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Abstract

Considering food insecurity is a problem, even in developed countries, and the evidence gap regarding this issue in Italy, we
aimed to assess the prevalence of food insecurity in a sample of Italian children and examine socio-economic and health
correlates. This cross-sectional study was conducted in paediatric practices. Parents answered to the 18-items of the
Household Food Security Module, 8 of which concern children. Paediatricians answered a questionnaire on children’s health.
Socio-economic and health correlates of food insecurity in children were assessed using univariable and multivariable logistic
regression. Among 573 households with children, 15-4% were food insecure, while 9-1% of children were food insecure. Socio-
economic factors associated to food insecurity were living in south Italy, households with three or more children, lower
household yearly income, worse economic situation description and younger parents. Food insecure children were less likely
to have a normal relational [ aOR 0.31 (CI 0.11-0.85)] and physical development [aOR 0.32(CI 0.15-0.65) and had more school
difficulties [aOR 3.1(CI 1.33-7.24)] compared to their food secure peers. Food insecure children had higher odds of a deterio-
ration in their health since birth and of a worse perceived health status, as reported by their parents. Considering the results in this
sample and the lack of research regarding this issues in Italy and Europe more broadly, we call for consistent, national monitoring
to determine the magnitude of the problem of food insecurity in households with children in Italy and to examine the socio-
economic variables and health implications in different contexts.
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1 Introduction

Food insecurity (FI) is an increasing public health issue even in
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developed countries. The sharp 20082009 global economic
downturn had a great impact on that (Gundersen 2013;
Loopstra et al. 2015) and since then there has been an uneven
pace of recovery in many countries, while the global economic
outlook is darkening again (FAO et al. 2019). According to
Food and Agriculture Organization (FAO), FI is on the rise
since 2014, with 2 billion people who do not have regular access
to safe, nutritious and sufficient food, including 8 percent of the
population in Northern America and Europe, in 2018. (FAO
etal. 2019). That is more worrying in children, who, if affected,
may be in danger for present and future adverse health effects,
since their developing brains and bodies can suffer long-term
negative consequences (Whitsett et al. 2019; Rocha et al. 2016).

Fl-as assessed by United States Department of Agriculture
(USDA) through the Household Food Security Survey
Module (HFSSM)—is an economic and social condition, at
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an individual and household-level, of limited or uncertain ac-
cess to adequate food due to income limitations (Coleman-
Jensen et al. 2019). Household Food Insecurity (HFI) has been
defined as lack of access by all people of the household, at all
times to enough food for an active, healthy life (Bickel et al.
2000). The food security (FS) status of each household is
determined by the responses to the 18 food security questions
of the HFSSM, 8 of which concern households with children
(United States Department of Agriculture 2012). Children
Food Insecurity (CFI) is studied through dedicated questions,
since FI is believed to affect all household members, although
not necessarily in the same way, especially with reference to
children (Fram et al. 2012).

As reported by a systematic review concerning high-
income European countries, socio-economic correlates of
food insecurity in children include low income, households
with single parents, with a higher number of children, house-
hold’s structure, parents’ occupation and education level,
household head’s age, depressive symptoms in parents and
ethnicity (Zage et al. 2020). However, it is important to high-
light that these correlates of FI are context-specific, being
linked to country-level policies (i.e., social protection pro-
grams), demographics, and macroeconomic conditions that
differ even between (and within) European/ high-income
countries. For example, Loopstra et al. found that during the
Great Recession in Europe, in countries where there were low
levels of per capita investment in social protection spending,
increasing unemployment and declining wages were associat-
ed with rising food insecurity, whereas this was not the case
where social protection spending was high (Loopstra et al.,
2016). FI is associated to income, wealth, gender and geo-
graphic inequalities, as well as accessing basic services and
assets, which increase the likelihood of severe FI, taking it to
three times higher in countries with high rather than those with
low inequalities (FAO et al. 2019).

Significant context-specific differences exist, also,
concerning the impact of FI on children’s nutrition, health
and well-being. FI may have negative effects through path-
ways such as compromised dietary intake, being a strong
stressor, and indirectly through affecting their parents first
(Coleman-Jensen et al. 2017; Huang et al. 2010). Although,
FI has been associated with worse diet quality, reduced fruits
and vegetables intake, increased consumption of carbohy-
drates and fats and micronutrient deficiency (Janice and
Ford-Jones 2015), it is a different marker of nutritional vul-
nerability in different countries (Kirkpatrick et al. 2015). A
systematic review including international samples from
North America, Europe and Asia has reported that FI children
have higher probability for presence of cardio-metabolic risk
factors (Rocha et al. 2016) as well as chronic conditions, par-
ticularly asthma, depression and suicidal ideation (FAO
et al. 2019). In addition, a study in USA has associated FI to
higher odds of experiencing dental caries (Angelopoulou et al.
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2019). Other studies have reported a correlation between FI
and anemia, hypercholesteremia and hypertension (Bahadur
etal. 2018; South et al. 2019). As for the relationship between
FI and children’s BMI, while has been found a positive asso-
ciation between FI and obesity (Kral et al. 2017), in other
studies it is concluded that this correlation does not exist
(Trapp et al. 2015). Finally, Jyoti et al. suggest that children
living in food insecure households have more emotional and
behavioral problems and school difficulties (Jyoti et al. 2005).

