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Background: Food literacy refers to all practicalities associated with healthy eating. Current food literacy tools are limited in practical use in clinical practice. Therefore, an integrated food literacy tool (IFLT) to assess food literacy and to personalize food literacy guidance was developed and validated.

Methods: Following an iterative process, a food literacy framework was developed and food literacy goals were defined. A corresponding food literacy screener (FLS) to assess food literacy was developed along with an algorithm to provide personalized food literacy guidance based on the food literacy assessment. Content validation of the FLS was assessed by a panel of experts, measuring item and scale content validity index (I/S-CVI) and by the target population in semi structured interviews with 15 adults of reproductive age. Subsequently, an online cross-sectional survey was conducted among 114 adults of reproductive age to evaluate the validity of the FLS. Construct validity was examined against both the validated healthy eating and weight self-efficacy scale and against a food frequency questionnaire assessing healthy eating self-efficacy (HESE) and diet quality, respectively. Reliability was assessed with a two-week test-retest. Pearson correlation tests were conducted.

Results: An IFLT consisting of a FLS and corresponding algorithm to personalize food literacy guidance by prioritizing food literacy goals was developed. The IFLT includes 24 food literacy goals, addressed by 17 FLS items. Every item received a weighting factor based on theory and expert opinion to prioritize food literacy goals according to personal needs. Content validity revealed that the FLS was rated relevant by experts (S-CVI = 0.93) and well-understood by the target population. The FLS has a good construct validity as it was positively correlated with diet quality (r = 0.536, p < 0.001) and with HESE (r = 0.685, p < 0.001). It also showed a good test-retest reliability (r = 0.721, p < 0.001).

Conclusion: The newly developed IFLT is a practically applicable, context specific theory-and expert-based dual purpose tool to assess food literacy and to personalize food literacy guidance by prioritizing individuals' food literacy goals to their needs.
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BACKGROUND

A healthy diet is essential for growth and development and can play a role in the prevention and management of many non-communicable diseases (1). Unfortunately, the diet of different (patient) populations is often far from optimal, even in those patient populations where a healthy diet is essential e.g., couples trying to conceive. A preconception healthy diet is not only beneficial for peoples' general health but also for their reproductive health and health of their offspring (2). One of the major challenges in optimizing diet is “how” to achieve a healthy diet. One potential way is by personalizing nutritional advice (3–5). The European Food4me study showed that personalized nutritional advice, via an internet-delivered intervention, produced larger and more appropriate changes in dietary behavior than a conventional approach among European adults (6, 7). Personalized nutrition (PN) is defined as “individual-specific information founded in evidence-based science to promote dietary behavior change that may result in measurable health benefits.”(3). Moreover, personalization constitutes an effective behavior change method according to the intervention mapping protocol (8). Next to the question of “how” to achieve a healthy diet, there is the question of “what (i.e., the content of nutritional advice)” needs to be optimized. Achieving and maintaining a healthy diet comprises more than just an optimal combination of food items. More specifically, knowledge, skills and individual behavior should be taken into account when aiming to optimize nutritional health. Evidence depicts food literacy as an effective strategy to counter these dietary behavior determinants (9, 10).

Food literacy acknowledges multiple determinants including knowledge, skills and self-efficacy on various practicalities associated with healthy eating such as food planning, selecting food items, food preparation, eating and evaluating information about food. Multiple research groups defined food literacy with the most cited model created by Vidgen and Gallegos (11). To define food literacy, Vidgen and Gallegos combined the perspectives of food experts and of urban disadvantaged young people (11). However, the application to other populations is currently unknown. To broaden validity and acceptability, a review identified six similar themes across existing food literacy models including (i) skills and behavior; (ii) food/health choices; (iii) culture; (iv) knowledge; (v) emotions and (vi) food systems. The review highlighted that most definitions focus on critical knowledge (e.g., information and understanding), while only a few definitions incorporate functional knowledge (e.g., skills, abilities and choices) (10).

