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ARTICLE INFO ABSTRACT
Article History: Objective: This study examined regional disparities in food security and food safety knowledge and behavior
Received 14 February 2025 among Italian adults.

Received in revised form 29 August 2025

Methods: Between January and June 2024, we conducted a cross-sectional anonymous online survey target-
Accepted 30 September 2025

ing Italian residents aged >18. The sample size was calculated a priori assuming a 50% prevalence, 95% confi-
dence, and 3% margin of error, yielding a target of 1067 participants. Validated Italian versions of the Food

::(eygvor‘ij: Security Survey Module (It-FSSM) and the Food Safety Knowledge and Behavior Questionnaire (It-FSKB)
FgZd :Z ceu?]it were employed to assess participants’ knowledge and behaviors. Sociodemographic data, including age, sex,
Italy y body mass index (BMI), educational level, physical activity, smoking habits, and food apps usage, were col-
Cross sectional lected. Multinomial logistic regression—adjusted for age, sex, BMI, and educational level—was used to evalu-
Regional disparities ate regional differences.

Results: Among 1752 participants (70.4% women; mean age: 36.01 & 13.84 y), those in the South area and
Islands were significantly less likely to report high food safety knowledge (relative risk ratio [RRR] = 0.66;
95% confidence interval [CI]: 0.54—0.82; P = 0.000) and high food safety behaviors (RRR = 0.64; 95% CI:
0.52-0.79; P < 0.001), and more likely to experience moderate food insecurity (RRR = 1.64; 95% CI:
1.00-2.69; P=0.048) compared to participants to the North. Participants in the Center were over twice likely
than those in the North to report high food security versus very low (RRR = 2.72; 95% CI: 1.15-6.43;
P = 0.023) and were also 30% less likely to use food delivery apps rarely rather than not at all (RRR = 0.70;
95% CI: 0.50—0.97; P=0.034).
Conclusions: This study highlights significant regional disparities, with the South area and Islands facing the
greatest challenges. These findings provide evidence to guide targeted public health interventions and poli-
cies promoting food safety and security across Italy.
© 2025 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)

Introduction

Food safety and food security are essential to public health, as
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poncing au both directly influence population well-being and nutrition [1].
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Food safety refers to the practices and systems that ensure food is
free from harmful contaminants, whereas food security encom-
passes the availability, accessibility, and affordability of sufficient,
safe, and nutritious food for all individuals [2]. According to the
Food and Agriculture Organization (FAO), food insecurity and mal-
nutrition persist worldwide, particularly in rural areas, affecting
vulnerable populations such as women and young people [3], with
2.33 billion people—nearly 30% of the global population—
experiencing inadequate food access in 2023 [4]. Foodborne dis-
eases also remain a major challenge worldwide, with millions of
cases annually that are largely preventable through appropriate
hygiene and handling practices [5].

Food safety and food security are closely interconnected and
play a pivotal role in reducing the burden of foodborne illnesses
and malnutrition and promoting sustainable development.
Addressing food insecurity is a key goal of the 2030 Agenda for
Sustainable Development envisioning a Sustainable Future Society,
with SDG Indicator 2.1.2 monitoring global progress [6]. Ensuring
food safety requires a multisectoral approach and is a shared
responsibility among national authorities, food producers,
handlers, and consumers [7]. Governments play a critical role by
prioritizing food safety as a public health concern, developing evi-
dence-based policies, and implementing risk-based and flexible
regulatory frameworks. Meanwhile, food handlers and consumers
must adopt safe food handling practices, including the World
Health Organization (WHO) Five Keys to Safer Food, whether at
home, in restaurants, or local markets [8].

Although Italy is renowned for its culinary tradition and the
Mediterranean diet, it is not immune to challenges [9]. National
reports estimate that around 8 to 10% of households experience
some level of food insecurity, with a higher prevalence in the South
and Islands compared to the North [10]. The latest ActionAid and
Istat reports highlight that socioeconomic disparities across
regions contribute significantly to differences in access to safe and
nutritious food, with southern populations facing more pro-
nounced challenges. Food safety knowledge and practices also
vary geographically, influenced by education levels, socioeconomic
status, and public health infrastructure. The North regions, gener-
ally characterized by higher economic development and robust
infrastructures [13,14], have been associated with better food-
related behaviors and outcomes, while the South area and Islands
face greater challenges due to economic constraints and infrastruc-
tural gaps [12]. These disparities highlight the importance of
assessing region-specific factors to design targeted interventions.
Existing literature consistently shows that socioeconomic status,
education, and access to resources are key determinants of food
safety knowledge and food security [15]. In the Italian context,
national surveys confirm that lower-income households and those
with limited educational attainment—particularly in the South and
Islands—are more vulnerable to food insecurity and less likely to
adopt safe food-handling practices [11,12] because they may influ-
ence access to safe and affordable food, particularly for vulnerable
households

Digital tools such as food waste prevention platforms and food
delivery applications are increasingly used and may influence
access to safe and affordable food. However, their role in shaping
food security and food safety behaviors has not been comprehen-
sively explored [16—18]; actually, there remains limited research
that comprehensively evaluates these factors within the Italian
context. In particular, the extent to which emerging tools such as
food delivery and waste prevention applications can systematically
contribute to mitigating food insecurity and enhancing food safety
behaviors requires further investigation. This study aims to evalu-
ate food safety knowledge, behaviors, and food security levels in

the Italian population, with a focus on identifying regional differ-
ences. We hypothesize that adults living in the South and Islands
display lower food safety knowledge and practices, and higher food
insecurity, compared with those in the North and Center, even after
accounting for sociodemographic factors.