USA (Gundersen 2013; Coleman-Jensen et al. 2017),
Canada (Tarasuk et al. 2019) and United Kingdom
(Loopstra et al. 2015) have reported rising of children living
in FI, even in developed countries. But, despite FI rising and
its burden on children’s health, there is a lack of evidence in
many European countries, including Italy, regarding this issue
(Zage et al. 2020), unlike USA and Canada where food secu-
rity is routinely monitored. This gap in knowledge might be a
missed opportunity for prevention in many European coun-
tries, as negative outcomes of FI are totally modifiable by
assuring a situation of FS. To achieve this, there have been
reported different interventions like social welfare policies,
educational programs, food banks and community food pro-
grams. But, while there is a lack of evidence showing that the
latter effectively reduce FI, social protection programs have
proven to be successful, highlighting the crucial role of gov-
ernmental investment in social protection, especially
concerning children (Loopstra 2018).

The urge to have these data on FI emerges, also, by the
socio-economic situation that many European countries, in-
cluding Italy are going through. Socio-economic inequalities
have increased, bringing to more unemployment and poverty,
as well as less access to education and healthcare, all of which
are correlated to FI. (Tarasuk et al. 2019; Miller et al. 2014).

In Italy, as reported by Istituto Nazionale di Statistica
(ISTAT), there is an increase in absolute and relative poverty
rates, with 12-1% of Italian children living in conditions of
absolute poverty in 2017 (Istituto di Statistica 2018). Children
in Italy live in a situation of high inequalities, which develop
already in the first years of life (Ferro et al. 2007; Bonati and
Campi 2005). Socio-economic inequalities are also a conse-
quence of the fact that social spending for children is among
the lowest in Europe, with important differences between the
various regions in access to services for children and their
families. Economic poverty is associated with educational
and cultural poverty, access to sports and housing practices,
factors that fall within the so-called “health determinants”
(Save the Children 2019).

In this context, we conducted a study aiming to: (1) esti-
mate the prevalence of household food insecurity (HFI) and
child food insecurity (CFI) in a sample of Italian children; (2)
examine the socio-economic factors associated to FI and (3)
explore the association between HFT and CFI and children’s
health correlates.
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2 Methods
2.1 Study design and setting

This cross-sectional study was conducted from January 2017
to December 2018 in six Italian regions representative of all
Italian geographical macro-areas; Lombardia (Milan), Lazio
(Rome), Marche (Jesi), Campania (Caserta), Puglia (Brindisi,
Lecce), Sicily (Palermo). Data collection was conducted in the
offices of the paediatricians who adhered to the study.

2.2 Study sample and data collection

Only public practice paediatricians were enrolled in the study.
Private paediatricians were not approached, so all the children
participating in the study would have the same access to
healthcare. Aiming to have a good national representativeness
of paediatric practices throughout the Italian macro-areas, we
randomly contacted 79 paediatricians via mail and 22 an-
swered positively. The reasons for not participating were: (1)
participating in other researches; (2) assisted population large-
ly unmatching inclusion criteria; (3) not having time for the
survey. Some paediatricians did not answer at all to our re-
quest for collaboration.

Subsequently, we asked all enrolled paediatricians to invite
all children and their parents, who would present for a visit at
the paediatrician’s office during the study period,to participate
to the study. Children’s inclusion criteria were: (1) age 1—
11 years old (2) born in Italy; (3) parents of Italian nationali-
ty;(4) regularly followed by a paediatrician. Children’s age
range was selected for two reasons: (1) we wanted to take a
snapshot of FI among children born after the last economic
crisis in Italy (2007); (2) older children (adolescents) in the
USA experience FI differently from younger ones (Coleman-
Jensen et al. 2017). If more than one child from the same
household would present for a visit, matching all the inclusion
criteria, the paediatrician randomly chose one of them to par-
ticipate in the study. We excluded children (1) whose mothers
hadn’t lived in Italy five years before pregnancy; (2) with
congenital malformations or genetic diseases; (3) with chronic
neurological, behavioural or emotional diseases (4) undergo-
ing adoption. This was justified by the specific nutritional,
social or psychological needs they might have. Migrants were
excluded since they may be more vulnerable, experiencing a
series of FI determinants, like lower education level, lower
income, unemployment, renting a house, social barriers
(Perreira and Ornelas 2011).

