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Abstract

Food insecurity (which can be defined as inadequate access to sufficient, safe, and nutritious food that meets individuals’
dietary needs) is concurrently associated with children’s psychological difficulties. However, the predictive role of food
insecurity with regard to specific types of children’s mental health symptoms has not previously been studied. We used data
from the Longitudinal Study of Child Development in Québec, LSCDQ, a representative birth cohort study of children born
in the Québec region, in Canada, in 1997-1998 (n=2120). Family food insecurity was ascertained when children were 1%
and 4 years old. Children’s mental health symptoms were assessed longitudinally using validated measures of behaviour
at ages 4%, 5, 6 and 8 years. Symptom trajectory groups were estimated to identify children with persistently high levels of
depression/anxiety (21.0%), aggression (26.2%), and hyperactivity/inattention (6.0%). The prevalence of food insecurity in
the study was 5.9%. In sex-adjusted analyses, children from food-insecure families were disproportionately likely to
experience persistent symptoms of depression/anxiety (OR: 1.79, 95% Cl 1.15-2.79) and hyperactivity/inattention (OR: 3.06,
95% Cl 1.68-5.55). After controlling for immigrant status, family structure, maternal age at child’s birth, family income,
maternal and paternal education, prenatal tobacco exposure, maternal and paternal depression and negative parenting,
only persistent hyperactivity/inattention remained associated with food insecurity (fully adjusted OR: 2.65, 95% ClI 1.16—
6.06). Family food insecurity predicts high levels of children’s mental health symptoms, particularly hyperactivity/
inattention. Addressing food insecurity and associated problems in families could help reduce the burden of mental health
problems in children and reduce social inequalities in development.
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Introduction

In industrialized countries, approximately 5-15% of families
experience food insecurity, that is insufficient access to “sufficient,
safe, and nutritious food that meets individuals’ dietary needs and
preferences for an active and healthy life” [1-6]. Prior research
has shown that food insecurity is associated with poor health and
developmental outcomes in children [7-13]. In particular,
children growing up in families that are food-insecure appear to
have high levels of symptoms of anxiety/depression [12,14-16],
aggression, and hyperactivity/inattention [5,12,17]. This may be
due to three mechanisms: 1) food insecurity may be associated
with other exposures related to children’s psychological well-being
(e.g. low income); 2) food insecurity and children’s mental health
may have common causes (e.g. parental psychopathology); 3) food
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insecurity may independently predict children’s psychological and
behavioral well-being [18]; and 4) food insecurity may predict
parental depression [19]. Thus, in order to examine associations
between food insecurity and children’s mental health, it is
important to control for individual and familial characteristics
which may confound this association.

Past research linking food insecurity to children’s outcomes was
mostly based on cross-sectional samples [5,12,14,15] or short
follow-up (up to two years) [16,17] and the long-term conse-
quences of exposure to food insecurity early on in life are not well
known. In the present study, we test the relationship between food
insecurity in early childhood (before age 472) and children’s
symptoms of depression/anxiety, aggression, and hyperactivity/
inattention up to age 8, accounting for child and familial
characteristics which may be associated with food insecurity and
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children’s mental health [16,20]: child’s sex, immigrant status,
family structure, maternal age at child’s birth, family income,
maternal and paternal education, prenatal tobacco exposure,
maternal and paternal depression, family functioning and negative
parenting.

Methods

Data for this study come from the Québec Longitudinal Study
of Child Development (QLSCD) study, which follows a represen-
tative cohort of 2120 children born in the Canadian province of
Québec in 1997-1998. To ensure geographic representation and
minimize the effect of seasonality, participants were chosen
through a random selection of children born throughout the year
in each public health geographic area of the province. Twins and
children with major diseases or handicaps at birth were excluded
from the cohort. Selected children were first seen at 5 months of
age and then once each year thereafter (follow-up assessments
were conducted at 172, 2%, 3%z, 4%, 5, 6 and 8 years). Data on
children and their parents were collected by trained interviewers
through home interviews regularly conducted with the person
most knowledgeable about the child (the mother in 98% of cases).
Participating families gave written informed consent for the study
at each assessment. The survey protocol was approved by the
Quebec Institute of Statistics (Quebec City, Quebec, Canada) and
the St-Justine Hospital Research Center (Montreal, Quebec,
Canada) ethics committees. Informed consent for the study was
obtained from parents or legal guardians.

