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A B S T R A C T

Background and aims: Unhealthy dietary patterns are a major contributor to non-communicable diseases. The 
Mediterranean Diet (MD) proved health benefits, but its adherence has declined in Italy. Nutrition knowledge 
(NK) significantly influences dietary behavior, but no validated tool exists to assess NK and perceptions of the MD 
and other dietary patterns. This study aimed to develop and validate the NUTRIDIET questionnaire among the 
Italian population.
Methods and results: A prospective observational study was conducted on 438 Italian adults (18–65 years). The 
NUTRIDIET questionnaire consisted of 30 items across two sections: knowledge of dietary patterns and per
ceptions of their health impacts. The total score ranges 0–30 points. Reliability was assessed via internal con
sistency (Cronbach’s alpha) and test-retest reliability. Construct validity was examined by comparing scores 
between participants with and without nutritional background. The questionnaire exhibited good internal 
consistency (Cronbach’s alpha = 0.792) and test-retest reliability (R = 0.650, p < 0.001). Construct validity was 
confirmed by higher scores in participants with nutritional background (26.9 ± 2.8) compared to those without 
(21.1 ± 5.4, p < 0.001). Most items were of moderate difficulty and had a good discrimination index, dis
tinguishing between individuals with different NK levels.
Conclusion: The NUTRIDIET questionnaire is a valid and reliable tool for assessing NK and health-related per
ceptions of the MD and other diets in the Italian population, particularly among young adults and women. This 
instrument can aid in identifying knowledge gaps and programming targeted interventions to improve dietary 
adherence and public health outcomes.

1. Introduction

The relationship between eating habits and human health is well- 
established in the scientific literature. The Global Burden of Disease 
(GBD) study revealed that, in 2024, millions of deaths and disability- 
adjusted life years (DALYs) were attributed to unhealthy lifestyles. 
Particularly, 763 million (95 % uncertainty intervals 650–865) DALYs 
were attributable to behavioural risks, 476 million were attributable to 

metabolic risks, and 416 million were attributable to environmental and 
occupational risks [1]. As for dietary risk factors, diets high in sodium, 
low in fruit and whole grains were confirmed to be among the top 
ranking risk factors, especially for those aged 50–69 years [1]. There
fore, unhealthy diets represent a major risk factor for the development of 
several non-communicable diseases, including obesity, diabetes, car
diovascular diseases and some forms of cancer. These findings highlight 
the critical role of dietary patterns in public health outcomes.
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Traditionally, the term “diet” referred to nourishment or a way of 
life, focusing on the intake of appropriate macro- and micronutrients 
through a balanced variety of foods. However, in recent years, the term 
has become more associated with specific dietary regimens, particularly 
those aimed at weight loss or body composition modifications. Among 
these, the Mediterranean Diet (MD) stands out for its consistent and 
strong evidence supporting its beneficial effects on body composition 
and cardiometabolic health [2]. Other dietary approaches include those 
based on macronutrient modulation (e.g., low-fat, low-carb or 
high-protein diets), caloric restriction methods like intermittent fasting, 
and therapeutic diets like the Dietary Approaches to Stop Hypertension 
(DASH diet). Despite the health benefits of the MD, adherence to this 
dietary pattern is declining in Italy, possibly due to the rise of new di
etary trends or increased consumption of animal-based products [3,4]. 
Understanding the reasons behind this shift is critical, and exploring the 
population’s level of knowledge about the MD is central to this task.

Nutrition knowledge (NK) is recognized as a fundamental factor 
influencing dietary behaviors. NK encompasses not only factual 
knowledge about food and nutrients but also a deeper understanding of 
how diet affects health outcomes. Individuals with higher NK are more 
likely to make healthier food choices, follow dietary guidelines, and 
engage in long-term health-promoting behaviors [5–8]. NK includes 
awareness of nutrient sources, recommended dietary patterns, and the 
relationship between diet and disease. However, a gap exists in the 
literature regarding specific tools designed to assess both the knowledge 
and perceptions about the health benefits related to the MD and other 
dietary patterns, such as vegetarian, DASH, or low-carbohydrate diets. 
Based on these premises, this study aimed to develop and validate, 
among the Italian population, the NUTRIDIET questionnaire to assess 
both NK and the perception on health-related implications of the MD, as 
well as other dietary patterns. The tool was designed to capture 
comprehensive insights into NK across diverse groups, including in
dividuals with and without formal nutritional training.