Methods
Study design

This study employs an observational, cross-sectional design in
order to assess food safety and food security knowledge and behaviors
among the general Italian population. In particular, the US Adult Food
Security Survey Module was used for food security [19] and the Food
Safety Knowledge Questionnaire for food safety [20]. Both the Food
Security Survey Module (It-FSSM) and the Food Safety Knowledge and
Behavior questionnaire (It-FSKB) were previously translated,
culturally adapted, and validated for the Italian population, following
international guidelines for self-report measures. The translation
process involved forward translation by two independent bilingual
translators, reconciliation into a single version, back-translation by
two independent translators unaware of the original, and final review
by an expert committee to resolve discrepancies and ensure
conceptual equivalence [21].

Data collection

The study included eligible participants who were at least 18 y old
and residing in Italy (inclusion criteria; >18 y, resident in Italy,
provided informed consent; and the exclusion criteria: <18 y or
nonconsenting participants). Recruitment conducted via convenience
sampling, using online dissemination through professional networks,
and social media platforms. Data collection occurred anonymously
from January to June 2024 through an online survey, designed in
Microsoft Forms (Microsoft 365 A5). Participants reviewed the study’s
purpose and received completion instructions before starting the
survey. Informed consent was a prerequisite; those who did not
consent were automatically directed to the end of the questionnaire.
To minimize incomplete or missing responses, all questions were
mandatory, ensuring participants could not proceed to other sections
without answering each question.

Sociodemographic and lifestyle data

The initial section of the survey delved into sociodemographic
aspects such as sex (options: female, male, prefer not to say), age,
height and weight, marital status (single, married/co-habiting,
separated/divorced and widowed); family size (from 1 to 5 and
more), region of residence. Regarding Italian regions, we classified
them into three groups: North (Valle d’Aosta, Piemonte, Liguria,
Lombardia, Emilia-Romagna, Trentino-Alto Adige, Veneto and Friuli-
Venezia Giulia), Center (Toscana, Marche, Umbria and Lazio) and
South and Islands (Abruzzo, Molise, Campania, Puglia, Basilicata and
Calabria, Sicilia, Sardegna). Educational level was categorized as high
(including bachelor degree or higher), medium (including high
school), and low (including elementary or middle school). Physical
activity (PA) was evaluated with the question: “How often do you
practice physical activity?” and the answers were categorized into
sedentary (“I do not practice it”), light PA (“I practice it 1-2 times a
week”) and moderate-vigorous PA (“I practice it three or more times a
week”). Smoking habit was investigated with a question: “Do you
smoke or have you ever smoked tobacco?” with the following
options: “I have never smoked tobacco”; “I used to smoke
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but I quit”; “I smoke occasionally”; “I smoke regularly.” For the
analyses, participants were categorized as Never, Former, or Cur-
rent smokers, with the latter category including both regular and
occasional smokers. In addition to sociodemographic and lifestyle
factors such as physical activity and smoking, we collected infor-
mation on the use of food delivery and food waste prevention
applications. These variables were included because digital food-
related tools may influence dietary behaviors, food safety practices,
and food security by modifying how individuals access, purchase,
and manage food. Use of food-related mobile applications was
assessed with two separate questions: 1) frequency of food deliv-
ery app usage and 2) frequency of food waste prevention app
usage. For both questions, participants were asked “How often do
you use this type of app?” with the following response options:
never, rarely (<1 time/mo), sometimes (1-2 times/week), and
often (>3 times/week). Responses were subsequently grouped into
three groups: “No” (never), “Rarely” (<1 time/mo), and “At least
once a week” (including sometimes and often).

Food security

Food security was assessed using the Italian version of the 10-
item Food Security Survey Module (It-FSSM) [21], originally devel-
oped by the United States Department of Agriculture to assess food
security in the United States (USDA) [19]. This tool assesses food
security by exploring experiences related to food access and
affordability over the past 12 mo. Each question targets aspects
such as economic constraints on food choices and frequency of
food scarcity, providing insights into food security levels among
Italian respondents. A high level of reliability was found with stan-
dardized Cronbach’s a of 0.91 for It-FSSM. The T ranged between
0.595 and 1.000, with significant correlations (P < 0.001) [21]. For
the food security dimension, scores were computed based on the
criteria outlined in the original questionnaire. Responses marked
as "yes," "often,” "sometimes,"” "almost every month,” and "in
some but not all months” were classified as affirmative, and
assigned 1 point, otherwise 0. The total food security score for each
participant was calculated by summing the affirmative responses,
providing an absolute score representing the individual’s food
security status. Food security levels were categorized as follows:
high food security among adults for a score equal to 0; moderate
for a score between 1 and 2; low for a score between 3 and 5; and
very low for a score between 6 and 10. These categories allowed
for a graded assessment of food security, with higher scores indi-
cating greater levels of food insecurity.

"o "o

Food safety

Food safety was measured using the Italian version of the Food
Safety Knowledge and Behavior (It-FSKB) questionnaire [21]
adapted from Paden et al [20].

The It-FSKB is divided into knowledge and behavior sections.
The knowledge section contains 45 statements across 5 domains:
general food safety, cross-contamination, food preparation, food
storage, and clean-up practices. Participants respond with agree-
ment or disagreement, with responses scored to assess compre-
hension of safe food-handling practices. The behavior section uses
a 23-item 5-point Likert scale to examine practical aspects like
adherence to expiration dates and management of damaged pack-
aging, gauging safe food consumption behaviors. A high level of
reliability was found with standardized Cronbach’s o of 0.75 for It-
FSKB, moreover, the mean k was 0.669, standard error (SE = 0.019)
for FSKB [21].