The average response rate during the 8 years of data collection
was 87.0% (range, 68%—100%) [20]. The present analysis is based
on 1682 children with available data on food insecurity as well as
at least 2 measures of mental health symptoms. Compared to the
original cohort, nonparticipants were more likely to be from
families that were characterized by low income, low education,
immigrant background, young maternal age, single-parenthood
and maternal depression, but participants and nonparticipants did
not differ with regard to children’s mental health symptoms.

Food Insecurity

Food insecurity was ascertained when the participating child
was 1% and 472 years old. On those two occasions, mothers were
asked: a) whether family members had eaten less than they should
have because they had run out of food or money to buy food (12
and 42 years), b) whether family members had eaten the same
foods several times because they did not have anything else and
could not afford to buy other foods (4 72 years only), c) whether the
family could not afford to offer nutritious meals to the children
(42 years only), d) how often family members did not eat as much
as they should have because they had run out of food or money to
buy food (4% years). These measures of food insecurity were
previously shown to predict children’s overweight and obesity
[21,22]. Children whose families experienced any of these
situations were considered to be exposed to food insecurity:
(3.4% of the study population at age 1% year, 3.6% at age 42
years, 5.9% at 1% or 4% years of age).

Children’s Mental Health

Children’s mental health was assessed at 4%2, 5, 6 and 8 years
based on parental reports. Symptoms of depression/anxiety were
assessed using 5 items adapted from the Preschool Behavior
Questionnaire [23] and the Child Behavioral Checklist [24]:
‘nervous, high strung or tense’, “fearful or anxious’, ‘worried’, ‘not
as happy as other children’, ‘has difficulty having fun’ [25].
Symptoms of aggression were assessed using 5 items previously
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validated in this study: ‘hits’, ‘kicks’, ‘bites’, ‘fights’, ‘bullies others’
[26]. Symptoms of hyperactivity-impulsivity and inattention were
assessed through a combination of items from the Child Behavior
Checklist [24], the Ontario Child Health Study Scales [27] and
the Preschool Behavior Questionnaire [28]. Hyperactivity-impul-
sivity was assessed using 5 items: ‘can’t sit still, is restless’, ‘fidgets’,
‘can’t settle down to do anything for more than a few moments’, ‘is
impulsive, acts without thinking’, ‘has difficulty waiting for turn in
games’ [29]. Inattention was assessed using 3 items: “can’t
concentrate, can’t pay attention for long”, “is easily distracted,
has trouble sticking to any activity”, “is inattentive”. All items
pertaining to children’s mental health symptoms were scored 0
(‘never’), 1 (‘sometimes’) or 2 (‘often’) and then summed to range
0-10 [20].

Based on the four measures of children’s psychological
symptoms between ages 4% and 8 years which were available
to us, we used semiparametric mixture models [30] to calculate
longitudinal symptom trajectories. This approach makes it possible
to identify groups with distinct longitudinal symptom patterns
empirically rather than using a set cut off. As such, this method
provides a description of the ‘natural’ course of the evolution of
mental health symptoms over time. Additionally, the reliance on
multiple measures of symptoms as well as the grouping of children
according to a trajectory pattern reduces the measurement in error
related to a single assessment [31]. For each symptom group, the
model implemented using the PROC TRA]J procedure in SAS
defined the shape of the trajectory and the proportion of
participants in each group. The validity of the ‘best fitting”
classification was confirmed using the Bayesian Information
Criterion (BIC). Overall, we identified 3 groups of symptoms of
depression/anxiety (low: 19.2%, moderate: 59.8%, high: 21.0%),
3 groups of symptoms of aggression (low: 23.8%, moderate/
declining: 50.1%, high: 26.2%), and 4 groups of symptoms of
hyperactivity/inattention, (low: 20.9%, low/intermediate: 38.3%,
intermediate: 34.8%, high: 6.0%). Children’s symptoms were
moderately correlated to one another (correlation coefficients at
age 8 years: depression/anxiety and aggression: 0.16, p<<0.0001;

depression/anxiety  and  hyperactivity/inattention:  0.31,
p<<0.0001; aggression and hyperactivity/inattention: 0.32,
p<<0.0001).
Covariates

Analyses were adjusted for the characteristics of children and
their families, which can be associated with food insecurity and
children’s mental health symptoms [16]. Covariates
measured at age 5 months (prenatal tobacco exposure, maternal
and paternal depressive symptoms and family functioning) or
concomitantly to food insecurity. Demographics included the
child’s sex (male vs. female), immigrant status (immigrant vs. non-
immigrant), family structure (parents separated vs. two-parent
family) and maternal age at child’s birth (<21 vs. > =21 years).
Family income was calculated according to guidelines issued by
Statistics Cianada, taking into account the number of people in the
household and the type of residence area (urban vs. rural based on
population density); family income was coded as insufficient vs.
sufficient. Maternal and paternal education was defined as <High
school vs. > = High school. Prenatal tobacco exposure was defined
as maternal consumption of > =1 cigarette/day (yes vs. no).
Maternal and paternal depressive symptoms were assessed by the
abbreviated version (12 items) of the Center for Epidemiologic.

