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ABSTRACT: Context: Residents of the Lower Missis-
sippi Delta of Arkansas, Louisiana, and Mississippi are at
risk for food insecurity since a high proportion of the
population live in households with incomes below the
poverty level and have reduced access to food and
decreased availability of a variety of foods. However, the
magnitude of the problem is unknown because presently
only nationwide and state estimates of food insecurity are
available. Purpose: This study was conducted by the
Lower Mississippi Delta Nutrition Intervention Research
Consortium to determine the prevalence of household food
insecurity, identify high-risk subgroups in the Lower
Delta, and compare to national data. Methods: A 2-stage
stratified cluster sample representative of the population in
36 counties in the Lower Delta was selected using list-
assisted random digit dialing telephone methodology. A
cross-sectional telephone survey of 1662 households was
conducted in 18 of the 36 counties using the US Food
Security Survey Module. Findings: Twenty-one percent of
Lower Delta households were food insecure, double the
2000 nationwide rate of 10.5%. Within the Lower Delta,
groups with the highest rates of food insecurity were
households with income below $15,000, black households,
and households with children. The prevalence of hunger in
Delta households with white children was 3.2% and in
households with black children was 11.0%, compared to
nationwide estimates of 0.3% and 1.6%. Conclusions:
The Lower Mississippi Delta is characterized by a high
prevalence of food insecurity and hunger. Future efforts to
identify the household and community determinants of
food insecurity to reduce its high prevalence are indicated.

D
espite the expansion of the US economy
and strength of the nation’s nutrition
safety net, many households do not
always have enough to eat. The most
recent estimate by the US Department of

Agriculture (USDA) shows that in the year 2002, 11.1%
of US households were food insecure.1 Food insecurity,
as defined by expert consensus, means that ‘‘at
sometime during the previous year, these households

were uncertain of having, or were unable to acquire
adequate food sufficient to meet basic needs . . . due to
inadequate household resources for food.’’1---6 There is
evidence to suggest that the ability to acquire adequate
food is limited in poor, rural areas, such as the Lower
Mississippi Delta of Arkansas, Louisiana, and Missis-
sippi. In a recent study of 36 rural Delta counties and
parishes in these 3 states, poor rural households were
found to use smaller grocery stores than urban house-
holds, to have reduced access to food, and to have
decreased availability of a variety of foods. Overall,
prices in rural food stores were 4% higher than prices in
urban food stores.7 These factors and others, such as
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inadequate resources to cover housing and fuel costs,
suggest that the prevalence of food insecurity and
hunger could be expected to be higher in the Lower
Mississippi Delta region than in the rest of the United
States.8 This predominantly rural, traditionally agricul-
tural region has high rates of poverty, unemployment,
and low educational attainment.9,10 The rates of many
nutrition-related chronic diseases also are higher in the
Delta than in the rest of the United States.11,12

State-level data provide the nearest estimates of the
magnitude of the problem of food insecurity and hunger
in the Lower Mississippi Delta. In 1996---1998, Arkansas,
Louisiana, and Mississippi were ranked among the 6
states with the highest proportion of households that
were food insecure: 12.6%, 12.8%, and 14%, respective-
ly.4 The corresponding state-level statistics for
food insecurity with hunger were 4.6%, 4.4%, and 4.2%.
More recent 2000–2002 state-level estimates for food-
insecure households in these 3 states are not statistically
different from initial 1996–1998 levels.1 Because the
population sampled in the present study consisted of
a large proportion of poor households, the prevalence
of food insecurity is expected to be higher than state
levels.

Recognizing the need for regional assessments of
nutrition and health, the US Congress established the
Lower Mississippi Delta Nutrition Intervention Re-
search Initiative (Delta NIRI) to collect data on the
nutritional health of Delta residents and to develop and
evaluate sustainable nutrition interventions.13 This
consortium of 6 academic institutions in Arkansas,
Louisiana, and Mississippi and the USDA Agricultural
Research Service has selected 36 Delta counties and
parishes for nutrition intervention research (hereafter
referred to as Delta NIRI counties) on the basis of
poverty and geographic criteria.

