.9 ± 5.5 64.1 ± 10.8

P   0.13 0.001* 0.14 0.66 0.53 0.17

Grade              

3 58 10.5 ± 2.8 2.5 ± 0.9a 11.2 ± 2.9a 6.1 ± 1.5 30.4 ± 6.4 60.6 ± 11.2

4 91 11.3 ± 2.6 3.0 ± 0.8b 12.4 ± 2.6 6.3 ± 1.6 31.4 ± 5.3 64.4 ± 8.4

5 111 11.3 ± 2.6 2.9 ± 0.7b 12.8 ± 3.4b 6.2 ± 1.7 30.6 ± 6.4 63.7 ± 11.1

P   0.17 < 0.001* 0.006* 0.74 0.45 0.08

Only child              

Yes 127 11.3 ± 2.7 2.9 ± 0.7 12.7 ± 2.9a 6.3 ± 1.7 31.6 ± 
5.3a

64.9 ± 
10.1a

No 133 10.8 ± 2.6 2.8 ± 0.8 11.9 ± 3.2b 6.1 ± 1.7 30.1 ± 
5.9b

61.6 ± 
10.3b

P   0.11 0.14 0.03* 0.35 0.03* 0.01*

Family size (member number)

≤ 3 79 11.2 ± 2.7 2.9 ± 0.8 12.6 ± 3.0 6.3 ± 1.7 31.5 ± 5.9 64.5 ± 10.4

4 98 11.0 ± 2.7 2.7 ± 0.8 12.1 ± 3.1 6.2 ± 1.6 30.4 ± 5.6 62.4 ± 10.4

≥ 5 83 11.0 ± 2.7 2.9 ± 0.7 12.2 ± 3.2 6.2 ± 1.6 30.8 ± 5.5 63.0 ± 10.2

P   0.86 0.28 0.51 0.77 0.44 0.38

Family economic status

Poor (≤ 2) 25 11.3 ± 3.0 2.9 ± 0.7 11.8 ± 2.7 6.2 ± 1.5 28.4 ± 5.0 60.6 ± 9.5

Medium (3–5) 138 11.0 ± 2.7 2.8 ± 0.8 12.3 ± 3.3 6.0 ± 1.5 31.0 ± 5.3 63.1 ± 10.3

A�uent (6–7) 97 11.0 ± 2.6 2.9 ± 0.7 11.4 ± 2.9 6.5 ± 1.8 31.3 ± 6.4 64.2 ± 10.6

P   0.91 0.54 0.69 0.08 0.07 0.29

Caregiver              

Mother 180 11.0 ± 2.7 2.8 ± 0.8 12.1 ± 2.9 6.2 ± 1.6 30.4 ± 
5.7a

62.4 ± 
10.3a

Father 75 11.3 ± 2.6 2.9 ± 0.8 12.8 ± 3.4 6.3 ± 1.6 32.2 ± 
5.2b

65.4 ± 9.9b

P   0.42 0.34 0.10 0.50 0.02* 0.03*

Caregiver’s educational level

≤High school 138 10.3 ± 2.7 2.8 ± 0.8 11.8 ± 3.3a 6.0 ± 1.7a 30.0 ± 
6.0a

61.4 ± 
10.7a

* P < 0.05, Statistical test used chi-square and LSD. Different superscript characters (a, b) mean statistical difference among groups (P 0.05).
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Sociodemographic

characteristics

n Knowledge and
understanding

Access and planning of
food

Selecting
food

Preparing
food

Eating Total

≥Junior college 122 11.3 ± 2.6 2.9 ± 0.8 12.8 ± 2.8b 6.5 ± 1.6b 31.8 ± 
5.1b

65.3 ± 9.6b

P   0.13 0.64 0.008* 0.03* 0.009* 0.003*

* P < 0.05, Statistical test used chi-square and LSD. Different superscript characters (a, b) mean statistical difference among groups (P 0.05).

Not only above individual characteristics, but also the family sociodemographic characteristics, including the number of children in the family, the caregiver
and their educational level, were signi�cantly related with children’s FNL. The “only child” had higher FNL score (64.9 ± 10.1 vs 61.6 ± 10.3, P = 0.01), especially
the ability of selecting and eating food (P < 0.05). Furthermore, the children cared by their father dominantly had higher total FNL compared with those cared
by mother (65.4 ± 9.9 vs 62.4 ± 10.3, P = 0.01). Also the caregiver’s educational level was positively associated with children’s FNL (P = 0.003), especially in
dimensions of selecting, preparing and eating food (P < 0.05). As shown in Table 2.

