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Abstract
Background: Increasing prevalence of overweight/obesity in children and adolescents over the past two decades has made it a public health concern.
Knowledge, skills and critical decision making about food choices and dietary intake, known as food and nutrition literacy (FNLIT) could be one of the keys
to improving the outcomes of future interventions in this area. This study aims to assess the relationship between FNLIT and dietary diversity and nutrient
adequacy in school-age children in Iran.
Methods: This cross-sectional study was undertaken on 803 Primary school students aged 10-12 years in Tehran, Iran. Socio-economic and household food
security characteristics, as well as three 24-hour dietary recalls (two week-days and one weekend) were collected through interviewing students and their
mothers/caregivers. FNLIT was measured by a self-administered locally designed and validated questionnaire. Number of servings from food groups and
diet diversity score, as well as nutrient adequacy were calculated and compared with recommendations. The association between dietary quality factors and
FNLIT were evaluated by logistic regression analysis.
Results: Students with low FNLIT were less likely to meet daily recommended portion of vegetable (OR=2.83, 95% CI=1.12-7.17), meats (OR=2.37, 95%
CI=1.01-5.55) and fruits (OR=2.42, 95% CI=1.38-4.25) (after adjusting for confounding factors, including demographics, Socioeconomics, physical activity,
calorie intake and food security). Moreover, low FNLIT subscales were associated with higher odds of low diversity of fruits (OR=3.82, 95% CI=1.01-14.42),
dairies (OR=19.5, 95% CI=2.09-182.38), and meats (OR=2.4, 95% CI=1.31-4.40). low FNLIT and its subscales were associated with odds of lower level of NAR
of protein (OR=2.02, 95% CI=1.02-8.95), calcium (OR=2.2, 95% CI=1.16-4.49), and vitamin B3 (OR=3.65, 95% CI=1.05-12.69), as well as probability of lower
level of MAR (OR=2.91, 95% CI=1.03-8.23, OR=3.12, 95% CI=1.38-7.05), and NAR of vitamin B9 (OR=2.98, 95% CI=1.04-8.51), and odds of lower level of NAR
of vitamin B6 (OR=2.30, 95% CI=1.10-4.83).
Conclusion: Improving FNLIT in children may help to improve their eating habits and dietary quality for the benefits of good health.

Background
Prevalence of non-communicable diseases is a public health problem in Iran [1]. Therefore, an important priority for the health sector is capacity building
within the public to prevent Non-Communicable Diseases (NCDs) by empowering people to take control of the determinants of their health and disease [2].
Health literacy is considered as one of the most important skills to enable individuals to control health determinants [3]. Due to wide scope of health issues
and because of the growing prevalence of chronic diseases related to food and nutrition [4], evidence suggest that one should consider health literacy more
specifically [5]. As a result, specific area of health literacy, including food literacy, as well as nutrition literacy has been proposed and conceptualized.
“Nutrition literacy” is defined as ability to access, interpret and use nutrition information for making appropriate nutritional health-related decisions [6].
According to Nutbeam’s hierarchical model of health literacy [7], nutrition literacy is classified in three levels as functional, interactive and critical nutrition
literacy [8]. Functional nutrition literacy is concerned with basic reading and writing skills necessary to understand and follow simple nutrition message.
Interactive nutrition literacy is more advanced literacy which includes cognitive and interpersonal skills needed to manage nutrition issues in partnership with
professionals. Finally, critical nutrition literacy is ability to analyze nutrition information critically, increase awareness, and participate in action to address
barriers [5, 8]. In the other hand, “food literacy” as an emerging term that is defined “collection of inter-related knowledge, skills and behaviors required to
plan, manage, select, prepare and eat foods to meet needs and determine food intake” [9]. Vidgen and Gallegos (2014) in their framework noted the indirect
link between food literacy and healthy nutrition. For them, food security and the ability to prepare food, improve food choice and pleasure, which in turn, can
lead to healthy eating behaviors [9]. Although the two concepts have emerged separately, there are significant overlaps and can complete each other [10]. The
elements which are largely drawn from food literacy discourse are extremely relevant to nutrition literacy as a broader concept. The transition from
knowledge to practice is viewed as a vital component of either food and nutrition literacy [5]. This is why researchers emphasize on the three dimensions of
food and nutrition literacy. In particular, an expanded conceptualization of food and nutrition literacy should be considered in order to integrate emancipatory
health strategies into their work, because such efforts will be beneﬁcial for the wider community [5]. Based on the Iranian experts view, the term “food and
nutrition literacy” [11] as a combined term have been proposed and adopted to describe a wide range of abilities and skills needed for healthy and
responsible nutrition behaviors.
In Iran, nutrition transition has taken place due to urbanization and rapid socio-economic changes and have resulted in a tendency toward a more
westernized food pattern, especially in children and adolescents [12]. This general shift in children’s diet is characterized as low consumption of fruit and
vegetables, fiber-rich foods and dairy products [13], as well as high consumption of fatty, sugary and convenience foods [14]. As a result, dietary intakes of
children do not meet national dietary guidelines [15].
Recently, food and nutrition literacy has been considered as an important factor that can have a critical role in shaping children’s dietary behaviors [16] and
enabling them to have healthy food choices [9, 17]. Considering today’s children food environment, with increased access to fast foods and popularity of
processed food products, improving food and nutrition literacy provides an opportunity for them to acquire appropriate skills and act more consciously [18].
Childhood and adolescence is a critical period of life through which dietary patterns are shaped and have the potential to influence long-term health [19].
Identifying the relation between food and nutrition literacy and children dietary intake is important for the development of effective prevention and
management strategies in these age groups [20]. Therefore, this study aimed to measure the relation between food and nutrition literacy and dietary intakes
in primary school children in the city of Tehran.

