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Introduction: Different approaches, involving different areas and figures, are useful for the rehabilitation of obese subjects through a multidisciplinary hospital path. A focal point of rehabilitation is represented by education on healthy eating by increasing the dietary knowledge patients. Few tools investigating food knowledge are available in Italy: therefore, the need has emerged to develop easy-to-use tools for clinical practice that allow to detect food knowledge to set up a more targeted food re-education. The following work aimed at building and validating a questionnaire capable of investigating the dietary knowledge of the population affected by obesity.

Methods: A pool of experts carried out a review of the literature, gathering all the information necessary to select and construct the best set of questions and the format of the final project of the questionnaire. During statistical analysis the validity, reproducibility and stability of the questionnaire were investigate in a sample of 450 subjects with obesity.

Results: Early analysis disclosed that 5 questions of the original questionnaire had no discriminating power. The successive validation phases were successful, confirming good content validity, stability and reproducibility over time.

Discussion: The questionnaire has all the characteristics to be considered a valid tool for investigating dietary knowledge in the obese population. The psychometric tests confirmed a good internal consistency of the structure, a validity of the content, a good reproducibility and stability over time.
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1. Introduction

Nutritional knowledge is the set of concepts concerning nutrition, based on national and international guidelines. It has been shown that nutritional knowledge is a relevant part of the decision-making process in choosing foods, along with other factors such as age, gender and socioeconomic status (1, 2). In fact, nutritional knowledge can influence food choices both indirectly, e.g., by helping to understand and memorize the reading of food labels, and directly on consumer behavior (1, 3, 4). Recent studies have shown that limited health literacy, of which nutritional knowledge is a part, is significantly correlated with increased onset of type 2 diabetes and cardiovascular diseases (5). It is also known that many non-communicable diseases are linked to the diet: excessive consumption of highly processed foods, with high sugar or saturated fats content, is correlated with an increased risk of obesity, cardiovascular diseases, and cancer (6).

This makes it clear how important it is to pay more attention to nutritional education and to monitoring nutritional knowledge over time, especially for certain target populations, such as the population suffering from overweight or obesity. (7, 8). This is even more relevant when nutritional education becomes part of the therapeutic approach, such as for patients with severe obesity (8, 9). In obese and overweight populations, a higher level of nutritional knowledge, achieved through nutritional education, has been shown to be associated with greater weight loss. This is explained by increased awareness in food choices leading to better nutritional quality and improvement in food habits and patient empowerment (10–13). Measurement of nutrition knowledge is challenging. Most studies have used written questionnaires, but many of these have inadequate or no validation (14–16). In 1999, Parmenter and Wadler developed and validated, according to psychometric standards, the General Nutritional Knowledge Questionnaire (GNKQ), which investigates nutritional knowledge in the UK population, exploring the following four points: 1) expert recommendations 2) knowledge about nutrient-source foods 3) correct food choices 4) the relationship between diet and disease (17). In 2016, an update of the GNKQ to the latest guidelines was carried out (18). Various validations of the GNKQ for different countries are available, based on that country’s guidelines and also on cultural adaptation of food (19–21). In 2007 Moynihan validated, based on the GNKQ, a shorter questionnaire that was able to investigate the nutritional knowledge of the elderly population living in sheltered housing (22). This instrument has the advantage of being easier to use in clinical practice but suffer from limitations in the topic areas investigated. In any case, because of its clinical practicality in 2010 Vico et al. validated the Italian version of the Moynihan questionnaire (23, 24). To date, this version remains the one of the few validated questionnaires for the investigation of nutritional knowledge in Italian language. These instruments have the capability of investigating nutritional knowledge in the general population. Few questionnaires, however, have been validated to specifically investigate nutritional knowledge in the obesity population. The only instrument in the literature is the questionnaire constructed by Feren et al. in 2011 (25). Taking over the structure and content of the GNKQ, the authors made a cultural adaptation to the traditions of the Nordic countries. Based on the above considerations, we believed it was important to construct a questionnaire based on the most up-to-date Ministry of Health guidelines and centered on the principles of the Mediterranean diet, which is also able to cope with false food myths (26). In doing so we also took into account the psychometric reference guidelines (27). In larger scale, this instrument might also help to focus nutrition education aimed at correcting misconceptions and giving the necessary tools for patient empowerment. The aim of this work was to construct and validate a questionnaire investigating nutritional knowledge in adult individuals with obesity and wish the potential of being a useful tool during clinical practice to monitor the results of nutritional rehabilitation in this population.