The Foods of Our Delta Study 2000 (FOODS 2000) is
1 part of the comprehensive research plan to assess the
nutrition and health status of a representative sample of
the population in the 36 Delta NIRI counties. This report
describes the prevalence of household food insecurity
and hunger in the Delta NIRI counties and compares
these findings with national data; it also identifies
subgroups in the population in the Delta at risk for food
insecurity.

Methods
FOODS 2000 was a baseline cross-sectional tele-

phone survey of a representative sample of the
population 3 years of age and older and was conducted
between January and June 2000. A stratified cluster
sampling plan was used to assign 36 Delta NIRI
counties to 9 strata according to percentage urban,9

percentage black, and percentage living below the
federal poverty level. Eighteen counties (2 from each
stratum) were selected with probability proportional to
size to represent the stratum in the telephone sample.
List-assisted random digit dialing14 methodology was
used to select a random sample of telephone numbers
from the eligible blocks of numbers in these 18 counties;
nonresidential and nonworking numbers were identi-
fied and removed.

A computer-assisted telephone interview was con-
ducted to determine the eligibility of the household. An
eligible household was one that had at least 1 member
18 years of age and older, the telephone number was not
for business use only, and the household was located in
1 of the 18 Delta NIRI sample counties. During this
initial interview, all members of the household were
enumerated, and 1 adult per household was selected
randomly using Kish’s tables.15 Sample persons re-
ported age, sex, race/ethnicity, and educational level.
A second, nonscheduled telephone call was made
to collect dietary information using a 2-part
questionnaire.

Approximately 1–2 weeks after the dietary inter-
view, a follow-up interview was conducted with the
adult in the household who had completed the dietary
interview. This interview included the 18-question US
Food Security Survey Module and also had questions
about participation in nutrition assistance programs and
income.

Study Variables. Total household income for the
previous 12 months was self-reported in increments of
$5,000 or $10,000, ranging from less than $5,000 to
$50,000 or more. For the present study, the income
categories were stratified into 3 categories: $0–$14,999,
$15,000–$29,999, and $30,000 and higher. Households
were considered to be participating in nutrition assis-
tance programs if any members of the household were
receiving benefits from any of the following: Special
Supplemental Nutrition Program for Women, Infants,
and Children (WIC); the National School Lunch Pro-
gram; School Breakfast Program; Food Stamp Program;
Summer Food Service Program; Nutrition Program for
the Elderly; and the voluntary organizations supporting
the Meals on Wheels.

The responses to the 18-item food security survey
module were used to construct the 12-month food
security scale and to classify households into 3
categories of food security status according to the US
food security scale:16,17

� Food secure: Households show no or minimal
evidence of food insecurity.
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� Food insecure without hunger: Food insecurity is
evident in the household concerns and in adjustments
to household food management, including reduced
quality of diets. Little or no reduction in household
members’ food intake was reported.

� Food insecure with hunger: The food intake for adults
and children in the household has been reduced to the
extent that they have repeatedly experienced the
physical sensations of hunger.

The children’s food security scale was used to
estimate the food security status of children.18 The scale
is calculated from 8 questions in the 18-item food
security survey module and measures the severity of
hunger among the children living within the household
as opposed to measuring food security status of
households where children live.

Fifteen interviewers administered the questionnaire
from the Telephone Research Center at Westat in
Rockville, Maryland. FOODS 2000 was approved by
the institutional review boards at each of the Delta
NIRI partner institutions. Verbal consent was obtained
from all adult participants during the initial contact.

Analysis. A household base weight equal to the
inverse of the probability of selection was assigned to
each sampled telephone number. Data were adjusted to
compensate for telephone numbers with unknown
residential or eligibility status, the number of residential
telephone numbers in the household, and nonresponse
to the screener interview. For the food security in-
terview, weights were produced for household esti-
mates as well as for person estimates. Finally, estimates
were calibrated to US Census Bureau (1990) estimates of
the total households by state.

