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Abstract

This report documents the strong correlation between food security status and chronic
health conditions among working-age adults living at or below 200 percent of the
Federal poverty line (FPL). In general, lower food security is associated with higher
probability of each of the chronic diseases we examine—hypertension, coronary heart
disease (CHD), hepatitis, stroke, cancer, asthma, diabetes, arthritis, chronic obstructive
pulmonary disease (COPD), and kidney disease. Food security status is also strongly
related to the likelihood of chronic disease in general, to the number of chronic condi-
tions afflicting the sufferer, and to self-assessed health. Moreover, looking at the entire
range of household food security (high, marginal, low, and very low) is important for
understanding individuals’ experience of chronic illness and, more generally, health.
Indeed, food security status is more strongly predictive of chronic illness in some
cases even than income. Income is significantly associated with just 3 of the 10 chronic
diseases examined in this report, while food insecurity is associated with all 10.

Keywords: Health, chronic illness, food insecurity, self-assessed health, working-age
adults, low-income.
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What Is the Issue?

By definition, households that are food secure have access at all times to the kinds and quanti-
ties of foods needed for all members to enjoy an active, healthy life. Households that are food
insecure have difficulty in consistently obtaining adequate food because of limited economic
resources for food. Households that are food insecure also face other challenges—in particular,
with respect to health. Extensive literature has examined the associations between food security
and health, almost all of it showing the strong correlation between food insecurity and negative
health outcomes.

Much of that research is understandably focused on children. Working-age adults have been
examined less frequently, and that research has usually focused on a single outcome. Moreover,
this research usually highlights differences between food-secure and insecure households; few
studies look at health outcomes over the range of food security status—high, marginal, low, and
very low. And there are no studies to date that look at health outcomes simultaneously.

In this report, we examine the relationship between food security and health as measured by

10 chronic conditions identified by the Centers for Disease Control and Prevention (CDC) as
particularly worthy of research because of their prevalence, cost, morbidity, and preventability.
We focus on the role of food security as a predictor of health among working-age adults and the
differences in health outcomes across the range of household food security: high, marginal, low,
and very low.

What Did the Study Find?

In general, lower food security is associated with higher probability of each of the chronic
diseases examined—hypertension, coronary heart disease (CHD), hepatitis, stroke, cancer,
asthma, diabetes, arthritis, chronic obstructive pulmonary disease (COPD), and kidney disease.
Food security status is also strongly related to the likelihood of chronic disease in general,

to the number of chronic conditions reported, and to self-assessed health. Moreover, differ-

ERS is a primary source ences between adults in households with marginal, low, and very low food security are very
of economic research and .. .. . . . .
analysis from the U.S. often statistically significant, which suggests that looking at the entire range of food security
Department of Agriculture, is important for understanding chronic illness and potential economic hardship. Indeed, food
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security status is more strongly predictive of chronic illness in some cases even than income.
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Income is only significantly associated with 3 of the 10 chronic diseases—hepatitis, arthritis, and COPD—
while food insecurity is significantly associated with all 10. In particular, we find that:

e  Adults in households with lower food security status have elevated probabilities of chronic disease diag-
nosis for all of the conditions we examine. For example, adults in very low food-secure households are
10.5 percentage points more likely than adults in high food-secure households to be diagnosed with
hypertension.

*  Adults in households with very low food security were 15.3 percentage points more likely to have any
chronic illness than adults in households with high food security, as is shown in the figure below. This is
a 40-percent increase in overall prevalence.

*  Adults in households with marginal food security were 9 percentage points less likely to report excellent
health, compared to those in households with high food security, and 1.3 percentage points more likely
to report poor health.

*  The number of chronic conditions for adults in households with low food security is, on average, 18

percent higher than for those in high food-secure households.

Adults in households with more severe food insecurity are more likely to have a chronic illness

Predicted prevalence (percent) [ Probability of any chronic condition
60

40

20

High Marginal Low Very low
Food security status

Source: USDA, Economic Research Service calculations using National Health Interview Survey data 2011-2015.

How Was the Study Conducted?

The authors used 5 years of data (2011-2015) from the National Health Interview Survey (NHIS), a nationally
representative household survey with a complex survey design that is sponsored by the Centers for Disease
Control and Prevention’s National Center for Health Statistics. The NHIS is the source for national statistics
on the health of the U.S. population. Food security is measured using a series of 10 questions about experi-
ences and behaviors of household adults that indicate food insecurity in the 30 days prior to the survey, such
as being unable to afford balanced meals, cutting the size of or skipping meals because of too little money for
food, or being hungry because of too little money for food. The study sample included non-senior adults (age
19-64) in households below 200 percent of the Federal poverty line. Regression estimates were adjusted to
account for the complex survey design of the NHIS. The regression adjustment shows the conditional associa-
tion—or, correlation—between food security status and health outcomes.

Our main sample includes adults in households with income at or below 200 percent of the Federal poverty
line (41,854 total); estimates are regression-adjusted for age, gender, marital status, employment status,
number of children (below age 18) in the household, total size of household, race, education, health insurance,
and income (as a fraction of the Federal poverty line).

www.ers.usda.gov




Food Insecurity,
Chronic Disease, and
Health Among Working-Age Adults

Introduction

Food security status is strongly correlated with measures of health, and there is a known correlation
between income, wealth, and health status (Dorling, 2015; Pickett and Wilkinson, 2015). While this
correlation has been known on a macroeconomic or aggregate level for some time (Deaton, 2008),
and while research on child health and food insecurity has flourished (for a review of literature on
food insecurity and children’s health outcomes, see Coleman-Jensen et al., 2013), the links between
the health of working-age adults and household food insecurity are less studied.

In most prior research on the correlates of food insecurity, adults are classified as belonging to either
food-secure or food-insecure households. This classification scheme, however, obscures distinctions
between adults in households reporting no food-insecure conditions (highly food secure) and those
reporting only one or two food-insecure conditions (marginally food secure) because these groups

are often combined into the food-secure group (see box, “Defining Food Security Status™). At the
same time, differences between those with low food security and very low food security, often labeled
together as “food insecure,” can be missed by this taxonomy. In this report, we examine the differences
in health between working-age adults in these different household food-security situations.

Other studies about food security and health among adults focus on one or at most two health
outcomes. We use chronic illness and self-assessed health as general indicators of underlying health,
but also look at 10 chronic illnesses—both separately and together—to show how food security
status relates to both individual conditions and chronic illness generally. The analyses in this report
do not determine causality between food insecurity and chronic conditions. Instead, we focus on
understanding to what extent food insecurity and health are associated with one another, separate
from income and other factors.