Parents, once answered, returned the questionnaire in a
closed envelope. Paediatrician filled the dedicated question-
naire for every child participating in the study, matching it with
the parent’s questionnaire. Matched parent-paediatrician ques-
tionnaires were a requirement for inclusion in the final analysis.

2.3 Sample size

To calculate the needed sample, we considered a type 1 error
of 5%, an absolute error (precision) of 2-5% and an expected
prevalence of FI among households with children of 9-4%
(primary outcome) (Coleman-Jensen et al. 2015). The obtain-
ed number was then corrected taking into consideration an
expected response rate of 60%, establishing the need to recruit
872 children, to achieve a final sample of 523 children.

2.4 Questionnaires

A pilot study was conducted among 15 parent-paediatrician
dyads at a paediatrician practice in Rome, assessing the reli-
ability, validity and ease of understanding of the two question-
naires. The study used two questionnaires: paper-based for the
parent and either paper-based or online for the paediatrician,
both self-administered. Parents’ questionnaire was composed
of 4 sections: socio-demographic information, economic in-
formation, child’s health, HFSSM. Paediatrician’s question-
naire was composed of 5 sections: child’s demographic and
anthropometric information, physical health, psychomotor
and relational health, dental health, other outcomes (school
difficulties, physical activities). Paediatricians filled the ques-
tionnaire based on child’s last visit, but also on her/his records.
Questionnaires are available on request.

2.5 Measures
2.5.1 HFl and CFI

HFSSM, reported by parents, was used to measure FI. It is a
validated tool, composed by 18 questions, 8 of which specif-
ically concern CFI and the rest HFI in the past 12 months.
Because literature reports that adults tend to shield children
from FI, it is probable that studies on children (especially
younger ones) measuring only HFI may likely overestimate
the prevalence of CFI, which has an even greater impact on
children’s health, compared to HFI (Fram et al. 2012; Hanson
and Connor 2014). Hence, we decided to report separately
children experiencing HFI and CFL.

Households are classified as food secure if they report no
food insecure conditions or only one or two food-insecure
conditions. (Food-insecure conditions are indicated by re-
sponses of “often” or “sometimes” to questions 1-2 and 11—
13; “almost every month” or “some months but not every
month” to questions 5, 10, and 17; and “yes” to the other
questions) (questions presented in supplementary Table 1).
They are classified as food insecure if they report three or
more food-insecure conditions. Households are classified as
having food-insecure children if they report two or more food-
insecure conditions among the children in response to ques-
tions 11-18 (Bickel et al. 2000; Coleman-Jensen et al. 2019).
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Parents answered to the 8 children-related questions specif-
ically for the child who was present for a visit at the paedia-
trician’s office.

2.5.2 Socio-economic factors

The collected variables included (1) household’s characteris-
tics: region of residence, family structure, number of children
in the household, household overall income in the last year,
economic deterioration in the last 10 years, economic situation
description; (2) parent’s characteristics: age at the moment the
referred child was born, education, employment; (3) child’s
characteristics: sex, age. Yearly income was collapsed and
represented in two categories: <€20,000 and >€20,000 based
on ISTAT data reporting that the poverty cut off for a family
of two parents and two children is approximately €20,000/
year (Istituto di Statistica 2018).

2.5.3 Children’s health correlates

Parents were asked: In the last year: (1) How many times did
your child get sick?; (2) Did your child need a hospital admis-
sion?; (3) How would you describe your child’s health?. 4)
Has your child’s health deteriorate since birth?

Paediatricians reported information on child’s physi-
cal examination, sight, hearing, psychomotor and rela-
tional development, dental health and interventions,
blood pressure, school difficulties and physical activity.
They also gave information on anthropometric measures
(weight, weight by age percentile, height, height by age
percentile, BMI).

2.6 Ethical considerations

Parents were handled two specific consent declarations for
signature: the informed consent and data treatment. The study
was approved by the Ethics Committee of Fondazione
Policlinico Universitario “A. Gemelli”, on December 15th,
2016.

2.7 Statistical Analysis

Participants’ characteristics were summarized using frequen-
cies and percentages (N, %) for categorical variables and
means and standard deviations (M, SD) for continuous vari-
ables. All variables were described by household food security
(HFS) (FS vs. FI households) and by child food security
(CFS) (FS vs. FI children). Prevalence of HFS and CFS, with
Confidence Intervals (CI), was reported for the categories FS,
low FS and very low FS and for the two categories FS vs. FL
We performed univariable and multivariable logistic regres-
sion to assess the associations between both HFI and CFI, and
the socio-economic correlates. We tested all univariable
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associations between socio-economic correlates and HFI and
CFI, and included all variables that were statistically signifi-
cant in the subsequent multivariable model. Based on the
univariable models, the multivariable model included the fol-
lowing variables: region of residence, family structure, par-
ent’s age, education and employment, number of children in
the household, yearly household’s income, any economic de-
terioration in the last 10 years, economic situation description.