Relationship of family physical and sociocultural food environment with food and nutrition
literacy in children
As shown in Table 3, comparison of the FNL score in children between two FFE levels showed the children with high level of FFE, especially high level of
caregiver’s FNL, had signi�cant higher FNL scores, including total score and all domains of cognitive and skill (P < 0.05). Furthermore, the children with high
level of family eating rules were more likely to have higher FNL scores, especially in dimensions of knowledge and understanding, the ability of access and
planning of food, and eating (P < 0.05). If the family supplied the children more healthy foods compared with unhealthy foods, the children had much higher
score of food and nutrition related knowledge and understanding (P < 0.05).
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Table 3
Relations of family physical and sociocultural food environment with food and nutrition literacy in children (mean ± SD)

Family physical and sociocultural food
environment level

n Knowledge and
Understanding

Access and planning
of food

Selecting
food

Preparing
food

Eating Total

Total              

High (≥ 56.4) 160 11.5 ± 2.6 2.9 ± 0.7 12.7 ± 3.0 6.4 ± 1.6 31.9 ± 
5.

65.4 ± 
10.0

Low (< 56.4) 100 10.3 ± 2.6 2.7 ± 0.9 11.7 ± 3.1 6.0 ± 1.7 29.1 ± 
5.1

59.7 ± 
10.0

P   < 0.001* 0.02* 0.01* 0.05* < 
0.001*

< 
0.001*

Caregiver’s food and nutrition literacy  

High (≥ 12.0) 179 11.5 ± 2.7 2.9 ± 0.7 12.7 ± 3.1 6.4 ± 1.6 31.5 ± 
5.8

65.0 ± 
10.3

Low (< 12.0) 81 10.1 ± 2.4 2.7 ± 0.8 11.4 ± 2.8 5.9 ± 1.6 29.4 ± 
5.1

59.4 ± 
9.4

P   < 0.001* 0.01* 0.001* 0.03* 0.007* < 
0.001*

Family feeding patterns

Permission (≥ 8.4) 37 10.7 ± 3.0 2.8 ± 0.9 12.1 ± 3.0 6.5 ± 1.6 31.5 ± 
5.2

63.6 ± 
9.8

Restriction (5.6 ~ 8.4) 160 11.2 ± 2.6 2.8 ± 0.8 12.4 ± 3.0 6.1 ± 1.6 30.8 ± 
5.8

63.2 ± 
10.2

Enforcement (< 5.6) 63 11.0 ± 2.6 2.9 ± 0.7 12.1 ± 3.3 6.4 ± 1.7 30.6 ± 
5.6

63.0 ± 
11.0

P   0.66 0.70 0.75 0.24 0.73 0.96

Family eating rules

High (≥ 10.8) 160 11.4 ± 2.7 2.9 ± 0.7 12.6 ± 3.0 6.2 ± 1.6 31.7 ± 
5.8

64.8 ± 
10.3

Low (< 10.8) 100 10.5 ± 2.6 2.7 ± 0.8 11.8 ± 3.2 6.3 ± 1.6 29.5 ± 
5.1

60.7 ± 
9.8

P   0.007* 0.003* 0.05 0.86 0.002* 0.002*

Family meal practices

Good (≥ 4.8) 169 10.9 ± 2.8 2.8 ± 0.8 12.2 ± 3.1 6.1 ± 1.5 30.7 ± 
5.6

62.7 ± 
10.3

Poor (< 4.8) 91 11.4 ± 2.5 2.8 ± 0.8 12.4 ± 3.0 6.4 ± 1.8 31.1 ± 
5.7

64.2 ± 
10.4

P   0.09 0.90 0.60 0.25 0.57 0.28

Family food availability

Healthy(≥9.6) 181 11.3 ± 2.6 2.9 ± 0.7 12.4 ± 3.2 6.3 ± 1.6 31.2 ± 
5.6

64.0 ± 
10.5

Unhealthy (< 9.6) 79 10.6 ± 2.8 2.8 ± 0.9 6.3 ± 1.6 6.0 ± 1.8 30.1 ± 
5.6

61.4 ± 
9.8

P   0.04* 0.46 0.44 0.13 0.14 0.06

*P < 0.05. Statistical test used t/F-text.