This structure is intentional, as the questionnaire was designed
to capture a broader range of practical behaviors in addition to
knowledge. In order to ensure transparency, in the present study
we reported both the knowledge and behavior subscores separately,
as well as the overall combined score, and therefore, scores were
calculated for each subsection, as well as an overall score.

For the knowledge sections, based on agreement/disagreement
items, each correct response was assigned a score of 1, while
incorrect responses were scored as 0. The scores for each subsection
were summed to create a total score per subsection (general food
safety, cross-contamination, food preparation, food storage, and
clean-up practices). The median score was then calculated for each
subsection. The scores were dichotomized: participants with
scores above the median were classified as having “high” specific
subsection knowledge, while those with scores below the median
were classified as “low.” The food safety total knowledge score was
assessed combining the results of all the knowledge subscales.

For the behavior section (23-item 5-point Likert scale), scores
from individual items were summed to generate a total score for
the section. The median of these summed scores was calculated,
and, similar to the agreement/disagreement sections, scores were
dichotomized into “high” (above the median) or “low” (below the
median) categories.

The overall food safety score was calculated by summing the
scores from all sections. The median of this combined score was used
to dichotomize participants into “high food safety” (score above the
median) or “low food safety” (score below the median).

Sample size

The minimum required sample size was calculated a priori using
Cochran’s Modified Formula for Finite Populations for cross-sectional
surveys, assuming a 80% expected prevalence of adequate food safety
or food security [22,23] (in particular, we estimated a 80% prevalence
of sufficient food safety knowledge while a 90% prevalence of food
security), a 5% confidence level, and a 5% margin of error, referring
to the population in the selected areas (North = 27 477 166; Center
=11 711 089; South/Islands = 19 782 975) which yielded a target
of approximately 738 participants.

To increase representativeness and account for potential
nonresponse, we aimed to recruit at least 281 participants across
each Italian macro-region.

Statistical analysis

Categorical variables were presented as frequencies and
percentages, while continuous variables were summarized using
means and standard deviations. Shapiro—Wilk test was used to check
the normal distribution of continuous variables, and it was found that
no variable followed the normal distribution. Group differences were
analyzed using the Kruskal—Wallis test for continuous variables and
Pearson’s chi-squared test for categorical variables. To evaluate
regional disparities, multinomial logistic regression models were
applied with the macro-geographical area of residence (North,
Center, South/Islands) as the dependent variable, while food safety
knowledge, food safety behavior, and food security levels were
included as independent variables. Models were adjusted for age, sex,
and BMI, (the latter used as continuous scale), and educational level,
to assess whether observed regional differences persisted after
controlling for potential confounders. Adjustment variables were
selected a priori based on evidence from the literature showing their
consistent association with food safety and food security outcomes.
Due to the relatively small
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sample size of the Central region, stratified analyses by region were
not feasible; however, we report both crude and adjusted results to
ensure transparency. Results are expressed as relative risk ratio
(RRR) with 95% confidence intervals (95% CI). The level of signifi-
cance chosen for statistical analysis was 0.05. Data were analyzed
using statistical software STATA version C16.

Data quality

Several measures were implemented to ensure data quality.
First, the online questionnaire was designed so that all questions
were mandatory, preventing missing responses. Second, the plat-
form (Microsoft Forms) restricted duplicate entries by recording IP
addresses and preventing multiple submissions from the same
device. Third, prior to analysis, data were checked for inconsisten-
cies and implausible values (e.g., extreme BMI values), which were
excluded following prespecified rules.

Ethical approval

All data were collected anonymously, and participation was
entirely voluntary. The information gathered was stored in a
secure, password-protected database and analyzed in aggregate
form. The study adhered to the principles of the Declaration of Hel-
sinki and received approval from the Ethics Committee of the Uni-
versity of Milan, Milan, Italy (ID: 111.23).

Results
Descriptive characteristics of the sample

In this study, we included a total of 1752 participants, of whom
851 (48.6%) were residents of North Italy, 284 (16.2%) were resi-
dents of Center Italy, and 617 (35.2%) were residents of South and
Island of Italy. Sociodemographic characteristics, lifestyle factors,
food safety and food security data are reported in Table 1.

Overall, the sample consisted of 70.4% women, with a mean age
0f 36.0 + 13.8 y and a mean BMI of 23.6 + 4.4 kg/m?. Although the
distribution of sexes was comparable across the different geo-
graphical areas, participants residing in Central Italy were signifi-
cantly older, while those living in South and Islands had a higher
BMI (24.2 + 4.9 kg/m?). Overall, 40% of participants were married
or cohabiting, and 60.2% had a high level of education. However,
differences emerged across geographical areas. We observed
higher percentages of married individuals and those with a high
level of education among participants residing in Central Italy com-
pared to other areas. Regarding lifestyle, 78.3% of participants
engaged in physical activity of any intensity, with higher preva-
lence in those residing in Central Italy, and 27.3% were smokers.
Finally, 6.5% of participants experienced low or very low food secu-
rity, and approximately half reported low food safety, with differ-
ences across geographical areas. We observed lower food safety
scores and a lower percentage of participants with high food secu-
rity in the southern regions and islands compared with central and
northern Italy (Fig. 1).

Multinomial regression analysis

The multinomial logistic regression analysis, adjusted by age,
sex, BMI, and educational level, revealed several significant
regional differences in food safety and security. Using the North as
the reference, the South and Islands consistently exhibited lower
relative likelihoods of engaging in safe food knowledge, alongside
greater relative risks of food insecurity, compared to other regions.