Univariable and multivariable logistic regression were also
performed to test the associations between HFI and CFI and
children’s health correlates. The multivariable model con-
trolled for the variables that resulted significant in the final
model assessing socio-economic correlates of food insecurity,
and, as well as for child’s age and sex.

The strength of associations was estimated by adjusted
odds ratios (aOR) with 95% confidence intervals (CI). All
analyses were performed using STATA 15 and a p<0-05
was considered statistically significant.

3 Results
3.1 Prevalence of HFI and CFI

Out of 738 parents invited to participate in the study, 573
parent-pediatrician dyads were included in the analysis,
counting for a response rate of 77-6%. Analysis revealed a
14-5% (CI 11.7-17.6) prevalence of HFI and 9-1% (CI 6.8—
11.7) of CFI. The number of affirmative answers to the 18 and
the 8 children-related questions of the HFSSM ranged from 0
to 13 and from 0 to 7, respectively (Table 1). Table 2 presents
the characteristics of the study population, in relation to HFI
and CFI status.

3.2 Socio-economic correlates of Fl

As it is seen in Table 2, all households’ and parents’ charac-
teristics that we included as variables resulted being signifi-
cantly associated to HFI and CFI. However, after the multi-
variable logistic regression analysis only some of the variables
remained significant (Table 2). This analysis showed that chil-
dren living in households from the south of Italy, with three or
more children, with less than €20,000/year incomes, that had
felt an economic deterioration during the last 10 years and
could not save any money monthly, had higher odds of
experiencing HFI and CFI. Children with parents that
belonged to the age category 3049 years old had lower odds
of experiencing HFI and CFI. Family structure, as well as
parent’s characteristics such as employment and level of edu-
cation lost the significant association after the multivariable
logistic regression. Children’s age and sex were not signifi-
cantly associated to HFT or CFI.
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Table 1 Answers to the 18 questions regarding the situation of food security in the household and 8 children-related questions regarding child food
insecurity and prevalence of Household and Children Food Security
Household food security status Child food security status
Number of questions with an affirmative answer N Percentage N Percentage
0 323 56.4 383 66.8
1 128 22.4 138 24.1
2 39 6.8 28 49
3 36 6.3 18 32
4 15 2.6 3 0.5
5 11 1.9 2 0.4
6 8 1.4 1 0.1
7 4 0.7
8 2 0.4
9 2 0.4
10 2 0.4
11 1 0.1
12 1 0.1
13 1 0.1
Households food security categories N Percentage Confidence Interval
Food secure households 490 85.5 82.3-88.2
Food insecure households Low food security 74 12.9 10.2-15.9
Very low food security 9 1.6 0.7-2.9
Food secure households 490 85.5 82.3-88.2
Food insecure households 83 14.5 11.7-17.6
Children Food security categories N Percentage Confidence Interval
Food secure children 521 90.9 88.2-93.1
Food insecure children Low food security 49 8.6 6.4-11.1
Very low food security 3 0.5 0.1-1.5
Food secure children 521 90.9 88.2-93.1
Food insecure children 52 9.1 6.8-11.7

3.3 Health correlates of FI among children

Children living in FI households had higher odds of getting
sick more often [(aOR) 3.75(CI 1.31-10.56)] and having
worse perceived health [aOR 5.7 (CI1 2.01-16.40)], as reported
by parents, compared to their peers living in FS households,
but there was not a significant association with hospitalization
and health deterioration since birth (Table 3). Children who
were FI had worse perceived health [aOR 11.1(CI 3.29-37.6)
and a deterioration in health since birth [aOR 3.34(CI 1.14—
9.77)] compared to children who were FS.

Based on pediatricians’ reports, children experiencing HFI
were significantly less likely to have normal relational devel-
opment [aOR 0.29(CI 0.11-0.77)], and more likely to have
school difficulties [aOR 2.34(CI 1.34-6.02) and a weight-by-
age percentile > 97 [aOR 3.46(CI 1.70-7.08)]. Children living
in food insecure households were less likely to receive inter-
ventions to address dental issues [aOR 0.17(CI 0.05-0.54)]
and to perform physical activity [aOR 0.51(CI 0.28-0.89)]

as well as less likely to have a normal physical examination
compared to FI children [aOR 0.32(CI 0.15-0.65)]. Likewise,
CFI resulted being significantly associated to all the above
health correlates, except physical activity (Table 3). On the
contrary, there was not a significant association between the
presence of caries or malocclusion as well as sight, hearing
and psychomotor impairments and HFI or CFL.

A weight by age percentile higher than 97 was three times
more frequently seen among children experiencing HFI and
CFI compared to their food secure peers. Children experienc-
ing HFI and CFI had a significant higher BMI compared to
their FS peers (18.1 vs.16.8, p<0.001).