Further correlation analysis between FFE score and children’s FNL score showed similar results, the scores of total FFE, dimensions of family
sociodemographic characteristics, caregiver’s FNL, family eating rules, and family food availability were positively related with children’s FNL score, as shown
in Table 4. The total FFE and caregiver’s FNL scores were positively related with children’s FNL scores of different domains and dimensions (P < 0.05). The
“family eating rules” score was positively related with children’s FNL scores of cognitive and total skill domains (P < 0.05). The “family food availability” score
was positively related with children’s FNL scores of “access and planning of food” dimension (P < 0.05). The higher “family sociodemographic characteristics”
score was signi�cantly related with higher “preparing food”, “eating” scores of children (P < 0.05). The dimensions of “family feeding patterns” and “family
meal practices” were not related with children’s FNL score (P > 0.05).
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Table 4
Correlation coe�cient between family food environment score and food and nutrition literacy score in children (n = 260)

Family food
environment
scores

Total   Cognitive
domain

  Skill domain

  Knowledge
Understanding

  Total   Access
and
planning
of food

  Selecting
food

  Preparing
food

 

r P   r P   r P r P   r P   r P  

Total 0.265 < 
0.001*

  0.221 < 
0.001*

  0.249 < 
0.001*

  0.184 0.003*   0.189 0.002*   0.084 0.18

Family
sociodemographic
characteristics

0.139 0.03*   0.026 0.67   0.158 0.01*   0.023 0.71   0.082 0.19   0.163 0.009*

Caregiver’s FNL 0.287 < 
0.001*

  0.301 < 
0.001*

  0.250 < 
0.001*

  0.155 0.012*   0.225 < 
0.001*

  0.067 0.29

Family feeding
patterns

0.029 0.64   -0.001 0.99   0.035 0.58   -0.022 0.72   0.032 0.61   -0.011 0.86

Family eating
rules

0.144 0.02*   0.162 0.009*   0.122 0.05*   0.164 0.008*   0.102 0.10   -0.019 0.76

Family meal
practices

0.019 0.76   -0.060 0.34   0.042 0.50   0.031 0.62   0.064 0.30   -0.038 0.54

Family food
availability

0.122 0.05*   0.109 0.08   0.113 0.07   0.124 0.05*   0.036 0.56   0.105 0.09

FNL = food and nutrition literacy, * P < 0.05, Statistical test used correlation analysis.

Multivariable analysis
To analyze the relations of FFE with children’s FNL generally, the multivariate linear regression analysis showed that the children’s FNL score was associated
with caregivers and their educational level and FNL score. The children cared dominantly by their father, had higher total and skill domain FNL scores (P = 
0.04), compared with those cared by the mother. The children’s total FNL (β = 0.210, P = 0.002) cognitive (β = 0.263, P < 0.001) and skill (β = 0.170, P = 0.01)
domain scores were positively related with the caregivers’ FNL, and the cognitive domain score was also positively related with the caregivers’ educational
level (β = 0.139, P = 0.04). The details were showed in Table 5.

Table 5
Multivariable analysis of food and nutrition literacy in children (n = 260)

Variables Total   Cognitive domain   Skill domain

β 95%CI P   β 95%CI P   β 95%CI P

Gender -0.083 (-4.144, 0.732) 0.17   -0.098 (-1.162, 0.117) 0.11   -0.069 (-3.232, 0.864) 0.26

Grade 0.083 (-0.498, 2.683) 0.18   0.078 (-0.152, 0.683) 0.21   0.075 (-0.509, 2.164) 0.22

Only child 0.065 (-1.314, 3.982) 0.32   0.046 (-0.452, 0.938) 0.49   0.064 (-1.134, 3.316) 0.34

Family economic status 0.013 (-1.811, 2.228) 0.84   -0.103 (-0.965, 0.094) 0.11   0.047 (-1.052, 2.340) 0.46

Caregiver -0.123 (-5.442, -0.105) 0.04*   -0.021 (-0.820, 0.580) 0.74   -0.141 (-4.896, -0.412) 0.02*

Caregiver’s educational level 0.131 (-0.037, 5.403) 0.05   0.055 (-0.419, 1.008) 0.42   0.139 (0.103, 4.673) 0.04*

Caregiver’s FNL score 0.210 (0.289, 1.211) 0.002*   0.263 (0.122, 0.364) < 0.001*   0.170 (0.119, 0.894) 0.01*

Family feeding patterns score -0.001 (-0.854, 0.845) 0.99   -0.026 (-0.268, 0.177) 0.69   0.007 (-0.673, 0.755) 0.91

Family eating rules score 0.057 (-0.207, 0.514) 0.40   0.096 (-0.028, 0.162) 0.16   0.039 (-0.216, 0.389) 0.57

Family eating practices score 0.015 (-0.724, 0.924) 0.81   -0.075 (-0.350, 0.082) 0.22   0.041 (-0.458, 0.927) 0.51

Family food availability score 0.025 (-0.520, 0.762) 0.71   -0.005 (-0.174, 0.162) 0.94   0.031 (-0.411, 0.666) 0.64

*P < 0.05. Statistical test used multiple linear regression analysis.