In detail, regarding lifestyle-related variables, the multinomial
regression analysis showed that participants from the Center were
30% less likely to use these apps rarely than not at all compared to
their North counterparts (RRR = 0.70; 95% CI: 0.50—-0.97; P = 0.034)
(Fig. 2). No significant differences in food delivery app use were
observed in the South/Islands compared with the North. Similarly,
no regional differences emerged for food waste prevention app
usage (Fig. 2).

Significant disparities were observed for food security levels.
Participants from the Center were more than twice as likely as
those in the North to report high food security rather than very
low food security (RRR = 2.72; 95% CI: 1.15-6.43; P = 0.023). Con-
versely, participants in the South and Islands exhibited a notably
higher relative risk of reporting moderate food security compared
with very low food security (RRR = 1.64; 95% CI. 1.00-2.69;
P = 0.048), indicating an increased likelihood of food insecurity in
this area (Fig. 2).

When examining food safety knowledge specifically, substan-
tial regional differences emerged. Participants in the South/Islands
had significantly lower odds of reporting high knowledge in food
preparation (RRR = 0.66; 95% CI: 0.53-0.83; P = 0.000), storage
(RRR = 0.69; 95% CI: 0.56—-0.86; P = 0.001), and food safety practi-
ces (RRR = 0.66; 95% CI: 0.54—0.82; P < 0.001), compared with the
North. These findings are confirmed when all the component of
food safety knowledge are considered all together: overall, partici-
pants from the South and Islands are 34% less likely to report high
food safety knowledge (total) (RRR = 0.66; 95% CI: 0.54—0.82; P <
0.001) compared with their Northern counterparts (Fig. 3).

Food safety behaviors also followed a similar pattern. Partici-
pants in the South and Islands are significantly less likely to report
high food safety behaviors (RRR = 0.64; 95% CI: 0.52—-0.79; P <
0.001). As a result, their overall food safety scores, combining both
knowledge and practice aspects, are significantly lower: partici-
pants from the South and Islands are 37% less likely than those in
the North to attain a high overall food safety score (RRR = 0.63;
95% ClI: 0.51-0.77; P < 0.001) (Fig. 3). This result highlights the
need for targeted interventions to improve food safety knowledge
and practices in this area.

Discussion

This study highlights significant regional disparities in food
safety knowledge, behaviors, and food security across Italy. In par-
ticular, participants from South and Islands exhibited significantly
lower food safety knowledge and behaviors, and a higher preva-
lence of low or very low food security compared to their North
counterparts. These findings confirm the existence of a pro-
nounced geographic divide, which appears influenced by socioeco-
nomic and educational factors.

The observed higher levels of food safety knowledge and
behavior in North Italy are consistent with existing research link-
ing economic stability, higher educational attainment, and stron-
ger infrastructural systems with improved food-related behaviors
[11]. Similarly, European studies have demonstrated that socioeco-
nomic advantages correlate with better food safety practices and
lower risks of food insecurity [24]. This trend aligns with our find-
ings, where North and central Italy, characterized by higher socio-
economic indicators, demonstrated superior food safety and
security outcomes compared to southern regions. These results
reinforce the well-documented association between socioeco-
nomic status and food-related knowledge and practices. Con-
versely, residents of southern Italy and the islands demonstrated
lower knowledge of food preparation, storage, and safety practices,
likely due to gaps in education and awareness initiatives. Their
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Table 1

