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Abstract: Food insecurity is a major public health concern characterized by an individual or
household lacking access to adequate food to support a healthy lifestyle. Food insecurity has
been associated with predisposing or exacerbating mental health symptoms in children. However,
the evidence is scarce with regards to Attention-Deficit Hyperactivity Disorder (ADHD) symptoms
in children. The purpose of this review is to summarize and identify gaps in the existing literature,
as well as to explore associations between food insecurity and symptoms of childhood ADHD.
Literature for this review was pulled from Ovid MEDLINE and PubMed library databases, with
a focus on food insecurity, food insufficiency, hunger, and ADHD symptoms such as inattention,
hyperactivity, and impulsivity in children. The limited evidence to date shows a predictive and
inverse relationship between childhood experience of food insecurity and symptoms of ADHD,
with lasting impacts into adulthood. Evidence exists to hypothesize that childhood food insecurity
is associated with predisposing or exacerbating ADHD symptoms in children, yet the literature
needed to confirm this relationship is scarce and utilizes inconsistent methodology. Future research
is needed to further characterize this complex relationship and inspire community or public health
interventions addressing food insecurity in children with ADHD. Additionally, it may be clinically
useful to routinely screen for food insecurity when assessing pediatric ADHD symptoms.

Keywords: food insecurity; food insufficiency; hunger; attention-deficit hyperactivity disorder;
ADHD

1. Introduction

As of 2017, approximately 12.5 million children in the United States lived in food insecure
households [1]. Food insecurity is characterized by an individual or household lacking access to
adequate food to support a healthy lifestyle [1]. Food insufficiency, on the other hand, is characterized
by an inadequate amount of food intake due to a lack of money or resources [2]. Hunger is another
term frequently associated with a lack of food. It is defined as “short-term physical discomfort as
a result of chronic food shortage, or in severe cases, a life-threatening lack of food” [3]. Although
food insufficiency and hunger are often used interchangeably with food insecurity, the terms are not
synonymous. Regardless, lacking consistent, safe, and sufficient food to support a healthy and active
lifestyle is accompanied with stress on an individual or the household.

While there is evidence of an association between food insecurity and childhood mental
health disorders, limited studies have focused on how food insecurity may affect disorders such
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as Attention-Deficit Hyperactivity Disorder (ADHD). ADHD is a neuropsychiatric disorder commonly
diagnosed in childhood with increasing global prevalence and high heritability [4]. Symptoms of
inattention, impulsivity, and hyperactivity are characteristics of ADHD, impairing an individual’s
ability to function in multiple settings such as at home and at school or work [5]. The current prevalence
of ADHD diagnoses in the US is 10.2%, with an estimated 70% to 80% heritability [4,6,7]. The increasing
prevalence and high heritability of ADHD diagnoses among children makes this condition a public
health concern.

Despite the high prevalence of childhood food insecurity [8] and its possible effects on mental
health, as well as high prevalence of pediatric ADHD diagnoses [4,8], the literature exploring the
interactions between these public health crises is limited. Evidence exists to show that early childhood
exposure to environmental stressors, including food insecurity, could be associated with predisposing
or exacerbating ADHD symptoms in children [9,10]. Several studies have found behavioral challenges
to be associated with periods of compromised nutrition during critical periods of early childhood
development [9,11–13]. In addition to immediate impacts on children’s externalizing behavior, there
is growing literature indicating long-term behavioral effects of early childhood exposure to food
insecurity [9,14–17]. For example, inattention and impulsivity may continue, and sometimes intensify,
into adolescence and adulthood [9,14–17]. Thus, early interventions targeting childhood food insecurity
may also affect the occurrence and severity of future behavioral problems. The purpose of this review
is to summarize and identify gaps in the current literature exploring the relationships between food
insecurity and early childhood ADHD symptom prevalence and severity.

2. Materials and Methods

A comprehensive literature search was conducted to identify all studies investigating the
associations between food insecurity and symptoms of ADHD. Online databases including Ovid
MEDLINE and PubMed were utilized to complete this review. In addition, a hand search was
conducted by reading through citations of articles that were found. The key search terms used
to identify relevant articles were: attention deficit hyperactivity disorder, ADHD, inattention,
hyperactivity, impulsivity, mental health, hunger, food insecurity, food insufficiency, food neglect,
children, and pediatric. Exclusion criteria included articles examining the associations between food
insecurity and symptoms of inattention in children with intellectual disabilities or severe childhood
malnourishment. The focus of these articles did not fit the scope of this review and there may be
alternative relationships between severe malnutrition and inattention in children, such as an identified
intellectual disability.

3. Results

Results using these terms yielded 23 articles. The review includes publications from 1998 to 2016.
Articles examining intellectual disabilities (n = 3) or severe childhood malnourishment (n = 9) were
excluded, in addition to duplicates. Following this exclusion criteria, 11 articles remained and were
included in the review. All of these studies, except one, were conducted in the United States or Canada
and included children with an age range of 0 to 17 years. In addition, 8 out of the 11 studies utilized
fairly large sample sizes (n = 2120–34,427). Tables 1 and 2 summarize the articles mentioned in the text,
where they are grouped into respective categories based on whether studies focused on food insecurity
or hunger.
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Table 1. Comparison of literature characterizing associations between food insecurity and symptoms of Attention-Deficit Hyperactivity Disorder (ADHD) in a
pediatric population.