In general, food security status and health outcomes move in tandem across the classification of
food security into high, marginal, low, and very low. Most differences in health, we find, are statis-
tically significant, implying large potential differences in expected costs of illness across food
security categorizations. Significant differences in health outcomes between households with high
and marginal (as well as low and very low) food security—normally characterized together as food
secure (food insecure)—suggest that the more exact food-insecurity classification captures important
information about economic hardship and how it translates into poorer health outcomes. Moreover,
similarity in health outcomes between households with marginal and low food security suggests

that the prevailing binary classification (food secure and insecure) can obscure ways that households
thought to be food secure are more like those that are food insecure. This is consistent with research
showing that the demographic characteristics of marginally food-secure households are more similar
to food-insecure households than food-secure households (Coleman-Jensen, 2009); it is also consis-
tent with research suggesting that marginal food security among children is associated with negative
health outcomes (Jyoti et al., 2005).

1
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Defining Food Security Status

The food security status of each household lies along a continuum from high food security to
very low food security. (See box, “Questions Used To Assess Food Security of Households in
the National Health Interview Survey”.) Lack of access is, in all cases, due to lack of monetary
resources or the inability to afford adequate food. The food security continuum is character-

ized as follows:

Two-category food
security status:

Food secure

Food insecure

Four-category High food Marginal food Low food Very low food
food security security—House- security—House- | security—At security—At
status: holds had no holds had prob- times during the times during
problems or anxi- lems, at times, year, households  the year, eating
ety about consis-  or anxiety about reduced the qual- patterns of one
tently accessing acquiring ad- ity, variety, and or more house-
adequate food. equate food, but desirability of their hold members
the quality, variety, | diets due to a were disrupted
and quantity of lack of resources  and food intake
their food intake for food, but the reduced because
were not substan- | quantity of food the household
tially reduced. intake and normal lacked money and
eating patterns other resources
were not substan- for food.
tially disrupted.
Severity of

food insecurity

» More severe

Less severe
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Related Research

Research on the associations with and, more rarely, the causal effects of food security on health
outcomes has focused mainly on children. Children are vulnerable to adverse social conditions, and
the cumulative costs of food insecurity over a lifetime are presumably high. A recent longitudinal
study of childhood health and food insecurity found that episodes of food insecurity in kindergarten
were associated with reports of compromised health in eighth grade (Ryu and Bartfeld, 2012). A
review of recent research (Coleman-Jensen et al., 2013) found consistent evidence of negative health
and developmental consequences associated with food insecurity. In another review of the literature
on food insecurity and health, children in households that were food insecure were more likely to
suffer from a host of conditions including some birth defects, anemia, cognitive difficulties, aggres-
sion, anxiety, asthma, behavioral problems, depression, and poorer oral health (Gundersen and
Ziliak, 2015).

Working-age adults have received less attention than children, but there is still extensive literature
examining the relationship between food insecurity and their health outcomes. Food insecurity
among adults has been found to be associated with depression and adverse mental health conditions,
diabetes, hypertension, high cholesterol, and poor sleep outcomes (Gundersen and Ziliak, 2015).
Even though Bhattacharya et al. (2004) found no nutritional differences between food-insecure and
food-secure children, they did find nutritional differences among adults.

Many studies emphasize the tradeoffs that low-income households have to make between food and
other necessities. Bhattacharya and colleagues (2003) found that poor households often spend less
on and eat less food during cold weather shocks. Recent studies using the same National Health
Interview Survey (NHIS) data source used in this report have found that food insecurity is a risk
factor for underuse of medication (due to cost) among adults with chronic disease (Berkowitz et al.,
2014), among all working-age adults (Herman et al., 2015), and among elderly adults (Afulani et al.,
2015). Such occurrences include not being able to afford prescriptions due to cost or skipping doses/
taking less medication than prescribed in order to save money. Food-insecure older adults (age 60 +)
in Georgia were almost three times more likely to engage in cost-related medication budgeting than
those who were food secure (Bengle et al., 2010).

Few studies have looked at causal relationships between food security and health outcomes.
However, one pathway between food insecurity and healthcare use is suggested by a series of studies
that link diabetes, glycemic control, and hypoglycemia to food insecurity (Seligman et al., 2010;
Seligman et al., 2011; Seligman, et al., 2010). In general, for persons with low tolerance for varia-
tion in blood glucose—diabetics—food insecurity is more likely to prompt trips to the emergency
room. Another approach has been suggested by Gundersen and Kreider (2009), who address the
issues about measurement and confounding bias by using bounding methods. Under relatively weak
assumptions, they find that food security has a positive effect on child health.

This report examines 10 chronic conditions that have been singled out by the Centers for Disease
Control and Prevention as being particularly important to population health (see box, “Chronic
Conditions”) and worthy of research (Goodman et al., 2013). We examine these conditions both
separately and together and focus on the correlation between different chronic health conditions
and severity of food insecurity. We highlight the differences in health outcomes between adults in
high, marginal, low, and very low food-secure households, whereas most other studies use the more
general food secure/insecure distinction.

3
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Chronic Conditions

Chronic conditions are those that last for a year or more, result in limitations (to mobility
or functioning), and/or require ongoing medical treatment. Chronic conditions or diseases
are costly both in terms of human life and in terms of financial costs.' In 2012, 48 percent
of U.S. adults had 1 or more chronic condition; 25 percent had multiple chronic conditions
(Ward et al., 2014). Chronic conditions can impair quality of life, affect employment and
other life activities, and even hasten death. Of the top 10 causes of death in 2014, 7 were
chronic diseases. In 2010, 86 percent of healthcare spending was for adults with 1 or more
chronic conditions. Per-person healthcare spending for people with 1 chronic condition was
2.5 times more than spending for people with no chronic conditions; per-person healthcare
spending increases with each additional chronic condition (Gerteis et al., 2014).

Some of the human and monetary costs associated with chronic conditions could be reduced
because many such conditions are preventable. Poor nutrition can play a role in the develop-
ment of diabetes, cancer, heart disease, and stroke.

We examine whether, and to what extent, food insecurity is associated with 10 chronic
diseases, all targeted by the CDC as warranting research in order to mitigate the conditions
and reduce associated costs. Given the growing significance of chronic disease in the U.S.
population’s health, the CDC has recommended consistent definitions and classifications of
chronic disease to improve research and monitoring. The 10 chronic diseases examined here
are self-reported in the National Health Interview Survey (Goodman et al., 2013)2. They
include:

Hypertension/high blood pressure
Coronary heart disease (CHD)
Hepeatitis

Stroke

Cancer

Asthma

Diabetes

Arthritis

N I I T I I

Chronic obstructive pulmonary disease (COPD)

10. Chronic kidney disease.

29 ¢

IThroughout this report, we use the terms “chronic condition,” “chronic disease,” and “chronic illness” inter-
changeably.