2. Methods

A prospective observational study was conducted to validate the 
NUTRIDIET questionnaire. Ethical approval was obtained by the San 
Matteo Ethical committee (protocol number 20200069192, date: August 
04, 2020). The validation process followed several steps: (i) question
naire ex novo creation (including items creation, collection and final 
selection), (ii) questionnaire administration, (iii) items analysis and (iv) 
reliability and validity evaluation.

2.1. Questionnaire development

No previous questionnaire about NK on various dietary patterns and 
their perceived effects on health has been validated and published in 
literature. For that reason, it was not possible to gather and select 
pertinent items from existing tools. Indeed, the ex novo questionnaire 
creation was required. A panel of 20 nutrition experts referring to the 
Italian Society of Human Nutrition was invited to participate in the 
project, with 7 of them agreeing to collaborate in the questionnaire 
development. We applied an evidence-based approach to decide the 
dietary patterns included in the questionnaire considering only the 
regimens with a consolidated literature background. Dietary patterns 
were selected drawing on our previous umbrella review on the effects of 
popular diets on cardiometabolic health [2]. The rationale behind this 
approach was to include in the questionnaire dietary regimens that have 
been consistently investigated in the scientific literature. The final se
lection included the Mediterranean diet, Vegetarian and Vegan diets, 
Paleolithic diet, Low Glycemic Index diet, DASH diet, (Very) 
Low-Carbohydrate diet, Ketogenic diet, Nordic diet, Intermittent Fast
ing, Low-Fat diet, and (Very) Low-Calorie diet. An initial pool of items 
was created with the following criteria: (i) to investigate the knowledge 
or health benefits perception, (ii) to be related to at least one of the 

previously mentioned regimens (also comparison questions were 
accepted), (iii) to be multiple choice questions with one “I don’t know” 
option. Forty-eight items were generated and evaluated by each expert, 
who was asked to state whether the question was “essential” or “not 
essential” to the operationalization of a theoretical construct. Then, the 
content validity ratio was calculated, yielding values that ranged from 
+1 to − 1. Positive values indicate that at least half of the experts rated 
the item as essential. Using this approach, the final questionnaire was 
made up of 30 items, equally distributed into two sections. The first one 
investigated the “knowledge” about the dietary patterns composition or 
the difference(s) between two of them (e.g. which features are common to 
Mediterranean and Vegetarian diets?). The second construct contained the 
items related to the perceived effects on health of one or more regimens 
(e.g. In your opinion, which of the following diets is better for glycemic 
control purposes?). All the items had 4 possible options, including the “I 
don’t know” one and only one correct answer. For each correct answer, a 
+1 point was given while no points (0 points) were attributed when a 
wrong or “I don’t know” option was selected. Based on this procedure, 
each section score could vary between 0 (no correct answers) to 15 (all 
correct answers), with the total score ranging between 0 and 30 points. 
The questionnaire is available in the Supplementary Material (Appendix 
1 and 2).

2.2. Questionnaire administration

After development, the questionnaire was firstly tested on a pilot 
sample of 50 participants (including nutrition experts and non experts 
on a 1:1 ratio), to verify its feasibility and comprehensibility. No item 
modification was needed, thus the questionnaire was subsequently 
extended to a broader population. Administration was performed elec
tronically through Google Forms and in the same circumstances. 
Informed consent was obtained prior to the NUTRIDIET fulfillment. 
Recruitment was carried out between January 2021 and June 2024. As 
the aim of this study was to validate the NUTRIDIET questionnaire 
among the general population, no strict inclusion/exclusion criteria 
were established. The inclusion criteria were: (i) age between 18 and 65 
years and (ii) speaking Italian to ensure the questionnaire comprehen
sion capability. No additional criteria were applied. A brief section 
about demographic (i.e. age, sex, highest degree, rural/urban residence) 
and anthropometric information (self-reported weight and height) was 
introduced before the first construct. Participants were asked to indicate 
their region and location of residence and subsequently categorized into 
“rural” (≤300 inhabitants/km2) or “urban” residence (>300 in
habitants/km2), according to the Italian Institute of Statistics indications 
[9]. Body mass index (BMI) was calculated as weight in kilograms 
divided by the square of height in meters for each participant. Partici
pants were categorized according to standard BMI ranges: underweight 
(<18.5 kg/m2), normal weight (18.5–24.9 kg/m2), overweight 
(25–29.9 kg/m2), and obesity (≥30 kg/m2). Auto-reported levels of 
adherence to the Mediterranean diet (“poor”, “medium”, “high”) and 
nutritional background were also evaluated. Nutritional background 
was defined as having a bachelor’s degree, master’s degree, specializa
tion (for physicians only) or doctorate in the field of nutrition (i.e. di
etetics, human nutrition, food science). The whole items’ completion 
was required in order to include the questionnaire in the analysis. A 
subsample of participants (n = 291) was asked to fulfill the question
naire twice, within a mean of 4 weeks interval (from 2 to 6), to check its 
reproducibility. This interval was considered to be long enough to avoid 
recall biases [10] but reasonably short to not be influenced by any NK 
modification.