2. Patients and methods


2.1. Participants

We recruited patients hospitalized in San Giuseppe Hospital of Piancavallo, Istituto Auxologico Italiano (Verbania, Piedmont, Italy) during the period April–October 2019. We included the patients with BMI ≥ 30 Kg/m2 and with age between 18 and 75 years. To make data relevant to the study aim, we excluded (i) foreign patients who did not understand the Italian language, (ii) illiterate patients and (iii) patients with learning disabilities. For the pilot phase we included a convenience sample of 100 obese patients hospitalized at Piancavallo. For the conclusive phase we included other 350 patients for a total of 450 patients. Subjects were enrolled in the first few days of admission to the facility before the start of the nutritional rehabilitation program.

Moreover, we analyzed 300 students (150 enrolled in the third year of the Nutrition degree and 150 enrolled in the third year of the Psychology degree of the University of Milan) for construct validity analysis. The study protocol was approved by Ethics Committee in 19/01/2019 (18C901_2019) and informed consent was obtained from all participants.

The first step of the questionnaire development process consisted in studying the theory from which the phenomenon originates and in identifying aspects to which it might be related. Investigation of the theory was carried out through consultation of specific questionnaire construction guidelines and specific guidelines addressing the role of nutritional knowledge in the management of obesity (28).

A review of the scientific literature of the last 10 years was carried out using the keywords “questionnaire,” “nutritional knowledge,” “obesity” to search for already published questionnaires concerning education in the field of nutrition. Later, we created the first draft of questionnaire by means of (i) the identification of several items from published questionnaires related to nutritional education, (ii) the creation of items based on the experience of the researchers involved in the study. Subsequently this first draft was submitted to a panel of experts (clinical endocrinologists and nutritionists and health professionals) to optimize the sequence of items.

The analysis of item characteristics and measurement properties of the questionnaire was conducted in two phases: pilot and conclusive.



2.2. Method


2.2.1. Item difficulty analysis

An item was not considered useful if it was answered correctly by more than 90% or less than 15% of individuals (29). Items that met these criteria were excluded, except if they were considered essential for content validity by the experts.



2.2.2. Internal consistency analysis

The Kuder Richardson-20 (KR-20), the version of Cronbach’s α for dichotomous item, was calculated. KR-20 is a measure of internal consistency, that is, how closely related a set of items are as a group. A “high” value for KR-20 does not imply that the measure is unidimensional.



2.2.3. Construct validity

We evaluated the construct validity (if the questionnaire reflects the true theoretical meaning of the construct of interest) comparing the score obtained in two groups: one which is known to have “good nutrition knowledge” and the other which has not. The score of the “good nutrition knowledge” group should be significantly higher when evaluated by an independent sample’s t-test or Wilcoxon test (25).



2.2.4. Test and retest

A subsample was asked to recompile the questionnaire 2 weeks later. A test–retest approach was applied to the measured data to assess the stability of the instrument: specifically, the Pearson (or Spearman) correlation index was calculated, and it was considered a good measure of stability if the index score was greater than 0.7.



2.2.5. Dimensional validation and reduction of items

Rasch analysis is a known psychometric technique used to assess whether a single latent trait drives item responses in a questionnaire (30). This model assumes that the probability of a correct response is determined by the item’s difficulty/discrimination and by the subject’s ability. The unidimensional assumption suggests that the correlation among items can be explained by a single latent factor. To verify this hypothesis, we evaluated the eigenvalues of polychromic correlation matrix among items. If the first eigenvalue is much greater than the others a unidimensional model is reasonable. Moreover, the model estimates the difficulty and the discriminant performance of each item. Negative values of regression coefficient related to difficulty suggest items relatively easy, useful in discriminating subjects who have lower abilities. Small values (<0.5) of regression coefficient related to discrimination suggest that the corresponding item is not a good indicator.



2.2.6. Discrimination performance

A subsample of patients was invited to participate in an interview with one or more clinical experts who classified each patient, based on his/her dietary knowledge, into two categories: “good knowledge of nutrition “and “no good knowledge of nutrition.” The clinical expert’s judgment was considered the gold standard. A ROC analysis was conducted to assess the discriminating power of the questionnaire (AUC >0.7 was considered as good discrimination) and the cut-off that best discriminated “good” knowers from “not good” was identified using the Youden index method. Figure 1 shows the flow chart of the construction and validation steps.
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FIGURE 1
 Flow chart describing the different stages of questionnaire construction and validation.