Studies Depression (CESD) Scale [32]. Parents reported the
frequency of depressive symptoms in the previous week. Each item
was coded on a 4-point scale. Total informant ratings were z-
standardized. Family dysfunction was assessed with the McMaster

were
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Québec, 1997/98-2005.
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Table 1. Characteristics of children and their families in relation to food insecurity: the Longitudinal Study of Child Development in

Food-insecure

Non food-insecure

children n=99 children n=1583 p-value
Children’s characteristics
Sex (%): 46.5 50.5 0.44
Female 53.5 495
Male
Immigrant status (%): 80.8 88.3 0.027
Non-immigrant 19.2 11.7
Immigrant
Symptoms of depression/anxiety: 10.1 19.8 0.0073
Low 58.6 59.8
Intermediate 31.3 20.4
High
Symptoms of aggression: 18.2 241 0.35
Low 51.5 50.0
Intermediate 30.3 259
High
Symptoms of hyperactivity/inattention: 17.2 21.1 0.0011
Low 374 383
Low/intermediate 30.3 35.1
Intermediate 15.2 5.4
High
Family characteristics
Family structure (%): 49.5 77.2 <0.0001
Two-parent family 50.5 228
Parents separated
Maternal age at child’s birth (%): 59.6 80.2 <0.0001
> =21 years 40.4 19.8
<21 years
Family income (%): 23.2 76.0 <0.0001
Sufficient 76.8 24.0
Insufficient
Maternal education (%): 337 15.4 <0.0001
<High school degree 66.3 84.6
> =High school degree
Paternal education (%): 46 18.4 <0.0001
<High school degree 54 81.6
> =High school degree
Prenatal tobacco exposure (%): 62.6 75.9 0.0030
No 374 241
Yes
Maternal depression score (i, se) 2.24,1.52 1.28, 1.07 <0.0001
Paternal depression score (u, se) 1.33, 1.10 0.97, 0.94 0.0023
Family functionning score (i, se) 0.27, 0.17 0.25, 0.15 0.18
Negative parenting score (u, se) 3.28, 1.18 2.98, 1.02 0.0057

doi:10.1371/journal.pone.0052615.t001

Family Assessment, which includes 12 items measuring commu-
nication, showing and receiving affection, control of disruptive
behaviour, and problem resolution in the family; each item was
coded O (‘never’), 1 (‘sometimes’), or 2 (‘often’) and the overall
score was z-standardized [33]. Negative parenting was assessed
using the Parental Cognition and Conduct Toward the Infant
Scale, which includes dimensions such as coercitive parenting (7
items) and overprotection (5 items), each rated on a scale ranging 0
to 10; overall scores were z-standardized [34].

Statistical Analysis

To study the association between food insecurity and children’s
mental health outcomes, we combined exposure to food insecurity
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when children were 172 and 4 years of age (ever food-insecure
vs. never food-insecure) and tested associations with children’s
probability of being on a ‘high’ behavioural trajectory group at
ages 4% to 8 years. First, we tested sex-adjusted associations, in
order to account for sex-related differences in the prevalence of
mental health symptoms in children. Second, we adjusted for
covariates. In additional analyses we tested whether the association
between food insecurity and long-term behavioural problems 1)
was robust to statistical adjustment on behavioural problems prior
to age 472; 2) differed depending on the child’s sex. Analyses were
carried out in a logistic regression framework in SAS (V9).
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Table 2. Food insecurity and children’s characteristics in relation to trajectories of psychological difficulties ages 4-8 years: the
Longitudinal Study of Child Development in Québec, 1997/98-2005 (sex-adjusted ORs, 95% Cl).

anxiety

OR (95% ClI)

High depression/

prevalence: 21.0%

High
High hyperactivity/
aggression inattention

prevalence: 26.2%
OR (95% CI)

prevalence: 6.0%
OR (95% ClI)

Two-parent family
Parents separated

> =High school degree
< High school degree

Paternal education: 1
> =High school degree
< High school degree

Maternal depression score (per unit)
Paternal depression score (per unit)
Family functionning score (per unit)

Negative parenting score (per unit)