2.3. Items analysis and internal consistency

Item analysis was carried out through item difficulty index and 
discrimination index calculation. The item difficulty index is calculated 
as a percentage of the total correct responses of the test item on the total 
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answers (both exact and wrong). The higher the percentage, the easier 
the question. The ideal item difficulty index values should range be
tween 20 and 80 % [11–13]. When the difficulty index value is lower 
than 20 %, the item is considered “difficult”, whereas when the index 
value is above 80 %, it can be considered “easy”. The item discrimina
tion index measures how well an item discriminates between high and 
low knowledge subjects. Item discrimination was assessed using a 
point-biserial correlation between the scores obtained on a given item 
and the total questionnaire scores. These correlation indices range from 
− 1 to 0 to +1, with values < 0.2 identifying items to be discarded or 
revised [14]. The total questionnaire score percentiles were also inves
tigated and analyzed according to the different nutrition backgrounds.

The internal consistency was assessed by calculating Cronbach’s 
alpha for the whole questionnaire and for each section, considering a 
minimum value of 0.60 as recommended for internal consistency [15].

2.3.1. Statistical analysis
The sample size was calculated according to the rule of thumb (n:p), 

i.e. the ratio between the number of subjects (n) and the number of items 
in the questionnaire (p) should be 10. As the questionnaire consists of 30 
items, at least 300 subjects should be included in the study.

The main characteristics of the participants were explored using 
descriptive analysis. Quantitative variables were described as means and 
standard deviations, whereas qualitative variables were described as 
frequencies (%). Individual questions were analyzed using the item 
difficulty index and the item discrimination index. The item difficulty 
index was also performed for the population divided into nutrition 
background groups (with/without). A two-sample Welch t-test was used 
to examine construct validity by looking for differences in the scores 
between participants with and without a nutritional background on the 
first administration of the questionnaire. Pearson’s correlation co
efficients were calculated as a measure of stability over time (test-retest 
reliability) for the whole questionnaire and for each section and each 
item. All statistical analyses were performed using the Statistical Pack
age for Social Science (IBM SPSS Statistics for Macintosh, version 28.0, 
IBM Corp., Armonk, NY, USA), with significance set at p < 0.05.

3. Results

3.1. Participants’ characteristics

Out of 480 participants who gave their consent to participate in the 
project, 42 did not complete the questionnaire (total completion rate: 
91 %). A total of 438 participants were included in the study, of whom 
115 (26 %) had a background in nutrition and 323 (74 %) did not. Their 
baseline characteristics are presented in Table 1. Briefly, the overall 
sample consisted of 75 % females and 25 % males. The mean age of 
participants was 33 ± 13 years. BMI (mean value 22.5 ± 3.7 kg/m2) was 
within the normal range for 75 % of participants. The sample was almost 
equally distributed between those with urban (59 %) and rural (41 %) 
residence. Of the total participants, 61 % were graduates or post
graduates. Similar characteristics were observed among the sub-group 
of participants (66 %) who completed the questionnaire twice.