Descriptive characteristics of the sample, stratified by macro-geographical area of residence
Sociodemographic variables Total sample (n=1752) North ( n=851) Center (n = 284) South and Islands (n = 617) P-value
Sex 0.910"
Women 1.233(70.4) 603 (70.9) 197 (69.4) 433(70.2)
Men 511(29.2) 245 (28.8) 86 (30.3) 180(29.2)
I prefer not to answer 8(0.5) 3(04) 1(0.3) 4(0.6)
Age in years (mean % SD) 36.01 + 13.84 34.69 +13.20 42.77 + 16.08 3471+ 12.65 <0.0011
BMI 23.62 £ 4.39 23.18 £4.05 23.81+4.09 24.15 £ 4.90 0.0002
Marital status <0.001"
Single 942 (53.8) 450 (52.9) 118 (41.5) 374(60.6)
Married/co-habiting 715 (40.8) 351(41.2) 141 (49.7) 223(36.2)
Separated/divorced 70 (4.0) 37 (4.3) 15(5.3) 18(2.9)
Widowed 25(1.4) 13(1.5) 10 (3.5) 2(0.3)
Family size <0.001"
1-2 members 554 (31.6) 284 (334) 126 (44.4) 144 (23.3)
3—4 members 990 (56.5) 467 (54.9) 130 (45.8) 393(63.7)
5 or more members 208(11.9) 100 (11.7) 28(9.8) 80 (13.0)
Educational Level <0.001"
High (degree or more) 1,054 (6.02) 502 (59.0) 216 (76.0) 336 (54.5)
Medium (high school) 627 (35.8) 307 (36.1) 59 (20.8) 261(42.3)
Low (elementary or middle school) 71 (4.0) 42 (4.9) 9(3.2) 20(3.2)
Physical activity 0.004*
Sedentary 381(21.7) 185(21.7) 59 (20.8) 137(22.2)
Light 620 (35.4) 277 (32.6) 92 (32.4) 251(40.7)
Moderate-vigorous 751 (42.9) 389 (45.7) 133 (46.8) 229(37.1)
Smoking habit 0.056*
Former smoker 317(18.1) 150(17.6) 66 (23.3) 101 (16.4)
Never smoker 957 (54.6) 477 (56.1) 150(52.8) 330(53.5)
Current smoker 478 (27.3) 224 (26.3) 68 (23.9) 186 (30.1)
Food delivery App <0.001"
No 1.049 (59.9) 501 (58.9) 206 (72.6) 342 (55.4)
Rarely 616 (35.1) 313(36.8) 68 (23.9) 235(38.1)
At least once a week 87 (5.0) 37 (4.3) 10(3.5) 40 (6.5)
Food waste App 0.353"
No 1.311(74.8) 635 (74.6) 219(77.1) 457 (74.1)
Rarely 411(23.5) 206 (24.2) 60 (21.1) 145 (23.5)
At least once a week 30(1.7) 10(1.2) 5(1.8) 15(2.4)
Food safety (general) 0.473"
High 1,113 (63.5) 532 (62.5) 189 (66.6) 392(63.5)
Low 639 (36.5) 319(37.5) 95(33.4) 225(36.5)
Food safety (cross-contamination) 0.506"
High 1,353 (77.2) 660 (77.6) 225(79.2) 468 (75.9)
Low 399(22.7) 191(22.4) 59 (20.8) 149 (24.1)
Food safety (preparation) 0.001"*
High 1,190 (67.9) 607 (71.3) 199(70.1) 384(62.2)
Low 562 (32.1) 244 (28.7) 85(29.9) 233(37.8)
Food safety (food storage) 0.004"
High 1,121 (64.0) 570 (67.0) 188 (66.2) 363(58.8)
Low 631 (36.0) 281(33.0) 96 (33.8) 254 (41.2)
Food safety (food hygiene) 0.050"
High 1,151 (65.7) 536 (63.0) 199(7.01) 416 (67.4)
Low 604 (34.3) 315(37.0) 85(29.9) 201(32.6)
Food safety (practice) 0.001*
High 877 (50.1) 463 (54.4) 141 (49.6) 273 (44.2)
Low 875 (49.9) 388 (45.6) 143 (50.4) 344 (55.8)
Food safety (total knowledge) 77.19 +£19.38 79.00 + 18.41 77.39 4+ 20.52 74.59 + 19.88 <0.001
Food safety (behavior) 68.88 & 10.39 70.01 £9.78 69.46 + 10.65 67.05 4+ 10.84 <0.001
Food Safety Total category <0.001"
High 883 (50.4) 463 (54.4) 153 (53.9) 267 (43.3)
Low 869 (49.6) 388 (45.6) 131(46.1) 350(56.7)

Statistically significant results are in bold.

*Chi-square test.
TKruskal—Wallis test.

lower food safety behavior scores indicate that knowledge alone is
insufficient for proper practices. Limited economic resources and
educational opportunities contribute to reduced access to high-
quality food and awareness of safe practices.

In addition to food security and food safety, we explored a set of
lifestyle-related variables (BMI, physical activity, smoking habits,
and the use of food-related applications). Our findings showed that
BMI values were higher in participants from the South and Islands,

which may reflect the combined effects of food insecurity, reduced
adherence to healthy dietary patterns, and greater reliance on calo-
rie-dense, processed foods, further straying from the traditional
Mediterranean diet and deepening regional health disparities. The
Mediterranean diet, characterized by its reliance on fresh, mini-
mally processed foods, abundant use of fruits, vegetables, legumes,
whole grains, olive oil, and moderate consumption of fish and
dairy, has been associated with health benefits [25,26]. However,
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Food Safety Food Security
Total Score High (%, Score = 0)
(range: 141.64 — 149.02) o (range: 70.3% - 77.3%)
142 144 146 14‘8 T2 T4 78

Fig. 1. Geographical distribution of food safety (total score) and food security in Italy.

Center (n=284) South and Islands (n=617)
Food Delivery App Food Delivery App

No Ret. Ret.
Rarely —— 0.70 (0.50; 0.97) -1 1.13 (0.90; 1.41)
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Fig. 2. Multinomial logistic regression results for food-related behaviors and food security across Italian regions. The plot presents adjusted relative risk ratios (RRR) with 95%
confidence intervals for the use of food delivery apps, food waste apps, and food security levels in Center (n = 284) and South and Islands (n = 617) regions.
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Fig. 3. Multinomial logistic regression results for food safety knowledge and behavior across Italian regions. The plot presents adjusted relative risk ratios (RRR) with 95% con-
fidence intervals for different food safety domains in Center (n = 284) and South and Islands (n = 617) regions.

although the Mediterranean diet is historically known as the "diet
of the poor," reflecting the lifestyle and dietary patterns of the
lower-income populations in southern Italy during the early
1950s, a notable shift away from this dietary pattern is now partic-
ularly observed among the southern Italy and poorest segments of
the population [27,28]. This trend is likely driven by the wide-
spread availability and affordability of highly processed, low-cost
foods [29], coupled with the fact that adhering to the Mediterra-
nean diet requires substantial of knowledge and awareness also
regarding its health benefits [30].

The increased prevalence of food insecurity and lower food
safety knowledge in southern Italy and the islands found in the
current study corroborates evidence from national and interna-
tional reports [11]. The FAO and other public health research have
frequently identified southern Europe as a region more vulnerable
to food insecurity due to lower income levels, limited educational
outreach, and reduced accessibility to resources [7]. Moreover,
inadequate public awareness and fewer food safety education pro-
grams in these areas could explain the significant gaps in knowl-
edge and practices identified in this study.

