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Household food insecurity has been previously hypothesized to promote dependence on inexpensive, highly palatable foods that are energy
dense. Such dependence, and the cyclical nature of having enough food in the beginning of the month followed by food scarcity at the end of
the month, could lead to weight gain over a short period of time. Such dependence on energy-dense foods and weight gain may play a direct
role in the development of chronic conditions. Other compounding factors that result from exposure to household food insecurity have been
well described, including pathways by which stress promotes visceral fat accumulation and chronic disease. This symposium review paper

summarizes the literature on the link between food insecurity and the following: 7) diet, 2) weight gain, and 3) chronic disease, especially among
women. This paper also proposes a framework for considering how the lived experience of household food insecurity may potentiate the

development of chronic disease by activating the stress response among individuals at critical developmental periods in a food-impoverished

environment. Adv. Nutr. 4: 203-212, 2013.

Introduction

There has been recent speculation about whether food inse-
curity causes chronic disease. In cross-sectional analysis, a
number of findings suggest that household food insecurity
is linked to chronic disease. In particular, food insecurity
has been significantly associated with type 2 diabetes, even
after controlling for a number of covariates (1-3). House-
hold food insecurity has been previously hypothesized to
promote dependence on inexpensive, highly palatable foods
that are energy dense. Such dependence, and the cyclical na-
ture of having enough food in the beginning of the month
followed by food scarcity at the end of the month, could
lead to weight gain over a short period of time. This hypoth-
esized mechanism depends on the following assumptions: 1)
that households are dependent on inexpensive energy-dense
foods, 2) that households experience a cyclic pattern of food
consumption, and 3) that this mechanism happens over
enough time to alter metabolism and result in a positive
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energy balance. Other compounding factors have been
well described, including pathways by which stress can influ-
ence visceral fat accumulation and chronic disease. Under
severe stress conditions, both the hypothalamus-pituitary-
adrenal axis and reward pathways can contribute to the
release of cortisol, neuropeptide Y, and other substances,
causing a desire to consume high energy-dense foods and al-
tered metabolism (4-7). In particular, these pathways can
promote accumulation of the visceral fat that plays a critical
role in chronic disease (8). Seligman and Schillinger (9) pro-
posed a model of the Cycle of Food Insecurity and Chronic
Disease that incorporates constrained dietary options,
compensatory eating behaviors and strategy, and subse-
quent changes in health status and stress that work in a cy-
clical way to both increase disease onset and disease
progression. Further compounding the story is the finding
that if household food insecurity is experienced at critical
developmental periods, then an individual may be partic-
ularly prone to metabolic syndrome (10). This sympo-
sium review paper summarizes the literature on the link
between food insecurity and the following: 1) diet, 2)
weight gain, and 3) chronic disease, especially among
women. This paper also proposes a framework for consider-
ing how the lived experience of household food insecurity
may potentiate the development of chronic disease by ac-
tivating the stress response among individuals at critical
junctures in their life course in a food impoverished
environment.

203



Current status of knowledge

Food insecurity and compromised dietary intake and
nutritional status

Evidence from animal models subjected to food scarcity as a
stressor suggests that food intake is altered and a preference
for high-fat, high-sugar foods is activated under stress con-
ditions (4,8,11). Exposure to household food insecurity is
associated with stress and depression (12-15), episodic
food availability (16), household food shortages (17), and
reliance on high energy-dense foods (18). A “new” model
of comfort foods (8) suggests that stress activates the hypo-
thalamic-pituitary-adrenal axis, releasing cortisol which can
alter metabolic processes. In addition to the stress pathway
being activated, 2 other systems are activated: the hedonic
(reward) pathway and memory. This comfort food model
is based on observations that within a very short time pe-
riod, animals learn that the high-fat, high-sugar foods are re-
wards that dampen the stress response. As a result, the
animal seeks the same food the next time stress is intro-
duced, even with much lower stress stimuli.