Next to heterogeneity in food literacy models, a plethora of tools have been developed for measuring food literacy. However, their practical use in clinical practice remains limited and they were all developed for a specific context (12–16). A recent review on food literacy tools in adults found five tools to measure (parts) of food literacy, one on food literacy strategy indicators, three to evaluate a specific food literacy intervention and three to measure food literacy as a characteristic within a broader study (12). The majority of these tools (7/12) followed the model of Vidgen and Gallegos but there was large variation (i) how the definition was applied and (ii) the specific components of food literacy that were assessed. For example, a Swiss research group developed and validated a short food literacy questionnaire (SFLQ) based on Swiss dietary recommendations and Nutbeam's model of critical, interactive and functional health literacy to evaluate a food literacy intervention on salt reduction in the workplace (15, 17). This questionnaire focuses on people's understanding and search capacities of information about a healthy diet and their ability to judge and use this information. Poelman et al. developed a more general self-perceived food literacy scale (SPFL) with respect to healthy eating among Dutch adults. They followed the model of Vidgen and Gallegos as well as aspects of health literacy as described by Vidgen and Gallegos (11) and Sorensen et al. (18, 19). To the best of our knowledge, none of the existing tools were content-validated within the target population, which is important as food literacy is an everyday practice and should reflect people's lived experience (12).

As food literacy is complex, highly context- and culture-dependent, food literacy tools should be developed and validated in the appropriate context (20). In addition, the challenge remains how to personalize nutritional advice using the concept of food literacy. Therefore, the aim of this study was to develop and validate an integrated food literacy tool with a dual purpose: (i) assessing food literacy and (ii) personalizing food literacy guidance in adults of reproductive age.



METHODS

Previously, our group developed a randomized controlled trial to assess the effects of a mobile preconception lifestyle program in couples of reproductive age (21, 22). The program included a personalized food literacy intervention to promote a healthy diet. To personalize the food literacy component, an integrated food literacy tool (IFLT) was developed consisting of a food literacy screener (FLS) and an algorithm to prioritize food literacy goals according to personal needs based on the assessment with the FLS. To develop and evaluate the IFLT, a step-wise mixed method approach was applied based on scale development methods by Polit and Beck (23), Patrick et al. (24, 25) and on the STROBE-nut guidelines (Strengthening The Reporting of OBservational Studies in Epidemiology – Nutritional epidemiology) (26). Figure 1 presents an overview of the step-wise approach for the IFLT development. This study was approved by the Social and Social Ethics Committee of KU Leuven (G2018101360).
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FIGURE 1. Step-wise approach for IFLT development. FL, Food Literacy; I-CVI, Item Content Validity Index; S-CVI, Scale Content Validity Index; FLS, Food Literacy Screener; IFLT, Integrated Food Literacy Tool; FFQ, Food Frequency Questionnaire; Cα, Cronbach's alpha; HESE, Healthy Eating Self-Efficacy.



Conceptualization of Food Literacy Framework

A literature review regarding existing food literacy models was conducted. Subsequently, the identified models were compared and discussed with a team of 10 Belgian experts (two professors and eight Phd students from two Belgian Universities) working in the field of nutrition and food literacy (FL experts), taking Belgian food culture, context and guidelines into account (27, 28). First, determinants and domains of food literacy were addressed, followed by a discussion on a definition of food literacy. Multiple plenary discussions were held until consensus regarding a context-specific food literacy framework in the Belgian culture was reached.



Identification of Food Literacy Goals

Because goalsetting was identified as an important behavior change technique (21), the FL experts were asked to translate the food literacy framework into practical and applicable food literacy goals. To guide the food literacy goal identification, a matrix was presented to the FL experts that combined the determinants and domains of food literacy. A final set of goals was obtained after an iterative process of consulting the FL experts.

According to the principles of the think-aloud methodology (29), 12 other external independent experts in the field of nutrition (dieticians working in University Hospitals Leuven) were asked to identify any missing and otiose food literacy goals and rate them on a seven-point Likert scale from 1: “Not relevant at all” to 7: “Extremely relevant.” Based on this input, several food literacy goals were defined and ranked from least important to most important goal according to the external expert relevance rating.