Methods

Study design and setting
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This school-based cross-sectional survey was performed using a multistage random cluster sampling design. The study was conducted in Tehran the capital
city of Iran from November to January 2015. The STROBE (Strengthening The Reporting of Observational Studies in Epidemiology) study conduct [21] and
participant flow is outlined in Fig 1. The study protocol was approved by the National Nutrition and Food Technology Research Institute’s (NNFTRI) ethical
committee (No.1394.20/16–10–2015).

Study participants
The sample included 803 primary school students (419 boys and 384 girls) aged 10–12 years (power study 88%). The general office of education in Tehran
classifies 19-educational-districts into three socioeconomic categories, including: affluent (north of Tehran), mid-level (center of Tehran) and deprived (south
of Tehran). The education department in Tehran provided a list of primary schools located within the boundary of the school districts for sampling. A
multistage random cluster sampling technique was applied. First, nine districts (3 from each of the three socioeconomic areas) were selected by weighting
districts according to their student population. Then, 34 public and 10 private schools from these 9 districts were selected with a probability proportional to
size of the target population. In the third stage, in each school, 5th and 6th grade students were randomly selected from the enrollment list. Selected students
and their parents were invited to take part in the study after signing a written consent letter.

Data collection
Food and nutrition literacy Assessments
Food and nutrition literacy (FNLIT) was measured by a valid self-administered questionnaire. The process of development and validation of the FNLIT
questionnaire have been reported elsewhere [11]. The questionnaire consisted of 4 true-false and 42 likert-type items within two cognitive and skill domains.
Cognitive domain included two sub-scales: understanding food and nutrition information (10 items) and nutritional health knowledge (5 items). Skill domain
consisted of four sub-scales: functional food and nutrition literacy (10 items), interactive food and nutrition literacy (7 items), food choice (6 items) and
critical food and nutrition literacy (4 items). Finally, Food label literacy was evaluated by 4 true-false items. In order to determine the optimal food and
nutrition literacy cut-off scores for distinguishing between high and low levels of FNLIT, a Receiver Operating Characteristic (ROC) analysis was used. This
analysis compared the performance of the scale against Healthy Eating Index (HEI) scores as a criterion [22, 23] to define the cutoff points of FNLIT scale.
HEI is a measure of diet quality that assesses one’s concordance with the dietary guidelines [24]. It has been used in research to better understand
relationships between nutrients, foods and/or dietary patterns and health-related outcomes [25–27]. Therefore, HEI identified as the appropriate indicator to
detect the cutoff point of FNLIT scale. The ROC curve demonstrated the relationship between sensitivity (the proportion of true low food and nutrition
literacy) and specificity (proportion of true high food and nutrition literacy) across the full range of food and nutrition literacy values. The sum score with the
highest combination of sensitivity and specificity [28] was identified as the optimal cut-off score. ROC analysis was conducted for the high and low cut offs
of the total score of FNLIT, separately. The resulting three levels of FNLIT were low (≤51), medium (>51-<74) and high (≥74), where the FNLIT score ranged
from 25.8 to 96.8 [29].