Food insecurity : 1

No 1.79 (1.15-2.79)
Yes

Immigrant status: 1
Non-immigrant 0.90 (0.63-1.30)
Immigrant

Family structure: 1

1.11 (0.85-1.45)

Maternal age at child’s birth: 1

> =21 years 0.93 (0.69-1.25)
<21 years

Family income: 1

Sufficient 1.28 (0.99-1.65)
Insufficient

Maternal education: 1

1.08 (0.79-1.47]

1.08 (0.79-1.46)

Prenatal tobacco exposure: 1
No 0.88 (0.67-1.16)
Yes

1.25 (1.14-1.38)
1.11 (0.98-1.26)
1.70 (0.81-3.60)
1.46 (1.30-1.63)

1 1
1.21 (0.77-1.90) 3.06 (1.68-5.55)

1 1
0.91 (0.64-1.28) 0.89 (0.47-1.70)

1 1
1.52 (1.19-1.95) 2.54 (1.67-3.85)

1 1
1.55 (1.20-2.02) 2.33 (1.51-3.59)

1 1
1.40 (1.10-1.78) 2.11 (1.40-3.19)

1 1
1.42 (1.07-1.90) 1.80 (1.12-2.90)

1 1
1.80 (1.37-2.37) 2.87 (1.81-4.54)

1 1

1.60 (1.25-2.04) 1.96 (1.28-3.00)
1.22 (1.11-1.34) 1.43 (1.24-1.64)
1.12 (1.00-1.27) 1.26 (1.03-1.54)
2.68 (1.34-5.37) 2.86 (0.85-9.66)
1.75 (1.56-1.96) 1.88 (1.57-2.26)

doi:10.1371/journal.pone.0052615.t002

Results

5.9% of study children experienced food insecurity between
ages 12 and 42 years. As shown in Table 1, food insecurity was
associated with characteristics of children and their families,
including immigrant status, family structure, maternal age at
child’s birth, family income, maternal and paternal education,
prenatal tobacco exposure, maternal and paternal depression and
negative parenting. In sex-adjusted regression analyses (Table 2),
compared to unexposed children, children who experienced food
insecurity were more likely to have persistently high levels of
symptoms of depression/anxiety (OR: 1.79, 95% CI 1.15-2.79)
and hyperactivity/inattention (OR: 3.06, 95% CI 1.68-5.55), but
not aggression. In multivariate regression models adjusted for
characteristics of children and their families (Table 3), the
association between food insecurity and symptoms of depression/
anxiety decreased and became statistically non-significant (fully
adjusted OR: 1.44, 95% CI 0.78-2.66); however the association
between food insecurity and symptoms of hyperactivity/inatten-
tion remained elevated and statistically significant (fully adjusted
OR: 2.65, 95% CI 1.16-6.06). The decrease in ORs associated
with food insecurity was greatest after controlling for maternal
depression (41% for symptoms of depression/anxiety and 42% for
symptoms of hyperactivity/inattention). In additional analyses
further adjusted for hyperactivity/inattention at age 1 %2 years, the
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association between food insecurity and hyperactivity/inattention
between ages 4’2 and 8 years remained elevated but lost statistical
significance (OR: 2.18, 95% CI 0.60-8.00). Sex-stratified analyses
showed no significant differences in the association between food
insecurity and hyperactivity/inattention in boys and girls and the
Interaction test was not statistically significant (p = 0.88).

Discussion

In a birth cohort study of families with young children followed
for up to 8 years, we found that food insecurity predicted
children’s two-fold increase in the likelihood of persistent
hyperactivity/inattention, even after accounting for family socio-
economic circumstances and parental mental health, although this
association lost statistical significance when further adjusted for
children’s behavioural symptoms at age 1% years. To our
knowledge, this is the first study to examine the relationship
between food insecurity and children’s mental health over such an
extended follow-up, independently of individual and family
characteristics known to predict children’s outcomes. Our finding
contributes to growing scientific evidence of the impact of food
insecurity on children’s well-being, and suggests that exposure very
early in life can have lasting effects on development.
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Table 3. Food insecurity and children’s trajectories of psychological difficulties ages 4-8 years: the Longitudinal Study of Child
Development in Québec, 1997/98-2005 (multivariate ORs, 95% Cl; beta, se)'.