4 Discussion
The present study aimed at estimating the prevalence and

explore the predictors and health correlates of FI in a sample
of Italian children aged 1-11 years old. Results show that 14-
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Table 2 Status of food insecurity in relation to socio-economic variables and univariable and multivariable logistic regression assessing the socio-
economic variables associated to food insecurity
Food secure  Food insecure  Univariable Multivariable ®  Food Food Univariable Multivariable ®
households households OR(CI) OR(CI) secure insecure  OR(CI) OR(CI)
with children  with children children  children
N=490(85.5) N=83(14.5) N=521 N=52
N(%) N(%) (90.9) .1)
N(%) N(%)
Region of residence
South 176(75.5) 57(24.5) 194(83.2) 39(16.8)
Center 200(92.1) 17(7.9) 0.26*%#(0.14-0.46) 0.43*%(0.21-0.89) 209(96.3) 8(3.7) 0.19%%(0.08-0.41)  0.53(0.17-1.58)
North 114(92.6) 9(7.4) 0.24%%(0.11-0.51) 0.63(0.26-1.54)  118(95.9) 5(4.1) 0.21%%(0.08-0.54)  0.35%(0.14-0.88)
Family structure
Biparental 398(87.6) 56(12.4) 420092.5)  34(7.5)
Mono-parental 25(75.7) 8(24.3) 2.27(0.97-5.28)  2.31(0.80-6.66)  27(81.8)  6(18.2) 2.74%(1.06-7.10)  2.64(0.82-8.49)
Extended 64(79.0) 17(21.0) 1.88%(1.03-3.4)  1.24(0.57-2.66)  71(87.6)  10(124)  1.73(0.82-3.67)  1.04(0.42-2.57)
Parent’s age”
Less than 108(73.4) 39(26.6) 122(82.9) 25(17.1)
30 years old
3049 years  347(92.3) 29(7.7) 0.23*%#(0.13-0.39) 0.46%(0.23-0.90) 358(95.2) 18(4.3) 0.24%%(0.12-0.46)  0.44°%(0.20-0.99)
old
More than 35(70.0) 15(30.0) 1.18(0.58-2.40)  1.24(0.51-3.03)  41(82.0)  9(18.0) 1.07(0.46-2.48) 1.21(0.44-3.35)
49 years old
Parent’s education
High School  291(80.0) 71(20.0) 316(87.3) 46(12.7)
Diploma or
lower
University 199(94.3) 12(5.7) 0.24%%(0.13-0.46) 0.63(0.28-1.41)  205(97.1) 6(2.9) 0.20%%(0.08-0.47)  0.7(0.251.98)
Degree or
higher
Parent’s current employment
No 123(72.3) 47(27.7) 136(80.0)  34(20.0)
Yes 362(91.0) 36(9.0) 0.26**%(0.16-0.42) 0.55(0.28-1.08)  380(95.5) 18(4.5) 0.18%#(0.10-0.84)  0.45(0.20-1.01)
Nr of children in the household
One or two 403(89.7) 46(10.3) 419(93.3)  30(6.7)
Three or more  87(70.1) 37(29.9) 3.7#%(2.28-6.08)  2.38**%(1.51-3.75) 102(82.2) 22(17.8)  3.01**(1.66-5.44) 2.38%(1.14-4.97)
Yearly household’s income
€20.000 or 120(69.3) 53(30.7)) 138(79.7)  35(20.3)
lower
Higher than ~ 370(92.5) 30(7.5) 0.18**%(0.11-0.30) 0.44%(0.22-0.86) 383(95.7) 17(4.3) 0.17%%(0.09-0.32)  0.42%(0.18-0.97)
€20.000
Economic deterioration
No 233(95.1) 12(4.9) 238(97.1)  7(2.9)
Yes 250(68.0) 68(32.0) 5.28%%(2.78-10.0) 2.44%(1.12-533) 274(36.1) 44(13.9)  5.45%%(2.41-12.35) 3.74%(1.32-10.57)
Economic situation description
Cannot save  161(70.0) 69(30.0) 188(81.7)  42(18.3)
money
monthly
Can save 329(95.9) 14(4.1) 0.09%%(0.05-0.18) 0.17*%(0.08-0.36) 333(97.1) 10(2.9) 0.13*#(0.06-0.27)  0.33%(0.14-0.78)
money
monthly

# The parent was asked about the age at the moment the child present for the visit was born

® Controlled for region of residence, family structure, parent’s age, education and employment, number of children in the household, yearly household’s
income, any economic worsening, economic situation description.