Inherent in the definition and measure of household food
security is the notion of compromised food quantity and/or
food quality. This notion was largely born out of the quali-
tative research finding that women and families reported
compromising on portion sizes, skipping meals, or eating
the same foods throughout the day or over a period of
time (16,19). Findings from quantitative studies later con-
firmed this finding. Using the Cornell/Radimer measure of
household food security, Kendall et al. (20) found that
among a small sample (# = 193) of women in rural upstate
New York living in food-insecure households had lower
quantity of foods in the house compared with food-secure
households. Household food availability was also character-
ized as cyclical during the month among low-income food-
insecure households. Taren et al. (16) found that servings of
food increased with participation in food programs, house-
hold size, and more sources of income. However, they also
found that servings of food decreased in the last week of
the month. In addition to lower quantity and poorer quality
of foods, women living in food-insecure households also
had a significant increase in disordered eating pattern scores
characterized as binge eating (20).

Several observational studies using a convenience sample
have shown associations between household food insecurity
and inadequate intake of fruits, vegetables, and micronutri-
ents (17,20-22). Kendall et al. (20) found significantly lower
levels of fruit, potassium, and fiber intake among food-inse-
cure groups than among food-secure groups. The percent-
age of respondents consuming less than the RDA for
vitamin C and <5 fruits and vegetables per day was signifi-
cantly greater among food-insecure respondents than
food-secure respondents. Tarasuk and Beaton (23) found
that among a small sample of women (n = 153) receiving
emergency food benefits in Toronto, Canada, women from
very low food-secure households had lower energy intake
and inadequate intakes in excess of 15% for vitamin A,
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folate, iron, and magnesium. The 15% cutpoint was used
to indicate a sufficient reduction in essential nutrients that
may put women at risk of nutrient deficiencies. Tarasuk
(17) again studied the influence of household food insecu-
rity on women’s health in the same sample and found a lo-
wer intake of fruits and vegetables and meat among women
from food-insecure households compared with food-secure
households. An array of coping mechanisms were identified
in the same study, which included delaying or shuffling bill
payment, discontinuing services, pawning possessions, or
sending children to other houses to eat meals. Together,
these descriptive studies suggest that household food insecu-
rity is associated with decreased intake of fruits and vegeta-
bles and some nutrients.

Several observation studies using a representative sample
have been conducted using the 1-item food insufficiency
question (22,24-27). Using data from the Current Popula-
tion Study, Rose and Oliveira (24) assessed the association
between food insufficiency and 15 nutrients and found
that women and elderly adults from food-insufficient
households had significantly lower mean intakes for the ma-
jority of nutrients assessed. Furthermore, women from
food-insufficient households had greater odds of intake
<50% of the RDA for energy; vitamins A, E, C, and B-6;
magnesium; thiamin; and niacin, whereas the elderly had
lower intakes of protein; vitamins A and B-6; calcium; phos-
phorus; thiamin; riboflavin; and niacin. In the same study,
preschooler diets were found to be no more likely to have
lower intake of any nutrients when comparing preschoolers
from food-insufficient with those from food-sufficient
households. Using data from NHANES III, Lee and Fron-
gillo (26) found significantly lower intake of energy, protein,
saturated fat, carbohydrates, B vitamins (niacin, riboflavin,
B-6, and B-12), and minerals (magnesium, iron, and zinc)
and significantly lower skinfold thickness among elderly
adults from food-insufficient compared with those from
food-sufficient households, after adjusting age, sex, race, in-
come, education, living arrangement, food program partic-
ipation, disease, and functional impairment. Dixon et al.
(22), using data from NHANES III, reported that in age-
stratified models of household food insufficiency, after ad-
justment for family income and other important covariates,
younger adults (aged 20-59 y) from food-insufficient fami-
lies had lower intakes of calcium and higher risk of calcium
and vitamin E intakes below 50% of the RDA compared with
young adults from food-sufficient households. Younger
adults from food-insufficient families also reported lower
1-mo frequency of consumption of milk/milk products,
fruits/fruit juices, and vegetables. They also had lower serum
concentrations of total cholesterol, vitamin A and 3 carote-
noids (a-carotene, B-cryptoxanthin, and lutein/zeaxanthin)
compared with younger adults from food-sufficient families.
In the same study, older adults (=60 y) from food-insufficient
families had lower intakes of energy, vitamin B-6, magne-
sium, iron, and zinc and were more likely to have iron
and zinc intakes <50% of the recommended amount on a
given day. Based on clinically relevant nutrient markers,



