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Abstract
Purpose of Review To understand recent literature that examines associations between food insecurity and cardiometabolic
conditions and risk factors. We included original research, systematic reviews, and meta-analyses on the topic of food insecurity
and cardiometabolic risk published from January 1, 2017, to December 31, 2020. Editorials, perspectives, and case reports were
excluded. After the initial search, 3 reviewers selected studies for inclusion based on relevance and methods. Ultimately, fifty
studies were included.
Recent Findings We included 35 studies of adults (20 cross-sectional observational studies, 5 longitudinal observational studies,
5 interventional studies, and 5 meta-analyses/reviews). In adults, food insecurity is associated with greater prevalence of
overweight/obesity (especially for women). It is also associated with hypertension, diabetes (including worse glycemic control
and more diabetes complications), coronary heart disease, congestive heart failure, stroke, and chronic kidney disease. We
included 15 studies of children (11 cross-sectional observational studies and 4 longitudinal observational studies). In children,
findings were more nuanced, and in particular, many studies did not find an association between food insecurity and overweight/
obesity. However, authors noted that these conditions may not have had time to develop. With notable exceptions, many studies
were cross-sectional, and there were few interventions.
Summary There is a robust association between food insecurity and cardiometabolic conditions and risk factors in adults, but the
picture is less clear in children. Overt cardiometabolic clinical conditions develop more rarely in children, but childhood
experiences may set a trajectory for worse health later in life. Detailed life course epidemiologic studies are needed to better
understand this relationship. Future interventions should examine how to reduce the prevalence of food insecurity, and how best
to improve health for those who experience food insecurity.

Keywords : Food insecurity . Socioeconomic factors . Obesity . Diabetes mellitus . Coronary heart disease . Congestive heart
failure . Hypertension . Chronic kidney disease

Introduction

Food insecurity is defined as “the limited or uncertain avail-
ability of nutritionally adequate and safe foods, or limited or
uncertain ability to acquire acceptable foods in socially ac-
ceptable ways [1].” In 2019, 10.5% of US households and
13.6% of US households with children experienced food in-
security [2]. Food insecurity has been associated with worse
health through at least 3 key mechanisms: (1) a nutritional
pathway, (2) a compensatory pathway, and (3) a psychologi-
cal pathway (Fig. 1). In the nutritional pathway, food insecu-
rity is linked to worse diet quality [3, 4]. An important reason
for this is that less healthy, highly processed foods, often laden
with sodium, added sugar, and saturated fat, can be cheaper on
a per calorie basis than healthier foods such as fruits and
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vegetables, whole grains, and lean protein [5]. Worse diet
quality may increase the risk of overweight/obesity, and di-
rectly influence development of cardiometabolic conditions
such as diabetes. Next, the compensatory actions needed to
avoid or mitigate the effects of food insecurity can push indi-
viduals towards behaviors that make it hard to achieve or
maintain health. For example, food insecurity is often associ-
ated with trade-offs that can worsen health, such as needing to
forego medications in order to purchase food [6, 7]. This can
further sap one’s capacity for self-management as attention is
diverted to deal with other pressing matters. Finally, food
insecurity is highly aversive, and is strongly linked to psycho-
logical distress, lower self-efficacy, biological markers of
stress, and depressive symptoms [8, 9]. All three of these
pathways are particularly salient when considering cardiomet-
abolic health. Cardiovascular disease is the number one cause
of death globally; in 2016, cardiovascular disease represented
31% of all global deaths [10]. As of 2020, approximately
655,000 Americans die from heart disease annualy [11].
Thus, understanding the relationship between food insecurity
and cardiometabolic risk has important implications for the
public’s health.

The purpose of this review is to examine and summarize
recent literature on the intersection of food insecurity and car-
diometabolic risk. Specifically, we review recent research that
examines the association between food insecurity and the fol-
lowing clinical conditions, in adults or children: overweight/
obesity, hypertension, diabetes, coronary heart disease, con-
gestive heart failure, stroke, and chronic kidney disease.

Methods

Search Strategy and Selection Criteria

This narrative review includes original research, systematic
reviews, and meta-analyses published from January 1, 2017,
to December 31, 2020. PubMed, Embase, andWeb of Science

were searched for cross-sectional, longitudinal, and interven-
tional studies relating food insecurity to cardiovascular dis-
ease risk. Search terms included “cardiometabolic risk,”
“overweight and obesity,” “hypertension,” “diabetes,” “coro-
nary heart disease,” “congestive heart failure,” “stroke,” and
“chronic kidney disease” in combination with “food insecuri-
ty” or “food security.” After the initial search, 3 reviewers
selected studies for inclusion based on relevance and quality
of methods. Editorials, perspectives, and case reports were
excluded. All disagreements were resolved by consensus.

Once studies were selected, we categorized the findings
into the following subsections: “Overweight/Obesity,”
“Hypertension,” “Diabetes,” “Coronary Heart Disease,
Congestive Heart Failure, and Stroke,” and “Chronic Kidney
Disease.”