Standard error adjustment factors were generated
using SUDAAN (RTI International, Research Triangle
Park, NC).19 The standard errors of the estimates
generated by WesVar (Westat, Rockville, Md)20 were
then applied to the standard error adjustment factor
calculated for each question. Data were analyzed using
either v2 or Cochran-Mantel-Haenszel tests of associa-
tions as appropriate to determine differences in pro-
portions. SAS (SAS Institute Inc., Cary, NC)21 was used
to calculate the food security scores according to the
algorithm described by Bickel et al.17 Logistic regression
analyses were conducted with food security as the
dependent variable and the following independent
variables: income, race, children in the household, state,
and number of persons in the household. State, number
of persons in the household, and first-order interaction
terms were not significant and were dropped from the
model. To compare FOODS 2000 data to national
Current Population Survey data,5 95% confidence

intervals based on Z scores were calculated.
SUDAAN version 7.5 was used to compute
summary statistics and to conduct statistical tests and
logistic regression.19

Results
There were 9,113 telephone numbers selected for the

FOODS 2000 study. Of these, initial screening prior to
data collection determined that 2,066 were either non-
residential or nonworking numbers. During the data
collection, an additional 2,670 numbers were nonresi-
dential or nonworking numbers, and no one answered at
581 households. Of the remaining 3,796 available house-
holds, 166 were ineligible for this study (eg, not in the
Delta NIRI counties), 1,293 refused to participate, and 175
were unable to participate due to language or other
problems (eg, too sick). A total of 2,162 households agreed
to participate for a response rate of 58.6%. Of the 1,754
adults who were eligible for the food security interview,
19 refused to complete the interview, and 73 could not be
located or were not available during the study period (eg,
because of ill health or being out of the country). There
were 1,662 completed interviews for a responserateof 95%.

The demographic characteristics of the sample are
similar to the 2000 US Census Bureau data for the total
population of the 36 Delta NIRI counties: 49% of the
sample households were black, 32% had incomes of less
than $15,000, 40% had children present, and 35%
participated in nutrition assistance programs.22

The sample numbers shown in Tables 1 and 2 are
unweighted and percentages weighted. Of the 1,662
households in the survey, 1,297 (78.9%) were food
secure, and 365 (21.1%) were food insecure, and of those
who were food insecure, 111 (6.5%) were food insecure
with hunger (Table 1). The proportion of households
that were food insecure was nearly 2 times as great in
households with incomes of less than $15,000 compared
to households with incomes of $15,000–$29,999 (41.2%
versus 20.1%). There was a threefold increase in the
proportion of households with incomes of less than
$15,000 that reported food insecurity with hunger
compared to those households with incomes between
$15,000 and $30,000 (14.3% versus 3.9%).

Table 1 also describes the food insecurity rates
according to race, state, nutrition assistance program
participation, and presence of children in the household.
Black households were more than 3 times as likely
(34.6% versus 10.4%) to be food insecure as white/other
households. The prevalence of food insecurity was
similar among the 3 states, with the highest proportion
of food-insecure households in Mississippi (Table 1). Of
the 565 households that reported that they were
participating in nutrition assistance programs such as
food stamps, school lunch programs, and WIC, 39.4%
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were food insecure, including 12.8% that were food
insecure with hunger. Households with children had
a higher prevalence of food insecurity and hunger than
those without children.

In the 658 households with children, there was
a marked difference in the prevalence of food insecurity
across race and income groups, with black and low-
income households at greater risk (Table 2). Of the 368
households with children that reported they were
participating in nutrition assistance programs, 60.3%
were food secure (Table 2). The estimates for the
prevalence of hunger in households with white children
and households with black children in the Delta were,
respectively, 3.2% and 11.0% (Table 2), which exceeds
the comparable nationwide 2000 estimates of 0.3% and
1.6%.5 In the lowest income tertile, Delta children
experienced hunger at least 1.5 times higher than their
US counterparts.5 According to the children’s food
security scale,18 1.9% of all Delta children (1.2% of white

and 2.5% of black children) were actually hungry; these
estimates were twice those of corresponding nationwide
estimates of 0.7% of all children (0.5% of white non-
Hispanics and 1.3% of black non-Hispanics). As shown
in Table 3, logistic regression analysis confirmed the
independent effects of income, race, and presence of
children in households on food insecurity.