2Goodman and colleagues identify 20 chronic diseases as being important for research, monitoring, and
prevention, but we only examine the 10 of these that are reported in NHIS. The other 10 are congestive heart
failure, autism, cardiac arrhythmias, hyperlipidemia, dementia, depression, HIV, osteoporosis, schizophrenia,

and substance abuse disorders.
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Data

Data are from the National Health Interview Survey (NHIS), 2011-15. Sponsored by the Centers
for Disease Control and Prevention’s National Center for Health Statistics, the NHIS is a nationally
representative survey of roughly 40,000 U.S. households with an oversample of Black, Hispanic,
and Asian households. It contains health information on each person living in sampled households,
with more extensive information collected from one sample adult and one sample child (if children
are present) per household. Surveys are conducted in person. We concentrate on information given
by the sample adult, who is randomly chosen from within a sampled household. The sample adult
responds to all of the health questions for him/herself, whereas information about other adults may
be given by another adult in the household. Questions about the household, including food secu-
rity questions, are answered by an adult household representative who may or may not be the same
person as the sample adult for that family.

We begin with a sample of 172,465 unweighted observations, which includes all sample adults across
2011-15. We limit the sample to households for whom the sample person is a working-age adult
(18-64)! (excluding 39,038 observations), is not a pregnant woman (excluding 1,648 observations),
has valid responses to the food security module questions (excluding 23 observations), is not missing
information on chronic conditions (excluding 2,176 observations), and lives in households that

have income less than or equal to 200 percent of the Federal poverty line (FPL) (excluding 87,726
observations).? The final sample used for estimation and analysis consists of 41,854 sample adults.3

The NHIS began administering the 10-item, 30-day food security module in 2011. The 10 items
include 3 questions about food conditions of the household as a whole and 7 questions about food
conditions for adults alone. Food security status is determined by the answers to the 10 questions
(see box, “Questions Used To Assess the Food Security of Households in the National Health
Interview Survey”). Each question asks about conditions or behaviors that characterize households
when they are having difficulty meeting their basic food needs and stipulates that the reason for the
difficulty was a lack of money or other resources.* Affirmative responses (“often,” “sometimes,” and
“yes”) to the food security questions were summed for all households. Answers to questions about
the frequency of behaviors (cut or skip meals, not eat for a whole day in the previous 30 days) that

were greater than or equal to 3 days were counted as affirmative.

Households that affirmed none of the food-insecure conditions were categorized as having high food
security, while those with one or two affirmatives were counted as having marginal food security.

We restrict our sample to working-age adults to avoid conclusions that conflate difference in time allocation, health
insurance, and income that are, on average, different for retired persons.

2We wanted to capture a sample of adults from households where there was a reasonable chance of having high food
security (no affirmative responses to the food security module questions) but with some resource constraints. The average
income-to-poverty ratio for adults who report at least one affirmative is 165 percent, so we wanted to go a little above
that; 200 percent of the Federal poverty line gave us both good sample size and variation in food security status.

3For estimation purposes, we use two strategies to get correct inferences on the estimation subsample. First, we retain
the entire sample but zero-weight observations that are not in our desired subsample in order to get correct inferences, as
suggested in Korn and Graubard (1999). Second, we use Stata’s subpop subcommand to specify the estimation sample.
See West et al. (2008).

4Most USDA food security statistics rely on questions that ask about food security during the previous 12 months. The
NHIS only asks about food insecurity experienced in the 30 days prior to the survey. The 30-day reference period was
used in the NHIS to enable research linking current health conditions to current food security status.
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(Often, especially for the purposes of estimating food insecurity prevalence, households with high
and marginal food security are classified together as food secure.) Households that affirm three to
five conditions are counted as having low food security, while those affirming six or more conditions
are counted as having very low food security. (Households with low or very low food security are
also frequently called food insecure.)

Questions Used To Assess Food Security of Households in the
National Health Interview Survey (NHIS)

1. “We worried whether our food would run out before we got money to buy more.” Was
that often, sometimes, or never true for you in the last 30 days?

2. “The food that we bought just didn’t last and we didn’t have money to get more.” Was
that often, sometimes, or never true for you in the last 30 days?

3. “We couldn’t afford to eat balanced meals.” Was that often, sometimes, or never true for
you in the last 30 days?

4. In the last 30 days, did you or other adults in the household ever cut the size of your
meals or skip meals because there wasn’t enough money for food? (Yes/No)

5. (If yes to question 4) In the last 30 days, how many days did this happen?

6. In the last 30 days, did you ever eat less than you felt you should because there wasn’t
enough money for food? (Yes/No)

7. 1In the last 30 days, were you ever hungry, but didn’t eat, because there wasn’t enough
money for food? (Yes/No)

8. In the last 30 days, did you lose weight because there wasn’t enough money for food?
(Yes/No)

9. In the last 30 days did you or other adults in your household ever not eat for a whole day
because there wasn’t enough money for food? (Yes/No)

10. (If yes to question 9) In the last 30 days, how many days did this happen?

Table 1 shows descriptive statistics for sampled adults and, below, their households categorized by
food security status. Sampled adults in very low food-secure households are older than those in all
other households. Women make up a little more than half of the sample and a little more than half
of each of the food insecurity categories. As severity of food insecurity worsens, the proportion

of sample adults who are employed decreases, from 57 percent in high food-secure households to
38 percent in households suffering very low food security. As food insecurity worsens, a smaller
proportion of sample adults are married.

6
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Table 1
Sample means

Food security status

All High Marginal Low Very low
Characteristics of sampled adult
Age 37.45 36.74 37.02 38.65 39.56
(0.154) (0.214) (0.257) (0.230) (0.250)
Female 0.531 0.516 0.550 0.565 0.538
(0.004) (0.004) (0.009) (0.008) (0.009)
Employed 0.524 0.570 0.529 0.474 0.377
(0.004) (0.005) (0.009) (0.009) (0.009)
Married 0.362 0.380 0.373 0.358 0.277
(0.004) (0.006) (0.009) (0.009) (0.008)
Non-Hispanic White 0.483 0.506 0.436 0.412 0.513
(0.006) (0.007) (0.010) (0.010) (0.009)
Non-Hispanic Black 0.175 0.145 0.205 0.213 0.226
(0.004) (0.004) (0.008) (0.008) (0.008)
Hispanic 0.267 0.263 0.297 0.310 0.205
(0.006) (0.006) (0.009) (0.009) (0.007)
Asian 0.047 0.061 0.038 0.027 0.018
(0.002) (0.003) (0.003) (0.003) (0.002)
Other race 0.028 0.024 0.024 0.038 0.039
(0.001) (0.002) (0.003) (0.004) (0.004)
Insured 0.652 0.680 0.627 0.597 0.619
(0.005) (0.006) (0.009) (0.009) (0.009)
Characteristics of household
Highest education:
High school dropout 0.148 0.125 0.167 0.192 0.174
(0.003) (0.003) (0.006) (0.007) (0.006)
Highest education:
High school graduate 0.295 0.277 0.316 0.321 0.320
(0.004) (0.005) (0.008) (0.008) (0.009)
Highest education: Some college 0.400 0.403 0.392 0.390 0.412
(0.005) (0.007) (0.009) (0.009) (0.010)
Highest education:
College graduate 0.156 0.194 0.124 0.096 0.095
(0.003) (0.005) (0.006) (0.006) (0.006)
Number of children 1.093 1.065 1.295 1.165 0.907
(0.014) (0.018) (0.025) (0.026) (0.027)
Family size 3.154 3.092 3.450 3.310 2.911
(0.023) (0.031) (0.039) (0.037) (0.042)
Household income-to-poverty ratio 1.080 1.123 1.075 1.026 0.969
(0.006) (0.009) (0.009) (0.009) (0.009)
N 41,854 23,799 5,967 6,286 5,802