older adults also had lower serum concentrations of HDL
cholesterol, albumin, vitamin A, B-cryptoxanthin, and vita-
min E. Both younger and older adults from food-insufficient
families were more likely to have very low serum albumin
(<35 g/L) than adults from food-sufficient families. The
findings showed that adults from food-insufficient families
have diets that may compromise their health.

In addition to identifying lower micronutrient intake as-
sociated with food insufficiency, several studies have found
food insufficiency associated with poor dietary intake and
significantly lower diet quality scores. Using a representative
sample from Oregon, Cunningham et al. (27) found mater-
nal food insufficiency was associated with lower fruit and
vegetable intake and higher soda intake (but not candy or
cookies, French fries, fast food, water, milk, other drinks)
among 2-y-old children. Basiotis and Lino (25), using
NHANES III data, calculated the Healthy Eating Index, a
composite diet quality measure totaling 100 points consist-
ing of 10 components including servings of grains, fruits,
vegetables, milk, and meat and the percentage of energy
from fat, saturated fat, cholesterol, and sodium intake as
well as a food variety score. They found that women from
food-insufficient households had a significantly lower
Healthy Eating Index score than women from food-suffi-
cient households (58.8 vs. 62.7, respectively), although
scores for both indicated that both groups needed to im-
prove dietary intake. Bhattacharya et al. (21), using
NHANES III data, extended these analysis by assessing the
association among food insufficiency, poverty, and nutri-
tional status for all age groups and by race. Considering their
data on the Healthy Eating Index, BMI (kg/m?) and an index
of serum nutrient levels, the authors found that poverty is a
better predictor of nutritional status for very young pre-
school children than household food insufficiency; however,
both poverty and household food insufficiency were inde-
pendent predictors of nutritional status for adults. Neither
poverty nor household food insufficiency was associated
with nutritional status among older children.

Two studies used the NHANES 1999-2002, which as-
sessed household food insecurity using the 18-item Food Se-
curity Core Module (28). This module provides 4 categories
of food insecurity: secure, marginally secure, insecure with-
out hunger, and insecure with hunger. Lorson et al. (29)
found no association with decreased fruit and vegetable in-
take among children by food security category. Zizza et al.
(30) found no association with energy intake, carbohydrate
intake, or total energy from meals for men or women by
food security category. They found, however, that women
and men from food-insecure households had fewer meal oc-
casions compared with adults from food-secure households.
Also, women had significantly higher total grams of fat and
saturated fat, whereas men had lower grams of protein and a
lower energy-dense diet, who were from households charac-
terized as food insecure with hunger compared with adults
from food-secure households. The authors concluded that
meal occasions, or skipping meals, may be an important

dietary factor for the overall health and well-being of indi-
viduals from food-insecure households.

Many studies have shown an association between house-
hold food insecurity and lower fruit and vegetable intake
and a lower dietary intake of a number of micronutrients
across studies for women (16,17,20,23,24) and older Amer-
icans (21,22,26,31). Although many of these studies used in-
consistent measures of food security status and nutrition
outcomes, used small nonrepresentative sample sizes, or
may have relied on cross-sectional study designs, their find-
ings have been remarkably consistent. There is also evidence
that households do go through episodic and cyclical food
shortages (16,23). Finally, the evidence that can demonstrate
an association between household food insecurity and in-
creased caloric, added sugar, high fat, or processed foods in-
take is either nonexistent or finds no association (22,30).
Future studies will need to substantiate the role that house-
hold food insecurity may play in promoting energy-dense
foods. Longitudinal studies are needed to demonstrate a
causal relationship between household food security status
and duration on dietary intake.