A comparison of the data from this study with
comparable national statistics shows that households in
the Delta were significantly more likely to experience
food insecurity (see the Figure). The prevalence was 2
times greater in the Delta than in the national group.5 A
similar pattern is seen for the prevalence of food
insecurity with hunger in Delta households.

Discussion
One of the objectives of this study was to determine

the overall prevalence of food insecurity in the Delta

Table 1. Prevalence of Food Insecurity in the Delta Nutrition Intervention Research Initiative
Counties by Income, Race, State, Nutrition Program Participation, and Presence of Children
in the Household, FOODS 2000

Characteristic* Food Secure n (%) Food Insecure

Totaly n (%) Without Hunger n (%) With Hunger n (%) P�

Income

$0–$14,999 295 (58.8) 202 (41.2) 130 (26.9) 72 (14.3) .0001
$15,000–$29,999 329 (79.9) 97 (20.1) 79 (16.2) 18 (3.9)
$30,000þ 587 (94.7) 37 (5.3) 28 (4.0) 9 (1.3)
Unknown 86 (73.1) 29 (26.9) 17 (14.3) 12 (12.6)

Race

White/other 747 (89.6) 91 (10.4) 64 (7.3) 27 (3.1) .0001
Black 536 (65.4) 271 (34.6) 188 (23.7) 83 (10.9)
Unknown 14 (84.7) 3 (15.3) 2 (10.1) 1 (5.2)

State

Arkansas 405 (79.5) 101 (20.5) 72 (14.5) 29 (6.0) .03
Louisiana 242 (83.8) 49 (16.2) 38 (11.9) 11 (4.4)
Mississippi 650 (75.0) 215 (25.0) 144 (16.6) 71 (8.4)

Participation in nutrition assistance programs

Yes 338 (60.6) 227 (39.4) 156 (26.5) 71 (12.8) .0001
No 959 (88.2) 138 (11.8) 98 ( 8.4) 40 (3.3)

Households with children

Yes 465 (71.9) 193 (28.1) 142 (20.6) 51 (7.5) .0005
No 832 (83.5) 172 (16.5) 112 (10.6) 60 (5.9)
Total 1,297 (78.9) 365 (21.1) 254 (14.6) 111 (6.5)

* Sample numbers are unweighted and percentages weighted.
y Because of rounding errors, the food insecure with hunger and the food insecure without hunger may not add up to the food

insecure total.
� Tests of significance were calculated comparing food secure, food insecure without hunger, and food insecure with hunger by

income, race, state, participation in nutrition assistance programs, and the presence of children in the household.
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and to compare these findings to national data. In the
Delta, 21.1% of the households were food insecure. This
is in sharp contrast to national data showing that 10.5%
of all households in the United States were food
insecure sometime during 2000. Another striking
finding of the study was that Delta households
experienced food insecurity with hunger at double the
rate for US households. In nearly one-third of the food
insecure households, food shortages were more serious
or prolonged, and food intake was curtailed to the
extent that household members repeatedly experienced
hunger. If the household prevalence of food insecurity
or food insecurity with hunger from this study is
generalized to the 36 Delta NIRI counties, approxi-
mately 59,000 households were food insecure, and more
than 18,200 households were estimated to have experi-
enced hunger during the 12 months preceding the
survey.