Regarding classification of food insecurity, the studies in
this review tended to use either a dichotomous approach (food
secure vs. food insecure) or multiple categories. A common
classification for multiple categories included low food secu-
rity, “reduced quality, variety, or desirability of diet but little
or no indication of reduced food intake,” and very low food
security, “multiple indications of disrupted eating patterns and
reduced food intake.8”We did not find studies that used food
insecurity as a continuous variable.

Results

Adult Populations (Table 1)

Overweight/Obesity

The relationship between food insecurity and overweight/
obesity has been widely studied. Though initially thought to
be paradoxical, food insecurity may incentivize consumption
of cheaper, calorie-dense, nutrient-poor food that provides a
plausible mechanism linking food insecurity with overweight/
obesity. Overall, the current literature is consistent with higher
BMI and greater prevalence for obesity among adults with
food insecurity. The relationship seems to be stronger for
women than men. However, this literature is primarily cross-
sectional, and we did not find interventional studies examin-
ing whether addressing food insecurity was associated with
weight loss.

A cross-sectional study among 250 participants in Dutch
disadvantaged neighborhoods found that food insecurity was
associated with obesity in models adjusted for demographics,
socioeconomic indicators, and lifestyle factors (OR = 2.51,
95% CI 0.98, 6.48), but not with overweight (OR = 1.15,
95% CI 0.46, 2.85) [12]. Likewise, a study of 146 households
agricultural migrant workers in Mexico found that household
food insecurity was associated with greater odds of obesity
overall (OR = 5.18, 95% Cl 1.37, 19.6), but that the

Fig. 1 Conceptual model of the relationship between food insecurity and
cardiometabolic health
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Table 1 Selected characteristics of included studies of adults

Author, year Study design Setting Sample size Follow-
up

Key findings

Overweight/obesity

van der
Velde
et al.,2020

Cross-sectional “Deprived” urban area in Netherlands 250 n/a Food insecurity associated with obesity (OR = 2.51,
95% CI 0.98, 6.48), but not with overweight (OR
1.15, 95% CI 0.46, 2.85)

Castañeda
et al. 2019

Cross-sectional Migrant farm workers in agribusiness
areas of Northwest Mexico

146 n/a Household food insecurity associated with obesity
overall (OR 5.18, 95% CI: 1.37,19.58), but
association changes sign between women (higher
risk) and men (lower risk)

Caspi et al.
2017

Cross-sectional Boston, MA 828 n/a Those experiencing food hardship were more likely
to be obese (RR 1.17, 95% CI 1.07, 1.29) than
those not experiencing food hardship

Ashe and
Lapane
2017

Cross-sectional USA, nationally representative
survey of women age ≥ 40 years

4,672 n/a Food-insecure woman had 1.4 the odds of obesity.
(95% CI 1.22, 1.62).

El Zein, et al.
2020

Cross-sectional College students at 8 US universities 683 n/a Marginal food security and food insecurity were
associated with 3.16 (95% CI: 1.55, 6.46) and
5.13 (95%CI: 2.63, 10.00) greater odds of obesity

Lund et al.
2018

Cross-sectional Denmark 1,877 n/a Association between food insecurity and obesity not
significant in adjusted models for women or men

Nagata et al.
2019

Cross-sectional USA, nationally representative
survey

14,786 n/a In young adults (age 24–32 years), food insecurity
not associated with obesity in adjusted models
(OR 1.12, 95% Cl 0.97, 1.29)

Moradi et al.
2019

Meta-analysis 31 studies from 14 countries 115,993
(across all
studies)

n/a Adults in food-insecure households are more at risk
of obesity (OR 1.15, 95% CI 1.06, 1.23). In
food-insecure households, women had a higher
risk of obesity than men (OR 1.26, 95% CI 1.05,
1.46).

Keenan et al.
2021

Cross-sectional UK 604 n/a In structural equation models, food insecurity was
indirectly associated with higher BMI via greater
distress and eating to cope

Hypertension

Nagata et al.
2019

Cross-sectional USA, nationally representative
survey

14,786 n/a Food-insecure young adults (aged 24–32) have
greater odds of hypertension (1.40, 95% CI 1.14,
1.72) compared with food-secure young adults

Berkowitz
et al. 2017

Cross-sectional USA, nationally representative
survey

21,196 n/a Age-standardized rates of food insecurity are greater
in participants with hypertension (14.1% vs.
11.1%, P = 0.0003)

Leung et al.
2020

Cross-sectional USA, nationally representative
sample of older adults

2,048 n/a Food insecurity not significantly associated with
hypertension (40.3% hypertension among
food-secure adults vs. 46.7% among
food-insecure adults, P = 0.10)

da Silva
Miguel
et al. 2020

Systematic
review

International n/a n/a Direct association between food insecurity and
hypertension after adjusting for
sociodemographic, economic, and lifestyle
characteristics

Diabetes mellitus

Lee et al.
2018

Cross-sectional USA, nationally representative
survey of participants aged 20–39

3,684 n/a Significantly greater odds of prediabetes/diabetes
after adjustment for age, sex, and income (OR
1.36, 95% CI 1.00, 1.85)

Walker et al.
2018

Cross-sectional Primary care clinics in the Southeast
United States

615 n/a Food insecurity associated with direct pathway to
increased hemoglobin A1c (r = 0.66, P = 0.03)