Author, Year Population Assessment Methods
Results

Food Insecurity Psychological

Whitaker, 2006 [18] US children ages 0–3 years
(n = 2870) USHFSSM 1 Parent Report

Parent report based on CBCL 2

with categories for
hyperactivity/inattention.

Behavior problems among children of fully
food insecure mothers remained significantly
elevated, with the percentage of children with
behavior problems increasing with worsening
household food insecurity.

McLaughlin, 2012 [19] US adolescents ages 13–17 years
(n = 6483)

6-item USHFSSM 1

Parent Report

Modified CIDI 3 Adolescent
Interview resulting in

ADHD Diagnosis

Higher food insecurity scores were associated
with 14% greater odds of past-year mental
disorders, including ADHD, in adolescents.

Kirk, 2015 [20] Canadian children ages
10–11 years (n = 5853)

6-item USHFSSM 1

Parent Report

Child questionnaire using
investigator-defined questions

based on PedsQL 4

Marginally, moderately, and severely food
insecure children were more likely to report
problems with mood and externalizing
problems such as inattention.

Kimbro, 2015 [13] US Children grade K-1
(n = 6300)

18-item USHFSSM 1

Parent Report Teacher report using SSRS 5
Teachers reported poorer scores for
externalizing behaviors and self-control in
children transitioning into food insecurity.

Poole-Di Salvo, 2016 [21] US adolescents ages 12–16 years
(n = 8600)

18-item USHFSSM 1

Parent Report

Parent report using SDQ 6 with
categories for hyperactivity and

conduct problems+

Parent-reported scores for hyperactivity were
significantly higher in adolescents in food
insecure households.

Slopen, 2010 [11] US children ages 4–14 years
(n = 2810)

Parent Report: positive
response to question “has there
been a time when there was not

enough money at home to
buy food.”

Parent Report: CBCL 2

including aggression,
hyperactivity, and
non-compliance

Symptoms of hyperactivity are more prevalent
in children living in food insecure households,
with data suggesting that transitions into food
insecurity are more likely to predict behavioral
problems than chronic food insecurity.

Melchior, 2012 [12] Canadian children ages
1.5–8 years (n = 2120)

Parent Report: 4 questions
regarding food insecurity asked

at 1.5 years and 4.5 years

Parent Report: A combination
of psychological questionnaires

and investigator-defined
questions on aggression,

hyperactivity and aggression

Food insecurity distinctively predicted
children’s two-fold increased likelihood of
persistent hyperactivity and inattention, even
after controlling child and
family characteristics.

1 USHFSSM = United States Household Food Security Survey Module; 2 CBCL = Child Behavior Checklist; 3 CIDI = Composite International Diagnostic Interview; 4 PedsQL = Pediatric
Quality of Life Inventory™; 5 SSRS = Social Skills Rating System; 6 SDQ = Strengths and Difficulties Questionnaire.
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Table 2. Comparison of literature characterizing associations between hunger and symptoms of ADHD in a pediatric population.

Author, Year Population Assessment Methods
Results

Hunger Psychological

Kleinman, 1998 [22] US children ages 6–12 years
(n = 328)

Parent Report: 8-item adult CCHIP 1

hunger scale Parent Report: PSC 2

Hungry children scored higher in inattention
and hyperactive/impulsive symptoms and
were 3-times more likely to be classified as
dysfunctional (scoring 28 or higher on PSC) by
parent report.

Murphy, 1998 [23] US children ages 6–12 years
(n = 205)

Parent Report: 8-item adult CCHIP 1

hunger scale; Child Report: 5-item
child CCHIP 1 hunger scale

Parent Report: PSC 2, CBCL
Teacher Report: CTRS-39 3

Teachers reported hungry and at-risk of being
hungry children more likely of having higher
levels of hyperactivity and attention problems.

Walker, 2007 [14] Jamaican adolescents ages
17–18 years (n = 129)

Adolescent Report: interviewed on
frequency of hunger experienced in
the home during the previous year

due to lack of food

Parent Report: short form CPRS
4Adolescent Report: Antisocial

Behavior: BAC 5Anxiety
Symptoms: MAQ 6

Hungry adolescents had poorer psychological
functioning in late adolescence, with parents
reporting more hyperactivity.

Vaughn, 2016 [24] US young adults 18+ years
(n = 34,427)

Participant Report: fairly often or
often response to “how often did a
parent or other adult living in your
home make you go hungry or not

prepare you regular meals”

Participant Report: Psychiatric
Disorders: interviewed with

AUDADIS-IV 7

Participants who experienced childhood
hunger were more likely to report challenges
related to impulse control, with impulse
control deficits mediating the relationship
between frequent childhood hunger and later
interpersonal violence.

1 CCHIP = Community Childhood Hunger Identification Project; 2 PSC = Pediatric Symptom Checklist; 3 CTRS-39 = Conners Teacher Rating Scale-39; 4 CPRS = Conners Parent Rating
Scale; 5 BAC = Behavior and Activities Checklist; 6 MAQ = Manifest Anxiety Questionnaire; 7 AUDADIS-IV = Alcohol Use Disorder and Associated Disabilities Interview Schedule-IV.
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3.1. Evidence to Date