Dietary intake assessments
Dietary data were collected by three 24-hour dietary recalls (two week-days and one holiday) by trained nutritionists. Multiple probe methods were used to
complete 24-hour dietary recalls, including diverse portion size descriptions, a food album, home measures and detailed food preparation methods by
interviewing the students and their mothers/caregivers. To identify misreporting, the age and sex-specific cut-off points proposed by Strain et al. [30] for the
ratio of reported energy intake and predicted basal metabolic rate (estimated by Schofield equations [31]) were used. After excluding over and under
reporters, the assessment was conducted for 493 students.
Dietary intake adequacy-Food intakes were translated into energy and macronutrients. The nutrient adequacy ratio (NAR,%) was calculated for each of the 11
micronutrients (vitamins A, B6, B12 and C, niacin, thiamin, riboflavin, folate, calcium, iron and zinc), energy and protein. NAR was calculated as the intake of a
nutrient divided by the recommended intake for that nutrient (RNI), using WHO/FAO recommended intakes [32] which are set at two standard deviations
above the average requirements. In the case of iron and zinc, the category for moderate bioavailability was used. Mean adequacy ratio (MAR, %) was
calculated as a measure of the adequacy of overall diet, where MAR is the sum of each NAR (truncated at 100%) divided by the number of nutrients
(excluding energy and protein) [22]. For both NAR and MAR a value of 100% is ideal since it means that the intake is same as the requirement.
Assessing compliance with dietary recommendation- The total number of individual foods consumed were grouped into five food groups based on the USDA
food grouping scheme [33] (Table 1): 1) dairy products, 2)protein foods (i.e., meat, poultry, seafood, eggs, nuts and seeds and legumes), 3) fruits (whole
fruits, dried fruits? and fruit juices), 4) vegetables (starchy vegetables were included), and 5) grains (i.e., cereals, cereal products and other starchy foods).
Mixed dishes were analyzed for their ingredients, which were further allocated to the relevant food group. Following the calculation of the number of portions
consumed from each one of the five core food groups, study participants were categorized based on whether they were meeting or not USDA MyPlate dietary
intake recommendations [33].
Dietary Diversity Score (DDS)—DDS was calculated as part of the pyramid serving database that was categorized into 23 broad food groups. Each of the 5
broad food categories received a maximum diversity score of 2 of the 10 possible score points. To be counted as a “consumer” for any of the food groups
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categories, a respondent needed to consume at least one-third serving, as defined by Food Guide Pyramid quantity criteria, at any time during a 3-day survey
period [34].

Covariates
A number of evidence-based covariates were considered in the study [6, 35–37]. Anthropometric measurements were taken according to World Health
Organization (WHO) recommendations [38]. BMI-Z-score for age and sex was calculated by WHO AnthroPlus, 2007 [39]. Children’s weight status were
reported in 4 category as: thin (z score: <2SD), normal (z score: ≥–2SD and≤1SD), overweight (z score: >1SD and ≤2SD) and obese (z score: >2SD).
Physical activity was measured through interviewing children by the locally validated version of Child and Adolescent International physical activity
questionnaires [40, 41]. Physical activity was expressed as metabolic equivalents hour/day (METs-h/day) and categorized as tertile (Mean T1: 33, Mean T2:
38.37, Mean T3: 47.71). Household food security status was measured using a locally validated 18-item USDA’s Household Food Security Survey Module
through interviewing mothers [42, 43]. This measure identifies the ability of households to obtain and conserve food over the past 12 months. The USDA
module was completed through face-to-face or telephone-interview with mothers. Based on the scale, households were categorized into: food secure (FS)
(raw score 0–2); food insecure(FI) [43] without hunger (raw score of 3–7); and FI [43] with moderate hunger (raw score of 8–12); FI with severe hunger (raw
score of 13–18). Due to low prevalence of FI with moderate and severe hunger, they were grouped as one.
Other covariates of interest included age, birth order (<2 and ≥2), family size (<4, 4 and >4), puberty stage for girls (pre menarche and post menarche),
father’s age tertile (T1: 30–40, T2: 41–45 and T3: ≥46 years old), mother’s age tertile (T1: 23–35, T2: 36–40 and T3: ≥ 41 years old), ethnicity (Fars, Azeri,
luri, Kurdish, Fars-Azeri and other ethnicities), parents’ education (illiterate or ≤ 5 years, 6–9 years or diploma, Associate’s degree or higher), father’s job
position (worker, employee, self-manager, high rank employee and retired), mother’s employment status (housewife and work outside the home), other
sources of income of family members (yes, no), house ownership status (owner, tenant, mortgage and other), and having financial support (yes, no).

Statistical Analysis
Dietary intakes analysis was performed in plausible reported energy intakes. A food-grouping scheme was designed for all food items using Nutritionist IV
and Iranian food composition table [44]. Normality of distribution was evaluated using the Kolmogorov–Smirnov test. Data were presented as means and
standard deviations for continuous variables and frequencies and percentages for categorical variables. Chi square test was used for analysis of general
characteristics of participants, comparison percentages with consumption below the recommended portions for each food group between two sexes.
Independent sample t-test was used to evaluate the differences between continuous variable between two sexes. Binary logistic regression adjusting for
study covariates was also used to estimate the association between food and nutrition literacy and food groups’ intake. Multinomial logistic regression
analysis adjusting for confounding factors of the lower two tertiles compared with the higher tertile of MAR, NAR and Diet Diversity Score (DDS) was
conducted. Two-tailed tests were conducted and P values lower than 0.05 were considered as statistically signiﬁcant. All statistical analysis was performed
using SPSS 21.0 (SPSS Inc., Chicago, Illinois, US).

Results

Characteristics of the Study Participants
Background characteristics of the studied children are summarized in Tables S1. A total of 803 students (419 boys) participated in the study. Mean age of
students was 11.28±0.65 years. Girls and boys did not differ significantly in demographic characteristics and socio-economic status, except for father
education (p<0.001), father job position (p<0.001) and house ownership status (P = 0.005). Boys were significantly more physically active as compared to
girls (P<0.001). There were a higher number of girls in the first tertile of physical activity while greater number of boys was in the highest tertile. Based on
BMI-Z-score for age and sex, 26.7% of the children were overweight and 23.9% were obese which differed with sex (P <0.001). Only 1.9% of the children were
thin while 47.6% were normal weight.