Development of Food Literacy Screener
 
Item Generation

Based on the literature review, existing questionnaires on food literacy and existing questionnaires covering different determinants of food literacy, items for a FLS were generated by two of the 10 FL experts (TB and AV). After creating a comprehensive list, the remaining eight FL experts triaged the items in multiple plenary sessions until consensus was reached. The triage aimed to reduce the number of items, while meeting the condition that every item should reflect at least one food literacy goal. Items were included if they were relevant to the defined food literacy concept and goals and if they were appropriate for the target population.



Content Validity and Readability Evaluation

To ensure expert content validity, another independent panel of nutrition experts (n = 7, including one professor, two independent dieticians and four PhD students working in the field of nutrition) who had not been involved in the previous development steps was recruited. These external experts were asked to evaluate every question on a four-point Likert scale from 1: “Not relevant” to 4: “Very relevant to the concept of food literacy” to calculate an item and scale content validity index (I-CVI & S-CVI). To be relevant, the I-CVI and S-CVI needed to be at least 0.78 and 0.9, respectively (23). I-CVI was calculated by dividing the number of experts scoring three or four by the total number of experts. S-CVI is the average of all I-CVIs. Next, content validity or respondent understanding was assessed within the target population. A total of 15 participants of reproductive age were invited to participate in a semi-structured cognitive interview in order to evaluate the understandability of the FLS. Participants were recruited through social media and snowball sampling. A study team member provided information to participants and encouraged them to pass it on to others who may be interested or eligible. During the interview, participants were encouraged to complete our FLS while explaining out loud how they interpreted every item. All interviews were recorded and qualitative analysis was performed according to the principles of Patrick et al. (24). Clarity and reading level of our FLS was evaluated by calculating the Flesch reading ease score using the following formula = 206.835 – 1.015 × (Total Words / Total Sentences) – 84.6 × (Total Syllables / Total Words). Higher scores indicate material that is easier to read. A score between 70 and 80 is desirable as it reflects that the questionnaire is fairly easy to read for the average adult (23).




Development of the Algorithm to Personalize Food Literacy Guidance

Next to the FLS in which every item reflects at least one food literacy goal to assess an individual's food literacy, an algorithm was developed to provide personalized food literacy guidance based on the food literacy assessment. The external expert ranking of the food literacy goals (step 2) was combined with literature review and FL expert opinion to prioritize the food literacy goals to individuals' needs by linking weighted factors to each answer option of the FLS.



Evaluation of Food Literacy Screener
 
Study Design and Setting

To evaluate the validity and reliability of the FLS, a cross-sectional online survey was conducted among adults of reproductive age from January to April 2019 with an online survey platform, Qualtrics© (Qualtrics, Provo, UT) (30). The study design is visualized in Figure 1, step 5.



Participants

Belgian Dutch-speaking volunteers of reproductive age (18–43 years old) were recruited through social media and snowball sampling to complete the online survey. A study team member provided information to participants and encouraged them to pass it on to others who may be interested or eligible. Responses of participants with specific dietary requirements due to pregnancy, diabetes mellitus, coeliac diseases, intolerances or malabsorption were excluded. We strived to recruit at least 100 participants, a reasonable sample size for validation studies according to Willett (31).



Measures

After receiving written informed consent, we collected the data on sociodemographics, food literacy, food intake, diet quality and healthy eating self-efficacy: (i) Sociodemographic data included age, gender, ethnicity, child wish, self-reported health, and education level. (ii) Food literacy was assessed using our newly developed 17-item FLS (step 3). To achieve an overall food literacy score, all items were recoded to a 7-point nominal scale (IOS) and summated. This overall food literacy score was recalculated to a score of 100, where, a score of 0 suggests poor food literacy and a score of 100 suggests excellent food literacy. (iii) Food intake and diet quality were assessed using the validated Belgian Food Frequency Questionnaire (FFQ) (32). The FFQ questions frequency and portion size of consumption of foods and beverages. An overall diet quality index was calculated from the FFQ according to Huybrechts et al. (33). The diet quality index (ranging from 0 to 100) reflects compliance with Belgian food-based dietary guidelines taking into account dietary quality, dietary diversity dietary equilibrium. The higher the score, the better the diet quality. (iv) In addition, healthy eating self-efficacy (HESE) was assessed using the seven-item healthy eating self-efficacy subscale of the Healthy Eating and Weight Self-Efficacy scale (HEWSE) (34). The higher the score, the better the healthy eating self-efficacy.