3.1.1. Food Insecurity and ADHD Symptoms

Table 1 presents the results from the literature search for food insecurity and ADHD symptoms
in children. Several large-scale epidemiological, observational, and interventional studies have
examined the relationship between the presence of childhood food insecurity and symptoms of
ADHD, particularly with behavioral problems such as hyperactivity and impulsivity, into adolescence
and adulthood [15,17]. Specific characteristics of food insecurity, such as unreliable access to food
and inadequate amounts of food intake, are most commonly identified in these studies as being
related to behavior symptoms characteristic of ADHD. Among three-year-old children living in the
USA (n = 2870), a relationship between food insecurity and ADHD symptoms was found, where
the severity of household food insecurity was significantly related to childhood behavioral problems
such as hyperactivity and inattention [18]. Similarly, a study conducted in 2012 among American
youth aged 3–17 years (n = 6483) experiencing food insecurity found a 14% odds increase of all
past-year mental disorder diagnoses, including behavioral disorders such as ADHD [19]. Likewise,
a 2016 study among American youth ages 12–16 years (n = 8600) identified food insecurity to be
more strongly related to children’s mental disorders than traditional socioeconomic measurements,
with food insecurity independently associated with over a two-fold increase in risk for mental health
problems [21]. Specifically, parents rated food insecure adolescents higher for hyperactivity scores
than adolescents who were food secure [21].

Several longitudinal studies have also examined the relationship between food insecurity and
symptoms of ADHD. Among kindergarten-aged children in the USA (n = 6,300), the timing and
duration of food insecurity was found to affect the display of behavior in children, with behavior
problems such as self-control being more sensitive to transitions into food insecurity than chronic
food insecurity [13]. A study of American children ages 4–14 years (n = 2,810) found persistent food
insecurity and transitions into food insecurity predicted approximately two-times increased likelihood
of exhibiting hyperactivity and/or non-compliance behaviors at follow-up [11]. Results from this study
were not confounded by poverty and demonstrate the predictive power of food insecurity for children’s
externalizing behaviors. Another study in Canada in 2012 analyzed the impact of food insecurity on
ADHD symptoms among children ages 1.5–8 years (n = 2120). The study found food insecurity to
distinctively predict a two-fold increased likelihood of persistent hyperactivity and inattention over the
course of seven years among the children [12]. More importantly, this relationship remained elevated
and significant after adjusting for child and family characteristics. However, the measures utilized in
two of these studies were not validated to assess food insecurity and more accurately capture food
insufficiency [11,12].

3.1.2. Hunger and ADHD Symptoms

Key symptoms of ADHD include inattention, hyperactivity, and impulsivity, which are also
behaviors often displayed by children who are acutely hungry. Table 2 presents the results from the
literature search for hunger and ADHD symptoms in children. A study conducted in 2007 among
Jamaican adolescents aged 17–18 years (n = 129) experiencing hunger found poorer psychological
functioning in late adolescence, with parents reporting more hyperactivity [15]. Similarly, in a
US sample of children ages 6–12 years (n = 328), hungry children scored significantly higher on
psychosocial dysfunction and were three-times more likely to be classified as dysfunctional compared
to non-hungry children [23]. More specifically, the hungry children displayed more inattentive,
hyperactive, and impulsive behaviors [22]. Another study among American youth ages 6–12 years
(n = 205), found hunger to negatively impact behavioral functioning based on parent reports on
the Pediatric Symptom Checklist (PSC) and Child Behavior Checklist (CBCL) [24]. These are
commonly used tools for pediatric psychiatric assessments including questions regarding inattention
and hyperactivity. Teacher reports from this sample indicated higher levels of hyperactivity and
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attention problems in hungry children [23]. This relationship between hunger and symptoms of
ADHD also seems to have lasting impacts into adulthood. A recent study in 2016 interviewing young
adults ages 18 years and older (n = 34,427) found those who had experienced childhood hunger
were two-times more likely to report a lifetime history of interpersonal violence and challenges with
impulse control, indicating associations between frequent childhood hunger and later development of
behavioral problems [24]. This study was also able to identify a direct path from frequent childhood
hunger to later interpersonal violence, with impulse-control deficits as a mediating factor, while
controlling for sociodemographic factors such as household income, race/ethnicity, and education [24].

4. Discussion

To date, several large-scale epidemiological, observational, and interventional studies support
an inverse relationship between the presence of early childhood food insecurity and symptoms of
ADHD [9,11–13,18–20]. The presence of food insecurity during early child development may also
influence the persistence of mental health issues, particularly behavioral problems such as hyperactivity
and impulsivity, into adolescence and adulthood [14–17]. Several pediatric studies have replicated
correlational relationships between food insecurity and ADHD symptoms in the past decade. Specific
characteristics of food insecurity, such as unreliable access to food and inadequate amounts of food,
are most commonly identified in these studies as being related to behavior symptoms characteristic
of ADHD. Previous research has also suggested that effects on behavior in youth become prevalent
even at the marginal food insecurity level [20]. Additionally, there is some evidence indicating that
the timing and duration of food insecurity can affect the presence of childhood behavior as they seem
to be more sensitive during transitional periods into food insecurity rather than chronic periods of
food insecurity [13]. Regardless of timing or duration, overall worse hyperactivity and mental health
outcomes were reported in food insecure children [13].

Additional evidence has found that the relationship between food insecurity and symptoms of
ADHD is a predictive, inverse relationship, even after adjusting for child and family characteristics [11,
12,19,21,24]. However, determining a causality between food insecurity and externalizing behavior
symptoms presents its challenges, especially given the additional environmental, household dynamics,
and genetic associations implicated with early childhood development [10,25]. Nonetheless, some
studies have reported strong associations between food insecurity and symptoms of ADHD while
controlling for poverty, household income, parental education, parental mental health, and child’s
descriptive characteristics [11,12,19,21,24].