Murillo et al.
2017

Cross-sectional USA, nationally representative
survey

19,048 n/a Food insecurity associated with pre-diabetes in
women (OR 1.62, 95% CI 1.22, 2.16)

Vaccaro and
Huffman
2017

Cross-sectional USA, nationally representative
survey of adults aged ≥ 55 years

3,871 n/a Food-insecure men have lower odds of diabetes in
comparison to women (OR: 0.39, 95% CI 0.23,
0.66)
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Table 1 (continued)

Author, year Study design Setting Sample size Follow-
up

Key findings

Abdurahman
et al. 2018

Meta-analysis
of
cross--
sectional
studies

International 55,353,915
(across all
included
studies)

n/a Household food insecurity significantly associated
with odds of type 2 diabetes (OR 1.27, 95% CI
1.11, 1.42)

Silbert et al.
2018

Narrative
review

International n/a n/a Food insecurity associated with increased
hypoglycemia risk

Tait et al.
2018

Longitudinal Ontario, CA 4,739 Median
of
11.6
years

Food insecurity associated with increased risk of
developing T2D (HR 2.40, 95% CI 1.17, 4.94)

Berkowitz
et al. 2018

Longitudinal Massachusetts 391 Mean of
37
mon-
ths

Food insecurity associated with greater HbA1c
(difference of 0.6 percentage points, 95% CI 0.4,
0.8 percentage points)

Shalowitz
et al. 2017

Longitudinal Multi-site federally qualified health
center in Midwestern USA

336 24
mon-
ths

Food insecurity participants had higher hemoglobin
A1c at baseline and difference did not resolve over
2 years of follow-up

Schroeder
et al. 2018

Longitudinal Colorado 2,968 12
mon-
ths

Association between food insecurity and emergency
department visits and hospitalizations not
significant after adjustment

Blitstein
et al. 2020

Interventional,
pre/post

Federally qualified health centers,
Midwestern USA

398 6–9
mon-
ths

Intervention combining food insecurity screening,
nutritional education, and assistance with
accessing food resources associated with lower
hemoglobin A1c (−0.22 percentage points, P =
0.01) post-intervention

Berkowitz
et al. 2019

Interventional,
crossover
RCT

Massachusetts 42 6
mon-
ths

Healthy Eating Index diet quality score was 71.3 (SD
7.5) while receiving meals and 39.9 (SD 7.8)
when not receiving meals (difference 31.4 points,
P < 0.0001)

Ferrer et al.
2019

Interventional,
RCT

Primary care practice in San Antonio,
Texas

43 6
mon-
ths

Hemoglobin A1c decreased 3.1 percentage points in
the intervention group vs. 1.7 percentage points in
the control group (P = .01)

Seligman
et al. 2018

Interventional,
RCT

Food banks in Oakland, CA, Detroit,
MI, and Houston, TX

568 6
mon-
ths

Intervention did not result in decreased hemoglobin
A1c (difference between intervention and control
group 0.24 percentage points; 95% CI −0.09,
0.58) but did reduce food insecurity (risk ratio
0.85. 95% CI 0.73, 0.98) and increase fruit and
vegetable consumption

Coronary heart disease, congestive heart failure, and stroke

Venci and
Lee 2018

Cross-sectional USA, nationally representative
survey

30,010 n/a Very low food security was associated with greater
odds of having been diagnosed with coronary
heart disease (OR: 1.75, 95% CI: 1.37, 2.24)

Berkowitz
et al. 2017

Cross-sectional USA, nationally representative
survey

21,196 n/a Food insecurity was more prevalent in individuals
with coronary heart disease (20.5% vs. 11.9%, P
<.001) and congestive heart failure (18.4% vs.
12.1%, P = .004), compared with individual who
did not have the condition

Charkhchi
et al. 2018

Cross-sectional Representative sample of 11 US
states and 1 US territory

84,353 n/a History of cardiovascular disease was associated
with a greater likelihood of food insecurity (OR
1.75, 95% CI 1.12, 2.73)

Hummel
Scott et al.
2018

Interventional,
RCT

Michigan and New York, USA 66 3
mon-
ths

Those who received the meals had greater increases
in quality of life than usual care participants
(Kansas City Cardiomyopathy Questionnaire
Clinical Summary Score increased from amean of
47 to 65 in the intervention arm vs. 45 to 55 in the
control arm; P = 0.053)

Chronic kidney disease
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association varied significantly by gender such that risk was
greater for women than men [13]. A similar study among 828
low-income immigrants in Boston, MA, showed that, in ad-
justed models, participants reporting food hardship were 17%
more likely to be obese than those who did not report food
hardship (RR 1.17, 95% CI 1.07, 1.29) [14]. A study using
nationally representative NHANES (National Health and
Nutrition Examination Survey) data also found greater odds
of obesity among women who reported food insecurity (OR
1.41; 95%CI 1.22, 1.62 ) [15]. Food insecurity among college
students has become an active topic of investigation. A study
analyzing obesity in 683 second year students from eight US
universities found food-insecure students had a significantly
higher BMI than food-secure students (26.0 kg/m [2] ± 0.4
compared with 24.2 kg/m [2] ± 0.1, P = 0.001) [16]. Food
insecurity was significantly associated with obesity in both
men (OR 3.84; 95% Cl: 1.47, 10.02) and women (OR 2.88,
95% Cl: 1.46, 5.71) after adjusting for demographic charac-
teristics. In contrast to these studies, however, a cross-
sectional study of Danish participants did not find an associ-
ation between food insecurity and obesity after demographic
adjustment [17]. Furthermore, a study of 14,786 young adult
participants did not find that food insecurity was associated
with obesity after demographic adjustment (OR 1.12, 95% Cl
0.97, 1.29) [18].