*Significant at p <0.05
**Significant at p < 0.001

5% of children experience HFI and 9-1% experience CFIL
These numbers are worrying, considering that the study was
not conducted in necessarily low-income households or
neighborhoods. As it is seen, there is a difference between
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children who live in food insecure households and those
who are actually food insecure, which confirms results from
other studies that adults try to shield children — especially
younger ones — from experiencing FI (Pereira et al. 2017;
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Fram et al. 2012). This prevalence is higher than that of
UNICEF report, which, based on data collected in 2015—
2016, showed how almost 10:0% of Italian children lived in
food insecure households (Pereira et al. 2017). Unlike Europe,
where not many countries have conducted research to assess
the situation of FI among children (Zage et al. 2020), in
Canada and USA there are yearly nationwide Government
measurements of FI. In USA, according to USDA, 15:7% of
households with children were food insecure and 7-7% of
children were food insecure in 2017 (Coleman-Jensen et al.
2017).

Our multivariable logistic regression analysis showed that
region of residence, number of children in the household,
household’s yearly income, economic situation description
and presence of economic deterioration in the last 10 years
were significantly associated to both HFI and CFI, which is in
line with other studies (Tarasuk et al. 2019; Miller et al. 2014).
Among the strongest variables associated with HFI and CFI
there were the economic ones (household’s overall yearly in-
come, economic deterioration during the last 10 years and the
inability to save money monthly) as well as, having three or
more children in a household (2-38 times higher odds com-
pared to having 1 or 2 children).

Among parents’ characteristics, age resulted being associ-
ated to both, HFI and CFI. A study in Portugal has also re-
ported that households with younger parents experience more
often FI (Maia et al. 2019).

Employment status and education level lost significance in
the regression analysis, which does not correspond to the stud-
ies published so far, that affirm employment and education are
important determinants of FI (Martin-Fernandez et al. 2013;
Petralias et al. 2016 ). Probably our result is explained by the
fact that we only asked for the employment status and educa-
tion level of the parent answering the questionnaire and not
that of the partner. Also, sometimes, the origin family (par-
ents, siblings) plays an important role in sustaining economi-
cally young families in Italy, which could shield them from FI
even in the case of unemployment.

As for children’s characteristics, nor age, neither gender
resulted being associated to FI, even if there are some studies
that report differences in FI based on gender and age (Molcho
et al. 2007, Niclasen et al. 2013). Probably this lack of asso-
ciation with age is explained by the fact that the higher differ-
ences are seen between children of a very young age and
teenagers (who were not our target population) (Petralias
et al. 2016).

Children in our sample living in a condition of food inse-
curity got sick more frequently and had a worse health status,
as reported by parents, than their food secure peers. These
results are in line with other publications (Ashbrook et al.
2017), but unlike them, we did not find a significant associa-
tion between children’s hospitalization and FI. The presence
of an abnormal physical examination was twice more frequent

among children in HFI and almost three times more frequent
in children in CFIL. The presence of a relational impairment
was associated to HFI and CFI. Results from other studies
report a delay in every aspect of development among these
children (Ashbrook et al. 2017).

There was not a significant association with dental maloc-
clusion or caries. However, we found that among those who
had dental problems, the frequency of those who did not have
any intervention to correct the condition was higher among
children experiencing HFI and CFI. This could mean that
these children may have less access to healthcare facilities
and interventions. Future research should explore this possible
association.

High blood pressure has been associated to FI in a sample
of children and adolescents in the USA (South et al. 2019) but
the fact that only four children in our sample resulted having
this condition didn’t allow us to better explore the possible
association and to include this variable in the model.

We saw that a weight by age percentile > 97 (indicative of
obesity) was more frequent among children experiencing HFI
and CFI. Also, these children had a significantly higher mean
BMI compared to their food secure peers. Some studies have,
also, found a positive association between BMI and FI (Kral
et al. 2017), even if others have failed to do so (Trapp et al.
2015).

It is worth highlighting that all the aforementioned negative
health correlates were more frequently noticed among chil-
dren experiencing CFI (a more severe situation of FI) com-
pared to HFI. This means that children experiencing a more
severe condition of FI are more frequently faced with the
negative health outcomes of it.

The lack of physical activity was twice more frequent
among children experiencing HFI and CFI compared to their
food secure peers, as highlighted, also by other studies (Fram
et al. 2015) Also, school difficulties were almost three times
more frequent among children experiencing HFI. A study in
Canada affirms that children who come from food insecure
households have lower odds of meeting reading or mathemat-
ics expectations and have poor academic achievements
(Fought et al. 2017).