Food insecurity and weight gain

A second possible pathway between household food insecu-
rity and diet-related chronic disease is through weight gain
and obesity. In 1995, a medical case report by Dietz (32) hy-
pothesized that food insecurity might influence weight gain
through dependence on high-fat foods or physiologic re-
sponse to cyclical food shortages. Overall, the literature on
the association between household food insecurity and
weight status is inconsistent. Two reviews of the literature
focusing on food insecurity and child weight status
(33,34) came to the same conclusion, that only a limited
number of studies support the association between house-
hold food insecurity and overweight or obesity among chil-
dren. Eisenmann et al. (34) reviewed the literature that
focused on children and categorized studies based on the an-
alytical methods used to assess the food insecurity and
weight status relationship. A consistent finding was that
food insecurity and overweight status in children do coexist,
but there is limited research that can support a causal re-
lationship. Most studies either found a statistically signi-
ficant association between household or child food
insecurity and higher weight status or a nonsignificant yet
elevated relationship.

The relationship between exposure to household food in-
security and weight status among children may need a life
course framework within which to interpret findings and di-
rect future studies. Borrowing from animal studies of bon-
net macaque monkeys, a species of Old World monkeys, a
biological mechanism is provided that may offer additional
insight into the relationship between household food inse-
curity and weight status. In 1984, the variable foraging
demand (VFD) protocol was developed to assess maternal-
child attachment and anxiety disorders (35). The protocol
consisted of 3 groups of mother macaques that were sub-
jected to 3 conditions: low foraging demands that were
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basically ad libitum feeding, high foraging demands (HFDs)
in which food was hidden in the environment but the
mother needed to work to find enough food, and variable
foraging demands (VFDs) that alternated every 2 wk be-
tween low and high conditions for a period of 16 wk. This
initial study found that under the low foraging demand con-
dition, the mother macaques attended to their offspring, en-
gaged in grooming activities, and showed less dominant
behaviors, whereas mother macaques exposed to VFD dis-
played the highest level of dominant behaviors and the low-
est level of grooming activities. Offspring of the mother
macaques exposed to VFD clung more to their mothers
and played less. These findings suggest that the rapid
changes in the availability of food, even when calories
were not restricted, led to dramatic behavior changes and
disruptions in maternal-offspring interactions. Using the
same protocol, a series of studies demonstrate that the
VED condition leads to a stress response in mothers and off-
spring (10,36-38). Kaufman et al. (10) equated the VFD
condition to household food insecurity experienced by hu-
mans and found that maternal exposure to VED during off-
spring infancy was associated at 3—4 y with greater weight
gain, higher BMI, greater abdominal circumference, and in-
dicators of insulin resistance, with females showing more
signs of insulin resistance and metabolic syndrome. Kaufman
et al. concluded that maternal food insecurity, a significant
source of early life stress, experienced for a relatively short
duration but at a critical developmental stage for offspring,
may lead to the development of obesity and metabolic syn-
drome during the prepubertal period. In humans, it is there-
fore hypothesized that maternal food insecurity may lead to
the manifestation of child weight gain, especially visceral ad-
iposity, during the prepubertal or pubertal period.

Using NHANES data, a significant interaction between
household food security and maternal stress was associated
with elevated weight among 3- to 10-, but not 11- to 17-y-
old children among a sample of low-income yet food-secure
households (39). Conversely, Lohman et al. (40) found that
the interaction between household food insecurity and
maternal stress was associated with elevated weight among
10- to 15-y old children in a sample of urban-dwelling
low-income families using data from the Three Cities Study
(40). Longitudinal studies are needed that can account for
the level and intensity of food insecurity, the developmental
period during which food insecurity was experienced, as
well as the type of additional stress exposures to demon-
strate causal linkages between household food insecurity
and weight status among children and subsequent chronic
disease development.