High

depression/
anxiety
OR (95% CI)

High
High hyperactivity/
aggression inattention

OR (95% CI) OR (95% ClI)

Two-parent family
Parents separated

Maternal age at child’s birth: 1
>=21 years
<21 years

Family income: 1
Sufficient
Insufficient

Maternal education: 1
> =High school degree
< High school degree

Paternal education: 1
> =High school degree
< High school degree

Maternal depression score (per unit)
Paternal depression score (per unit)
Family functionning score (per unit)

Negative parenting score (per unit)

1.04 (0.72-1.50)

0.94 (0.64-1.40)

1.05 (0.73-1.52)

1.25 (0.82-1.91)

0.88 (0.61-1.28)

1.23 (1.08-1.39)
1.03 (0.89-1.18)
1.93 (0.77-4.81)
1.42 (1.24-1.62)

Food insecurity : 1 1 1

No 1.44 (0.78-2.66) 0.67 (0.35-1.29) 2.65 (1.16-6.06)
Yes

Sex: 1 1 1

Female 0.80 (0.62-1.05) 2.07 (1.59-2.69) 246 (1.43-4.23)
Male

Immigrant status: 1 1 1
Non-immigrant 0.65 (0.42-1.02) 0.79 (0.52-1.20) 0.69 (0.30-1.60)
Immigrant

Family structure: 1 1 1

1.25 (0.89-1.77) 1.36 (0.74-2.49)

1 1
1.25 (0.87-1.81) 1.55 (0.83-2.90)

1 1
1.05 (0.74-1.50) 0.90 (0.47-1.72)

1 1
0.98 (0.65-1.48) 0.77 (0.36-1.64)

1 1
1.51 (1.07-2.11) 1.80 (1.00-3.24)

Prenatal tobacco exposure: 1 1 1
No 0.68 (0.48-0.96) 1.18 (0.86-1.62) 1.11 (0.61-2.00)
Yes

1.13 (1.00-1.28)
1.03 (0.90-1.19)
2.68 (1.13-6.37)
1.70 (1.49-1.93)

1.22 (0.99-1.51)
1.12 (0.88-1.43)
1.15 (0.23-5.87)
1.75 (1.39-2.20)

"The ORs presented are adjusted for all the variables in each column.
doi:10.1371/journal.pone.0052615.t003

Limitations and Strengths

Prior to discussing the study findings, we need to acknowledge
methodological limitations: 1) due to selective attrition which often
occurs in longitudinal cohort studies, the study sample included
fewer children from socioeconomically disadvantaged families
than the original cohort; thus, the prevalence of food insecurity
among Canadian families with small children may be higher than
we report; 2) children were not assessed for clinically significant
emotional and behavioural problems, barring conclusions regard-
ing the impact of food insecurity on psychological problems that
require medical attention; nevertheless, children who experience
mental health difficulties early on are at risk of psychiatric
disorders later in life implying that symptoms such as the ones we
measured require attention from parents, teachers and physicians
[35]; 3) children’s mental health symptoms were assessed by their
mothers, raising the possibility of reporting bias, particularly if the
mother was depressed; evidence that maternal reports of children’s
behaviour coincide with reports of other individuals in children’s
environment (father, other family, friends) [25,36,37] implies that
symptoms picked up by mothers are valid; nevertheless future
investigations should account for teacher ratings, particularly to
measure hyperactivity/inattention, as a way to alleviate problems
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related to potential shared method variance; 4) food insecurity was
measured using four items, which may have led us to underes-
timate its occurrence as not all aspects of food shortage and
inadequacy were assessed; additionally, we did not have sufficient
statistical power to study children’s mental health in relation to
changes in food insecurity over time.

Our study also has key strengths: 1) analyses were based on a
community sample and we were able to estimate the burden of
behavioural problems associated with food insecurity among
children in the general population, while most prior studies
focused on high-risk families; 2) longitudinal follow-up of
children’s mental health allowed us to distinguish different types
of symptoms and their developmental patterns over up to 7 years
of follow-up; 3) statistical adjustment for multiple individual and
family factors potentially associated with children’s outcomes.

Food Insecurity and Children’s Behaviour

Our finding of an association between exposure to food
insecurity and children’s mental health symptoms is consistent
with prior research conducted cross-sectionally or over a limited
follow-up [5,12,38]. In contrast to studies conducted in high-risk
[12,14] or older samples [15,16], the association between food
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insecurity and children’s symptoms of emotional problems in our
study disappeared after we adjusted for individual and family
factors.

Adding to prior research which did not always distinguish
specific aspects of children’s behaviour, we found that food
insecurity is distinctively associated with children’s symptoms of
hyperactivity/inattention. This association lost statistical signifi-
cance after adjusting for children’s behavioural difficulties at age
1% years, but did not much change, which may be due to the
small number of cases of hyperactivity/inattention in our study
and calls for additional research in larger samples.