Finally, regarding digital behaviors, a noteworthy element is the
limited use of food delivery and waste prevention apps in the
south, which aligns with evidence suggesting lower levels of tech-
nological adoption and infrastructure development in this area
[31]. This disparity could represent a significant opportunity to
address gaps in food safety and resource management. Previous
studies have highlighted the role of digital tools in improving food
security by facilitating access to surplus food, reducing food waste,
and enhancing consumer awareness of food safety standards
[17,18]. Promoting the adoption of these technologies in the South,
through targeted public health interventions and policies, could
help mitigate regional disparities. Specifically, tailored campaigns
that focus on increasing digital literacy, combined with incentives
for technology use, may encourage broader participation and

generate positive outcomes [32]. Moreover, integrating these tools
into regional food safety strategies may contribute to more effi-
cient resource utilization and foster a culture of sustainability and
safety awareness. Such initiatives could ultimately improve food
security while addressing environmental and social inequities in
the region. The finding of higher food security in central Italy com-
pared to North regions, while intriguing, may reflect unique
regional policies or community support systems that mitigate food
access challenges. Such phenomena have been noted in local stud-
ies but require further exploration.

Implications for policies and preventive practices

Our findings highlight the need for targeted public health inter-
ventions, particularly in Southern Italy and the Islands, to improve
food safety knowledge and practices. Educational programs focus-
ing on safe food handling and storage, integrated into broader pub-
lic health campaigns, may help reduce these disparities [33].
Promoting the use of food management and waste-prevention
technologies, such as mobile apps, could also represent a comple-
mentary strategy to enhance both food safety and food security,
although further evaluation is needed. Integrating food safety
training into school curricula and community-based programs
may increase public awareness and foster safer practices [34].
Moreover, targeting public health interventions that promote both
food security/safety and adherence to the Mediterranean diet
could be of paramount importance. For example, initiatives to
enhance access to affordable, culturally appropriate foods central
to the Mediterranean diet, alongside educational campaigns focus-
ing on food safety and nutritional literacy, could mitigate regional
disparities [35—37]. Community engagement should also be lever-
aged as a powerful mean to drive behavior change, as grassroots
movements and locally led initiatives have the potential to offer
scalable and culturally sensitive solutions [9]. These implications
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should be considered with caution, as the cross-sectional nature of
our study precludes causal inferences.

Future directions

Longitudinal studies would provide valuable insights into
temporal trends and causal relationships, offering a clearer picture of
how food safety and security behaviors evolve over time. Moreover,
longitudinal studies could examine the impact of targeted inter-
ventions on improving food-related outcomes. Expanding the scope
to include other demographic groups, such as children and elderly
populations, would provide a more comprehensive understanding
of vulnerabilities and intervention needs. Through these combined
efforts, a more equitable and sustainable approach to food security
and safety can be achieved.

Strengths and limitations

This study has several notable strengths. The inclusion of a large
sample size, encompassing 1352 participants from diverse Italian
regions, enhances the robustness and representativeness of the
findings. Moreover, the use of translated and validated tools ensures
cultural and linguistic appropriateness, bolstering the reliability
and relevance of the data collected. The comprehensive analytical
approach, which includes multinomial logistic regression, provides
a nuanced understanding of the complex relationships between
sociodemographic factors and food safety and security behaviors.

However, some limitations must be acknowledged. The
crosssectional design restricts the ability to draw causal inferences.
Additionally, reliance on self-reported measures introduces the
potential for social desirability bias and recall bias, another potential
bias might be a selection bias due to online recruitment. Another
limitation is the uneven geographical representation, as the smaller
sample size from the central region may limit the generalizability of
certain findings, as well as the predominance of women in our
sample (70%), which may introduce sex-related bias and reduce the
representativeness of the findings for the general Italian population.
Furthermore, although regression models adjusted for age, sex, BMI,
and education allowed us to test whether regional disparities
persisted independently of these factors, stratified analyses by region
were not possible due to the limited sample size in the Central area.
This may have reduced our ability to fully capture region-specific
associations. Future studies with larger and more balanced regional
samples are warranted to explore whether factors such as sex or
education exert differential effects within each macro-area.
Moreover, the exclusive use of online data collection may
inadvertently exclude individuals with limited internet access,
potentially underrepresenting vulnerable populations and influencing
the overall results. A further limitation is the absence of information
on participants’ income or perceived economic status, which are
well-established determinants of both food security and food safety
behaviors. The lack of this variable may have limited our ability to
fully capture socioeconomic influences on the observed regional
disparities. Lastly, convenience sampling was use for recruitment,
that although this non-probability sampling strategy allowed broad
participation, it limits generalizability of the findings and is
acknowledged as a study limitation.

Conclusions

This study reveals significant regional disparities in food safety
and security within Italy, with southern regions and islands

exhibiting poorer outcomes. These findings underscore the need
for targeted public health interventions to address the observed
gaps in knowledge, practices, and access to safe and nutritious
food. By improving food safety practices and reducing food insecu-
rity, we can advance health equity and contribute to achieve Sus-
tainable Development Goals.

Funding

None.
Declaration of competing interest

All authors have nothing to declare.
CRediT authorship contribution statement

Andrea Devecchi: Writing — original draft, Conceptualization.
Lorenzo Stacchini: Writing — review & editing, Data curation.
Daniele Nucci: Writing — original draft. Maria Regina Ferrando:
Writing — review & editing. Elisa Proietti: Writing — review &
editing. Martina Moretton: Writing — review & editing. Elena For-
misano: Writing — review & editing. Alessandro Leone: Writing —
review & editing. Vincenza Gianfredi: Writing — review & editing,
Supervision, Formal analysis, Conceptualization.