Food and Nutrition Literacy (FNLIT)
FNLIT characteristics of the participants are presented in Table 2. Approximately 11.6% of students were categorized as having low food and nutrition
literacy. Almost 25% of students had low scores in FNLIT skill domain, while the majority scored moderate to high in cognitive domain (97.4%). Among
subscales of FNLIT skill domain, high proportion of students had low scores in critical FNLIT (42.2%) as well as food label literacy (81.1%). However, they
scored better in food choice literacy and only 7.8% scored low. A significantly higher proportion of girls (71%) had high level of food choice literacy as
compared to boys (67.1%) (p = 0.002). On the contrary, boys scored higher in critical food and nutrition literacy compared to girls (22.9% vs 16.8%, p = 0.01).

Compliance with dietary recommendations
Inadequate intakes were observed for several food groups (Table 3). The majority of children did not meet the minimum recommended daily portions for
dairy (91.7%) and protein foods (81.7%). Boys were reported to have a higher average consumption of portions from protein foods and grains groups
compared to girls (p = 0.001), while higher average consumption of portions from vegetables group was observed in girls compared to boys (p = 0.04). The
percentage of children who did not meet the recommended servings from protein foods was higher in girls (p = 0.01). On the contrary, the percentage of boys
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not meeting the recommended servings from vegetables was significantly higher in boys compared to girls (26% compared to 18%, p = 0.03). Adjusted binary
regression logistic (Table 4) showed that students with low score of understanding of food and nutrition information (as a component of cognitive domain)
were more likely to meet inadequate portion of vegetable (OR = 2.83, 95% CI = 1.12–7.17) and meat (OR = 2.37, 95% CI = 1.01–5.55) groups. Students with
low functional nutrition literacy scores were more likely to have inadequate intake of fruit group (OR = 2.42, 95% CI = 1.38–4.25).

Dietary intake adequacy
MAR and NAR of certain nutrients by sex are presented in Fig 2. The MAR, and the NAR of energy, vit B12, B2, Zn was significantly lower in boys compared
with girls (p<0.05). This pattern was reverse for the NAR of protein (P<0.001). The multinomial-adjusted odds ratio (95% CI) of the lower two tertiles
compared with the highest tertile of MAR and NAR of certain nutrients are presented in Table 5. Low levels of FNLIT was significantly associated with odds
of lower level of NAR of protein (OR = 2.02, 95% CI = 1.02–8.95). Low level of Understanding Food and Nutrition Information (UFNI) significantly increased
the probability of having lower level of MAR and NAR of vitamin B9 (OR = 2.91, 95% CI = 1.03–8.23, OR = 2.98, 95% CI = 1.04–8.51 respectively). Low level of
Functional Food and Nutrition Literacy (FFNL) was significantly associated with odds of lower levels of MAR and NAR of vitamin B6 (OR = 3.12, 95% CI =
1.38–7.05, OR = 2.30, 95% CI = 1.10–4.83, respectively). Low level of FFNL was also significantly associated with odds of lower two tertiles compared with
higher tertile of NAR of calcium (OR = 2.98, 95% CI = 1.46–6.11, OR = 2.34, 95% CI = 1.16–4.76 respectively). Low level of Food Choice Literacy (FCL) was
significantly associated with probability of lower level of NAR of vitamin B3 (OR = 3.65, 95% CI = 1.05–12.69). Low level of Food Label Literacy (FLL) was
significantly associated with probability of lower level of NAR of calcium (OR = 2.28, 95% CI = 1.16–4.49).

Dietary diversity
Multinomial logistic regression analysis adjusted for confounding factors of the lower two tertiles compared with the higher tertile of Diet Diversity Score
(DDS) are presented in Table 6. Low level of Nutritional Health Knowledge (NHK) was significantly associated with probability of lower fruit diversity score
(OR = 3.82, 95% CI = 1.01–14.42). Low level of Functional Food and Nutrition Literacy (FFNL) was significantly associated with odds of lower level of DDS,
fruit diversity score (OR = 2.72, 95% CI = 1.38–5.34, OR = 4.87, 95% CI = 2.13–11.08, respectively) and dairy diversity score (the first tertile of dairy diversity;
OR = 19.55, 95% CI = 2.09–182.38, the second tertile of dairy diversity; OR = 11.49, 95% CI = 1.21–108.60). Low level of Interactive Food and Nutrition
Literacy (IFNL) was significantly associated with probability of lower meat diversity score (OR = 2.48, 95% CI = 1.34–4.57). Low level of Food Label Literacy
(FLL) was also significantly associated with probability of lower meat diversity score (OR = 2.40, 95% CI = 1.31–4.40).