The review article by Larson and Story (33) concluded
that the association between household food insecurity
and weight status among men is inconclusive, with most
studies finding no relationship and 2 studies showing a de-
creased risk of overweight among men from food-insecure
compared with food-secure households. Among adult
women, although mixed, there are more consistent findings
for an association between household food insecurity and
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overweight or obesity (33). More recently, a population-
based study with pooled data from the 2009 Behavioral
Risk Factor Surveillance System from 12 states found that
in sex-stratified models, women with food insufficiency
had a significant (48%) greater risk of obesity [adjusted
OR=1.48 (95% CI: 1.27,1.72)] among adults reporting
food sufficiency after controlling for a number of socioeco-
nomic characteristics. A study by Gooding et al. (41), using
data from wave 4 of the National Longitudinal Study of Ad-
olescent Health (2007-2008), a large representative sample,
found that food insufficiency was associated with a signifi-
cantly higher BMI among women (8 = 0.89, SE = 0.44, P
< 0.05) but not among men compared with young adults
from food-sufficient households, after controlling for a
number of socioeconomic, health behavior characteristics,
and food stamp use. Although the last 2 studies were also
cross-sectional studies and used the 1-item food sufficiency
question, they are notable because they used large popula-
tion-based samples, were reported findings since the econo-
mic down turn, and found an association among women but
not men. In the case of the Gooding et al. article, the sample
focused on women of reproductive age and found a clinically
meaningful and significantly higher BMI, which may have
implications for pregnancy. Longitudinal studies have also
resulted in mixed findings (33). The question remains
whether these 2 conditions are causally linked or whether
they simply coexist.

Among pregnant women, food insecurity is associated
with higher levels of perceived stress, anxiety, and depression
and lower levels of self-esteem and mastery (12). One study
found that food insecurity was not associated with substan-
tial weight gain (>4.5 kg) during pregnancy; however, being
obese and experiencing food insecurity during pregnancy
was associated with greater risk of major gestational weight
gain (42). This suggests that food insecurity may exacerbate
weight gain among women who are more prone to store en-
ergy as weight. Another study found that household food in-
security was associated with greater gestational weight gain
compared with gestational weight gain in pregnant women
from food-secure households (43).

Food insecurity and prevalence of chronic disease and
chronic disease risk factors

In the general population, household food insecurity has
been shown to be associated with markers of chronic disease
risk and chronic conditions. Food insecurity among low-in-
come families is associated with a significantly higher per-
centage of diabetes in community samples (1,44) and
studies with representative samples in the United States
and Canada (2,3,45), especially among women (44,45). In
addition to diabetes, results from analyses using NHANES
indicate that household food insecurity was associated
with markers of dyslipidemia among women but not men
(46). Although there are consistent findings for an associa-
tion between household food insecurity and chronic disease
prevalence, the measure used for household food insecurity,
sample restrictions, and clinical markers varied with each
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(Continued)

Table 2.

Study sample Measurement and level

Self-report or
clinical marker

Results

of food insecurity

6-item HFSSM

and setting

Study?

46% were food insecure.

Immigration, Culture and Health

Glycemic control

Seligman et al, 2012 (51)

Food-insecure diabetic patients more likely

2 levels: secure/insecure

Care (ICHO) study in Chicago, IL,

and San Francisco, CA

=85% HbATc
Self-efficacy

(42% vs. 33%) to have poor glycemic control

(HbATc >8.5%), difficulty with diet (64% vs. 49%),
lower self-efficacy, and higher emotional distress

Emotional distress

Follow diabetic diet

" HbA1c, glycosylated hemoglobin; HFI, household food insecurity; HFSSM, household food security survey module.