3. Results

The review of the literature revealed that the General Nutritional Knowledge Questionnaire (GNKQ), by Parmenter and Wardle, has often been used as a model for the development of different questionnaires to investigate nutritional knowledge; our focus was therefore on European adaptations of the GNKQ. The questionnaire makes it possible to probe areas of concern regarding healthy eating, highlighting the relationship between dietary knowledge and eating behavior. Drawing on the results obtained from the literature review and the Moynihan questionnaire, already in use at the Istituto Auxologico Italiano, a questionnaire was elaborated that took into account the basic structure of the GNKQ, the Norwegian Questionnaire, and the Moynihan questionnaire, and that took into consideration the typology of severe obese patients. In this way, items of interest potentially useful for the measurement of the survey construct in the study were identified and others were included based on the experience of the researchers involved. During this phase, particular attention was paid to establishing a logical sequence of the topics covered, in particular by identifying four sessions, and to the sequence of the individual questions comprising each section. Based on our experience with the structuring of the questions, we decided to use only closed, single-choice questions that could be easily understood by the patient. Particular care was also taken with regard to cultural and linguistic adaptation, compared to the questions taken as examples from the GNKQ and Norwegian questionnaires, by replacing foods typical of Nordic cuisine with those of the Mediterranean tradition. For the drafting of the questionnaire, the experts also relied on the most recent guidelines for a healthy diet drawn up by the Italian Ministry of Health. The first draft of the questionnaire was designed as a structured scale with 56 items. Each item was assigned a value of 1 if the answer was correct and 0 if the answer was wrong or missing. The score of the questionnaire was given by the sum of the values assigned to each response. The average compiling time was estimated to be 20 min.


3.1. Pilot analysis


3.1.1. Item difficulty analysis

The draft questionnaire was submitted to the first 100 obese patients included in the sample. The mean age was 52 years, the 39% was male and mean BMI was 45 Kg/m2. The item difficulty analysis highlighted that 5 items had a correctness rate higher than 90% or below 15%. So the new version of the questionnaire was composed by 51 items.



3.1.2. Internal consistency analysis

The KR-20 resulted 0.83 (95% CI 0.77–0.87) suggesting high internal consistency. When each item was removed, we observed a relative KR-20 value very similar to the value calculated on all items.



3.1.3. Dimensional validation and reduction of items

Figure 2 shows that the first eigenvalue was much greater than the others suggesting that a unidimensional model was reasonable. Although several items showed low discrimination ability we postponed this evaluation because results from small samples could lead to opposite conclusions compared with those based on larger samples (31).
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FIGURE 2
 Eigenvalues of the polychoric correlation matrix in pilot study.





3.2. Analysis on whole sample


3.2.1. Internal consistency analysis

For this analysis we considered the whole sample of 450 obese patients (mean age of 51 years, 43% of male and mean BMI equal to 46 Kg/m2). The KR-20 value was confirmed (0.81, 95% CI 0.78 to 0.83). As in the pilot phase, when each item was removed, we observed that the relative KR-20 value was very similar or lower than KR-20 calculated on all items.



3.2.2. Dimensional validation and reduction of items

Figure 3 shows that the first eigenvalue was much greater than the others suggesting that a unidimensional model was reasonable. The analysis identifies several potential items (6, 7, 11, 12, 19, 20, 23, 29, 32, 36, 37, 44) with low discrimination ability varying from −0.20 to 0.46 (see Table 1).
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FIGURE 3
 Eigenvalues of the polychoric correlation matrix in whole simple.




TABLE 1 Rasch analysis results.
[image: Table1]



3.2.3. Construct validity

We submitted the final draft to 150 nutrition students and 150 psychology students. The nutrition students’ score was significantly higher (value of p <0.0001) than the one obtained by psychology students (median 50.00 [35.00 to 51.00] vs. 35.00 [30.00 to 38.00] respectively).



3.2.4. Test and retest

In a sub-sample of 150 obese patients (mean age 50 years, 45% males and mean BMI 46 Kg/m2) the questionnaire was re-submitted after 2 weeks. The Spearman correlation of the two scores was 0.80 (95% CI 0.73 to 0.85).