Source: USDA, Economic Research Service calculations using National Health Interview Survey data 2011-2015. Standard

errors in parenthesis. All estimates account for complex survey design. N = number of unweighted observations.
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Sample adults in households that have high food security are less likely to be non-Hispanic Black or
Hispanic than those with marginal, low, or very low food security. Asian adults comprise a little less
than 5 percent of the sample (column 1), but are overrepresented in the high food security category
and underrepresented in the lower food security groups.®> Adults in very low food-secure households
are also less likely to have health insurance than those in high food-secure households.

The highest level of education by anyone in households characterized as having very low food
security is generally lower than the highest level of education in households with high food secu-
rity and marginal food security—cohorts typically categorized together as food secure. Only 12.4
percent of marginally food-secure households have someone who graduated from college versus 19.4
percent of households with high food security. In terms of household composition, while households
with marginal and low food security have more children and more persons overall, the differences
between households with very low food security and high food security are small. Finally, house-
holds with better food security have higher incomes relative to the poverty line.®

The prevalence of the 10 chronic conditions is similar in the population as a whole and among our
low-income sample. It is not until we begin to stratify by food security status that clearer distinc-
tions emerge (table 2). There is a statistically significant increase in the prevalence of chronic health
conditions as food security worsens. For example, the prevalence of hypertension for adults in
households with high, marginal, low, and very low food security is 19.7, 23.6, 28.0, and 36.1 percent,
respectively. Similarly, the prevalence for chronic obstructive pulmonary disease (COPD) is 4.9, 7.2,
8.9, and 15.0 percent across worsening food security status.

SThe “other race” category contains multi-race individuals as well as those who do not self-identify in one of the speci-
fied categories, and so it is difficult to make meaningful interpretations for this group.

SNHIS imputes income data for families that either report it in terms of categories (more than X, less than Y) or do not
report it at all. Among sample adults, roughly 85 percent report their income, 3 percent give no information, and 12 percent
give income information in categories. Among the estimation sample (200 percent of the FPL or below), all of the sample
adults live in households that report income information; none live in households that have imputed income information.
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Table 2
Proportion of adults with chronic illnesses

Food security status

Condition Population < 200% FPL High Marginal Low Very low
Hypertension 0.229 0.237 0.197 0.236 0.280 0.361
(0.002) (0.003) (0.004) (0.008) (0.008) (0.009)
CHD 0.022 0.029 0.020 0.029 0.037 0.056
(0.001) (0.001) (0.001) (0.003) (0.003) (0.005)
Hepatitis 0.025 0.031 0.026 0.028 0.038 0.050
(0.001) (0.001) (0.001) (0.003) (0.003) (0.004)
Stroke 0.015 0.024 0.016 0.020 0.034 0.050
(0.000) (0.001) (0.001) (0.002) (0.003) (0.004)
Cancer 0.049 0.039 0.033 0.038 0.047 0.058
(0.001) (0.001) (0.002) (0.004) (0.003) (0.004)
Asthma 0.077 0.095 0.074 0.096 0.115 0.165
(0.001) (0.002) (0.002) (0.005) (0.006) (0.006)
Diabetes 0.067 0.086 0.068 0.087 0.111 0.140
(0.001) (0.002) (0.002) (0.005) (0.005) (0.006)
Arthritis 0.167 0.175 0.135 0.172 0.216 0.300
(0.002) (0.003) (0.003) (0.007) (0.007) (0.008)
COPD 0.047 0.072 0.049 0.072 0.089 0.150
(0.001) (0.002) (0.002) (0.005) (0.005) (0.007)
Kidney disease 0.012 0.021 0.013 0.020 0.026 0.050
(0.000) (0.001) (0.001) (0.002) (0.002) (0.004)
N 129,580t 41,854 23,799 5,967 6,286 5,802

CHD = coronary heart disease; COPD = chronic obstructive pulmonary disease. N = number of unweighted observations.
Standard errors in parentheses. All estimates account for complex survey design. For each condition, all pairwise differ-
ences between adults in households with respective levels of food insecurity are significant at p = .10.1 Estimates for the
full adult sample applied all exclusions outlined in the text except for the exclusion based on income/poverty ratio.
Source: USDA, Economic Research Service calculations using National Health Interview Survey data, 2011-2015.
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Methods

We estimate logistic regressions to determine the conditional association of food insecurity with
each of the chronic conditions examined (tables 3 and 4). We also estimate a logistic regression of
the conditional association of food insecurity with the presence of any chronic condition (table 6,
column 1). In very general terms, these models belong to a latent variable framework, where

Vi :xiﬂ+gi

expresses the relationship between an unobserved latent variable, y*, and the observed regressors x,
which include food security status. The latent variable represents the propensity to have one of the
conditions in question, or any of the conditions in question, depending on the specification. The vari-
able we observe, y, takes a value of zero or one. We assume that € has an extreme value distribution
and that

y; =1 if xf+¢& >0
This set of assumptions allows us to characterize the probability that we observe that y = 1:
P(y=1)=P(y))>0=P(-xf<&)=F(xf),
where F is the extreme value (logistic) cumulative distribution function (CDF).

For estimates of the conditional association of food security status and self-assessed health, we
used an ordered logistic regression, which also falls in the latent variable framework. However, our
observed variable takes k values, 1,2,.. k. So,

y,=k if Mo SXB<p,

where u;...u,_; are threshold parameters estimated by the model. The thresholds and other param-
eters characterize the probabilities as:

P(y, =k)=P(uy, <x,f<p)=F(, —x,B)—F(p, —x.5) ,
where once again F is the extreme value CDF.