In the subgroup of grade 3–5, 37.7% of children were overweight or obesity. To further analyze the relations of FFE with overweight risk in children, the
multivariate logistic regression analysis showed the children with higher level of caregiver’s FNL were less likely to be overweight or obesity (OR = 0.043,
95%CI: 0.292–0.981, P = 0.04), as shown in Table 6.
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Table 6
Relations of family food environment and children's food and nutrition literacy with overweight risk

in children (n = 260)
Variables B SE χ2 P OR 95%CI

Gender              

Girl Reference            

Boy 0.638 0.278 5.266 0.02* 1.892 (1.098, 3.262)

Grade              

3 Reference            

4 -0.167 0.371 0.203 0.65 0.846 (0.409, 1.750)

5 -0.416 0.364 1.307 0.25 0.660 (0.323, 1.346)

Only child            

No Reference          

Yes -0.518 0.292 3.135 0.08 0.596 (0.336, 1.057)

Children’s FNL            

Low (< 60) Reference          

High (≥ 60) 0.110 0.307 0.128 0.72 1.116 (0.611, 2.039)

Caregiver              

Father Reference            

Mother 0.145 0.310 0.219 0.64 1.156 (0.629, 2.125)

Family economic status              

Poor Reference            

Medium 0.670 0.511 1.714 0.19 1.953 (0.717, 5.322)

A�uent 0.307 0.533 0.333 0.56 1.360 (0.479, 3.863)

Caregiver’s educational level              

≤High school Reference            

≥Junior college 0.333 0.310 1.154 0.28 1.395 (0.760, 2.560)

Caregiver’s FNL            

Low (< 12.0) Reference          

High (≥ 12.0) -0.626 0.309 4.088 0.04* 0.535 (0.292, 0.981)

Family feeding patterns              

Enforcement (< 5.6) Reference            

Restriction (5.6 ~ 8.4) 0.704 0.467 2.271 0.13 2.022 (0.809, 5.051)

Permission (≥ 8.4) 0.212 0.342 0.383 0.54 1.236 (0.632, 2.416)

Family eating rules            

Low (< 10.8) Reference          

High (≥ 10.8) 0.088 0.310 0.082 0.78 1.093 (0.595, 2.005)

Family meal practices            

Poor (< 4.8) Reference          

Good (≥ 4.8) -0.154 0.289 0.284 0.59 0.857 (0.486, 1.511)

Family food Availability            

Unhealthy (< 9.6) Reference          

Healthy (≥ 9.6) -0.168 0.315 0.284 0.59 0.845 (0.456, 1.568)

*P < 0.05. Statistical test used logistic regression.
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Discussion
Children’s food choices and dietary quality depend on the interaction of individual characteristics and contextual environmental factors [20]. This study
investigated the relation of FFE with FNL in Chinese school-age children, the results showed family caregivers and their educational level and nutrition literacy,
were signi�cantly related with children’s FNL and overweight risk.

Most of children’s eating behaviors occur with families in and around home, so family food environment is the most relevant contextual factor and focused
increasingly. Several models have been proposed to conceptualize the FFE [6; 20; 25], overlapping constructs within these models are the basis for our
developed conceptual framework of FFEQ-SC, including physical environment (healthy/unhealthy food availability), sociocultural environment (such as
caregiver’s FNL, family feeding patterns, meal practices, and eating rules), and family sociodemographic characteristics (family caregiver and their
educational level). The results of the study showed overall 68.9% of the children’s families had a higher level of total FFE (≥ P60 of total score), among those
dimensions, most of the family caregivers were children’s mother (71.4%) or father (27.1%), more families restricted (61.3%) or enforced (20.2%) their children
to eat or not to eat certain foods than permissive pattern (18.5%), most of the families had eating rules (65.3%) and good meal practices (68.9%), and 78.2%
of the families supplied their children more healthy foods than unhealthy foods. Because of the differences of FFE model and assessment instrument, the FFE
factors could not be compared directly among studies. A cross-sectional survey in 396 parents of 3 to 5 year-old children of Australia showed the majority of
families (87%) ate most meals at a table, 59% of parents restricted dessert when their child did not eat dinner, 29% rewarded their child with dessert for
�nishing dinner, only 4% of parents allowed their child to access snacks themselves, fewer than half of those households (39%) kept both fruit and vegetables
in a ready-to-eat, accessible format [31]. An observational cohort study of 699 American children aged 6 to 11 years and their parents showed a high use of
encouragement/modeling and restrictive feeding practices and a high availability of low-calorie/nutrient-dense foods in the home, other parenting and food
availability measures were near the middle of the possible score range [7]. Above studies draw a consistent conclusion that more families restricted children’s
eating compared with permission pattern, but the availability of family foods were different, that might be related with other family sociodemographic
characteristics and sociocultural factors including family economic status, parent’s educational degree, nutritional knowledge and so on.