The literature to date also suggests that food insecurity may also affect the development of
mood dysregulation and problems with interpersonal skills in children displaying ADHD symptoms.
Co-occurring mood dysregulation symptoms of irritability, anger, and aggression are often seen in
children with ADHD [7]. Walker et al. reported hungry adolescents with greater tendencies for conduct
disorder at age 11 and oppositional behavior at age 17 [14]. In another study by Poole-Di Salvo et al.,
food insecurity was independently associated with an increased risk for conduct problems and
sub-optimal pro-social skills in adolescents [21]. Conduct problems in this study were characterized
by externalizing behaviors including anger, aggression, and irritability while pro-social skills were
characterized by behaviors that benefit others such as helping, sharing, and cooperating [21]. Similarly,
Kimbro et al. reported poorer scores for interpersonal skills in children transitioning into food
insecurity by teacher report [13]. Although impaired social function is not a key symptom of ADHD,
symptoms such as inattention and impulsivity may negatively affect a child’s ability to communicate
or interact with others [4]. These findings support previous findings that describe co-occurring mood
dysregulation and social dysfunction commonly found in children with comorbid ADHD symptoms.
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4.1. The Case for Consistent Methodology

4.1.1. Food Insecurity Methodology

Studies included in this literature review utilized various measures of food insecurity, making it
challenging to consistently and accurately identify individuals who live in food insecure households.
Currently, the US Household Food Security Survey Module (USHFSSM) developed by the United
States Department of Agriculture (USDA) is an industry “standard” for measuring the prevalence and
severity of food insecurity in the United States and Canada [26–29]. As shown in Table 1, five studies
in our review were conducted in the United States and Canada and utilized the USHFSSM to ascertain
food security status [13,18–21]. The remaining two studies used methods such as single-question
parent assessments and investigator-defined interviews [11,12]. The latter measures often assess
food insufficiency instead of food insecurity, as they do not capture the four main types of situations
associated with the general definition of food insecurity (i.e. anxiety about inadequate food supply,
perceptions of inadequacy with food quality, and reported instances/consequences with reduced food
intake among adults and children). A brief summary of these methods follows.

The USHFSSM is a questionnaire that assesses household food environment and challenges
in meeting food needs over 12 months [28]. This questionnaire is validated in both the United
States [26–28] and Canada [29] to measure household food insecurity. Respondents are categorized
into “High Food Security”, “Marginal Food Security”, “Low Food Security”, and “Very Low Food
Security” based on the summation of raw scores. The categorization of score ranges varies depending
on whether or not there are children present in the household. There are three validated versions of this
questionnaire including the 18-item survey, which measures overall household food insecurity [27],
the 10-item survey, which measures food insecurity in households without children, and the 6-item
survey, which is the shortened version that only measures adult food insecurity [26]. Of the 11 studies
included in this literature review, five utilized the 18-item or 6-item USHFSSM (Table 1).

Several studies included in this literature review utilized investigator-defined questions focusing
on the home environment to measure food insecurity. Melchior et al. used parent reports on the
following four questions: “(1) whether family members had eaten less than they should have because
they had run out of food or money to buy food; (2) 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;
(3) whether the family could not afford to offer nutritious meals to the children; (4) 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” [12]. Slopen et al. also utilized parental report, measuring food insecurity by relying on
a positive response to, “Has there been a time when there was not enough money at home to buy
food” [11]. These questions only measure one aspect of food insecurity. Therefore, these measures are
not validated measures of food insecurity, but more accurately describe food insufficiency.

The Community Childhood Hunger Identification Project (CCHIP) is an assessment tool that
classifies households and children as “hungry”, “at-risk for hunger”, or “not hungry” [22]. As indicated
in Table 2, the CCHIP questionnaire was used to assess hunger in two studies from this literature
review [22,23]. At the time of these studies, this measurement was only validated to measure
hunger; however, the same questions included in the assessment were later validated to measure food
insecurity [22,23,26,27].

Two studies included in this literature review developed investigator-defined questions to
measure hunger by participant self-report (Table 2). Walker et al. interviewed adolescents on the
frequency they experienced hunger at home during the previous year due to a lack of food [14].
Similarly, Vaughn et al. developed a single question modeled from past epidemiologic studies utilizing
one-item measures for hunger by participant self-report: “How often did a parent or other adult living
in your home make you go hungry or not prepare you regular meals?” [24]. However, these measures
are not validated assessments of hunger.
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4.1.2. Psychological Assessment Methodology

The psychological assessments utilized in these studies show a substantial amount of variance
in the methodology used to measure ADHD symptoms among children. The most commonly used
methods are the Pediatric Symptom Checklist (PSC) and the Child Behavior Checklist (CBCL). Four
studies included either the PSC or the CBCL, with one of the studies including both measures. Other
studies used a variety of other methods such as the Composite International Diagnostic Interview
(CIDI), the Pediatric Quality of Life Inventory (PedsQL), the Social Skills Rating Scale (SSRS), the
Strength and Difficulties Questionnaire (SDQ), the Conners Teacher Rating Scale-39 (CTRS-39), the
Conners Parent Rating Scale (CPRS), the Behavior and Activities Checklist (BAC), the Manifest Anxiety
Questionnaire (MAQ), and the Alcohol Use Disorder and Associated Disabilities Interview Schedule-IV
(AUDADIS-IV) (Table 1). A brief summary of these methods follows.