2 Studies are arranged by publication date.

study. Some studies, such as that by Seligman et al. (2), re-
stricted the sample to low-income households to better
compare the association of food insecurity among only
those who were at risk of the exposure, whereas others com-
pared individuals from food-insecure households with the
general population (45,46). Comparing individuals from
food-insecure households with those from wealthier fami-
lies, even when controlling for income, may overestimate
the association. Table 1 reviews the literature on the associ-
ation between household food insecurity and chronic dis-
ease prevalence.

Food insecurity and poor chronic disease
management
Nelson et al. (47) published a seminal observational study
characterizing the role of food insecurity among adult pa-
tients in an urban county hospital. They reported that
among adults receiving insulin to treat diabetes, the majority
(61%) reported hypoglycemic reactions, a serious event in-
dicating poor diabetes management with short-term impli-
cations of blurred vision, agitation, anxiety, and, at the
extreme, possibly causing a coma or seizure. Of these, half
reported that an inability to afford food was the cause of
the hypoglycemic event. Since this first report, there have
been a number of studies that focus on both the association
between household food insecurity and prevalent diabetes
and between household food insecurity and poor diabetes
management. Nelson et al. followed up this early study
with a population-based analysis using data on adults with
diabetes from NHANES and found that adults with diabetes
were more likely to report fair or poor health and had signif-
icantly higher rates of health care use (48). Table 2 reviews
the literature on the association between household food in-
security and markers of chronic disease management.
Rates of food insecurity among adults with diabetes are
varied; in the studies reviewed here, the range is between
6% and 15.5% in population-based samples, and between
14% and up to 51% in clinic samples. Consistent findings
from studies using clinic-based samples have repeatedly re-
ported an association between household food insecurity
and hypoglycemic events (47,49,50) and poor glycemic con-
trol, as measured by elevated glycosylated hemoglobin
among adults (51,52) and children with diabetes (53).
Many of the reported studies to date focus on community
clinics where the prevalence of food insecurity is high and
of great concern to clinicians. Of the 2 population-based
studies, 1 found a positive association (3), whereas 1 found
no association between household food insecurity and indi-
cators of poor diabetes management (45). Although food in-
security was not associated with poor diabetes management,
it was associated with poor self-rated health, lower fruit and
vegetable intake, higher smoking levels, and higher indica-
tors of stress (45). This study and others may provide insight
on the effects of food insecurity on health behavior and psy-
chosocial factors that may lead to poor diabetes control and
management. At the very least, household food insecurity
compounds the challenges that adults and families with
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Individual
Characteristics

e Age
Education
Race/ethnicity
Income
Marital Status

Figure 1 Conceptual framework .
describing the influence of
household food insecurity on chronic

Moderators

Genetic Factors
Life Course Stage
Chronic Stress
Food Environment

conditions and health outcomes.

¥

Health Impact

HOUSEHOLD
FOOD INSECURITY

Metabolic Disturbance

Early onset puberty
Diabetes
Chronic Conditions

o Visceral Adiposity
o Insulin Resistance

chronic conditions face. For example, among adults with di-
abetes, household food insecurity has been associated with
lower scores for health-related quality of life (54), challenges
with maintaining a nutritionally adequate diet, lower scores
for self-efficacy, and higher emotional distress related to di-
abetes management (51).

Using data from NHANES, Seligman et al. (2) found that
adults from food-insecure households who meet diagnostic
criteria for diabetes, many of whom did not self-report hav-
ing diabetes, were at significantly greater risk of having a
measure of poor glycemic control compared with adults
with diabetes from food-secure households. Seligman et al.
(2) concluded that low-income adults with diabetes may
be more likely to go undiagnosed or underreport a diabetes
diagnosis. Increased attention is needed to assist low-income
individuals with disease management and to improve their
ability to afford high-quality nutritious foods.