Finally, for specifications estimating the conditional association of food security status with the
number of conditions (table 6, column 2), we use a negative binomial regression. This is a simple
generalized linear model where it is assumed that the distribution of the outcome is very skewed—
for example, with a lot of zeros. The density for the count of affirmed conditions can be modeled as:

-1

INCERES) a’ ¢ : "
hY [ X, 0) = (—1 %) T AL
e )y, +D\a +u a + U,
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Here, a is a parameter that characterizes heterogeneity on the observation level; u; = exp(X; f) with
X; B defined as above, and I is the gamma function.’

For all of these models, we are most interested in marginal changes in the expected value of the
outcome with a change in food security status. In all cases, although the specific calculations will
differ based on the functional forms used, this change can be expressed as:

E(y|FS=j)-E(y|FS = High),

where j = Marginal, Low, or Very Low. Standard errors for these quantities are calculated by the
delta method.®

7We modeled this count variable using poisson, negative binomial, and ordered probit models. Using Akaike Informa-
tion Criterion (AIC) and Bayesian Information Criterion (BIC) criteria, the ordered probit was very weakly preferred to
the negative binomial, but both were strongly preferred to the poisson. We present the results from the negative binomial
to ease exposition of the marginal changes by food security status, but they are qualitatively the same as the ordered
outcomes model. For more on the negative binomial model, see Cameron and Trivedi (2013).

8We use Stata 14 for all of these calculations. We invoke the margins command to calculate marginal changes and
standard errors. Both sets of calculations were checked by hand by deriving the quantities analytically and programming
them independently of packaged routines.
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Results

Individual Chronic Conditions

Table 3 shows the regression parameters for each of the 10 chronic health conditions using logistic
regression. Because the logistic regression is nonlinear, the magnitudes of the coefficients are not
informative about the size of marginal changes in the probability of illness associated with the vari-
ables in question. However, the signs of the coefficients and their significance do indicate if they
were significant predictors of chronic illness: negative signs indicate that the variable (e.g., female,
very low food security) reduces the probability of that condition, while positive signs indicate a
marginal increase associated with that variable.? For the most part, marginal, low, and very low food
security status are strongly associated with chronic disease, relative to high food security (the refer-
ence group). For each condition, as food insecurity worsens, the likelihood of having the condition
increases. While marginal food security is not significantly more closely associated with hepatitis,
stroke, or cancer, it is significantly associated with each of the other chronic diseases.

For sampled adults in these regressions (second panel from the top, table 3), age is positively (and
predictably) associated with the probability of chronic illnesses.!” Women are less likely than men
to report hypertension, CHD, and hepatitis, but more likely to report cancer, asthma, arthritis, and
COPD. Marital status, for the most part, is not associated with chronic illness. Hispanic and Asian
adults are less likely to have one of these chronic conditions, while non-Hispanic Black adults are
more likely to report some conditions and less likely to report others, relative to Whites (the refer-
ence group). For example, non-Hispanic Blacks are less likely to report hepatitis, cancer, arthritis,
and COPD than Whites, but more likely to report stroke or diabetes. Hispanics are less likely to
report hypertension, CHD, stroke, cancer, asthma, arthritis, and COPD, and more likely to report
diabetes than Whites. Asian adults are significantly less likely than Whites to report hypertension,
CHD, cancer, asthma, arthritis, and COPD.

Persons who are employed are less likely to report chronic illness than those who are not employed.
Persons who are insured are more likely to report these conditions, all else being equal. Although
this result seems counterintuitive (having health insurance is associated with higher income), it
reflects the higher probability that low-income people with health insurance will visit the doctor and
thus receive a diagnosis. It also suggests that what is being measured in the negative correlation of
employment with chronic illness is related to unobserved characteristics associated with attachment
to the labor market.

Adults in households that include a college graduate are less likely to report chronic health condi-
tions than adults in households with no high school graduate: particularly significant in this regard
are the associations with hypertension, CHD, stroke, diabetes, arthritis, COPD, and kidney disease
(table 3, last panel). Also of note, adults in households with more children are more likely to report
cancer, and less likely to report asthma, diabetes, COPD, and kidney disease.

9A more rigorous statement about the relationship between these coefficients and the marginal changes in probability
would be the following: although it is true that there is no linear mapping of the size of the coefficients to the size of the
marginal changes in probability, larger coefficients generally mean larger effects.

10Results are the same whether we include age as a continuous or categorical measure with three or four categories.
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Table 3
Regression parameters, logistic regression for probability of chronic illness

Hyper-
Variable te):;ieon CHD Hepatitis ~ Stroke Cancer Asthma Diabetes  Arthritis COPD Kidney
Food security status
Marginal food security  0.229***  0.353***  0.107 0.185 0.170 0.288**  0.250***  0.339***  0.405"**  0.384***
(0.052) (0.115) (0.110) (0.138) (0.119) (0.067) (0.073) (0.060) (0.080) (0.133)
Low food security 0.345**  0.433**  0.305**  0.520***  0.295"**  0.431**  0.363**  0.500*  0.491***  0.496"*

(0.048)  (0.116)  (0.103)  (0.104)  (0.084)  (0.067)  (0.068)  (0.056)  (0.075)  (0.118)
Very low food security ~ 0.641**  0.761**  0.508"*  0.784**  0.339™  0.734** 0575  0.850**  0.945*  1.050***
(0.048)  (0.122)  (0.101)  (0.105)  (0.080)  (0.058)  (0.084)  (0.052)  (0.066)  (0.117)

Characteristics of sample adult

Age 0.074**  0.089***  0.051™*  0.076™*  0.060** 0004  0.077** 0.075**  0.045"*  0.044**
(0.001)  (0.004)  (0.003)  (0.004)  (0.003)  (0.002)  (0.002)  (0.002)  (0.002)  (0.004)
Female 0182 .0574™* 0275 -0.090  0539**  0580** -0073  0408**  0318"* 0.075
(0.037)  (0.082)  (0.070)  (0.084)  (0.070)  (0.045)  (0.048)  (0.041)  (0.054)  (0.090)
Employed 0471 209127 -0.307**  -1.118%* 0514  -0431** -0557"* -0592"* 0551 -1.079***
(0.036)  (0.111)  (0.085)  (0.109)  (0.073)  (0.050)  (0.053)  (0.042)  (0.065)  (0.107)
Married 0.091*  0.070 -0.205*  0.166 0.020 -0.152**  0.105*  0.042 -0.102 0.089
(0.044)  (0.103)  (0.102)  (0.108)  (0.090)  (0.057)  (0.056)  (0.048)  (0.075)  (0.119)
Black 0504  -0057  -0473* 0371** -0983"* -0037 0325  -0.393"* -0.499** 0.085
(0.044)  (0.095)  (0.100)  (0.087)  (0.101)  (0.059)  (0.063)  (0.052)  (0.065)  (0.101)
Hispanic -0.302*  -0.329"*  0.007 0179 -0.824™*  -0.528**  0.280**  -0.985™* -1.071***  0.160
(0.048)  (0.121)  (0.106)  (0.122)  (0.112)  (0.067)  (0.068)  (0.058)  (0.088)  (0.101)
Asian -0.483**  -0.580"*  0.118 -0.497*  -1.332™*  -0.841** -0.012 1239 -1.247"*  -0.136
(0.090)  (0.214)  (0.184)  (0282)  (0.301)  (0.148)  (0.115)  (0.126)  (0.168)  (0.246)
Other race 0195*  -0014 0323 0531  -0195  0266™  0240*  -0.099 -0.064 0.289
0.102)  (0.191)  (0.200)  (0.227)  (0.155)  (0.119)  (0.129)  (0.121)  (0.141)  (0.217)
Has insurance 0430  0491*** 0216 0797 0428  0519™*  0.619™ 0574** 0527  0.580"*