3.2. Questionnaire item analysis

The item difficulty and discrimination indices for the 30 questions in 
the questionnaire are shown in Table 2. The percentage of correct an
swers per item (item difficulty) varied from 48 % to 99 %, with most 
items being of moderate difficulty. The item discrimination indices 
ranged from 0.225 to 0.624, with at least 48 % of participants giving the 
correct answer. All the items had an ideal item difficulty index, with 
only one question (“In your opinion, for which reason following a diet is 
advisable? (a) just to lose weight, (b) to improve your health, (c) only if 
affected by a specific pathology, (d) I don’t know”) achieving a poor 
correlation (r < 0.2) between the score on that question and the total 

score. However, it was considered extremely important for the topic by 
the expert panel and was retained in the final version of the question
naire. All correlations were statistically significant (p ≤ 0.005), 

Table 1 
Participants’ characteristics.

Total 
participants 
(n = 438)

Participants 
with 
nutrition 
background 
(n = 115)

Participants 
with no 
nutrition 
background 
(n = 323)

Participants 
who 
completed the 
questionnaire 
twice (n =
291)

Sex
Female 75 % 83 % 72 % 75 %
Male 25 % 17 % 28 % 25 %

Age (years) 33 ± 13 33 ± 10 34 ± 14 35 ± 12
Weight (kg) 64 ± 13 61 ± 10 65 ± 13 65 ± 13
Height (cm) 168 ± 12 168 ± 9 168 ± 13 169 ± 9
BMI (kg/m2) 22.5 ± 3.7 21.6 ± 2.6 22.8 ± 3.9 22.7 ± 3.8
BMI categories

Underweight 9 % 6 % 9 % 8 %
Normal 
weight

72 % 87 % 67 % 69 %

Overweight 14 % 5 % 18 % 17 %
Obesity 5 % 2 % 6 % 6 %

Educational level
Pre-graduate 39 % 5 % 50 % 33 %
Graduated 50 % 80 % 40 % 55 %
Postgraduate 11 % 15 % 10 % 12 %

Residence
Rural 41 % 33 % 44 % 38 %
Urban 59 % 67 % 56 % 62 %

Values for age, weight, height, and BMI are reported as mean ± standard 
deviation.

Table 2 
Item analysis for the 30 questions of the questionnaire.

Item “I do not know” 
answer (%)

Item difficulty (% 
correct answers)

Item discrimination (r 
value)a

Section 1
1 0.9 % 96.3 % 0.284
2 0.9 % 95.4 % 0.225
3 17.6 % 68.7 % 0.369
4 13.2 % 73.1 % 0.441
5 18.5 % 66.7 % 0.555
6 11.0 % 75.1 % 0.434
7 14.8 % 65.3 % 0.453
8 10.3 % 81.7 % 0.455
9 18.0 % 66.2 % 0.424
10 4.1 % 87.2 % 0.380
11 15.3 % 55.0 % 0.447
12 11.6 % 73.3 % 0.304
13 14.8 % 62.3 % 0.312
14 1.4 % 96.6 % 0.301
15 8.7 % 76.7 % 0.500

Section 2
16 0.2 % 99.1 % 0.134
17 11.0 % 79.7 % 0.515
18 21.5 % 48.2 % 0.544
19 21.9 % 69.6 % 0.624
20 25.3 % 68.3 % 0.611
21 7.1 % 84.9 % 0.435
22 19.2 % 65.8 % 0.519
23 16.9 % 55 % 0.595
24 3.7 % 84.9 % 0.238
25 17.1 % 70.3 % 0.539
26 15.3 % 74.0 % 0.561
27 4.6 % 89.7 % 0.489
28 10.0 % 77.9 % 0.615
29 10.3 % 86.5 % 0.342
30 10.7 % 71.7 % 0.512

a Pearson’s correlation test. All correlations are significant (p ≤ 0.005).
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indicating that the items were effective in distinguishing between par
ticipants with different levels of nutrition knowledge. Therefore, all 30 
questions were retained in the final version of the questionnaire, as 
excluding any item would not have improved the reliability of the 
questionnaire. The different item difficulty indices based on nutrition 
background were also analyzed and are presented in Supplemental 
Table S1. As expected, the percentages of correct answers were generally 
higher in the group with nutritional background than in the group 
without nutritional background.

3.3. Questionnaire reliability and validity

Table 3 shows the reliability and validity of the questionnaire. 
Reliability analysis showed acceptable internal consistency, with Cron
bach’s alpha values of 0.792 for the total questionnaire, 0.690 for Sec
tion 1, 0.666 for Section 2.