A life course perspective

From both animal and human studies, there is evidence that
supports the importance of studying the impact of house-
hold food insecurity on health outcomes using a life course
framework. Exposure to food insecurity at 1 point in time
can predispose an individual to poor health outcomes at a
later point in time. Furthermore, the severity and duration
of food insecurity need to be taken into consideration; how-
ever, more important may be the timing, the level of stress
caused by food insecurity, and the interaction with the
food environment. These factors—Ilife course stage and
stress—along with genetic factors and the food environment
are depicted as moderators in Figure 1.

The proposed model posits that conditions under which
household food insecurity may lead to the development of
metabolic syndrome and chronic disease outcomes are the
following: 1) that household food insecurity is experienced
as a chronic stressor (e.g., several months over a year), 2)
that this will promote a stress response, 3) that the stress re-
sponse results in a preference for and consumption of highly
palatable foods, 4) that a stress response brought on by ex-
periencing household food insecurity experienced during
critical developmental states (e.g., in utero, infancy, peripu-
bertal, pregnancy) is more damaging, and 5) that this leads
to visceral fat accumulation, insulin resistance, or diet-in-
duced obesity that may result in increased risk of chronic
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Complications

disease. Under these model conditions, there is an emphasis
that food insecurity may have a more severe impact on indi-
viduals during critical developmental periods and on indi-
viduals with a certain phenotype that efficiently stores
energy.

Conclusion

The aim of this mini symposium review was to summarize
the relationship between food insecurity and chronic disease
and postulate a conceptual framework. Food insecurity,
whether at the household or individual level, is a social ill
with clear health consequences. Understanding the extent
to which food insecurity and chronic disease simply coexist,
with poverty being the most obvious common causal mech-
anism, or whether food insecurity drives the development of
chronic disease remains elusive. Reviewed in this paper were
studies that link household food insecurity with diet, weight
status, and chronic disease. The literature on the association
between household food insecurity and dietary intake find
that households do face episodic food shortages. Addition-
ally, a modest association between household food insecu-
rity and lower intake of fruits and vegetables, and several
micronutrients has been found, although few studies find
an association between household food insecurity and die-
tary fat, high energy-dense foods, or added sugar. With re-
gard to weight status, a growing body of research finds
inconclusive results for the association between household
food insecurity and weight status for children or men; how-
ever, more consistent is the finding of an association be-
tween household food insecurity and higher weight status
among women. Finally, there is a consistent association be-
tween household food insecurity and diabetes prevalence
and poor diabetes control and management. Taken together,
the studies to date represent a growing literature on the as-
sociation between household food insecurity and diet,
weight gain, and the development of chronic disease.

The review and framework presented in this paper sug-
gest that the lived experience of food insecurity during crit-
ical periods of child development and pregnancy may result
in the development of chronic disease. The framework also
posits that an interaction between food insecurity and indi-
viduals who are more prone to store energy as weight or who
are highly reactive may be a catalyst for visceral fat accumu-
lation and chronic disease. Identifying family members who



are particularly susceptible to this pathway will depend on
their individual stress response, critical periods of growth
and development, their stage in the life cycle, and their inter-
action with the food environment and consumption of
highly palatable foods.

A major limitation is that the vast majority of the studies
used a convenience sample or a cross-sectional study design,
which is not sufficient to determine causal direction. Al-
though longitudinal studies are still needed to assess the
causal relationship between food insecurity and chronic dis-
ease, animal studies have shown that stress leads to weight
gain, especially in the presence of highly palatable food.
Furthermore, maternal food insecurity has an effect on oft-
spring weight status and metabolic health (10). Longitudinal
data analysis is needed to establish the temporal sequence
between the exposure of household food insecurity and
the development of chronic disease. Mediation analysis is
also needed to identify the mechanism between household
food insecurity and the development of chronic disease so
that clinical and community interventions can best target
modifiable risk factors. Finally, research is still needed to
identify the intensity, duration, and level (i.e., household
vs. individual) of food insecurity that is most associated
with chronic disease development. Analyzing longitudinal
data using a life course perspective will help identify critical
developmental periods when food insecurity may be most
damaging.
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