Statistical Methods and Analysis

Analyses were performed using SPSS Statistical Software (35). As there is no golden standard to validate food literacy tools, we evaluated the construct validity of the FLS against dietary variables that were expected to correlate with food literacy, including diet quality and healthy eating self-efficacy. Pearson correlation tests were conducted. Good construct validity is indicated by correlations below 0.9, but above 0.4 (23). To assess reliability, participants had to fill in the FLS twice with a two-week interval. Interclass correlation coefficients were calculated. The cutoff value for reliability was 0.7 (23). Additionally, internal consistency was assessed by calculating Cronbach's alpha. A value of Cronbach's alpha above 0.7 was considered to be an indicator of adequate reliability (23). To evaluate concurrent validity, overall food literacy scores were compared between men and women and between people with or without a child wish using independent t-tests (p < 0.05 was used to determine statistical significance). Pearson correlations were used to assess if there was a relation between the total food literacy score and age, self-reported health and education level.




The Integrated Food Literacy Tool: Prioritizing Individuals' Food Literacy Goals to Personalize Food Literacy Guidance

For every participant of the cross-sectional survey, the newly developed algorithm (step 4) was applied to determine the priority list of food literacy goals. The IFLT prioritized the food literacy goals from 1 to 24 based on participants' answers to the FLS and the algorithm. For the “eat”-related food literacy goals, we evaluated the accuracy (i.e., the ability to personalize food literacy guidance to individual needs) by comparing with data from the FFQ. If participants received a food literacy goal on eating in their top three priority list, their actual food intake from the FFQ was evaluated and corrected for energy intake. To assess if participants were correctly assigned relevant food literacy goals, this relative food intake was compared to the Belgian food-based dietary recommendations. IFLT accuracy was calculated as the number of persons with a food literacy goal on eating that were correctly classified (i.e., in top three priority list and not fulfilling the Belgian food-based dietary recommendations according to the FFQ for that goal) divided by the total number of participants with that food literacy goal on eating in their top three priority list.




RESULTS


Conceptualization of Food Literacy Framework

The conceptualization of a food literacy model adapted to the Belgian culture and context was based on practical food literacy definitions and models with structured domains, such as the model of Vidgen and Gallegos describing four domains (plan, select, prepare, and eat) and the model of Perry et al., who define five attributes of food literacy (food skills, knowledge, self-efficacy, and ecologic and food decisions) (11, 20, 36). Regarding the different determinants on food literacy, the FL expert panel agreed to implement knowledge, skills and self-efficacy. Regarding domains on food literacy, the FL expert panel came to a consensus to focus on planning, selecting, preparing, eating and evaluating information. After four plenary sessions, the FL expert panel agreed to the following food literacy definition: “Food literacy is the interrelated combination of knowledge, skills and self-efficacy on food planning, selecting foods, and food preparation, eating and evaluating information about food with the ultimate goal of developing a lifelong healthy, sustainable and gastronomic relationship with food.” The first domain of food planning focusses on the ability to schedule and to make time to prepare healthy meals and to make healthy food choices. It also reflects on the ability to access healthy foods in various contexts such as at work, when having little time or when eating out. Secondly, the domain of selecting foods consists of the knowledge and skills, which allows to discriminate a variety of foods and to evaluate their effects on individual and collective well-being. This domain is followed by food preparation, which relates to the functional competences that are required to prepare available foods and to apply the principles of safe food hygiene. In the domain of eating, the focus lies on enhancing the consumption of plant-based and fiber-rich food items and to reduce the intake of processed foods such as processed meat and snacks according to the Belgian FBDG. Furthermore, a better understanding of the consequences of food-related decisions on individual well-being (in the short and long term) is an important aim of this domain. Lastly, the domain of evaluating information was added (37). This incorporates the ability to access, interpret and use nutrition information.