(0.042)  (0.121)  (0.089)  (0.104)  (0.087)  (0.060)  (0.058)  (0.043)  (0.084)  (0.113)

Characteristics of household

High school graduate  -0.003 -0.051 0.106 -0.156 0.102 -0.015 -0.082 0.032 -0.029 -0.332"*
(0.046) (0.094) (0.107) (0.108) (0.093) (0.068) (0.072) (0.053) (0.069) (0.125)
Some college -0.046 -0.122 0.049 -0.048 0.127 0.019 -0.147* 0.117** -0.129* -0.099
(0.048) (0.097) (0.102) (0.103) (0.101) (0.069) (0.072) (0.053) (0.078) (0.115)
College graduate -0.312"**  -0.296"  -0.026 -0.410**  0.001 0.001 -0.473**  -0.266*  -0.539***  -0.447**
(0.061) (0.150) (0.132) (0.151) (0.123) (0.090) (0.089) (0.075) (0.103) (0.183)
Number of children -0.016 -0.000 -0.040 0.000 0.198**  -0.135*** -0.083**  0.031 -0.194***  -0.150*
(0.025) (0.091) (0.071) (0.073) (0.074) (0.040) (0.039) (0.038) (0.049) (0.082)
Family size -0.008 -0.000 0.016 -0.070 -0.205***  0.040 0.078*  -0.031 0.115**  0.049

(0.019)  (0.062)  (0.061)  (0.052)  (0.056)  (0.031)  (0.030)  (0.028)  (0.039)  (0.071)

Householdincome-o- 556 0097 -0088  -0.476™ 0005  -0.149"* 0029 0038  -0491** 0140
poverty ratio

(0.036)  (0.085)  (0.084)  (0.078)  (0.071)  (0.046)  (0.048)  (0.039)  (0.058)  (0.096)
Constant 4348 7371 532 -7.234** 57157 2806  -6.299"*  -4.886™* -4.687  -5847**
(0.098)  (0.308)  (0.245)  (0277)  (0.209)  (0.126)  (0.164)  (0.119)  (0.159)  (0.252)

N 41,854

Notes: Parameters from logistic regressions for individual conditions. Standard errors in parentheses. Coefficients on year dummies not shown.
All models account for complex survey design.*p<.1, **p<.05,***p<.01.
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The marginal increases in the probability of each chronic illness for each level of food security are
shown in table 4. These are increases in the probability of each illness, relative to those in high food-
secure households. For each condition, the increase associated with marginal, low, and very low
food security is shown in the marked rows, and the prevalence among those with high food security
is shown in the last row marked “Prevalence”). For hypertension, CHD, asthma, diabetes, arthritis,
COPD, and kidney disease, adults in households with marginal, low, and very low food security
have increased risk of chronic illness relative to those in high food-secure households. For hepatitis,
stroke, and cancer, adults in households with low and very low food security have increased risk of
chronic illness.

The magnitude of changes in the risk of disease associated with food security may seem small.
However, when compared to the prevalence of chronic disease among those with high food secu-
rity, the food security-related changes in the occurrence of these diseases begin to look decidedly
larger. For example, the results for changes in hypertension associated with marginal food security
suggest an increase of about 21 percent (.035/.168 = .208); for conditions such as COPD and asthma,
the associated increase (with marginal food security) is at or over 100 percent of prevalence among
adults in high food-secure households (COPD: .017/.011 = 1.54; asthma: .017/.012 = 1.41). For
diabetes, the increase in occurrence with marginal food security is roughly 60 percent (.017/.028).

However, for adults in households with very low food security, the relative probability of chronic
disease increases dramatically. For example, the increased risk of hypertension associated with very
low food security is roughly 66 percent of prevalence (relative to high food-secure households); for
asthma and COPD, the risk of occurrence increases roughly 400 percent. Very low food security

is also associated with an increase of over 100 percent in the prevalence of arthritis and diabetes,
compared with adults from high food-secure households.

The predicted percent of low-income working-age adults that have a chronic illness is shown in
figures 1 and 2. Figure 1 shows the five chronic conditions with the highest prevalence rates, while
figure 2 shows the five chronic conditions that are less common and have lower prevalence rates.
These prevalence estimates are based on the quantities shown in table 4. Large differences in the
prevalence of chronic conditions are apparent across the range of household food security. The prev-
alence of hypertension ranges from 16.8 percent for low-income adults in high food-secure house-
holds to 27.3 percent for low-income adults in households with very low food security (figure 1).
While the overall prevalence of coronary heart disease is much lower than hypertension, the relative
difference in prevalence by food security status is different. An estimated 0.3 percent of low-income
working-age adults in high food-secure households had CHD versus 1.8 percent of adults in house-
holds with very low food security (figure 2).

While the differences in chronic disease between adults in households with marginal, low, and
very low food security relative to those with high food security are large, adults in each of these
different kinds of households differ from each other in the prevalence of chronic illness. Table 5
shows significance tests for differences between adults in households with marginal, low, and very
low food security for each of the health outcomes. The three rightmost columns in the table show
comparisons between adults in marginal and low, marginal and very low, and low and very low
food-secure households, respectively. For each condition listed, the first line in the panel shows
the value of the F-test statistic for the equivalence of the estimates, and the second row shows the
p-value of the test statistic.
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Figure 1
Predicted prevalence of more common chronic diseases by food security status,
adults in low-income households

Predicted prevalence (percent) High food secure M Low food secure
30 B Marginal food secure Il Very low food secure

25
20
15

10

Hypertension Asthma Diabetes Arthritis COPD
COPD = chronic obstructive pulmonary disease.
Source: USDA, Economic Research Service calculations using National Health Interview Survey data 2011-2015. Predicted
prevalence estimates are adjusted for: survey year indicators, age, gender, employment, marital status, race/ethnicity,

insurance status, highest education of any adult in household, number of children, family size, and household income-
to-poverty ratio. Sample includes working-age adults in households at or below 200 percent of the Federal poverty line.