In addition to the above studies, Moradi et al. conducted an
important meta-analysis examining the association between
food insecurity and overweight/obesity [19•]. Using data from
115,993 individuals across 18 studies in 14 countries, they
found that food insecurity was associated with obesity overall
(OR 1.15, 95% CI 1.06, 1.23). Furthermore, this study found
that within food-insecure households, women had greater
prevalence of obesity than men (OR 1.26, 95% CI 1.05,
1.46). Another important study from Keenan et al. used struc-
tural equation modeling to examine mechanisms between
food insecurity and obesity in a study of 604 adults from the
UK [20••]. They found that food insecurity was, as expected,

associated with poor diet quality and higher BMI. The rela-
tionship between food insecurity and higher BMI, after
adjusting for income, was mediated by the psychological ex-
perience of food insecurity, in particular greater distress and
eating to cope with this distress.

Hypertension

The recent literature is consistent with greater hypertension
risk among those who are food insecure, compared with those
who are not. A cross-sectional study from Helmick et al.
found that after adjusting for covariates, food insecurity was
associated with greater odds of hypertension (OR = 1.77, P =
0.001) [21]. A nationally representative study using data from
the National Longitudinal Study of Adolescent to Adult
Health concluded that food-insecure young adults (aged 24–
32) had greater odds of hypertension (1.40, 95% CI 1.14–
1.72) compared with food-secure young adults [18]. Another
nationally representative, cross-sectional study using data
from NHANES also revealed that age-standardized rates of
food insecurity were greater in participants with hypertension
(14.1% vs. 11.1%, P = 0.0003) [22]. We found one study,
based on data from the National Poll on Healthy Aging, that
did not find significantly greater hypertension prevalence
when comparing food-insecure with food-secure older adults
(aged 50–80 years) (40.3% hypertension among food-secure
adults vs. 46.7% among food-insecure adults, P = 0.10) [23].
However, this study did not report adjusted results for this
comparison, so the lack of difference may be explained by
confounding, or possibly by overall high prevalence of hyper-
tension in this age group.

A systematic review by da Silva Miguel et al. that evaluat-
ed the association between food insecurity and cardiometabol-
ic risk factors concluded that there was a direct association
between food insecurity and hypertension after adjusting for
sociodemographic, economic, and lifestyle characteristics

Table 1 (continued)

Author, year Study design Setting Sample size Follow-
up

Key findings

Leung et al.
2020

Cross-sectional USA, nationally representative
sample of older adults

2,048 n/a Chronic kidney disease was more common in those
with food insecurity, compared with those who
were not (5.6% vs. 2.0%, P = .005)

Banerjee
et al. 2017

Longitudinal USA, nationally representative
survey, adults with household
income ≤ 400% of the federal
poverty level

12,768 Median
of 12
years

Of those with CKD at baseline, those who reported
being food insecure were more likely to progress
to end-stage renal disease than those who were
food secure (relative hazard 1.38, 95% CI 1.08,
3.10)

Crews et al.
2018

Narrative
review

International n/a n/a Food insecurity is more prevalent in areas with
greater CKD prevalence

RCT, randomized clinical trial; CKD, chronic kidney disease; ESRD, end-stage renal disease; T2D, type 2 diabetes
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[24]. We did not identify longitudinal or interventional studies
regarding food insecurity and hypertension.

Diabetes

The recent literature suggests that food-insecure individuals
are significantly more likely to have pre-diabetes and diabetes,
worse control of glycemia and cardiovascular risk factors, and
more diabetes complications than those who are food secure,
even after adjustment for sociodemographic, economic, and
lifestyle factors. A cross-sectional study that examined
NHANES data for 3684 younger adults (age 20–39 years)
found a high prevalence of prediabetes/diabetes (37.4%),
and significantly greater odds of prediabetes/diabetes after
adjustment for age, sex, and income (OR 1.36, 95% CI:1.00,
1.85) [25]. An important study byWalker et al. used structural
equation modeling to investigate the relationship between
food insecurity and hemoglobin A1c in individuals with type
2 diabetes. They found that food insecurity was associated
with both a direct pathway to increased hemoglobin A1c (r
= 0.66, P = 0.03), and an indirect pathway through increased
stress (r = 0.14, P < 0.001) [26••]. A study that examined sex
and race/ethnicity differences in the association between food
insecurity and prediabetes using nationally representative
National Health Interview Survey data concluded that food
insecurity was associated with pre-diabetes in women, using
models adjusted for demographic and socioeconomic charac-
teristics (OR 1.62, 95% CI 1.22, 2.16). Examining particular
racial/ethnic groups, non-Hispanic white women (OR 1.53
95% CI 1.04, 2.53) and non-Hispanic black women (OR
2.30 95% CI 1.44, 3.66) had significantly increased risk.
The magnitude of the odds ratio was similar for Hispanic
women (OR 1.43, 95% CI 0.74, 2.76), though not statistically
significant, and no association was seen in men [27]. A study
using NHANES data in older adults found that, among those
who were food insecure, men had lower odds of diabetes in
comparison to women (OR: 0.39, 95% CI 0.23, 0.66) [28].
Finally, a meta-analysis of cross-sectional studies found that
household food insecurity was significantly associated with
odds of type 2 diabetes (OR 1.27, 95% CI 1.11, 1.42) [29].
With regard to diabetes complications, a 2019 review con-
cluded that food insecurity is associated with increased hypo-
glycemia risk [30].