Identification of Food Literacy Goals

The FL expert panel translated the Belgian food literacy model into 22 practical and applicable food literacy goals. Of these, external experts considered the goal of knowledge of FBDGs superfluous. Moreover, they suggested combining goals on variation in foods and highlighted the need to add a goal on eating in stressful situations. These suggestions led to 24 goals on food literacy. Based on the external expert relevance rating, these 24 food literacy goals were ranked from 0.01 (least important goal) to 0.24 (most important goal). Table 1 presents an overview of the food literacy goals suggested by the 10 FL experts and 12 external experts, the ranking of the goals by the 12 external experts (the higher the score the higher the relevance) and the corresponding 17 items of the FLS.


Table 1. Overview of the food literacy goals, expert ranking, corresponding items of the FLS and I/S-CVI.
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Development of Food Literacy Screener

Based on existing nutrition knowledge questionnaires, self-efficacy questionnaires, dietary behavior questionnaires and additional item generation, two FL experts created a first comprehensive list of 60 items (15, 31, 38, 39). Together with the other 8 FL experts, this list was reduced in four rounds of internal review by excluding duplicate items, items that questioned the same goal and items that did not meet our food literacy goals. This resulted in a 17-item food literacy screener (FLS), with every item reflecting at least one goal (Table 1).

The content validity assessment with 7 independent nutrition experts revealed good relevance of our FLS (S-CVI = 0.93). Two items were rated as less relevant (I-CVI = 0.71) including item 17 on information and item eight on hygiene. An overview of the I-CVI is presented in Table 1.

The content validity assessment with the target population revealed that our FLS was clear and well-understood by adults of reproductive age, that no items were missing and that the length of the FLS was acceptable. However, some participants remarked that in the items on portion size, the difference between two answering possibilities was too large. Therefore, we rephrased the options for these questions. After adjustments, the Flesch reading ease score of the FLS was 75.6, reflecting that our FLS was fairly easy to read for the average adult.



Development of the Algorithm to Personalize Food Literacy Guidance

The algorithm to personalize food literacy guidance included the following requirements: (1) Every item of the FLS was allocated to one or more food literacy goals (Table 1); (2) Every answer option of every FLS item received an item priority score (IPS) allowing to prioritize food literacy goals to individual needs. For example, a higher IPS was provided, if people would benefited from focusing on the respective food literacy goal (Table 2); (3) A default prioritization order of food literacy goals was generated with the food literacy goals receiving a score from 0.01 to 0.24 (expert ranking weight) (Table 1). The algorithm was applied as follows: after completion of the FLS, the IPS for every food literacy goal was generated and summed with the default prioritization score (expert ranking weight). For example, if participants had a perfect food literacy they would receive the 24 goals in the default prioritization order. This algorithm allows to prioritize food literacy goals from 1 to 24 based on individual FLS answers. Table 2 presents an example of the scoring and prioritizing process for the food literacy items and respective goals: “Making healthy food choices” and “Drinking enough and mainly water.” The IFLT operates the algorithm and consequently creates different tips in line with the selected food literacy goals.


Table 2. Example of scoring and prioritizing process.
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Evaluation of Food Literacy Screener
 
Participants

In total, 114 participants completed the online survey. Participants were 28 (SD: ± 5.36) years old on average and were all Caucasian. The majority of participants scored their health as good or very good (75%) and were highly educated (90%). Approximately half of the participants were women and one-third had an active child wish. Table 3 presents an overview of participants' characteristics.


Table 3. Participants' characteristics.
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Validity and Reliability of the Food Literacy Screener

Figure 2 presents an overview of FLS validity and reliability.