The association between food insecurity and children’s behav-
iour may reflect several mechanisms. First, food insecure families
are disproportionately exposed to multiple risks which can impair
children’s development and mental health, including poverty,
marital discord, single parenthood, violence, parental substance
abuse and psychopathogy [39,40]. Our analyses are controlled for
income, family structure and functioning, as well as parental
psychopathology and attitude towards children, but we cannot
entirely rule out the possibility of residual confounding, whereby
the association between food insecurity and children’s behaviour is
not causal but rather reflects the co-occurrence of other risk
factors. Second, through psychological pathways, food insecurity
early in life may lead to weak attachment between parents and
children, which can have negative consequences on children’s
mental health later on [41]. Third, food insecurity may be
associated with maternal depression, which, in turn, impacts on
child mental health [19]. Fourth, food insecurity may directly
predict the occurrence of behavioural difficulties through inade-
quate nutrition [18]. In particular, compared to non food-insecure
children, food-insecure children’s diets are high in fat, refined
sugars and sodium and low in fruits, vegetables and fiber [42],
leading to high carbohydrate intake [43] and decreased levels of

References

1. Food and Agriculture Organization of the United Nations (2003) Trade reforms
and food security.

2. Che J, Chen J (2001) Food insecurity in Canadian households. Health Rep 12:
11-22.

3. Evenson KR, Laraia BA, Welch VL, Perry AL (2002) Statewide prevalences of
concern about enough food, 1996-1999. Public Health Rep 117: 358-365.

4. Molcho M, Gabhainn SN, Kelly C, Friel S, Kelleher C (2007) Food poverty and
health among schoolchildren in Ireland: findings from the Health Behaviour in
School-aged Children (HBSC) study. Public Health Nutr 10: 364-370.

5. Melchior M, Caspi A, Howard L, Ambler AP, Bolton H, et al. (2009) The
mental health context of food insecurity in families with young children.
Pediatrics 24: ¢564—€572.

6. Martin-Fernandez J, Caillavet I, Chauvin P (2011) L’insécurité alimentaire dans
I'agglomération parisienne: prévalence et inégalités socio-territoriales. Bull
Epidémiol Hebd 515-521.

7. Jyoti DF, Frongillo EA, Jones SJ (2005) Food insecurity affects school children’s
academic performance, weight gain, and social skills. J Nutr 135: 2831-2839.

8. Rose D, Bodor JN (2006) Household food insecurity and overweight status in
young school children: results from the Early Childhood Longitudinal Study.
Pediatrics 117: 464-473.

9. Whitaker RC, Phillips SM, Orzol SM (2006) Food insecurity and the risks of
depression and anxiety in mothers and behavior problems in their preschool-
aged children. Pediatrics 118: €859-¢868.

10. Casey P, Goolsby S, Berkowitz C, Frank D, Cook ], et al. (2004) Maternal
depression, changing public assistance, food security, and child health status.
Pediatrics 113: 298-304.

11. Broughton MA, Janssen PS, Hertzman C, Innis SM, Frankish CJ (2006)
Predictors and outcomes of household food insecurity among inner city families
with preschool children in Vancouver. Can J Public Health 97: 214-216.

12. Kleinman RE, Murphy JM, Little M, Pagano M, Wehler CA, et al. (1998)
Hunger in children in the United States: potential behavioral and emotional
correlates. Pediatrics 101: E3.

13. Alaimo K, Olson CM, Frongillo EA (2001) Food insufficiency and American
school-aged children’s cognitive, academic, and psychosocial development.
Pediatrics 108: 44-53.

14. Weinreb L, Wehler C, Perloff J, Scott R, Hosmer D, et al. (2002) Hunger: its
impact on children’s health and mental health. Pediatrics 110: e41.

PLOS ONE | www.plosone.org

Food Insecurity and Children’s Mental Health

vitamin, omega-3, fatty acids and iron [44,45]. High consumption
of refined sugars as well as iron-deficiency anaemia may have
behavioural consequences such as hyperkinesia, inattention and
poor memory, and may contribute to the link between food
insecurity and hyperactivity/inattention. Although there is con-
troversy regarding the importance of dietary factors in relation to
ADHD risk, recent evidence from intervention trials suggests that
the introduction of a healthy diet yields improvements in
symptoms in some children [46,47]. Given the burden of ADHD
in children and adults [48], and the impact of hyperactivity/
inattention on children’s concurrent and future health, academic,
and social outcomes [49-51], ensuring children’s mental health
should be a public health priority.