The Child Behavior Checklist (CBCL) is a questionnaire that relies on a parental
report of child behavior, involving an externalizing subscale that consists of aggression and
inattention/hyperactivity [30]; 3 out of 11 studies included items from the CBCL in their methodology
(Tables 1 and 2) [11,18,23]. The Pediatric Symptom Checklist (PSC) assesses child emotional and
behavioral symptoms by parental report [31]; 2 out of 11 studies included the PSC in their methodology
for child mental health (Table 2) [22,23]. The majority of the remaining methods used in this child
literature are considered investigator-defined questions (Tables 1 and 2) [12–14,20,21,24]. Only one
study included in this literature relied on a diagnosis of child mental health disorder (Table 1) [19]. It is
imperative to note that many of these assessment materials were not designed to specifically screen
for ADHD. Thus, in order to further explore this relationship, there is a need to utilize validated and
standardized measures in the assessment of pediatric ADHD symptoms.

4.2. Nutrition and ADHD: A Missing Link?

Over the past decade, substantial evidence has accumulated describing the neurobiological
pathways involved in ADHD pathology. Dysfunctional dopamine and noradrenaline
prevalence/regulation remains the primary hypothesis driving symptomology of this disorder, further
validated by the effectiveness of stimulant medication, such as methylphenidate (MPH), commonly
known as Ritalin, in the treatment of ADHD [32]. New evidence exists to support that MPH treatment
may involve promoting alterations in amino acid pools and energy metabolism in order to normalize
CNS dopamine availability, nutrient supplementation, (i.e., administration of amino acids and/or
micronutrients), which serve as co-factors for the synthesis of neurotransmitters from amino acid
precursors, may be an alternative method to treat ADHD. Hypothesized mechanisms of action include
the role of vitamins and minerals in the methylation/methionine cycle and its subsequent involvement
with neurotransmitter synthesis, DNA/RNA production, and mitigation of oxidative stress, which is
frequently high in ADHD patients [33]. Further, the amino acid and neurotransmitter relationships in
ADHD may hinge upon metabolomic differences or functional abnormalities, such as altered amino
acid transporters or availability of multinutrients as co-factors for neurotransmitter synthesis [32].

The effects of nutrition on childhood development are becoming more widely understood,
specifically in the context of brain development. Current evidence suggests that nutrition and
diet may play influential roles in mental health prevalence and severity, such as with ADHD
symptoms [10,20,34–38]. In the realm of behavioral disorders single nutrient trials have seen
inconsistent results and are now less commonly explored [39–41]. The majority of these single nutrient
trials have targeted minerals that are essential for the metabolism of neurotransmitters, such as zinc,
iron, and magnesium [33,42,43].

The research to date indicates greater symptom improvement in multinurients for ADHD in
comparison to single nutrient interventions. Previous adult studies have found broad-spectrum
micronutrient supplement resulted in improvements in ADHD symptoms and emotional regulation
after micronutrient supplementation [34–36,44,45]. Additional research still needs to be conducted in
multinutrient interventions and ADHD to better understand these mechanisms; however, the evidence
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to date presents certain advantages to addressing functional nutrient deficiencies in this population
with multinutrient supplementation.

The link between food insecurity and improvement in mental health symptoms likely channels
through several mechanisms. Food insecure households are at an increased risk for micronutrient
insufficiency or deficiency [10,46]. The experience of hunger and long-term stretches of poor food
quality and quantity could contribute a critical role in this relationship [10,46]. There are several
potential pathways by which food insecurity could affect ADHD symptoms. The purpose of the
present literature review, however, is to summarize the current literature on food insecurity and
ADHD symptoms in children thus a detailed analysis of these pathways is not included.

4.3. Limitations and Future Implications

Literature exploring hunger and symptoms of ADHD have found that hungry children displayed
more inattentive, hyperactive, and impulsive behaviors [14,22–24]. This relationship is corroborated
in parent and teacher reports [14,22–24]. Therefore, it may prove clinically useful to routinely screen
children for hunger, especially for those being considered for an ADHD diagnosis, given evidence that
hunger may be a key contributor to inattentive, impulsive, and hyperactive symptoms in children. This
recommendation is further supported by the identification of a direct path from frequent childhood
hunger to later interpersonal violence, with impulse-control deficits as a mediating factor, while
controlling for sociodemographic factors such as household income, race/ethnicity, and education [24].

Limitations of this literature review are reflected in the challenges of summarizing studies
utilizing various methods for measuring food insecurity, food insufficiency, hunger, and psychological
assessments capable of capturing symptoms of ADHD. In addition, not all studies were able to
control for potential confounders in the relationship between food insecurity and ADHD symptoms
such as poverty, household income, and parental mental health [19,22,25]. Intellectual assessment
questionnaires would also have been helpful for studies assessing hunger in order to guarantee this
was not mediating the relationship between symptoms of inattention and hunger. Diet patterns are
also widely unknown for children with ADHD, which makes extrapolations of compromised nutrition
as a result of household food insecurity a challenge in determining the magnitude or causality of this
relationship. In addition, the majority of these studies explore correlations between food insecurity and
ADHD, but there may be other risk factors related to both food insecurity and behavioral problems
in childhood that have yet to be captured in the few longitudinal analyses explained in this review.
Nonetheless, this review serves as a comprehensive examination of literature on food insecurity and
pediatric ADHD symptoms, highlighting the limitations of current research and discussing the need
for additional investigations regarding this relationship. Future research should seek to assess this
relationship using validated and appropriate measures in order to help establish the magnitude of the
effect of food insecurity on ADHD symptoms.