Undoubtedly, the potential impact of the FFE on children’s food choices and diet quality is particularly relevant [12; 13; 15; 16; 22; 30]. A systematic review (14
studies published between 1994 and 2017) indicated family environmental factors (household food availability, caregivers’ nutritional knowledge and family
income) were consistently associated with children's food consumption and micronutrient intake [21]. But it is noteworthy that behind the dietary behavior and
intake, the individual knowledge, skills and behaviors required to plan, manage, select, prepare and eat foods, which is de�ned as FNL, may play an important
role [1; 27]. A cross-sectional study of 101 parent-child dyads showed that for every 1% increase in Nutrition Literacy Assessment Instrument for Parents (NLit-
P), there was a 0.51 increase in child diet quality (Healthy Eating Index) [11].Till now few studies focused on the effect of FFE on individual FNL. The study
developed a validated and reliable FNLQ-SC to analyze relations of different FFE factors with children’s FNL. The results showed that FFE factors, including
family sociodemographic characteristics, family caregiver and their educational level and nutrition literacy, family eating rules, and family healthy food
availability, were positively related with children’s FNL scores. Especially the family caregiver (father), and caregiver’s educational level and nutrition literacy,
were consistent and signi�cant predictors of children’s FNL, including cognitive and skill domains. The FNL assessment of 803 students aged 10–12 years in
Iran also identi�ed signi�cant associations between total FNLIT and parent’s education[8]. Among FNL dimensions, the score of children’s healthy “eating”
was positively related with family caregiver (father), caregiver’s educational level and nutrition literacy, family economic status, and eating rules. Systematic
review and other studies presented similar results that caregivers’ nutritional knowledge, education and family income were consistently associated with
children's healthy food consumption and dietary pattern [14; 21; 22]. Our results furtherly showed the children with higher level of caregiver’s FNL were less
likely to be overweight or obesity (OR = 0.043, 95%CI: 0.292–0.981, P < 0.05). These �ndings highlight the importance of targeting and nutritional knowledge of
family caregivers by education to facilitate the capacity of children to obtain, process, and understand nutrition information and skills, which are essential to
make appropriate nutrition decisions and maintain a good diet and health in children. Intervention studies also demonstrated that a change in the food
environment was associated with a change in children's eating behavior, dietary intake and obesity [10; 19; 28; 29].

In the study there were not signi�cant relations of family feeding patterns and food availability with children’s healthy “eating” score, which were presented in
other studies [15; 21], Cochrane review showed parents’ child-feeding practice may lead to small increases in fruit and vegetable consumption in children [15].
The inconsistency of results might be due to the differences of FFE assessment and dietary investigation methods, which need to be explored furtherly. Also
the study did not show any signi�cant relations of family feeding patterns and meal practices with children’s FNL, and future research should adopt more
rigorous methods to advance the �eld.

Overall, previous studies focused on the impact of food environment on eating behavior and food choice, this study furtherly explored relations of FFE factors
with individual knowledge and skill (FNL) to make appropriate nutrition decisions, the results might help to understand the interplay of contextual factors and
personal behaviors among children. The study conclusively showed FFE, especially caregivers and their educational level and nutrition literacy, were
signi�cantly related with children’s FNL and overweight risk. The �ndings highlight the importance of targeting nutritional knowledge and skill of family
caregivers to facilitate the knowledge and ability of children to plan, select, prepare and eat foods, to maintain a healthy diet and good health.

Considering the limitation of sampling, sample size and confounders control, the food environment and nutrition literacy assessment questionnaires were not
widely used, the conclusion of the study should be veri�ed furtherly in another population.

Conclusion
Family caregivers and their nutritional literacy, were related with children’s FNL and overweight risk. These �ndings highlight the importance of targeting
nutritional knowledge of family caregivers to facilitate the children’s FNL to maintain good health. However, the conclusion of the study should be veri�ed
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furtherly in another population. Overall, the invention to improve the health of children ought to focus on the whole family, especially their caregivers, not only
the child itself.
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