Figure 2
Predicted prevalence of less common chronic diseases by food security status,
adults in low-income households

Predicted prevalence (percent) High food secure M Low food secure
2.0 M Marginal food secure M Very low food secure

1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2

0.0
CHD Hepatitis Stroke Cancer Kidney

CHD = coronary heart disease.

Source: USDA, Economic Research Service calculations using National Health Interview Survey data 2011-2015. Predicted
prevalence estimates are adjusted for: survey year indicators, age, gender, employment, marital status, race/ethnicity,
insurance status, highest education of any adult in household, number of children, family size, and household income-
to-poverty ratio. Sample includes workina-aae adults in households at or below 200 percent of the Federal povertv line.
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Table 4
Predicted increases in risk of chronic disease by household food security status

Hyper- Hepa- Asth-  Diabe- Arthri-

tension CHD titis Stroke Cancer ma tes tis COPD Kidney
Marginal 0.035"** 0.007** 0.003 0.002 0.007 0.017*** 0.017*** 0.040™* 0.017*** 0.004**

(0.008)  (0.003) (0.003) (0.002) (0.005) (0.005) (0.005) (0.008) (0.004) (0.002)
Low 0.054*** 0.009*** 0.008* 0.007*** 0.013*** 0.027*** 0.025*** 0.061*** 0.021*** 0.006***

(0.008)  (0.003) (0.003) (0.002) (0.004) (0.005) (0.005) (0.008) (0.004) (0.002)
Very low 0.105*** 0.018*** 0.014*** 0.013*** 0.015** 0.052*** 0.043*** 0.112*** 0.049*** 0.017***

(0.009) (0.005) (0.004) (0.003) (0.005) (0.006) (0.006) (0.009) (0.006) (0.004)
Prevalence  0.168  0.003 0001 0002 0006 0012 0028 0099 0011  0.000
N 41,854

Source: USDA, Economic Research Service calculations using National Health Interview Survey data 2011-2015. Regres-
sions also include survey year indicators, age, gender, employment, marital status, race/ethnicity, insurance status, highest
education of any adult in household, number of children, family size, smoking indicator, body mass index and household
income-to-poverty ratio. Sample includes working-age adults in households at or below 200% of the Federal poverty level.
Standard errors in parenthesis, calculated by the delta method. N = unweighted observations. *p<.1, **p<.05,***p<.01.

Tests for differences between marginal and low food security show significant differences (p<.10)
for hypertension, stroke, asthma, and arthritis (table 5). Tests for differences between adults in
households with marginal and very low food security are significant for all conditions; the same is
true for differences between households with low and very low food security. These differences indi-
cate that detailed food security status provides more nuanced information about the prevalence of
chronic health conditions across working-age low-income households. By comparison, the income-
to-poverty ratio (table 3) is predictive for only 3 of the 10 chronic health conditions examined.!!

Table 5
Significance tests of differences between marginal, low, and very low food security status
in regression models

Marginal-Low Marginal-Very low Low-Very low
Hypertension Test 3.277 37.990 28.742
p-value (0.071) (0.000) (0.000)
CHD Test 0.318 8.330 6.360
p-value (0.573) (0.004) (0.012)
Hepatitis Test 2.359 9.514 3.184
p-value (0.126) (0.002) (0.075)
Stroke Test 4.972 17.396 4.769
p-value (0.027) (0.000) (0.030)
Cancer Test 1.041 1.815 0.215
p-value (0.309) (0.179) (0.643)
Asthma Test 3.157 37.030 17.015
p-value (0.077) (0.000) (0.000)
continued

1Iye estimated all of the regressions with body mass index and smoking indicators included. While each of these is
significant for some of the conditions, their inclusion does not affect the marginal changes significantly or the gradient of
food insecurity with respect to health.
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Table 5
Significance tests of differences between marginal, low, and very low food security status
in regression models - continued

Marginal-Low Marginal-Very low Low-Very low
Diabetes Test 1.892 14.235 7.531
p-value (0.170) (0.000) (0.006)
Arthritis Test 6.289 58.454 31.141
p-value (0.013) (0.000) (0.000)
COPD Test 0.748 41.505 26.605
p-value (0.388) (0.000) (0.000)
Kidney disease Test 0.552 22.084 19.108
p-value (0.458) (0.000) (0.000)
Number of conditions Test 12.605 131.459 78.088
p-value (0.000) (0.000) (0.000)
Self-assessed health Test 44.554 299.620 88.771
p-value (0.000) (0.000) (0.000)

Source: USDA, Economic Research Service calculations using National Health Interview Survey data 2011-2015. All
regressions include year indicators, age, gender, employment, marital status, race/ethnicity, insurance status, highest edu-
cation of any adult in household, number of children, family size, and household income-to-poverty ratio. P-values of tests
in parenthesis.

Any Chronic lliness, Self-Assessed Health, and Number of
Chronic llinesses

Table 6 and figure 3 show the marginal increase in the probability of any chronic illness associ-

ated with food insecurity (first column)'? and the associations of food security with the number of
chronic conditions reported (above the number reported by adults in highly food-secure households).
As for individual chronic conditions (table 5), these results confirm that food insecurity has a strong
association with increased risk of any chronic condition and with the number of chronic conditions
reported. The increased risks of any chronic condition associated with marginal, low, and very low
food security are 90-200 percent of the baseline probability for adults in high food-secure house-
holds. Marginal, low, and very low food security are also associated with increases in the expected
number of conditions. These marginal changes are not only different from baseline prevalence (high
food-secure adults) or the mean, but they are statistically different from each other as well (table 5).

As in most health surveys, the NHIS poses the question, “How good would you say your health is ...”
in terms of a 5-point scale: excellent, very good, good, fair, or poor. For all levels of food insecurity, the
probability of reporting excellent health is much lower than for adults in high food-secure households,
while the probabilities of reporting good, fair, or poor health are higher (table 7).!3 Test statistics from
table 5 indicate that differences in self-assessed health between adults in marginal and low, marginal
and very low, and low and very low food-secure households are all statistically significant.

12parameter estimates for the regressions discussed in this section are shown in Appendix Table 1. We also estimated
models that adjust for the correlation between responses for a given person, such as those discussed in DeBoeck and
Wilson (2004) and Skrondal and Rabe-Hesketh (2004). The intuition conveyed by these model results is the same as
presented here: there is a steep food security gradient in health outcomes.