5. Conclusions

In summary, the literature to date provides substantial evidence for an inverse relationship
between the presence of childhood food insecurity and ADHD symptoms. Results indicate food
insecurity and other challenges related to adequate food intake impacts pediatric ADHD symptoms
with possible lasting effects into adulthood. Future research, with validated and consistent
assessment methods, is needed to examine the consequential impacts of food insecurity on early
behavioral development.

Author Contributions: Conceptualization: S.L., L.P., and I.H.; Methodology: S.L., L.P., A.L., and I.H.; Data
Collection: S.L. and A.L.; Formal Analysis: S.L. and L.P.; Writing-Original Draft Preparation: L.P, S.L., and A.L.,
Writing-Review and Editing: S.L., L.P., A.L, and I.H.

Funding: This research received no external funding.



Nutrients 2019, 11, 659 10 of 12

Acknowledgments: The authors wish to express our appreciation to the Undergraduate Researcher Apprentice
Program from the Ohio State University Office of Undergraduate Research and Creative Inquiry for supporting
our undergraduate research fellows.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Coleman-Jensen, A. Household Food Security in the United States in 2017; Rabbitt, M.P., Ed.; United States
Department of Agriculture, Economic Research Service: Washington, DC, USA, 2018; Volume 256.

2. Briefel, R.R.; Woteki, C.E. Development of food sufficiency questions for the third national health and
nutrition examination survey. J. Nutr. Educ. 1992, 24, 24S–28S. [CrossRef]

3. Council, N.R. Food Insecurity and Hunger in the United States: An Assessment of the Measure; The National
Academies Press: Washington, DC, USA, 2006; p. 156.

4. Xu, G.; Strathearn, L.; Liu, B.; Yang, B.; Bao, W. Twenty-year trends in diagnosed
attention-deficit/hyperactivity disorder among us children and adolescents, 1997–2016. JAMA
Netw. Open 2018, 1, e181471. [CrossRef] [PubMed]

5. American Psychiatric, A.; Force, D.S.M.T. Diagnostic and Statistical Manual of Mental Disorders: Dsm-5;
American Psychiatric Association: Arlington, VA, USA, 2013.

6. Li, Z.; Chang, S.H.; Zhang, L.Y.; Gao, L.; Wang, J. Molecular genetic studies of adhd and its candidate genes:
A review. Psychiatry Res. 2014, 219, 10–24. [CrossRef] [PubMed]

7. Singh, A.; Yeh, C.J.; Verma, N.; Das, A.K. Overview of attention deficit hyperactivity disorder in young
children. Health Psychol. Res. 2015, 3, 2115. [CrossRef] [PubMed]

8. Danielson, M.L.; Bitsko, R.H.; Ghandour, R.M.; Holbrook, J.R.; Kogan, M.D.; Blumberg, S.J. Prevalence of
parent-reported adhd diagnosis and associated treatment among U.S. Children and adolescents, 2016. J. Clin.
Child Adolesc. Psychol. 2018, 47, 199–212. [CrossRef] [PubMed]

9. Shankar, P.; Chung, R.; Frank, D.A. Association of food insecurity with children’s behavioral, emotional, and
academic outcomes: A systematic review. J. Dev. Behav. Pediatrics JDBP 2017, 38, 135–150.

10. Althoff, R.R.; Ametti, M.; Bertmann, F. The role of food insecurity in developmental psychopathology. Prev.
Med. 2016, 92, 106–109. [CrossRef]

11. Slopen, N.; Fitzmaurice, G.; Williams, D.R.; Gilman, S.E. Poverty, food insecurity, and the behavior for
childhood internalizing and externalizing disorders. J. Am. Acad. Child Adolesc. Psychiatry 2010, 49, 444–452.
[PubMed]

12. Melchior, M.; Chastang, J.F.; Falissard, B.; Galera, C.; Tremblay, R.E.; Cote, S.M.; Boivin, M. Food insecurity
and children’s mental health: A prospective birth cohort study. PLoS ONE 2012, 7, e52615. [CrossRef]

13. Kimbro, R.T.; Denney, J.T. Transitions into food insecurity associated with behavioral problems and worse
overall health among children. Health Aff. 2015, 34, 1949–1955. [CrossRef]

14. Walker, S.P.; Chang, S.M.; Powell, C.A.; Simonoff, E.; Grantham-McGregor, S.M. Early childhood stunting is
associated with poor psychological functioning in late adolescence and effects are reduced by psychosocial
stimulation. J. Nutr. 2007, 137, 2464–2469. [CrossRef]

15. Huddleston-Casas, C.; Charnigo, R.; Simmons, L.A. Food insecurity and maternal depression in rural,
low-income families: A longitudinal investigation. Public Health Nutr. 2009, 12, 1133–1140. [CrossRef]

16. McIntyre, L.; Williams, J.V.; Lavorato, D.H.; Patten, S. Depression and suicide ideation in late adolescence
and early adulthood are an outcome of child hunger. J. Affect. Disord. 2013, 150, 123–129. [CrossRef]

17. Pryor, L.; Lioret, S.; van der Waerden, J.; Fombonne, E.; Falissard, B.; Melchior, M. Food insecurity and
mental health problems among a community sample of young adults. Soc. Psychiatry Psychiatr. Epidemiol.
2016, 51, 1073–1081. [CrossRef]