Acknowledgment

The authors are indebted to all the participants who anony-
mously and voluntarily took part in the study.

References

[1] Clapp J, Moseley WG, Burlingame B, Termine P. Viewpoint: the case for a six-
dimensional food security framework. Food Policy 2022;106:102164. https://
doi.org/10.1016/j.foodpol.2021.102164.

[2] Food and Agriculture Organization of the United Nations. Hunger and food
insecurity. Rome, Italy: FAO; 2024. Available at: https://www.fao.org/hunger/
en/ Accessed January 8, 2025.

[3] Food and Agriculture Organization of the United Nations. Gender, food secu-

rity and nutrition. Rome, Italy: FAO; 2024. Available at: https://www.fao.org/

gender/learning-center/thematic-areas/gender-and-food-security-and-nutri-

tion/9/en?tablnx=1 Accessed January 8, 2025.

FAO I, UNICEF, WFP, WHO. The State of Food Security and Nutrition in the

World 2024: financing to end hunger, food insecurity and malnutrition in all

its forms. Rome, Italy: FAO; 2024. Available at: https://openknowledge.fao.

org/items/ebe19244-9611-443c-a2a6-25cec697b361.

Helmy YA, El-Adawy H, Sanad YM, Ghanem M. Editorial: food safety and public

health. Front Microbiol 2023;14:1169139. https://doi.org/10.3389/

fmicb.2023.1169139.

[6] United Nations. Transforming our world: the 2030 agenda for sustainable

development. New York, NY: United Nations; 2015. Available at: https://sdgs.

un.org/2030agenda.

Council of the European Union. From farm to fork strategy: for a fair,

healthy and environmentally-friendly food system. Brussels, Belgium:

European Commission; 2020. Available at: https://food.ec.europa.eu/docu-

ment/download/472acca8-7f7b-4171-98b0-ed76720d68d3_en?filena-

me=f2f_action-plan_2020_strategy-info_en.pdf.

[8] World Health Organization. Promoting safe food handling. Geneva: World
Health Organization; 2019. Available at: https://www.who.int/activities/pro-
moting-safe-food-handling/five-key-to-safer-food Accessed January 8, 2025.

[9] Ascione E, Gianfredi V, Nucci D. Remembering and promoting grandma’s cook-
ing through the Mediterranean Diet, Apulia, Southern Italy. Food in memory
and imagination: space, place, and taste. London: Bloomsbury Academic;
2022. p.267-79.

[10] Fina S, Heider B, Prota F. Unequal Italy: regional socio-economic disparities in
Italy. Brussels, Belgium: European Parliament; 2020. Available at: https://feps-
europe.eu/wp-content/uploads/2021/07/Unequal-Italy-Regional-socio-eco-
nomic-disparities-in-Italy.pdf.

[11] Bozzi M, Ciancimino G, De Tommaso CV, Maino F, Lodi Rizzini C, Sensi R. Fram-
menti da ricomporre: Numeri, strategie e approcci in cerca di una politica.
Milan, Italy: ActionAid; 2023. Available at: https://www.actionaid.it/pubblica-
zioni/frammenti-da-ricomporre/.

(4

[5

17



A. Devecchi et al. / Nutrition 142 (2026) 112985 9

[12] Istituto Nazionale di Statistica (Istat). Well-being and inequalities in Italy.
Rome, Italy: Istat; 2024. Available at: https://www.istat.it/wp-content/
uploads/2024/11/Well-being-and-inequalities.pdf.

[13] Signorelli C, Pennisi F, Lunetti C, Blandi L, Pellissero G, Fondazione Sanita
Futura WG. Quality of hospital care and clinical outcomes: a comparison
between the Lombardy Region and the Italian national data. Ann Ig 2024;36
(2):234-49. https://doi.org/10.7416/ai.2024.2597.

[14] Signorelli C, De Ponti E, Mastrangelo M, Pennisi F, Cereda D, Corti F, et al. The
contribution of the private healthcare sector during the COVID-19 pandemic:
the experience of the Lombardy Region in Northern Italy. Ann Ig 2024;36
(2):250-5. https://doi.org/10.7416/ai.2024.2609.

[15] Mulat M, Birri DJ, Kibret T, Alemu WM, Geteneh A, Mihret W. Food safety
knowledge, attitude, and hygienic practices of food handlers in Yeka Sub-city,
Addis Ababa, Ethiopia: a descriptive cross-sectional study. Environ Health
Insights 2024;18:1-8. https://doi.org/10.1177/11786302241288855.

[16] Fraccascia L, Nastasi A. Mobile apps against food waste: are consumers willing
to use them? A survey research on Italian consumers. Resourc Conserv Recycl
Adv 2023;18:200150. https://doi.org/10.1016/j.rcradv.2023.200150.

[17] Shankar A, Dhir A, Talwar S, Islam N, Sharma P. Balancing food waste and sus-
tainability goals in online food delivery: towards a comprehensive conceptual
framework. Technovation 2022;117:102606. https://doi.org/10.1016/j.techno-
vation.2022.102606.

[18] Ranjbari M, Shams Esfandabadi Z, Siebers P-O, Pisano P, Quatraro F. Digitally
enabled food sharing platforms towards effective waste management in a cir-
cular economy: a system dynamics simulation model. Technovation
2024;130:102939. https://doi.org/10.1016/j.technovation.2023.102939.