In conclusion, in our sample food insecurity was an issue
and was significantly associated to different negative health
outcomes. Knowing the prevalence of FI and the groups at
risk for experiencing it is important, in order to proactively
identify those who are more likely to be food insecure and
reach out to them with interventions such as education, ser-
vices, and connections to internal and external resources.
Based on our results these interventions should pay special
attention to children who live in households coming from
the south, with three or more children in them, with lower
income, that have felt an economic deterioration during the
last years and cannot save any money monthly. Also, special
attention must be paid to households with younger parents. In
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Table3  Univariable and Multivariable logistic regression assessing the association of health correlates and household and child food insecurity (HFI
and CFI)
Food secure  Food insecure Univariable Multivariable © Food Food Univariable Multivariable ©
households households secure insecure
with children  with children children  children
N =490 N=283(14.5) N=521 N=52
(85.5)N(%) N(%) (90.9) ©.1)
N(%) N(%)
Health-related variables
Times getting sick in the last year®
Never 62(13.0) 6(7.4) 65(12.8)  3(6.1)
1-3 328(68.8) 49(60.5) 1.54(0.63-3.75)  1.90(0.71-5.06) 343(67.4) 34(69.4) 2.14(0.64-7.20)  2.39(0.66-8.60)
>3 87(15.7) 26(20.9) 3.08%(1.19-7.94) 3.75%(1.31-10.56) 101(17.5) 12(22.4) 2.57(0.69-9.47)  2.70(0.68-10.68)
Hospitalization in the last year
No 459(94.4) 73(91.2) 487(94.2) 45(91.8)
Yes 27(5.6) 7(8.8) 1.63(0.68-3.88)  1.68(0.64-4.34) 30(5.8) 4(8.2) 1.44(0.48-4.27)  1.56(0.49-4.99)
Perceived child’s health status
Excellent 138(28.3) 8(9.7) 141(27.1) 5(9.8)
Good 316(64.7) 60(73.2) 3.27%(1.52-7.03)  3.10%(1.38-6.93)  343(66.1) 33(64.7) 2.7%(1.03-7.09)  2.68(0.98-7.34))
Moderate 34(7.0) 14(17.1) 7.1%%(2.74-18.29) 5.74**%(2.01-16.40) 35(6.8) 13(25.5) 10.4*%3.5-31.3) 11.1*%(3.29-37.6)
Health deterioration since birth
No 464(95.2) 71(89.8) 492(95.1) 43(87.7)
Yes 23(4.8) 8(10.2) 2.27(0.97-5.27)  2.53(0.97-6.63) 25(4.9) 6(12.3) 2.74%*(1.06-7.05)  3.34*%(1.14-9.77)
Normal physical examination”
No 56(11.5) 20(24.1) 58(11.1)  18(34.6)
Yes 433(88.5) 63(75.9) 0.40%(0.22-0.72)  0.56(0.29-1.08) 462(88.9) 34(65.4) 0.23**%(0.12-0.44) 0.32%(0.15-0.65)
Normal sight
No 70(14.4) 16(19.3) 76(14.7)  10(19.3)
Yes 415(85.6) 67(80.7) 0.7(0.38-1.28) 0.95(0.48-1.89) 440(85.3) 42(80.7)  0.72(0.34-1.50)  1.09(0.48-2.43)
Normal hearing
No 2(0.4) 2(2.4) 2(0.4) 2(3.8)
Yes 486(99.6) 81(97.6) 1.16(0.02-1.19)  0.42(0.03-4.833)  517(99.6) 50(96.2) 0.09**(0.01-0.7) 0.21(0.01-2.49)
Normal psychomotor development
No 13(2.7) 6(7.2) 14(2.7) 5(9.6)
Yes 476(97.3) 77(92.8) 0.35%(0.12-0.94)  0.40(0.13-1.22) 506(97.3) 47(90.4)  0.26%(0.08-0.75) 0.31(0.09-1.03)
Normal relational development
No 13(2.7) 11(13.3) 16(3.1) 8(15.4)
Yes 474(97.3) 72(86.7) 0.17#%(0.07-0.41) 0.29%(0.11-0.77)  502(96.9) 44(84.6)  0.17%%(0.07-0.43) 0.31%(0.11-0.85)
Malocclusion
No 371(79.4) 59(73.7) 389(78.4) 41(80.4)
Yes 96(20.6) 21(26.3) 1.37(0.79-2.37)  1.28(0.68-2.39) 107(21.6) 10(19.6) 0.88(0.43-1.82)  0.68(0.31-1.52)
Caries
No 415(88.7) 61(75.3) 438(88.1) 38(73.1)
Yes 53(11.3) 20(24.7) 2.56%%(1.43-4.58) 1.59(0.81-3.14) 59(11.9)  14(26.9) 2.73*%(1.39-5.34) 1.57(0.73-3.36)
Dental interventions
No 26(19.4) 16(51.6) 3121.1)  11(61.1)
Yes 108(80.6) 15(48.4) 0.22*%%(0.09-0.51) 0.17*%(0.05-0.54)  116(78.9) 7(38.9) 0.17%(0.06-0.47)  0.14*(0.03-0.55)
Physical activity
No 125(26.8) 45(56.2) 140(28.3) 30(58.8)
Yes 341(73.2) 35(43.8) 0.28%%(0.17-0.46) 0.51%(0.28-0.89)  355(71.7) 21(41.2) 0.27%%(0.15-0.49) 0.52(0.26-1.02)
School difficulties
No 404(92.2) 62(80.5) 428(91.8) 38(77.6)
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Table 3 (continued)