Longitudinal studies have supported similar conclusions.
An important study from Tait et al. used data from the
Canadian Community Health Survey linked to an administra-
tive database to examine incident diabetes over a median
follow-up of 11.6 years. They found that Canadians in food-
insecure households had more than two times the risk of de-
veloping type 2 diabetes compared to those in food-secure
households (HR = 2.40, 95% CI = 1.17, 4.94), and that greater
BMI may explain some of this association [31•]. A study that
examined the longitudinal relationship between food

insecurity and diabetes control that followed 391 diabetes pa-
tients for a mean of 37 months found that food insecurity was
associated with higher HbA1c (difference of 0.6 percentage
points, 95% CI 0.4, 0.8 percentage points) [32]. A similar
study that examined diabetes control in a cohort of 336 pri-
mary care patients over 24 months found that those with food
insecurity had higher hemoglobin A1c at baseline, and that
this difference did not resolve over 2 years of follow-up
[33]. A study among older individuals with diabetes found
that those who reported food insecurity were more likely to
have an emergency department visit (OR = 1.4, 95% CI 1.15,
1.72) or hospitalization (OR = 1.41, 95% CI 1.11, 1.78) in the
year following the food security assessment [34], but this as-
sociation was no longer significant after adjustment.
However, this study used a non-validated assessment of food
insecurity that is likely to result in misclassification, which
may have biased results to the null.

Food insecurity has recently become a more common tar-
get of diabetes interventions. A pre/post study that examined
an intervention combining food insecurity screening, nutri-
tional education, and assistance with accessing food resources
federally qualified health center network found a decrease in
hemoglobin A1c (−0.22 percentage points, P = 0.01) [35],
although results may have been affected by high loss to fol-
low-up. A pilot study of a medically tailoredmeal intervention
found improved diet quality among individuals with type 2
diabetes and food insecurity [36]. Furthermore, a small ran-
domized trial (n = 43 at follow-up) found a large decrease in
hemoglobin A1c (1.4 percentage points, P = .01) with a col-
laborative primary care and food bank intervention [37].
However, a larger randomized trial (n = 568) of a combined
food provision and diabetes self-management education inter-
vention based at food pantries did not find a decrease in he-
moglobin A1c (difference between intervention and control
group 0.24 percentage points; 95% CI −0.09, 0.58), though
it did find a reduction in food insecurity (risk ratio 0.85. 95%
CI 0.73, 0.98) and improvement in fruit and vegetable con-
sumption [38••].

Coronary Heart Disease, Congestive Heart Failure, and Stroke

In general, current literature supports an association between
food insecurity and coronary heart disease, congestive heart
failure, and stroke. Recent cross-sectional studies indicate that
such cardiovascular disease risk could be magnified by food
insecurity. A study using National Health Interview Survey
data for 30,010 adults found that very low food security was
associated with greater odds of having been diagnosed with
coronary heart disease, even after adjustment for potential
sociodemographic confounding factors (OR: 1.75, 95% CI:
1.37, 2.24) [39]. Low food security was similarly associated
with greater risk for having been diagnosed with a stroke (OR
1.51, 95% CI 1.12, 2.04). Another study that used NHANES
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data to examine age-standardized food insecurity prevalence
from 2005 to 2012 found that food insecurity was more prev-
alent in individuals with coronary heart disease (20.5% vs.
11.9%, P < .001) and congestive heart failure (18.4% vs.
12.1%, P = .004) when compared to unaffected individuals
[22]. A study using data from the 2015 Behavioral Risk Factor
Surveillance System examinedwhether a history of cardiovas-
cular disease was associated with a greater likelihood of food
insecurity, and found that it was (OR 1.75, 95% CI 1.12,
2.73). This study, however, did not find a statistically signif-
icant association between a history of stroke and food insecu-
rity, though the point estimate did suggest higher risk and the
smaller sample size may have meant this analysis was under-
powered (OR 1.25, 95% CI 0.75, 2.09) [40].