18. Whitaker, R.C.; Phillips, S.M.; Orzol, S.M. Food insecurity and the risks of depression and anxiety in mothers
and behavior problems in their preschool-aged children. Pediatrics 2006, 118, e859–e868. [CrossRef]

19. McLaughlin, K.A.; Green, J.G.; Alegria, M.; Jane Costello, E.; Gruber, M.J.; Sampson, N.A.; Kessler, R.C.
Food insecurity and mental disorders in a national sample of U.S. Adolescents. J. Am. Acad. Child Adolesc.
Psychiatry 2012, 51, 1293–1303. [CrossRef]

http://dx.doi.org/10.1016/S0022-3182(12)80134-8
http://dx.doi.org/10.1001/jamanetworkopen.2018.1471
http://www.ncbi.nlm.nih.gov/pubmed/30646132
http://dx.doi.org/10.1016/j.psychres.2014.05.005
http://www.ncbi.nlm.nih.gov/pubmed/24863865
http://dx.doi.org/10.4081/hpr.2015.2115
http://www.ncbi.nlm.nih.gov/pubmed/26973960
http://dx.doi.org/10.1080/15374416.2017.1417860
http://www.ncbi.nlm.nih.gov/pubmed/29363986
http://dx.doi.org/10.1016/j.ypmed.2016.08.012
http://www.ncbi.nlm.nih.gov/pubmed/20431464
http://dx.doi.org/10.1371/journal.pone.0052615
http://dx.doi.org/10.1377/hlthaff.2015.0626
http://dx.doi.org/10.1093/jn/137.11.2464
http://dx.doi.org/10.1017/S1368980008003650
http://dx.doi.org/10.1016/j.jad.2012.11.029
http://dx.doi.org/10.1007/s00127-016-1249-9
http://dx.doi.org/10.1542/peds.2006-0239
http://dx.doi.org/10.1016/j.jaac.2012.09.009


Nutrients 2019, 11, 659 11 of 12

20. Kirk, S.F.; Kuhle, S.; McIsaac, J.L.; Williams, P.L.; Rossiter, M.; Ohinmaa, A.; Veugelers, P.J. Food security
status among grade 5 students in nova scotia, canada and its association with health outcomes. Public Health
Nutr. 2015, 18, 2943–2951. [CrossRef]

21. Poole-Di Salvo, E.; Silver, E.J.; Stein, R.E. Household food insecurity and mental health problems among
adolescents: What do parents report? Acad. Pediatrics 2016, 16, 90–96. [CrossRef]

22. Kleinman, R.E.; Murphy, J.M.; Little, M.; Pagano, M.; Wehler, C.A.; Regal, K.; Jellinek, M.S. Hunger in children
in the united states: Potential behavioral and emotional correlates. Pediatrics 1998, 101, E3. [CrossRef]

23. Murphy, J.M.; Wehler, C.A.; Pagano, M.E.; Little, M.; Kleinman, R.E.; Jellinek, M.S. Relationship between
hunger and psychosocial functioning in low-income american children. J. Am. Acad. Child Adolesc. Psychiatry
1998, 37, 163–170. [CrossRef]

24. Vaughn, M.G.; Salas-Wright, C.P.; Naeger, S.; Huang, J.; Piquero, A.R. Childhood reports of food neglect
and impulse control problems and violence in adulthood. Int. J. Environ. Res. Public Health 2016, 13, 389.
[CrossRef]

25. Johnson, J.G.; Cohen, P.; Dohrenwend, B.P.; Link, B.G.; Brook, J.S. A longitudinal investigation of social
causation and social selection processes involved in the association between socioeconomic status and
psychiatric disorder. J. Abnorm. Psychol. 1999, 108, 490–499. [CrossRef]

26. Blumberg, S.J.; Bialostosky, K.; Hamilton, W.L.; Briefel, R.R. The effectiveness of a short form of the household
food security scale. Am. J. Public Health 1999, 89, 1231–1234. [CrossRef]

27. Carlson, S.J.; Andrews, M.S.; Bickel, G.W. Measuring food insecurity and hunger in the United States:
Development of a national benchmark measure and prevalence estimates. J. Nutr. 1999, 129, 510S–516S.
[CrossRef]

28. Nord, M.; Andrews, M.; Carlson, S. Household Food Insecurity in the United States 2008; The U.S. Department
of Agriculture: Washington, DC, USA, 2009.

29. Bush, M. Canadian Community Health Survey Cycle 2.2, Nutrition (2004): Income-Related Household Food Security
in Canada; Ministry of Health: Ottawa, ON, Canada, 2007.

30. Achenbach, T.M. Manual for the Child Behavior Checklist/4-18 and 1991 Profile; University of Vermont:
Burlington, VT, USA, 1991.