Discussion
The present study showed that low food and nutrition literacy can be a barrier to compliance with dietary recommendations in school age children. Students
with low understanding of food and nutrition information and low functional food and nutrition literacy were more likely to have inadequate intake of
vegetable, meat and fruit group. Previous research has shown that high food literacy is associated with increased consumption of fruits and vegetables [45,
46]. Children and adolescents who assisted to prepare meals were more likely to engage in food preparation-related behaviors such as buying fresh
vegetables, writing grocery lists and preparing meals with chicken, fish or vegetables [47]. Besides, food and nutrition literacy skills encompass the ability to
obtain factual dietary information and develop an understanding of factors that can enhance or inhibit nutritional health [5] and may promote diet diversity
and nutrient adequacy through improving understanding of available food and nutrition information and adherence to the dietary guidelines [5]. Low level of
food label literacy was significantly associated with probability of lower level of meat group diversity and NAR of calcium, the two major limiting nutrients in
the Iranian’s diet [48]. A systematic review found a consistent link between the use of nutrition labels and healthier diets [49]. There is evidence that food
labeling helps consumers make better judgment about foods and make healthier choice of food groups [50, 51].
Food label literacy was one of the weakest areas among the studied children. However, the question is to what degree food labeling is an appropriate
approach and what type of information and labeling approaches would be helpful for children. Previous reports have identified food label reading as one of
the key areas to improve food choices and dietary intakes in children [50]. In Iran, mandatory nutrition labeling for food products has recently been initiated
while there are still gaps in its regulatory policy [52]. Besides, this concept and its application has not been entered public education to empower individuals
in making healthy food choices [53]. This may explain low scores observed in the study population with regard to questions on food labels. The considerable
proportions of students with low food and nutrition literacy in skill domain imply a gap in food and nutrition skill development in primary school curriculums
in the country. This is not a surprise as based on content analysis of primary school textbooks in Iran nutritional content of school textbooks was mainly
theoretical and impractical [53]. This leads to many students with high food and nutrition knowledge, but with performance gaps in their health dietary
patterns. Even though, nutrition knowledge is a key component of health literacy [54] and has been identified as essential for behavior change [55],
knowledge alone is generally not sufficient to produce sustained behavior change in complex behaviors [55]. So, food and nutrition literacy subscale-based
interventions should be designed to improve students’ skills and nutrition behaviors. For example, the results provide a reminder of the need to support
improvements in food choices and dietary behaviors by helping young people to develop skills such as those required to interpret food labeling. Findings of
the current study showed some clear sex-specific differences in intakes of grains, protein foods and vegetables, with intake for grains and protein foods was
higher in boys and intakes of vegetables was higher in girls. These results are consistence with Manios et al (2015) study which found boys had higher
average consumption of portions from almost all food groups compared to girls (with the only exception being the consumption of fruits) [56]. The results of
the study showed that consumption of dairy products was below the recommendations for the majority of children (91%) [57]. Regarding consumption of
food groups, the lowest compliance with the recommendations among girls was in protein foods, while in boys the lowest compliance with the
recommendations was in vegetables. Similarly, in the Emirati 6 to 18-year-old children and adolescents survey, the proportion of participants who did not
meet vegetable intake recommendations was substantial (80.1% among 9 to13-year-old girls and 100% among 9 to18-year-old boys). Furthermore, mean
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consumption of lean meats and beans was less than the MyPyramid recommendations for all the subgroups, except in females 6 to 8 years old. [58]. The
MAR, and the NAR of energy, vit B12, B2, Zn was significantly lower in boys compared with girls except for NAR of protein. Patterns observed across MAR
and NAR of nutrients could be probably attributed to sources of the evaluated nutrient; for example percentages with inadequate dietary intakes in food
protein and vegetables group were found to be higher for boys compared with girls. Campmans-Kuijpers et al [59] observed that children who had a high
intake of one nutrient tended to have adequate intakes of the other nutrients as well. The current study may be the first study exploring the association
between food and nutrition literacy and dietary intakes in children. However, because of its cross-sectional design, it is not possible to establish any causal
contributions of food and nutrition literacy on children’s dietary intakes.

Conclusion
This study demonstrates that the low level of food and nutrition literacy is associated with nutritional inadequacy and low diet diversity scores and may play
an important role in shaping children’s dietary intake. Since food and nutrition literacy is expected to have effect on one’s ability to assess information when
choosing foods, comprehend food labels, and apply dietary recommendations. Therefore, it is important for educators and program planners to assess and
enhance food and nutrition literacy of young people. Stakeholders, including the policy makers, food manufacturers, health providers, educators, and
businesses should also play their roles so as to achieve a bigger impact on future generation.
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Tables
Table 1: Recommended portions for 9 to 13-year-old children and portion sizes of food items within the five food groups based on the USDA My Plate [33]
Food Group

Recommended Portions

Portion Size

Grains

5 portions (oz. equivalents) for
girls
6 portions (oz. equivalents) for
boys

1 ounce equivalent of grains, such as a regular slice of bread, 0.5 cups cooked pasta or rice

Dairy

3 portions (cup equivalents)

1 cup of milk, 1½ ounces hard cheese (cheddar, mozzarella, Swiss, Parmesan), 2 cups cottage cheese and 1 cup
of yogurt

Protein
Foods

5 portions (oz. equivalents)

1 ounce of meat, poultry or seafood, 1 egg, 0.5 ounces of nuts or seeds, 0.25 cup of cooked legumes

Fruits

1.5 portions (cup equivalents)

1 cup of fresh fruit, 0.5 cups of dried fruit, 1 cup of fresh fruit juice.