We did not find any interventional studies that addressed
food insecurity in order to improve health outcomes for indi-
viduals with coronary heart disease, congestive heart failure,
or stroke. However, one study that is worth noting is a ran-
domized clinical trial (n = 66) from Hummel et al. [41•]. The
intervention arm in this study provided 4 weeks of healthy
home-delivered meals for patients discharged after a heart
failure hospitalization (though it did not assess food security
status), and found that those who received the meals had great-
er increases in quality of life than usual care participants
(Kansas City Cardiomyopathy Questionnaire Clinical
Summary Score increased from a mean of 47 to 65 in the
intervention arm vs. 45 to 55 in the control arm; P = 0.053).
Thirty-day heart failure rehospitalizations (11% vs. 27%; P =
0.06) and days hospitalized (17 vs. 55; P = 0.055) were esti-
mated to be lower in meal participants as well. These differ-
ences were not statistically significant at the alpha < 0.05
level, but this smaller trial represents promising preliminary
data that supports further investigation of using medically tai-
lored meal interventions after heart failure discharge.

Chronic Kidney Disease

The relationship between chronic kidney disease and food
insecurity is relatively understudied compared to some other
conditions. Nevertheless, recent literature suggests an associ-
ation between CKD and food insecurity. A cross-sectional
study looking at a nationally representative sample of older
US adults found that chronic kidney disease was more com-
mon in those with food insecurity, compared with those who
were not experiencing food insecurity (5.6% vs. 2.0%, P =
.005) [23]. An important longitudinal study from Banerjee
et al. examined 2,320 adults with CKD in the NHANES III
study [42•]. Of this group, those who reported being food
insecure at baseline were more likely to progress to end-
stage renal disease than those who were food secure (relative
hazard 1.38, 95% CI 1.08, 3.10), after adjustment for demo-
graphics, income, diabetes, hypertension, estimated glomeru-
lar filtration rate, and albuminuria, and accounting for

competing risks. Finally, a review article that examined
CKD “hotspots” (areas with high prevalence of CKD) found
that food insecurity is common in such locations [43]. We did
not find any studies that address food insecurity as part of
interventions for individuals with chronic kidney disease.

Pediatric Populations (Table 2)

Overweight/Obesity

In 2018, 19.3% of US children and adolescents (2–19 years)
were obese and another 16.1% were overweight [44]. In con-
trast to the literature in adults in which the association between
food insecurity and overweight/obesity is clear, our review
suggests the relationship in children is more complicated.
Specifically, there is heterogeneity across studies such that
some find a statistically significant association between food
insecurity and greater overweight/obesity prevalence, or other
indicators of adiposity, while many others do not. The hetero-
geneity of these findings is likely related to study design
(cross-sectional vs. longitudinal), sample size, representative-
ness of the sample, and the timeframe over which overweight/
obesity may develop in relation to food insecurity. An
NHANES study of children 9–17 years of age did not find
an association between household food insecurity and BMI z-
score [45]. Furthermore, an analysis of participants in a ran-
domized clinical did not show an association between food
insecurity and weight [46]. Similarly, a cross-sectional study
using a clinic-based sample in Boston did not find an associ-
ation between food insecurity and weight classification [47].
Three cross-sectional studies provided more support for a re-
lationship between food insecurity and overweight/obesity (or
increased adiposity), but even here the evidence was not clear
cut. A cross-sectional, clinic-based sample in Philadelphia
found an association between food insecurity and BMI z-
score of borderline statistical significance (0.3 higher, 95%
CI 0.0, 0.6, P = 0.051), and with significantly greater waist
circumference z-score and percent body fat z-score, both of
which suggest greater adiposity [48]. A cross-sectional study
using data fromChildren’s HealthWatch found among 28,184
children < 4 years of age, household food insecurity was as-
sociated with increased odds of obesity among children 25 to
36 months old, but not among children 0–12, 13–24, and 37–
48 months [49]. A cross-sectional study of 822 children who
were obese found that food insecurity was associated with
higher BMI percentile (P < .0001) [50].

Longitudinal studies examining the relationship between
food insecurity status and pediatric overweight/obesity were
similarly mixed. Findings from the Early Childhood
Longitudinal Study-Kindergarten (ECLS-K) Cohort 1998–
2007 found children who experienced food insecurity had a
relative risk of 1.27 (95% CI 1.07–1.51), 1.21 (95% CI 1.08–
1.35), and 1.28 (95% CI 1.07–1.53) of overweight/obesity in
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Table 2 Selected characteristics of included studies of children

Author,
year

Study design Setting Sample
size

Follow-
up

Key findings

Overweight/obesity

Nguyen
et al.
2017

Cross-sectional USA, nationally representative
survey

4,719 n/a There was no significant overall relationship between
household food security and BMI percentile (0.00 change in
percentile per 1 point change in food security [95% CI
–0.98, 0.98])

Orr et al.
2020

Cross-sectional 2-year-old children participating in
randomized controlled trial

477 n/a There were no differences in child weight status as assessed by
mean BMI z-scores or proportion of children who were
overweight or obese, or prevalence of parent
overweight/obesity, between food secure and food insecure
households

Baer et al.
2018

Cross-sectional Urban center in northeastern USA 376 n/a There were no significant associations between food security
level and weight classification

Poulsen
et al.
2019

Cross-sectional Pennsylvania, USA 434 n/a Youth from food-insecure households had higher mean
z-scores for (beta [standard error]) BMI (.30 [.15]), waist
circumference (.27 [.12]), and percent body fat (.43 [.16])

Drennen
et al.
2019

Cross-sectional Caregivers of young children at
medical centers in 5 US cities

28,184 n/a Except at 25 to 36 months, neither household nor child food
insecurity were associated with obesity, underweight, or
stunting

Oberle
et al.
2019

Cross-sectional Pediatric patients with obesity (BMI
≥95th percentile) seen at a weight
management clinic

822 n/a FI households had significantly higher BMI relative to the
95th percentile, compared with those from food secure
households (147.9% above 95th percentile±34.3% vs.
132.2%±23.6%; P=0.000).