[19] United States Department of Agriculture ERS. U.S. Adult food security survey
module: three-stage design with screeners. Washington, DC: USDA; 2012.
Available at: https://www.ers.usda.gov/topics/food-nutrition-assistance/food-
security-in-the-us/survey-tools/ Accessed February 9, 2023.

[20] Paden H, Hatsu I, Kane K, Lustberg M, Grenade C, Bhatt A, et al. Assessment of
food safety knowledge and behaviors of cancer patients receiving treatment.
Nutrients 2019;11(8):1897. https://doi.org/10.3390/nu11081897.

[21] Gianfredi V, Nucci D, Croci MC, Ferranti R, Stacchini L. Cross-cultural vali-
dation of a questionnaire on food safety and food security in Italy. Acta
Biomedica Atenei Parmensis 2025;96(2):16561. https://doi.org/10.23750/
abm.v96i2.16561.

[22] Disanto C, Celano G, Dambrosio A, Quaglia NC, Bozzo G, Tritto A, et al. Food
safety in collective catering: knowledge, attitudes and correct application of
GHP/GMP knowledge among foodservice workers. Ital J Food Saf 2020;9
(4):8453. https://doi.org/10.4081/ijfs.2020.8453.

[23] Licata F, Della Polla G, Costantino N, Pelullo CP, Bianco A. Evaluating levels of
knowledge and food safety practices among food handlers in the Southern
part of Italy. Heliyon 2024;10(10):e30722. https://doi.org/10.1016/j.heli-
yon.2024.e30722.

[24] Garratt E. Food insecurity in Europe: who is at risk, and how successful are
social benefits in protecting against food insecurity? J Soc Policy 2020;49
(4):785-809. https://doi.org/10.1017/S0047279419000746.

[25] Nucci D, Sommariva A, Degoni LM, Gallo G, Mancarella M, Natarelli F, et al.
Association between Mediterranean diet and dementia and Alzheimer disease:
a systematic review with meta-analysis. Aging Clin Exp Res 2024;36(1):77.
https://doi.org/10.1007/s40520-024-02718-6.

[26] Gianfredi V, Ferrara P, Dinu M, Nardi M, Nucci D. Diets, dietary patterns,
single foods and pancreatic cancer risk: an umbrella review of meta-anal-
yses. Int ] Environ Res Public Health 2022;19(22). https://doi.org/10.3390/
ijerph192214787.

[27] Biasini B, Rosi A, Menozzi D, Scazzina F. Adherence to the Mediterranean diet
in association with self-perception of diet sustainability, anthropometric and
sociodemographic factors: a cross-sectional study in Italian adults. Nutrients
2021;13(9):3282. https://doi.org/10.3390/nu13093282.

[28] Veronese N, Notarnicola M, Cisternino AM, Inguaggiato R, Guerra V, Reddavide
R, et al. Trends in adherence to the Mediterranean diet in South Italy: a cross
sectional study. Nutr Metab Cardiovasc Dis 2020;30(3):410-7. https://doi.org/
10.1016/j.numecd.2019.11.003.

[29] Watanabe JA, Nieto JA, Suarez-Dieguez T, Silva M. Influence of culinary skills
on ultraprocessed food consumption and Mediterranean diet adherence: an
integrative review. Nutrition 2024;121:112354. https://doi.org/10.1016/j.
nut.2024.112354.

[30] Aureli V, Rossi L. Nutrition knowledge as a driver of adherence to the Mediter-
ranean diet in Italy. Front Nutr 2022;9:804865. https://doi.org/10.3389/
fnut.2022.804865.

[31] Calvino F, DeSantis S, Desnoyers-James I, Formai S, Goretti I, Lombardi S, et al.
Closing the Italian digital gap: the role of skills, intangibles and policies. OECD
Sci Technol Ind Policy Papers 2022;126:1-137.

[32] Gianfredi V, Balzarini F, Gola M, Mangano S, Carpagnano LF, Colucci ME, et al.
Leadership in public health: opportunities for young generations within scien-
tific associations and the experience of the "Academy of Young Leaders”. Front
Public Health 2019;7:378. https://doi.org/10.3389/fpubh.2019.00378.

[33] Reisch LA. Shaping healthy and sustainable food systems with behavioural
food policy. Eur Rev Agric Econ 2021;48(4):665-93. https://doi.org/10.1093/
erae/jbab024.

[34] Food and Agriculture Organization. School food and nutrition framework.
Rome, Italy: FAO; 2019. Available at: https://openknowledge.fao.org/server/
api/core/bitstreams/6f3162ea-1c1f-4699-a4b1-59a041e5f113/content.

[35] Gianfredi V, Bertarelli G, Minelli L, Nucci D. Promoting healthy eating in child-
hood: results from the Children PrOmOting Nutrition throUgh Theatre (COcO-
NUT) project. Minerva Pediatr (Torino) 2024;76(4):464-72. https://doi.org/
10.23736/S2724-5276.21.06249-2.

[36] Nucci D, Minelli L, Gianfredi V. MI NUTRO (MIgrants NUTRition knOwledge per
I'integrazione): un intervento di educazione alimentare tra gli immigrati, Peru-
gia - uno studio pilota. Recenti Prog Med 2020;111(9):546-52. https://doi.org/
10.1701/3421.34070.

[37] Villarini M, Lanari C, Nucci D, Gianfredi V, Marzulli T, Berrino F, et al. Commu-
nity-based participatory research to improve life quality and clinical outcomes
of patients with breast cancer (DianaWeb in Umbria pilot study). BM] Open
2016;6(6):e009707. https://doi.org/10.1136/bmjopen-2015-009707.