Food secure  Food insecure Univariable Multivariable Food Food Univariable Multivariable ©
households households secure insecure
with children  with children children  children
N =490 N=283(14.5) N=521 N=52
(85.5) N(%) N(%) (90.9) 9.1)
N(%) N(%)
Yes 34(7.8) 15(19.5) 2.87%(1.48-5.58) 2.34%(1.34-6.02)  38(8.2) 11(22.5) 3.26%(1.54-6.89) 3.1%(1.33-7.24)
Weight-by-age percentile
Between 349(88.0) 45(69.2) 365(87.8) 29(70.7)
3d and
97th
percen-
tile
<3d 5(1.3) 1(1.5) 1.55(0.17-13.57)  1.08(0.09-12.33)  6(1.4) 0(0.0)
percen-
tile
> 97th 38(10.7) 19(29.3) 3.87%%(20.6-7.29) 3.46**(1.70-7.08) 45(10.8) 12(29.3) 3.35%(1.6-7.03)  2.94%(1.29-6.69)
percen-
tile
Height-by-age percentile
Between 367(89.3) 60(89.6) 387(88.7) 40(95.2)
3d and
97th
percen-
tile
<3d 5(1.2) 2(3.0) 2.44(0.46-12.89) 4.91(0.64-37.5) 6(1.4) 12.4) 1.6(0.18-18.7) 2.11(0.17-25.4)
percen-
tile
>97th 39(9.5) 5(7.4) 0.78(0.29-2.06) 1.11(0.38-3.18) 43(9.9) 12.4) 0.22(0.03-1.67)  0.27(0.03-2.17)
percen-

tile

*The first four variables in the table were reported by the parent

® The rest of the variables were reported by the paediatrician

¢ Controlled for child’s age, child’s sex, number of children in the household, household’s income, region of residence, parent’s age

*Significant at p < 0.05
**Significant at p <0.001

the light of these results and the lack of research regarding this
issue in Italy and Europe, we believe this study may act as a
foundation for future longitudinal research that investigate FI
and its impact on children’s health and behavior and that ad-
vocate for higher food security. If our results were to be con-
firmed by longitudinal future studies with more representative
and larger sample sizes, this would be a strong call for increas-
ing governmental efforts in Italy and other high- income coun-
tries to expand investment in social protection, which could
likely tackle FI and may have long-term benefits by improving
health and reducing healthcare and other spending resulting
from the harms of food insecurity.

4.1 Strengths and limitations
The current study has several strengths. To the best of

our knowledge, it is the first to explore prevalence, asso-
ciated factors, and outcomes of FI among Italian children.

It is novel insofar as little is known about the experience
of household food insecurity in Italy. The sample size
was calculated for the study to have the appropriate sta-
tistical power. A widely used, validated scale to assess FI
was used and the information on children’s health and
other outcomes were reported by paediatricians, based
on their records, to increase the accuracy and reliability
of data and reduce the risk of reporting bias. FI was
measured at the household and individual level, hence,
along with data of children experiencing HFI, we also
reported the exact prevalence of children experiencing
CFI. There is a lack of evidence regarding this issue in
Europe so this study would contribute to start filling this
gap and could act as an impetus for future research in
other countries.

Nevertheless, the results of this study need to be
interpreted in the light of some limitations. The sample
does not include all Italian households, but only those
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with children aged 1-11 years old. The cross-sectional
design of the study allowed us only to examine associ-
ations, not assessing causality or the long-term health
implications of FI, which may not appear until after
multiple years of exposure. We did not ask about
school meals among children, hence could not explore
the potential role of the school canteen as a strategy to
reduce FL

Also, some studies have reported that parents may be
ashamed of their inability to feed their family and their
children, which could result in under-reporting of the
prevalence given in this study. So, social desirability
may have biased the parents’ responses (Fram et al.
2012). Because all measures regarding socio economic
determinants and FS status were self-reported, it is possi-
ble that there was a response bias.

5 Conclusions

Food security is a human right, involving social justice, public
health and policies. Children in our sample were experiencing
high levels of HFI and CFI, which are associated to a series of
health impairments, modifiable by assuring a situation of FS.
Economic conditions are of utmost importance in this regard
and a particular attention must be posed on food security dur-
ing economic downturns.

Considering the results in this sample and the lack of re-
search regarding this issues in Italy and Europe more broadly,
future studies would benefit from longitudinal data exploring
the situation of FI over time, socio-economic variables asso-
ciated to it and the health implications in different contexts.
Increased efforts in Italy and other high- income countries to
expand investment in social protection, especially with regard
to children, would likely tackle FI, an issue that is threatening
our present and future.
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