Vegetables

2 portions (cup equivalents) for
girls
2.5 portions (cup equivalents) for
boys

1 cup of raw or cooked vegetables or vegetable juice, 2 cups of raw leafy greens

Table 2: Food and nutrition literacy status by sex in 10-12 years old students in Tehran†
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Food and nutrition literacy and its subscales

Total

Boys

Girls

N (%)

N (%)

N (%)

800

419

381

93(11.6)

52(12.4)

41(10.8)

Moderate

516(64.5)

261(62.3)

255(66.9)

High

191(23.9)

106(25.3)

85(22.3)

21(2.6)

15(3.6)

6(1.6)

Moderate

229(28.6)

129(30.8)

100(26.2)

High

550(68.8)

275(65.6)

275(72.2)

64(8)

40(9.5)

24(6.3)

Moderate

343(42.9)

181(43.2)

162(42.5)

High

393(49.1)

198(47.3)

195(51.2)

30(3.8)

21(5)

9(2.4)

FNLIT

Overall

Total score

Food and nutrition literacy (FNLIT)
Low

cognitive domain

0.39

FNLIT cognitive domain

0.06

Low

cognitive domain subscales

Understanding Food and nutrition info
Low

0.19

Nutritional health knowledge

0.13

Low
Moderate

77(9.6)

41(9.8)

36(9.4)

)86.6(693

357(85.2)

336(88.2)

200(25)

106(25.3)

94(24.7)

Moderate

479(59.9)

249(59.4)

230(60.3)

High

121(15.1)

64(15.3)

57(15.0)

Low

195(24.4)

92(21.9)

103(27.0)

Moderate

366(45.8)

198(47.3)

168(44.1)

High

239(29.9)

129(30.8)

110(28.9)

Low

227(28.4)

117(27.9)

110(28.9)

Moderate

286(35.8)

146(34.8)

140(36.7)

High

287(35.9)

156(37.2)

131(34.4)

Low

342(42.2)

160(38.2)

82(47.8)

moderate

298(37.3)

163(38.9)

135(35.4)

160(20)

96(22.9)

64(16.8)

62(7.8)

46(11)

16(4.2)

High
skill domain

FNLIT skill domain

0.96

Low

skill domain subscales

Functional food and nutrition literacy

0.24

Interactive food and nutrition literacy

0.69

0.01*

Critical food and nutrition literacy

high

0.002*

Food choice literacy
low
moderate

185(23.1)

92(22)

93(24.4)

high

553(69.1)

281(67.1)

272(71)

low

649(81.1)

344(82.1)

305(80.1)

high

151(18.9)

75(17.9)

76(19.9)

Food label literacy

† FNLIT

P value*

0.47

including cognitive and skill domains of food and nutrition literacy. FNLIT cognitive domain including understanding food information and nutritional health

knowledge; FNLIT skill domain including functional, interactive, critical food and nutrition literacy, food choice and food label literacy.*Significant at p<0.05 for
independent-sample t-test

able 3: Mean±SD portions of food groups, DDS†and percentages with consumption below the recommended portions for each food group in 10-12 years old students in
ehran
Total

Boys
N (%)

Girls
N (%)

493

223 (45.2)

270 (54.8)

Mean ± SD
Portions
N (%)< Recommended

Mean ± SD
Portions
N (%)< Recommended

Mean ± SD
Portions
N (%)< Recommended

Grains

10.02±3.04
23(4.7)

10.53±3.30
10(4.5)

9.59±2.72
13(4.8)

0.001*
0.51

Dairy

1.71±0.94
452(91.7)

1.72±1.00
204(91.5)

1.71±0.89
248(91.9)

0.94
0.50

Protein Foods

3.64±1.85
403(81.7)

3.95±2.13
171(76.7)

3.38±1.54
232(85.9)

0.001*
0.01§

Fruits

2.27±1.75
189(38.3)

2.30±2.02
86(38.6)

2.24±1.49
103(38.1)

0.69
0.92

Vegetables

3.91±2.21
107(21.7)

3.69±1.96
58(26)

4.09±2.39
49(18.1)

0.04*
0.03§

DDS (Mean ± SD)

4.95±1.12

4.95±1.13

4.96±1.11

0.93

Food Groups

P-value< 0.05 for the comparisons of mean values between boys and girls using independent sample t-test.
P-value< 0.05 for the comparisons of percentages between boys and girls using the chi-square test.
§