Zhu et al.
2020

Longitudinal Kindergarteners through 8th graders
in the USA

6,368 ~8
years

Children with food insecurity had a higher body mass index
z-score than the food-secure children in the 3rd, 5th, and 8th
grades, respectively

Lee et al.
2018

Longitudinal US nationally representative sample
of children in kindergarten in 2010

8,167 ~3
years

First-grade food insecurity was significantly correlated with
increased BMI z-score in first through third grades; for
example, at first grade, with food insecurity 0.6 (95% CI,
0.5, 0.7) vs. food secure 0.4 (95% CI, 0.4, 0.5).

Lohman
et al.
2018

Longitudinal Midwestern USA 559 ~16
years

Higher levels of food insecurity at age 15 years led to a more
rapid increase in BMI

Hypertension

South
et al.
2019

Cross-sectional USA, nationally representative
survey

7,125 n/a Household food insecurity and child food insecurity associated
with elevated blood pressure in adjusted models (OR 1.26,
95% CI 1.04, 1.54; OR 1.42, 95% CI 1.03, 1.96, respectively)

Lee et al.
2019

Cross-sectional USA, nationally representative
survey

2,662 n/a Food insecurity associated with elevated blood pressure
among children 12 to 17 years of age in adjusted models
(OR 1.65, 95% CI 1.38, 1.98)

Diabetes mellitus and pre-diabetes

Lee et al.
2019

Cross-sectional USA, nationally representative
survey

2,662 n/a Food insecurity associated with increased odds of prediabetes
in adjusted models (OR 1.96, 95% CI 1.17, 3.19) in
adolescents age 12–19 years

Thomas
et al.
2019

Cross-sectional USA, nationally representative
survey

29,341 n/a Food insecurity was not associated with parental-reported
diagnosis of diabetes in children 2–17 (estimated difference
in prevalence of diabetes between food-insecure and
food-secure households 0.000 (95% CI −0.002, 0.001)

Clemens
et al.
2020

Longitudinal Ontario, Canada 34,042 ~9.5
years

Food insecurity associated with a point estimate for increased
risk of incident diabetes that was not statistically significant
in adjusted models (HR 1.30, 95% CI 0.72, 2.37)

Mendoza
et al.
2018

Cross-sectional Washington and South Carolina,
USA

226 n/a Youth and young adults with type 1 diabetes from
food-insecure households at greater risk of poor glycemic
control (OR 2.37, 95% CI 1.10, 5.09) and emergency
department visits (prevalence ratio 2.95, 95%CI 1.17, 7.45)

BMI, body mass index
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the 3rd, 5th, and 8th grade respectively [51]. However, a
studying using data from the ECLS-K Cohort 2011 found that
food insecurity during kindergarten was not associated with
BMI z-score during kindergarten or the 3rd grade, but food
insecurity during the first grade was associated with increased
BMI z-score (P < 0.005) in the first grade and increased BMI
z-score in the 3rd grade (P < 0.05) [52]. A study among chil-
dren, primarily in theMidwest, who experienced an economic
shock, found that exposure to food insecurity at age 15 was
predicted to be associated with more rapid increase in BMI
from age 16 to 31 (P < .01) [53].

Hypertension

In a cross-sectional study of NHANES data that examined
children 8 to 17 years of age, household food insecurity and
child food insecurity were associated with elevated blood
pressure in adjusted models (OR 1.26, 95% CI 1.04,1.54;
OR 1.42, 95% CI 1.03, 1.96, respectively) [54]. These results
are consistent with another cross-sectional NHANES analysis
that found food insecurity to be associated with elevated blood
pressure among children 12 to 17 years of age in adjusted
models (OR = 1.65, 95% CI: 1.38, 1.98) [55].

Diabetes and Pre-Diabetes

Recent literature in children also suggests a more nuanced
relationship between food insecurity and diabetes and/or pre-
diabetes than in adults. Key to interpreting these findings is
the long-time horizon over which type 2 diabetes develops.
For example, a cross-sectional NHANES analysis of 2662
adolescents aged 12 to 19 found food insecurity was associ-
ated with increased odds of prediabetes/diabetes in adjusted
models (OR: 1.96, 95% CI: 1.17, 3.19), along with greater
hemoglobin A1c (5.21% vs. 5.16%, P = 0.03) [55].
However, a cross-sectional study of 29,341 children aged 2
to 17 years found no association between food insecurity and
parental-reported child diagnosis of diabetes [56]. In this
study, the authors note that the gradual development of diabe-
tes is one explanation for why a significant association may
not have been observed. Furthermore, an important longitudi-
nal study that followed 34,042 children <18 years of age in
Ontario, Canada, for a median of 9.5 years found, in adjusted
proportional hazard models, that food insecurity was associ-
ated with a point estimate for increased risk of incident diabe-
tes that was not statistically significant (HR 1.30, 95% CI
0.72, 2.37) [57]. The authors note that with aging of the cohort
and longer follow-up, a significant association may emerge. A
key consideration is that food insecurity experienced in child-
hood may be associated with developing diabetes later in life,
even if food insecurity is not clearly associated with develop-
ment of diabetes during childhood. It is also important to note
that, given the mechanisms discussed in the Introduction, food

insecurity is more likely to be related to type 2, rather than
type 1 diabetes.