31. Jellinek, M.S.; Murphy, J.M.; Robinson, J.; Feins, A.; Lamb, S.; Fenton, T. Pediatric symptom checklist:
Screening school-age children for psychosocial dysfunction. J. Pediatrics 1988, 112, 201–209. [CrossRef]

32. Quansah, E.; Ruiz-Rodado, V.; Grootveld, M.; Probert, F.; Zetterström, T.S.C. 1H NMR-based metabolomics
reveals neurochemical alterations in the brain of adolescent rats following acute methylphenidate
administration. Neurochem. Int. 2017, 108, 109–120. [CrossRef]

33. Rucklidge, J.J.; Kaplan, B.J. Broad-spectrum micronutrient treatment for attention-deficit/hyperactivity
disorder: Rationale and evidence to date. CNS Drugs 2014, 28, 775–785. [CrossRef]

34. Rucklidge, J.; Taylor, M.; Whitehead, K. Effect of micronutrients on behavior and mood in adults with ADHD:
Evidence from an 8-week open label trial with natural extension. J. Atten. Disord. 2011, 15, 79–91. [CrossRef]

35. Rucklidge, J.J.; Frampton, C.M.; Gorman, B.; Boggis, A. Vitamin-mineral treatment of attention-deficit
hyperactivity disorder in adults: Double-blind randomised placebo-controlled trial. Br. J. Psychiatry 2014,
204, 306–315. [CrossRef]

36. Rucklidge, J.J.; Eggleston, M.J.F.; Johnstone, J.M.; Darling, K.; Frampton, C.M. Vitamin-mineral treatment
improves aggression and emotional regulation in children with ADHD: A fully blinded, randomized,
placebo-controlled trial. J. Child Psychol. Psychiatry 2018, 59, 232–246. [CrossRef]

37. Patel, K.; Curtis, L.T. A comprehensive approach to treating autism and attention-deficit hyperactivity
disorder: A prepilot study. J. Altern. Complementary Med. 2007, 13, 1091–1097. [CrossRef]

38. Harding, K.L.; Judah, R.D.; Gant, C. Outcome-based comparison of ritalin versus food-supplement treated
children with ADHD. Altern. Med. Rev. A J. Clin. Ther. 2003, 8, 319–330.

39. Arnold, L.E.; DiSilvestro, R.A. Zinc in attention-deficit/hyperactivity disorder. J Child Adolesc.
Psychopharmacol. 2005, 15, 619–627. [CrossRef]

40. Konofal, E.; Lecendreux, M.; Arnulf, I.; Mouren, M.C. Iron deficiency in children with
attention-deficit/hyperactivity disorder. Arch. Pediatr. Adolesc. Med. 2004, 158, 1113–1115. [CrossRef]

41. Konofal, E.; Lecendreux, M.; Deron, J.; Marchand, M.; Cortese, S.; Zaim, M.; Mouren, M.C.; Arnulf, I. Effects
of iron supplementation on attention deficit hyperactivity disorder in children. Pediatr. Neurol. 2008, 38,
20–26. [CrossRef]

http://dx.doi.org/10.1017/S1368980014001414
http://dx.doi.org/10.1016/j.acap.2015.08.005
http://dx.doi.org/10.1542/peds.101.1.e3
http://dx.doi.org/10.1097/00004583-199802000-00008
http://dx.doi.org/10.3390/ijerph13040389
http://dx.doi.org/10.1037/0021-843X.108.3.490
http://dx.doi.org/10.2105/AJPH.89.8.1231
http://dx.doi.org/10.1093/jn/129.2.510S
http://dx.doi.org/10.1016/S0022-3476(88)80056-8
http://dx.doi.org/10.1016/j.neuint.2017.03.003
http://dx.doi.org/10.1007/s40263-014-0190-2
http://dx.doi.org/10.1177/1087054709356173
http://dx.doi.org/10.1192/bjp.bp.113.132126
http://dx.doi.org/10.1111/jcpp.12817
http://dx.doi.org/10.1089/acm.2007.0611
http://dx.doi.org/10.1089/cap.2005.15.619
http://dx.doi.org/10.1001/archpedi.158.12.1113
http://dx.doi.org/10.1016/j.pediatrneurol.2007.08.014


Nutrients 2019, 11, 659 12 of 12

42. Kaplan, B.J.; Crawford, S.G.; Field, C.J.; Simpson, J.S. Vitamins, minerals, and mood. Psychol. Bull. 2007, 133,
747–760. [CrossRef]

43. Huskisson, E.; Maggini, S.; Ruf, M. The influence of micronutrients on cognitive function and performance.
J. Int. Med. Res. 2007, 35, 1–19. [CrossRef]

44. Kaplan, B.J.; Fisher, J.E.; Crawford, S.G.; Field, C.J.; Kolb, B. Improved mood and behavior during treatment
with a mineral-vitamin supplement: An open-label case series of children. J. Child Adolesc. Psychopharmacol.
2004, 14, 115–122. [CrossRef]

45. Gordon, H.A.; Rucklidge, J.J.; Blampied, N.M.; Johnstone, J.M. Clinically significant symptom reduction in
children with attention-deficit/hyperactivity disorder treated with micronutrients: An open-label reversal
design study. J Child Adolesc. Psychopharmacol. 2015, 25, 783–798. [CrossRef]

46. Holben, D.H.; Marshall, M.B. Position of the academy of nutrition and dietetics: Food insecurity in the
united states. J. Acad. Nutr. Diet. 2017, 117, 1991–2002. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1037/0033-2909.133.5.747
http://dx.doi.org/10.1177/147323000703500101
http://dx.doi.org/10.1089/104454604773840553
http://dx.doi.org/10.1089/cap.2015.0105
http://dx.doi.org/10.1016/j.jand.2017.09.027
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results 
	Evidence to Date 
	Food Insecurity and ADHD Symptoms 
	Hunger and ADHD Symptoms 


	Discussion 
	The Case for Consistent Methodology 
	Food Insecurity Methodology 
	Psychological Assessment Methodology 

	Nutrition and ADHD: A Missing Link? 
	Limitations and Future Implications 

	Conclusions 
	References