Conclusions

Children growing up in food-insecure families are two-times
more likely to have high levels of persistent symptoms of
hyperactivity/inattention than children who are not food insecure.
Reducing the burden of food insecurity in families could help
decrease the burden of mental health problems in school-aged
children and reduce social inequalities in development.

Acknowledgments

We are grateful to the parents and children of the Québec Longitudinal
Study of Child Development (QLSCD). We thank the Québec Institute of
Statistics, Mireille Jett¢, and the GRIP staff’ for data collection and
management.

Author Contributions

Conceived and designed the experiments: MM JFC SC RT MB. Analyzed
the data: MM JFC. Contributed reagents/materials/analysis tools: MM
JFC BF CG SC RT MB. Wrote the paper: MM JFC BF CG SC RT MB.

15. Alaimo K, Olson CM, Frongillo EA (2002) Family food insufficiency, but not
low family income, is positively associated with dysthymia and suicide symptoms
in adolescents. J Nutr 132: 719-725.

16. Belsky DW, Moffitt TE, Arseneault L, Melchior M, Caspi A (2010) Context and
sequelae of food insecurity in children’s development. Am J Epidemiol 172: 809~
818. kwq201 [pii];10.1093/aje/kwq201 [doi].

17. Murphy JM, Wehler CA, Pagano ME, Little M, Kleinman RE, et al. (1998)
Relationship between hunger and psychosocial functioning in low-income
American children. J Am Acad Child Adolesc Psychiatry 37: 163-170.

18. Ashiabi G, O’Neal K (2008) A framework for understanding the association
between food insecurity and children’s developmental outcomes. Child
Development Perspectives 2: 71-77.

19. Bronte-Tinkew J, Zaslow M, Capps R, Horowitz A, McNamara M (2007) Food
insecurity works through depression, parenting, and infant feeding to influence
overweight and health in toddlers. J Nutr 137: 2160-2165.

20. Galéra C, Coté SM, Bouvard MP, Pingault JB, Melchior M, et al. (2011) Early
risk factors for hyperactivity-impulsivity and inattention trajectories from age 17
months to 8 years. Arch Gen Psychiatry 68: 1267-1275.

21. Dubois L, Farmer A, Girard M, Porcherie M (2006) Family food insufficiency is
related to overweight among preschoolers. Soc Sci Med 63: 1503-1516.

22. Dubois L, Francis D, Burnier D, Tatone-Tokuda F, Girard M, et al. (2011)
Houschold food insecurity and childhood overweight in Jamaica and Quebec: a
gender-based analysis. BMC Public Health 11: 199.

23. Behar L, Stringfield S (1974) A behavior rating scale for the preschool child.
Develop Psychol 10: 601-610.

24. Achenbach Thomas (1991) Manual for the child behavior checklist/4—18.
Burlington, VT: University of Vermont Department of Psychology.

25. Coté SM, Boivin M, Liu X, Nagin DS, Zoccolillo M, et al. (2009) Depression
and anxiety symptoms: onset, developmental course and risk factors during early
childhood. J Child Psychol Psychiatry 50: 1201-1208.

26. Coté SM, Boivin M, Nagin DS, Japel C, Xu Q, et al. (2007) The role of
maternal education and nonmaternal care services in the prevention of
children’s physical aggression problems. Arch Gen Psychiatry 64: 1305-1312.

27. Boyle MH, Offord DR, Racine Y, Sanford M, Szatmari P, et al. (1993)
Evaluation of the original Ontario Child Health Study scales. Can J Psychiatry
38: 397-405.

December 2012 | Volume 7 | Issue 12 | 52615



28.

29.

30.

36.

37.

38.

39.

40.

Tremblay RE, Desmarais-Gervais L, Gagnon C, Charlebois P (1987) The
Preschool Behavior Questionnaire: Stability of its factor structure between
cultures, sexes, ages and socioeconomic classes. Int J Behav Develop 10: 467—
484.

Huijbregts SC, Seguin JR, Zoccolillo M, Boivin M, Tremblay RE (2008)
Maternal prenatal smoking, parental antisocial behavior, and early childhood
physical aggression. Develop Psychopathol 20: 437-453.

Jones BL, Nagin DS, Roeder K (2001) A SAS procedure based on mixture
models for estimating developmental trajectories. Sociol Methods Res 29: 374~
393.

. Nagin DS, Odgers CL (2010) Group-Based Trajectory Modeling (Nearly) Two

Decades Later. J Quant Criminol 26: 445-453.