With regard to glycemic control in those with diabetes, a
cross-sectional analysis using data from the Washington and
South Carolina SEARCH for Diabetes in Youth Study sites
found that youth and young adults from food-insecure house-
holds had, in adjusted models, greater risk of poor glycemic
control (OR 2.37, 95% CI: 1.10,5.09) relative to their peers
from food-secure households [58•]. Participants in food-inse-
cure, compared with food-secure, households were also more
likely to have an emergency department visits (prevalence
ratio 2.95, 95% CI 1.17, 7.45).

Conclusions

In this review of the association between food insecurity
and cardiometabolic conditions, we found evidence for an
overall association between food insecurity and increased
risk across a number of specific conditions in adults. These
include overweight/obesity, hypertension, diabetes, coro-
nary heart disease, congestive heart failure, stroke, and
chronic kidney disease. In pediatric populations, the evi-
dence was more mixed, though it should be noted that
many cardiometabolic conditions develop slowly, meaning
that observable conditions in children are likely only the
tip of the iceberg when considering how food insecurity
may affect health across the life course. This is an area
where additional research is needed. Specifically, life
course epidemiology studies may be especially valuable.
Three ways that food insecurity experienced during child-
hood may affect health even if overt clinical cardiometa-
bolic conditions do not develop in childhood are exposures
during critical developmental periods, setting health trajec-
tories, and through cumulative exposure.

Our review is also notable for studies we did not find,
which suggest both limitations of the current research and
directions for future research. With some key exceptions,
many studies were cross-sectional, which makes it impos-
sible to untangle the specific relationship between food
insecurity and the condition studied. While several studies
did use nationally representative data with adequate sam-
ples, others used convenience samples and small sample
sizes for the examined hypotheses. Two main approaches
in study design will likely be helpful going forward. First,
adequately powered longitudinal studies, with repeated
a n d d e t a i l e d a s s e s smen t o f f o o d i n s e c u r i t y ,
sociodemographic and socioeconomic status indicators,
other health-related social needs (such as housing and
transportation), and incident cardiometabolic outcomes,
would be important additions to epidemiologic literature
on this topic. Second, adequately powered interventional
studies, using comparison groups and either randomized or
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strong quasi-experimental designs, would enhance not on-
ly our understanding of the relationship between food in-
security and cardiometabolic disease, but, more important-
ly, our ability to address food insecurity for those who are
experiencing its ill-effects. These studies should assess a
broad range of outcomes, and include qualitative evalua-
tion to understand contextual factors that influence inter-
vention results.

Given the association between food insecurity and poor
health, food insecurity interventions will likely fall into two
main, complementary, categories. The first are programs that
combine food insecurity intervention with clinical manage-
ment to improve specific clinical outcomes. For example,
medically tailored meal programs for individuals with food
insecurity and diabetes can combine aspects of food insecurity
amelioration, lifestyle intervention, and diabetes self-
management education to improve glycemic control. These
types of interventions will likely be closely connected to clin-
ical settings, and may also involve community organizations
with a focus on serving individuals experiencing food
insecurity.

The second category of food insecurity interventions are
policies and programs. SNAP (the Supplemental Nutrition
Assistance Program) is the United States’ largest effort to
combat food insecurity. It has been shown to reduce both
the depth and breadth of food insecurity, and has been
associated with important health benefits [59–61].
Furthermore, the Special Supplemental Nutrition Program
for Women, Infants, and Children (WIC), and the National
School Lunch/School Breakfast program are also large-
scale food insecurity interventions with important benefits
in their own right [62, 63]. Recently, the Pandemic
Electronic Benefits Transfer (P-EBT) program has brought
the benefits of school feeding programs to families affected
by the COVID-19 pandemic [64]. Despite the success of
these programs, it is worth considering how they might be
improved. Benefit levels are likely too low [65], and eligi-
bility is unnecessarily restrictive. Moving away from
means-tested programs designed with an ethos of “poor-
relief” and towards universal programs meant to ensure
access to needed nutrition for all is a promising approach
[66]. It is also worth reconsidering aspects of the political
economy that result both in high levels of food insecurity
observed in the USA, and its very unequal distribution—
specifically that individuals who identify as Black,
Hispanic, or Indigenous are disproportionately affected,
as are women [67].

In recent years, our understanding of food insecurity as an
important risk factor for cardiometabolic conditions has great-
ly improved. Yet there remain many unanswered questions in
this field, ones that require dedicated and rigorous research to
answer. Perhaps more important, however, is what we do with
this knowledge. Interventions that reduce food insecurity and

improve the health of those who experience it are an important
part of improving health equity.
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