P value*

DDS, Diet Diversity Score
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Table 4: Adjusted† Odd Rasios (95% CI) of food groups’ intake‡ for FNLIT scale and its subscales in 10-12 years students in Tehran (n=493)
Food Groups
Low FNLIT
Yes
No

Grains

Fruits

Vegetables

Dairy

Protein Foods

<Recommended ¶

<Recommended

<Recommended

<Recommended

<Recommended

1.43(0.16-12.23)
1

0.74(0.39-1.39)
1

0.69(0.25-1.85)
1

1.08(0.21-5.59)
1

3.49(0.99-12.34)
1

§

Low UFNI
Yes
No

0.93(0.12-7.27)
1

2.37(0.99-5.65)
1

2.83(1.12-7.17)*
1

0.39(0.08-1.85)
1

2.37(1.01-5.55)*
1

Low NHK
Yes
No

4.34(0.28-1.66)
1

0.60(0.15-2.37)
1

3.78(0.99-14.40)
1

0.50(0.04-5.37)
1

1.46(0.16-13.4)
1

Low FFNL
Yes
No

0.62(0.14-2.69)
1

2.42(1.38-4.25)*
1

1.16(0.60-2.22)
1

3.22(1/00-10.39)
1

1.21(0.52-1.92)
1

Low IFNL
Yes
No

0.50(0.13-1.94)
1

0.78(0.47-1.30)
1

1.13(0.63-2.03)
1

0.92(0.39-2.18)
1

1.00(0.52-1.92)
1

Low FCL
Yes
No

1.28(0.16-9.99)
1

1/06(0.41-2.74)
1

1.45(0.50-4/19)
1

0.80(0.17-3.74)
1

1.87(0.51-6.78)
1

Low CFNL
Yes
No

1.15(0.41-3.21)
1

0.78(3.50-1.21)
1

1.14(0.67-1.91)
1

0.51(0.24-1.04)
1

0.82(0.47-1.44)
1

Low FLL
Yes
No

0.91(0.25-3.27)
1

1.06(0.62-1.81)
1

1.07(0.57-2.01)
1

0.54(0.20-1.47)
1

0.72(0.36-1.44)
1

†

Adjusted for sex, school status (governmental and nongovernmental), grade, birth rank, family size, ethnicity, parents’ age, parents’ education, father’s job position,

mother’s employment, Other income source of family members, house ownership status, financial support source, physical activity, household food security, weight
status and calorie intake.
‡

Binary logistic regression comparing food group category to ≥ Recommended

§

FNLIT, Food and Nutrition Literacy; Cognitive subscales including: UFNI, Understanding Food and Nutrition Literacy; NHK, Nutritional Health Knowledge; Skill

subscales including; FFNL, Functional Food and Nutrition Literacy IFNL, Interactive Food and Nutrition Literacy; FCL, Food Choice Literacy; CFNL, Critical Food and
Nutrition Literacy; FLL, Food Label Literacy. ¶Recommended daily consumption: (i) dairy, three portions (cup equivalents);(ii) protein foods, five portions (oz.
equivalents); (iii) fruits, 1.5 portions (cup equivalents); (iv) vegetables, two portions (cup equivalents) for girls and 2.5 portions (cup equivalents) for boys; (v) grains,
five portions (oz. equivalents) for girls and six portions (oz. equivalents) for boys [33].
*Significant at p<0.05

Table 5: Adjusted‡ Odd Ratios (95% CI) of nutrient adequacy ratio [2] of certain nutrients for FNLIT scale and its subscales in 10-12 years students in Tehran (n=493) §
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NAR