Participants with a nutrition background scored significantly higher 
than those without a nutrition background on both questionnaire sec
tions and the total score. Specifically, the mean scores for Section 1 were 
13.3 ± 1.5 for participants with a nutrition background and 10.7 ± 2.7 
for those without (p < 0.001). For Section 2, the mean scores were 13.7 
± 1.9 and 10.4 ± 3.2 (p < 0.001) for the 2 groups, respectively. The 
mean total scores were 26.9 ± 2.8 for participants with a nutrition 
background and 21.1 ± 5.4 for those without (p < 0.001), demon
strating a significant difference in NK based on educational background. 
This finding was also confirmed by the total questionnaire score per
centiles presented in Table S2. Significantly higher proportions of NK 
(50th percentile or above) were observed in the nutrition background 
group for both Section 1, Section 2 and total score, while participants 
without a nutrition background were classified in the lower percentiles 
of NK.

Test-retest reliability was assessed in a subset of the total population 
consisting of 291 participants who completed the questionnaire twice 
(Table 4). The correlation between the baseline (T1) and the second 
administration (T2) was good for the total score (R = 0.650, p < 0.001), 
as well as for individual sections (R = 0.621 for Section 1 and R = 0.622 
for Section 2, both p < 0.001). The high correlation coefficients indicate 
good stability of the questionnaire over time, confirming its temporal 
reliability.

4. Discussion

This study led to the development and validation of the NUTRIDIET 
questionnaire, a novel tool to assess both NK and perceived health ef
fects of the Mediterranean Diet and other dietary patterns in the Italian 
population. To our knowledge, this is the first instrument designed 
specifically for this dual purpose, offering a comprehensive assessment 
of both objective and subjective dimensions of nutrition literacy.

NK has long been recognized as a critical determinant of dietary 
behavior, influencing food choices, adherence to specific dietary pat
terns, and ultimately, health outcomes [5–7,16]. However, recent evi
dence [17] suggests that perceptions of a diet’s health benefits may be 
even more influential than factual knowledge. Individuals frequently 
rely on perceived benefits, particularly in contexts saturated with con
flicting nutritional information from media and public discourse. For 
this reason, combining factual knowledge and health-related 

perceptions in the NUTRIDIET questionnaire represents a major meth
odological advancement.

The questionnaire demonstrated good psychometric properties, 
including acceptable internal consistency and test-retest reliability, 
indicating stability over time. It also showed strong construct validity, as 
participants with a nutrition-related background scored significantly 
higher across all sections (total mean score 26.9 ± 2.8 vs 21.1 ± 5.4; p 
< 0.001). This trend has been confirmed by several other studies 
[18–20]. This difference is not only a validation metric but also high
lights the real-world implications of educational exposure on 
diet-related knowledge and perceptions. Most items showed moderate 
difficulty, with correct response rates ranging from 48 % to 99 %. 
Nevertheless, three items (11, 18, and 23), focusing on fat content in 
low-fat diets vs. the MD, the goals of low-fat diets, and triglyceride 
management, had relatively low correct response rates (48–55 %). These 
results suggest knowledge gaps or confusion related to dietary fat, likely 
reflecting broader public uncertainty amid growing interest in high-fat 
diets like ketogenic regimens.

Only one item failed to meet the discrimination threshold (r < 0.2) 
[13,14]. This item, assessing motivations for following a diet (weight 
loss, health, medical need), was retained based on expert judgment. In 
fact, although not highly discriminatory, it provides valuable insights 
into public attitudes toward the purpose of dieting. Indeed, NK en
compasses not only factual understanding of food composition and 
nutrient function but also the ability to interpret and apply dietary 
guidelines and evidence-based recommendations to everyday eating 
habits. The association between NK and adherence to healthy dietary 
patterns, particularly the MD, is well documented. Several studies have 
shown that individuals with higher NK are more likely to adhere to 
healthier diets [5–7,16]. For example, Bonaccio et al. [21] reported a 62 
% increase in the likelihood of high Mediterranean diet adherence 
among individuals with high NK. Similarly, Bottcher et al. (2017) [22] 
and Aureli and Rossi [5] confirmed significant associations between NK 
and Mediterranean diet adherence across diverse populations. Addi
tionally, in a systematic review exploring the relationship between 
nutrition knowledge and food consumption patterns, significant positive 
but weak (r < 0.5) associations between higher nutrition knowledge and 
higher quality dietary intake or pattern were found in a majority of the 
studies [23].