. Radloff L. (1977) The CES-D scale : a self report depression scale for research in

the general population. Appl Psychological Measurement 1: 385-401.
Statistics Canada (1995) Overview of Survey Instruments for 1994—1995 Data Collection,
Cycle 1.

. Boivin M, Pérusse D, Dionne G, Saysset V, Zoccolillo M, et al. (2005) The

genetic-environmental etiology of parents’ perceptions and self-assessed
behaviours toward their 5-month-old infants in a large twin and singleton
sample. ] Child Psychol Psychiatry 46: 612-630.

. Rutter M, Kim-Cohen J, Maughan B (2006) Continuities and discontinuities in

psychopathology between childhood and adult life. J Child Psychol Psychiatry
47: 276-295.

Cicchetti D, Toth SL (1998) The development of depression in children and
adolescents. Am Psychol 53: 221-241.

Baumann B, William E, Lang A, Jacob R, Blumenthal J (2004) The impact of
maternal depressive symptomatology on ratings of children with ADHD and
child confederates. J Emotion Behav Disord 12: 90-98.

Murphy JM, Pagano ME, Nachmani J, Sperling P, Kane S, et al. (1998) The
relationship of school breakfast to psychosocial and academic functioning: cross-
sectional and longitudinal observations in an inner-city school sample. Arch
Pediatr Adolesc Med 152: 899-907.

Health consequences of poverty for children. End child poverty. Available:
http:/ /www.endchildpoverty.org.uk/ files / Health_consequences_of” Poverty_for_children  pdf.
Accessed 2012 April 30.

Ashiabi GS, O’Neal KK (2007) Children’s health status: examining the
associations among income poverty, material hardship, and parental factors.
PLoS ONE 2: ¢940.

PLOS ONE | www.plosone.org

41.

42,

43.

44.

46.

47.

48.

49.

Food Insecurity and Children’s Mental Health

Zaslow M, Bronte-Tinkew J, Capps R, Horowitz A, Moore KA, et al. (2009)
Food security during infancy: implications for attachment and mental
proficiency in toddlerhood. Mat Child Health J 13: 66-80.

Pilgrim A, Barker M, Jackson A, Ntani G, Crozier S, et al. (2011) Does living in
a food insecure household impact on the diets and body composition of young
children? Findings from the Southampton Women’s Survey. ] Epidemiol
Community Health. jech.2010.125476 [pii];10.1136/jech.2010.125476 [doi].
Casey PH, Szeto K, Lensing S, Bogle M, Weber J (2001) Children in food-
insufficient, low-income families: prevalence, health, and nutrition status. Arch
Pediatr Adolesc Med 155: 508-514. pnu00206 [pii].

Rose D (1999) Economic determinants and dietary consequences of food
insecurity in the United States. ] Nutr 129: 5175-520S.

. Millichap JG, Yee MM (2012) The diet factor in attention-deficit/hyperactivity

disorder. Pediatrics 129: 330-337.

McCann D, Barrett A, Cooper A, Crumpler D, Dalen L, et al. (2007) Food
additives and hyperactive behaviour in 3-year-old and 8/9-year-old children in
the community: a randomised, double-blinded, placebo-controlled trial. Lancet
370: 1560-1567. S01-6736(07)613-3 [pii];10.1016/S01-6736(07)613-3 [doi].
Pelsser LM, Frankena K, Toorman J, Savelkoul HF, Dubois AE, et al. (2011)
Effects of a restricted elimination diet on the behaviour of children with
attention-deficit hyperactivity disorder (INCA study): a randomised controlled
trial. Lancet 377: 494-503. S0140-6736(10)62227-1 [pii];10.1016/S0140-
6736(10)62227-1 [doi].

Polanczyk G, Rohde LA (2007) Epidemiology of attention-deficit/hyperactivity
disorder across the lifespan. Curr Opin Psychiatry 20: 386-392.

Galéra C, Bouvard MP, Messiah A, Fombonne E (2008) Hyperactivity-
inattention symptoms in childhood and substance use in adolescence: The Youth
Gazel cohort. Drug Alcohol Depend 94: 30-37.

Galéra C, Melchior M, Chastang JF, Bouvard MP, Fombonne E (2009)
Childhood and adolescent hyperactivity-inattention symptoms and academic
achievement 8 years later: the GAZEL Youth study. Psycholo Med 9: 1895
1906.

Galéra C, Bouvard M-P, Lagarde E, Touchette E, Fombonne E, et al. (2012)
Attention problems in childhood and socioeconomic disadvantage 18 years later:
the TEMPO cohort. Br J Psychiatry [In press].

December 2012 | Volume 7 | Issue 12 | 52615