[image: Figure 2]
FIGURE 2. FLS Validity and reliability. (n = 114) (A,B) Construct validity of the FLS against dietary variables (A) diet quality and (B) healthy eating self-efficacy (HESE) that are expected to be related with food literacy. r = Pearson correlation coefficient. (C) Test-retest reliability of the FLS. r = interclass correlation coefficient. (D) Distribution of total food literacy score.


Regarding construct validity, correlation analyses indicated that food literacy was positively correlated with diet quality (r = 0.536, p < 0.001) and with HESE (r = 0.685, p < 0.001) as presented in Figure 2. These findings confirm good construct validity (r > 0.4) of the FLS against dietary variables that are expected to be related with food literacy.

Regarding reliability, test-retest indicated good reliability of the FLS (r = 0.721, p < 0.001). The internal consistency of the overall scale was not sufficient (Cronbach's alpha = 0.558).

Regarding concurrent validity, the average total food literacy score was 69% ± 6.7 for our participants and ranged from 50 to 83%. There were no significant differences in the total food literacy score of men (69% ± 7.0) and women (70% ± 6.4) (p = 0.565) and between people with (70% ± 6.6) or without a child wish (69% ± 6.8) (p = 0.507). Additionally, correlation analyses revealed no correlation between the total food literacy score and age (r = 0.127, p = 0.142) or education level (r = 0.147, p = 0.122). Self-reported health was positively but weak correlated with food literacy (r = 0.367, p < 0.001) (see Supplementary Figure 1).




The Integrated Food Literacy Tool: Prioritizing Individuals' Food Literacy Goals to Personalize Food Literacy Guidance

Figure 3 presents an overview of the top 3 priority lists of food literacy goals for the 114 participants. The goals that appeared most in participants' top 3 priority lists were: goal 4 “Having access to healthy food at work/school/on the road” in 50 % of participants, goal 15 “Eating enough vegetables” in 44 % of participants and goal 17 “Drinking enough and mainly water” in 52% of participants. Goal 2 “Having access to healthy food when you have little time”, goal 5 “Having access to healthy food when eating out”, goal 6 “Having access to healthy food when stressed”, goal 10 “Being able to compose a healthy meal”, goal 14 “Eating more plant-based”, and goal 20 “Eating healthy at breakfast” were absent from all participants' top 3 priority lists. The goals considered as the lowest priorities were: goal 5 “Having access to healthy food when eating out” in 39% of participants and goal 12 “Knowing and applying principles of food hygiene” in 60 % of participants. These findings are in line with the experts' ranking, who rated these goals as well as the least important goals.
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FIGURE 3. Top 3 Priority list of food literacy goals calculated with the IFLT (n = 114).


Table 4 presents the accuracy of the IFLT. Evaluating if participants with one of the five food literacy goals on eating in their top 3 priority list were actually in need of working on that goal revealed an accuracy between 88 and 100%.


Table 4. Accuracy of correctly assigning food literacy goals on eating to participants' needs.
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DISCUSSION

To the best of our knowledge, this is the first study that developed and evaluated a practically applicable, context- specific, theory- and expert-based dual purpose tool to assess food literacy on the one hand and to create personalized food literacy guidance by prioritizing food literacy goals to individual needs on the other hand. The IFLT consists of a 17-item FLS and an algorithm to prioritize 24 food literacy goals according to individual needs. This tool was rated relevant by experts and well-understood by the target population. The context or culture dependence of food literacy was visible in the food literacy goals priority lists of the participants and in the relevance ranking by the experts. For example, the goals that appeared most in the top 3 priority lists of the participants are in accordance with the current dietary behavior of the Belgian population (i.e., low vegetable and water intake) (40). The goal on having access to healthy food when at work, at school or on the road also frequently featured in the top 3 priority list of food literacy goals of this population, emphasizing the busy life stage of adults of reproductive age and potential lack of healthy food environment (41). The goals on food hygiene, and on having access to healthy food when eating out were considered as the lowest priority in most participants and were also ranked as least relevant by experts. The Belgian population lives in a culture where food hygiene is self-evident. Belgians perceive themselves as a population that likes to go out for a lavish meal. These findings once more highlight the importance of context and culturally adapted food literacy tools, and development and evaluation within the target population (20).