As shown in other research, NK is influenced by factors such as sex, 
age, education, and socioeconomic status [23,24]. Our study confirmed 

Table 3 
Questionnaire reliability and validity.

NK Score Cronbach’s Alpha Total participants (n = 438) Nutrition background (n = 115) No nutrition background (n = 323) p valuea

Section 1 0.690 11.4 ± 2.6 13.3 ± 1.5 10.7 ± 2.7 <0.001
Section 2 0.666 11.3 ± 3.3 13.7 ± 1.9 10.4 ± 3.2 <0.001
Total 0.792 22.7 ± 5.5 26.9 ± 2.8 21.1 ± 5.4 <0.001

Data are reported as mean ± standard deviation.
a Independent samples Welch t-test between nutrition background and no nutrition background groups.

Table 4 
Test-rest reliability (n = 291).

NK 
Score

Baseline NK 
Score

Follow-up 
NK Score

Correlation 
(Total score)

Correlation 
(Individual 
score)

(T1) (T2) R p- 
valuea

R p- 
valuea

Section 
1

11.7 ± 2.5 11.8 ± 3.0 0.621 <0.001 0.479 <0.001

Section 
2

11.7 ± 3.1 11.8 ± 3.2 0.622 <0.001 0.520 <0.001

Total 23.4 ± 5.1 23.6 ± 5.8 0.650 <0.001 0.500 <0.001

Data are reported as mean ± standard deviation.
a Pearson’s correlation test.
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significantly higher NK among females, as also observed in China [25] 
and Turkey [26] Age also plays a role and NK tends to increase with age, 
as seen in both the Hendrie et al. (2008) [27] and Bhawra et al. (2023) 
[23,24] studies. Participants aged 35 years and older scored signifi
cantly higher NK than the younger age group [27]. Similar results were 
obtained in the 2018 International Food Policy Study where the oldest 
age group (>60 years) scored significantly higher on the food processing 
knowledge score (FoodProK) than the youngest age group (18–29 years) 
(p = 0.002) [19]. Respondents aged 30–44 years (p < 0.001) and 
45–59 years (p = 0.002) had significantly lower FoodProK scores than 
those in the 60+ years category [23,24]. Educational background, 
especially in nutrition, was a key predictor of performance in our study. 
Participants with formal training in nutrition (26.2 % of the sample) had 
significantly higher scores across all sections. These findings are 
consistent with validation studies from Kuwait [18], Romania [20], 
Uganda [28], and Italy.

Some limitations should be considered. First, certain dietary patterns 
may be unfamiliar to segments of the population, potentially affecting 
response accuracy. Second, while several regimens were included, 
others, particularly emerging or culturally specific diets, were not, 
limiting the questionnaire’s generalizability. Additionally, the sample 
was predominantly female and aged 20–45, reflecting possible selection 
bias linked to the online administration method and gender-based in
terest in diet-related topics [18,19]. Importantly, no data were collected 
on household income, a key determinant of NK and dietary behavior. 
Although its exclusion was due to practical and ethical considerations (e. 
g., reluctance to disclose financial information), this limits our ability to 
examine the role of socioeconomic status in shaping NK. The NUTRI
DIET questionnaire also has some strengths. It is the first validated tool 
assessing both NK and perceived health impacts of various diets in an 
Italian context. Its high completion rate (91 %) suggests strong accept
ability, likely due to its concise structure. Moreover, its inclusion of 
multiple dietary patterns enhances its applicability across varied pop
ulation groups and dietary practices.

5. Conclusions

The NUTRIDIET questionnaire is a validated, user-friendly tool that 
provides a robust measure of nutrition knowledge and health-related 
perceptions of diverse dietary patterns. It offers a valuable resource 
for both researchers and public health practitioners seeking to assess and 
improve nutritional literacy, particularly among younger adults and 
women. Future research should expand its application to other popu
lation groups, explore links with actual dietary behavior and health 
outcomes, and consider broader social determinants such as income and 
cultural background.
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