13Test statistics from table 5 indicate that differences in self-assessed health between adults in marginal and low, mar-
ginal and very low, and low and very low food secure households are all statistically significant.
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Table 6
Marginal changes in chronic health conditions associated with food security status

Food security status Any chronic condition Number of conditions

Marginal 0.053*** 0.204***
(0.009) (0.031)

Low 0.088*** 0.329***
(0.009) (0.031)

Very Low 0.142*** 0.620***
(0.010) (0.045)

High: Prevalence/mean 0.378 1.139

N 41,854

Source: USDA, Economic Research Service calculations using National Health Interview Survey data 2011-2015.
Regressions also include year indicators, age, gender, employment, marital status, race/ethnicity, insurance status, highest
education of any adult in household, number of children, family size, and household income-to-poverty ratio. Sample
includes working-age adults in households at or below 200% of the Federal poverty level. Standard errors in parenthesis,
calculated by the delta method. N = unweighted observations. *p<.1, **p<.05,***p<.01.

Figure 3

Adults in households with more severe food insecurity are more likely to have a chronic illness
Predicted prevalence (percent) Il Probability of any chronic condition
60

40

20

High Marginal Low Very low

Food security status

Source: USDA, Economic Research Service calculations using National Health Interview Survey data 2011-2015. Predicted
prevalence estimates are adjusted for: survey year indicators, age, gender, employment, marital status, race/ethnicity,
insurance status, highest education of any adult in household, number of children, family size, and household income-
to-poverty ratio. Sample includes working-age adults in households at or below 200 percent of the Federal poverty line.
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Table 7

Marginal changes in self-assessed health associated with food security status

Self-assessed health Food security status
Marginal Low Very low
Excellent -0.091*** -0.137*** -0.199***
(0.006) (0.006) (0.007)
Very Good -0.006™* -0.018*** -0.047***
(0.003) (0.005) (0.007)
Good 0.047*** 0.070*** 0.095***
(0.003) (0.003) (0.003)
Fair 0.037*** 0.062*** 0.106™**
(0.003) (0.004) (0.005)
Poor 0.013*** 0.023*** 0.045***
(0.001) (0.002) (0.003)
N 41,854

Source: USDA, Economic Research Service calculations using National Health Interview Survey data 2011-2015. Regres-
sions also include year indicators, age, gender, employment, marital status, race/ethnicity, insurance status, highest educa-

tion of any adult in household, number of children, family size, and household income-to-poverty ratio. Sample includes

working-age adults in households at or below 200% of the Federal poverty level. Standard errors in parenthesis, calculated

by the delta method. N = unweighted observations. *p<.1, **p<.05,***p<.01.
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Conclusion

This report documents the strong correlation between food security status and chronic health condi-
tions among working-age adults living at or below 200 percent of the Federal poverty line. The goal
of this analysis is not simply to understand how 10 chronic diseases relate to food insecurity, but to
understand how health itself (including self-assessed health) relates to food security and to document
the empirical association of food insecurity with health outcomes.

In general, lower food security is associated with higher probability of each of the chronic diseases
examined—hypertension, coronary heart disease (CHD), hepatitis, stroke, cancer, asthma, diabetes,
arthritis, chronic obstructive pulmonary disease (COPD), and kidney disease. Food security status is
also strongly related to the likelihood of chronic disease in general, to the number of chronic condi-
tions reported, and to self-assessed health. Moreover, differences between adults in households with
marginal, low, and very low food security are very often statistically significant, which suggests that
looking at the entire range of food security is important for understanding chronic illness and potential
economic hardship. Indeed, food security status is more strongly predictive of chronic illness in some
cases even than income. Income is significantly associated with only 3 of the 10 chronic diseases—
hepatitis, arthritis, and COPD—while food insecurity is significantly associated with all 10.

The magnitude of the higher probabilities of chronic illness associated with food insecurity is
striking. Even for adults in marginally food-secure households—which are normally classified as
food secure and typically endure relatively mild food hardships—the associated increases in the
probability of hypertension, diabetes, and COPD are 20, 59, and 158 percent, respectively, compared
to the (baseline) prevalence of those diseases in low-income, high food-secure households. The gaps
in relative health risks associated with low versus very low food security are even larger.

Understanding the associations between food insecurity and chronic illness is important not only
for monetary reasons. Chronic diseases have short- and long-term effects on both quality of life and
morbidity; food insecurity may be one of many factors contributing to the impact of these chronic
conditions on low-income adults. For example, low or very low food insecurity could make it that
much more difficult to live with cancer or diabetes, all other things being equal. The effort to under-
stand these correlations is also an effort to understand the extra challenges faced by low-income
adults with any degree of food insecurity.
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Appendix

Appendix table 1

Parameter estimates for supplementary regressions

Age

Female adult

Employed

Married

Black

Hispanic

Asian

Other race

Has insurance

High school grad

Some college

College graduate

Number of children

Family size

Household income-to-poverty ratio

Marginal food security

Low food security

Very low food security

Cutt

Cut2

Food Insecurity, Chronic Disease, and Health Among Working-Age Adults, ERR-235

Number of conditions

Self-assessed health

Any chronic condition

0.049***
(0.001)
0.100***
(0.018)
-0.429***
(0.018)
0.025
(0.024)
-0.033
(0.021)
-0.419"**
(0.025)
-0.609***
(0.054)
0.061
(0.049)
0.392+*
(0.024)
-0.005
(0.023)
0.000
(0.025)
025 B
(0.033)
-0.034*
(0.016)
0.007
(0.012)
-0.060***
(0.018)
25 s
(0.027)
G oe e
(0.022)
0.555***
(0.025)
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0.052+**
(0.001)
0.059**
(0.024)
-0.635***
(0.026)
-0.062**
(0.030)
-0.072**
(0.035)
(55 =
(0.031)
-0.142*
(0.065)
0.057
(0.067)
0.268***
(0.027)
-0.165***
(0.038)
-0.357***
(0.039)
TGt
(0.048)
(085 5
(0.020)
0.065***
(0.016)
-0.139***
(0.025)
0.486***
(0.032)
0.763***
(0.036)
1.203***
(0.042)
s
(0.076)
1.664***
(0.078)

¥l
(0.001)
0.201***
(0.030)
-0.501***
(0.033)
-0.034
(0.040)
0.004
(0.041)
-0.584**
(0.043)
-0.838***
(0.076)
0.093
(0.091)
0.527***
(0.033)
0.059
(0.046)
0.063
(0.047)
-0.254**
(0.058)
-0.067***
(0.025)
0.000
(0.021)
-0.015
(0.028)
0.300***
(0.047)
0.490***
(0.043)
0.787***
(0.049)

continued



Appendix table 1
Parameter estimates for supplementary regressions - continued

Number of conditions  Self-assessed health  Any chronic condition

Cut3 3.362***
(0.079)
Cut4 5.138***
(0.081)
Constant -2.415*** -3.135***
(0.053) (0.086)_
N 41,854

Standard errors in parentheses. N = unweighted observations. *p < 0.1, **p < 0.05,**p < 0.01.
Source: USDA, Economic Research Service using National Health Information Survey data 2011-2105.
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