3.2.5. Discrimination performance

Finally, for 143 patients of the sub-sample used for test–retest analysis we had the information of the expert clinicians classification: 99 classified as “good knowledge of nutrition” (69%) and 44 as “no good knowledge of nutrition” (31%). The median score in “good knowledge of nutrition” was 37.10 and in “no good knowledge of nutrition” was 29.68. The AUC value of score was 0.798, suggesting a good discrimination performance. Moreover, the threshold of 35 (identified by Youden index) was characterized by sensitivity of 70% and specificity of 77%.





4. Discussion

The aim of this work was to develop and validate a new questionnaire to investigate nutritional knowledge in a population with severe obesity. This is necessary because nutritional education and hence knowledge are an integral part of the process of treatment and management of this disease. As already stated in the literature, a few validated questionnaires are available that can correctly investigate the construct of nutritional knowledge and that are up to date with the latest guidelines. Furthermore, it is important to emphasize that an instrument is often defined on a specific population and is therefore not very adaptable to other populations.

One questionnaire is used in Italy, validated in Italian, for adult people by the original version of the Moynihan questionnaire. This questionnaire, however, is poorly suited to specifically investigate the population affected by obesity. Although this questionnaire is useful in clinical practice, it lacks some important topics, such as simple sugars or reading food labels. Furthermore, the combination of closed or fill-in and open questions is not always easy to understand. The use of an inverse score (e.g., a high score corresponds to low nutritional knowledge) is also not always easy to understand.


4.1. Pilot study

The initial pool of items was made up of items already present in validated instruments, to which items were added to incorporate content deemed important for the target population by the panel of experts. This resulted in an initial draft of 56 questions. For a better investigation of food knowledge, it was decided to divide the questions into four sections: (i) expert recommendations; (ii) food groups and nutrients; (iii) healthy food choices; (iv) the relationship between diet and health and disease risk. The analysis in the pilot study of internal consistency also yielded positive results, stating a good internal consistency of both the individual sections of the questionnaire and the entire item pool. This result has also been confirmed in the analysis of the full sample (450 patients).



4.2. Whole sample

From Rasch analysis, emerged that some items did not have a high discriminatory capacity of the construct. The experts carefully evaluated the questions and considered them to be of importance within the overall framework of nutritional knowledge and for the nutritional rehabilitation of the patient. In particular, the experts decided to keep the questions concerning the consumption of fruit and vegetables and the fat content of some foods or limiting the consumption of sugar. These questions are considered essential to assess nutritional knowledge, closely related to the dietary recommendations drawn up by the ministry. The questionnaire, after the elimination of non-discriminating items, consists of 51 items (see Appendix 1, 2).

By administering the questionnaire to nutrition students and psychology students, we were able to assess content validity. The nutrition students scored higher than the psychology students, supporting the fact that the questionnaire can correctly induct the construct, i.e., different dimensions of nutrition knowledge. These data are in agreement with findings from previous questionnaire validation studies (17, 25). Two weeks after the first administration, the questionnaire was re-administered to the subjects to assess the stability of the items over time. The Spearman correlation coefficient returned a good stability of the questionnaire for all items, confirming a consistency of measurement over time. Similar results were found by other researchers during the validation of other questionnaires (17, 19, 25, 32). Finally, the discrimination performance test returned an AUC of 0.78, confirming a good ability of the instrument to investigate the construct. It was also possible to identify a scoring threshold of 35 as a discriminator between subjects classified as good knowers (score > 35) and non-knowers (score < 35). To date, given the limited number of subjects, it is not possible for us to obtain a cut-off scale discriminating various degrees of knowledge in adequately robust way. We provide for the creation of a scoring scale that allows us to better classify the. The widening of the sample of patient will likely allow us to better classifying results obtained through the completion of the questionnaire into different sub-categories.

A strength of this work is the sample size of both the pilot study (100) and the other phases (450), which is higher than in other validation studies (17, 21, 23). The reliability of the test depends on the sample size and test length (33).



4.3. Limits

A limitation of this questionnaire can be found in the number of questions, which can lead to excessive length. It was observed that the average filling-in time was approximately 30 min. We believe that, despite this completion time, the questionnaire is usable in clinical hospital practice. We also consider the possibility of creating a simplified version that would consider a smaller number of questions.




5. Conclusion

Based on the results obtained, we propose to the scientific and clinical communities engaged in management of obesity the use of this new tool, representing a helpful indicator

of the patient’s treatment pathway and of the impact exerted by nutritional rehabilitation. In agreement with the most up-to-date guidelines, placing nutritional education of the obese patient at the center, the NUTRIKOB questionnaire is effective as a means of monitoring nutritional education in this clinical condition.
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