Similar to other existing food literacy tools as discussed in the introduction, our FLS showed good construct validity and test re-test reliability. However, our internal consistency calculated with Cronbach's alpha was low, which is caused by the multidimensionality and dual purpose of our tool. Food literacy consists of a wide variety of features and comprehensibility and context dependence makes short quantitative assessment of food literacy challenging. We acknowledge that a more comprehensive questionnaire following detailed approaches on scale development and validation including factor analyses such as recently described by Boateng et al. would add scientific value. However, the purpose of our study was to develop a short food literacy screener able to personalize food literacy guidance and not to perform a “classic” validation of a questionnaire (42). Future research could use existing and newly developed food literacy tools synergistically to obtain a better understanding of the concept of food literacy. Additionally, future research should also focus on investigating measures beyond the individual scope of food literacy, including environmental and societal factors such as sustainability. This was not covered in our tools as we focused on the individual scope of food literacy.

Other limitations of our study are the potential lack of a representative sample. Our sample of experts included mostly women working in two university hospitals. Our sample of the target population included people with a higher education level than that of the average Belgian population of reproductive age, this might be selection bias due to the snowball sampling. Furthermore, cut-off values of the FLS score to categorize participants into groups with bad, good or excellent food literacy are currently not available. Future research could include capacity to distinguish evaluation with dieticians or other populations and use this or other (food literacy) tools in different populations and clinical settings to create insights in food literacy of the broader population and expand the external validity.

Another limitation was that our measures in the cross-sectional survey were self-reported. This may have caused bias in that participants expressed their ideas rather than their actual behavior or induced a social desirability bias. However, these are common limitations in the field of behavioral nutrition research (43). The implementation of objective markers such as anthropometric data could contribute to monitor this shortcoming. In addition, collecting anthropometric data of the participants could be of great value to evaluate a link between food literacy and diet-related diseases such as obesity.

Regarding the prioritization of food literacy goals, we were only able to evaluate the accuracy of food literacy goals on eating and not evaluate if all food literacy goals were correctly assigned to the needs of participants. Future studies should include or develop measurement tools that can be used to objectively evaluate correct assignment of the other food literacy components including planning, selecting, preparing and finding information about food.

To our knowledge, this is the first tool to create personalized guidance on food literacy. Other current studies using PN focused primarily on dietary intake. For example, in the Food4Me study, dietary intake was assessed and personalized using an online food frequency questionnaire (5, 6). Also in a recent Japanese pilot study the primarily focus was on dietary intake (44). Maintaining a healthy diet comprises more than just eating an optimal combination of food items. Focusing on food literacy can be an effective strategy to optimize nutritional health (9, 10).

The strengths of this study include: (i) the mixed-method approach; (ii) theory- and expert-based context and culturally dependent tool development; (iii) content validity assessment with experts as well as with the target population; (iv) the practical applicability to use this tool to assess food literacy and to personalize food literacy guidance, with the aim to improve food literacy and dietary behavior. Our study showed a positive relation between food literacy and diet quality. In the PreLiFe-RCT we will evaluate if a personalized food literacy intervention using the IFLT will also improve the diet quality and dietary behavior of people trying to conceive (21). Future effectiveness studies in other populations and clinical settings should further explore if (personalized) food literacy guidance can improve the dietary behavior and related clinical markers.



CONCLUSION

In conclusion, we developed and evaluated the first dual purpose tool to assess food literacy on the one hand and to create personalized food literacy guidance on the other hand. This integrated food literacy tool consists of a 17-item food literacy screener to assess food literacy and an accompanying algorithm to prioritize 24 food literacy goals according to individual needs. Future studies in other populations and clinical settings should further explore the effectiveness of our tool and evaluate if (personalized) food literacy guidance can improve the dietary behavior and related clinical markers. If so, national and international public health nutrition programs could incorporate this broad range of practicalities that comprise food literacy into their approach to improve the dietary behavior of their population.
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