MAR
T1

NAR pro
T2

T1

NAR B9
T2

T1

NAR B6
T2

T1

NAR B3
T2

T1

NAR calcium
T2

T1

T2

Low
FNLIT
a

Yes
No
Low
UFNI
Yes
No
Low
FFNL
Yes
No
Low
FCL
Yes
No
Low
FLL
Yes
No
†

1.33
(0.38,4.54)
1

0.80
2.47
2.02
(0.29,2.15) (0.61,10.02) (1.02,8.95)
1
1
1

2.94
2.91
(0.82,10.44) (1.03,8.23)
1
1

0.85
(0.31,2.35)
1

0.88
(0.33,2.32)
1

1.49
(0.50,4.44)
1

1.37
(0.52,3.58)
1

0.79
(0.23,2.66)
1

0.48
(0.17,1.37)
1

1.24
(0.43,3.60)
1

0.81
(0.26,2.39)
1

0.32
(0.08,1.29)
1

0.38
(0.14,1.06)
1

2.98
(1.04,8.51)
1

1.44
(0.52,3.99)
1

0.84
(0.28,2.54)
1

1.03
(0.39,2.69)
1

1.26
(0.40,3.93)
1

0.91
(0.32,2.57)
1

0.34
(0.12,1.01)
1

0.45
(0.17,1.20)
1

0.61
(0.27,1.36)
1

3.12
(1.38,7.05)
1

1.72
(0.91,3.24)
1

2.33
(0.98,5.52)
1

1.67
(0.84,3.30)
1

1.75
(0.89,3.42)
1

1.03
(0.58,2.03)
1

2.30
(1.10,4.83)
1

1.32
(0.70,2.47)
1

0.78
(0.39,1.57)
1

2.98
(1.46,6.11)
1

2.34
(1.16,4.76)
1

0.83
(0.23,2.96)
1

0.75
(0.27,2.09)
1

0.84
(0.18,3.83)
1

1.13
(0.37,3.41)
1

0.81
(0.26,2.47)
1

1.16
(0.43,3.08)
1

2.10
(0.67,6.54)
1

0.97
3.65
2.35
(0.35,2.69) (1.05,12.69) (0.78,7.08)
1
1
1

0.73
(0.43,1.25)
1

0.89
(0.53,1.49)
1

0.83
(0.37,4.38)
1

0.98
(0.54,1.77)
1

0.94
(0.41,2.16)
1

1.15
(0.61,2.19)
1

0.92
(0.47,1.82)
1

0.84
(0.47,1.50)
1

1.31
(0.63,2.71)
1

1.41
(0.77,2.57)
1

0.59
(0.28,1.27)
1

0.89
(0.44,1.79)
1

1.11
(0.58,2.11)
1

2.28
(1.16,4.49)
1

FNLIT, Food and Nutrition Literacy; Cognitive subscales including: UFNI, Understanding Food and Nutrition Literacy; NHK, Nutritional Health Knowledge; Skill

subscales including; FFNL, Functional Food and Nutrition Literacy IFNL, Interactive Food and Nutrition Literacy; FCL, Food Choice Literacy; CFNL, Critical Food and
Nutrition Literacy; FLL, Food Label Literacy.

‡

Multinomial logistic regression, adjusted for sex, school status (governmental and nongovernmental), grade, birth rank,

family size, ethnicity, parents’ age, parents’ education, father’s job position, mother’s employment, Other income source of family members, house ownership status,
financial support source, physical activity, household food security, weight status and calorie intake
§

Only those variables that were significantly associated with FNLIT and its subscales were reported.

*Significant at p<0.05
Table 6: Adjusted‡ Odd Ratios (95% CI) of Dietary Diversity Score (DDS) for FNLIT scale and its subscales in 10-12 years students in Tehran (n=493) §
Groups

DDS
T1

Low NHK
Yes
No
Low FFNL
Yes
No
Low IFNL
Yes
No
Low FLL
Yes
No
†

Fruits
T2

T1

Dairies
T2

2.72
3.40
1.11
3.82*
(0.44,16.63) (0.56,20.51) (0.58,2.11) (1.01,14.42)
1
1
1
1

T1

Protein Foods
T2

0.41
(0.03,4.88)
1

T1

T2

0.89
2.33
4.77
(0.07,10.27) (0.19,27.89) (0.51,44.17)
1
1
1

2.72*
(1.38,5.34)
1

0.99
4.87*
1.67
19.5*
11.49*
1.03
(0.49,1.99) (2.13,11.08) (0.92,3.01) (2.09,182.38) (1.21,108.60) (0.49,2.18)
1
1
1
1
1
1

0.78
(0.40,1.49)
1

1.18
(0.65,2.14)
1

0.91
(0.51,1.64)
1

0.87
(0.40,1.89)
1

0.91
(0.54,1.52)
1

0.92
(0.35,2.36)
1

0.90
(0.34,2.39)
1

1.11
(0.54,2.30)
1

2.48*
(1.34,4.57)
1

1.92
(1.00,3.71)
1

1.08
(0.38,3.02)
1

1.26
(0.53,2.96)
1

1.35
(0.77,2.37)
1

1.98
(0.81,4.86)
1

2.68
(1.05,6.89)
1

1.96
(0.97,3.96)
1

2.40*
(1.31,4.40)
1

FNLIT, Food and Nutrition Literacy; Cognitive subscales including: UFNI, Understanding Food and Nutrition Literacy; NHK, Nutritional Health Knowledge; Skill

subscales including; FFNL, Functional Food and Nutrition Literacy IFNL, Interactive Food and Nutrition Literacy; FCL, Food Choice Literacy; CFNL, Critical Food and
Nutrition Literacy; FLL, Food Label Literacy.

‡

Multinomial logistic regression, adjusted for sex, school status (governmental and nongovernmental), grade, birth rank,

family size, ethnicity, parents’ age, parents’ education, father’s job position, mother’s employment, Other income source of family members, house ownership status,
financial support source, physical activity, household food security, weight status and calorie intake
§Only

those variables that were significantly associated with FNLIT and its subscales were reported.

*Significant at p<0.05
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Figure 1
STROBE study conduct and participant flow of the study
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Figure 2
The nutrient adequacy ratio percent of certain nutrients by sex in 10-12 years students in Tehran (n=493) *Significant at p<0.001 for t-test ** Significant at
p<0.05 for t-test
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