The health consequences of food insecurity and
hunger may impact persons of all ages but may be

particularly severe in households with children. Find-
ings from this study are consistent with those from the
national surveys that also found higher-than-average
rates of food insecurity in households with children.23

Undernutrition in children has been shown to be
associated with health problems23,24 and impaired
growth25 as well as with long-term impairments in
cognition and social development.26---32 Children from
food-insecure households also are more likely to show
behavioral, emotional, and academic problems than
children who live in food-secure households.33---35 In
adults, reported adverse consequences of food insecu-
rity include increased risk for obesity,36---38 more com-
plications in the control of diabetes,39,40 and a significant
decrease in food and nutrient intake.41---45

The second objective of this study was to identify
subgroups of the Delta population where food in-
security was high. The highest prevalence of food
insecurity was seen in black households, households
with incomes less than $15,000, and households with

Table 2. Prevalence of Food Insecurity in Households With Children by Income, Race, State, and
Nutrition Program Participation, Delta Nutrition Intervention Research Initiative Counties,
FOODS 2000

Food Insecure

Characteristic* Food Secure n (%) Totaly n (%) Without Hunger n (%) With Hunger n (%) P�

Income

$0–$14,999 92 (48.7) 92 (51.3) 63 (35.7) 29 (15.5) .0001
$15,000–$29,999 119 (69.5) 64 (30.5) 52 (24.0) 12 (6.5)
$30,000þ 234 (90.4) 27 (9.6) 19 (7.0) 8 (2.7)
Unknown 20 (64.9) 10 (35.1) 8 (28.6) 2 (6.5)

Race

White/other 232 (87.5) 35 (12.5) 26 (9.3) 9 (3.2) .0001
Black 229 (58.6) 156 (41.4) 115 (30.4) 41 (11.0)
Unknown 4 (64.9) 2 (35.1) 1 (19.0) 1 (16.1)

State

Arkansas 145 (74.3) 47 (25.7) 36 (19.1) 11 (6.6) .2
Louisiana 88 (77.9) 28 (22.1) 23 (17.7) 5 (4.4)
Mississippi 232 (66.2) 118 (33.8) 83 (23.6) 35 (10.2)

Participation in nutrition assistance programs

Yes 215 (60.3) 153 (39.7) 110 (28.2) 43 (11.4) .0001
No 250 (86.3) 40 (13.7) 32 (11.2) 8 (2.6)
Total 465 (71.9) 193 (28.1) 142 (20.6) 51 (7.5)

* Sample numbers are unweighted and percentages weighted.
yBecause of rounding errors, the food insecure with hunger and the food insecure without hunger may not add up to the food

insecure total.
� Tests of significance were calculated comparing food secure, food insecure without hunger and food insecure with hunger by

income, race, state, and participation in nutrition assistance programs and the presence of children in the household.
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children. For each of these high-risk subgroups, the
prevalence of food insecurity was approximately 2 times
greater in the Delta than the corresponding group
nationwide. In the Delta, the rate of food insecurity for
black households was significantly higher (34.6%) than
in the United States overall (20.5%). The results from the
logistic regression demonstrated that after adjusting for
income and the presence of children in the household,
black households were still twice as likely to be food
insecure as white households. As shown in other
research, participation in nutrition assistance programs
is no guarantee against food insecurity but helps
prevent overt hunger. According to the USDA Food and
Nutrition Service, 50% of participants in the Food Stamp
Program, the nation’s largest nutrition assistance pro-
gram, experience some level of food insecurity.46

Perhaps individuals who ‘‘self-select’’ participation have
the most severe food deficits or financial emergencies.

Urban/rural, regional, and state-level patterns in
food security provide additional references to assess the
magnitude of food insecurity in the Delta. Overall, in
1998 the national prevalence of food insecurity for
nonmetro and metro regions was similar (11.8%).47 On
a regional basis, nonmetro rates for food insecurity were
highest in the West and South (14.4% and 14.1%,
respectively), and within the South the nonmetro rate
(14.1%) was higher than the metro estimate (12.3%).
Since the sample in this study represented a rural
population, the Delta prevalence is most comparable to

the nonmetro estimate. In the Delta counties, the
prevalence was double the overall US nonmetro
estimate and 1.5 times the Southern nonmetro esti-
mate.47 In the Delta region of each state, the prevalence
of food insecurity was greater than for the entire state.
Food insecurity in the Delta region of Arkansas,
Louisiana, and Mississippi was 20.5%, 16.2%, and
25.0% respectively, compared to the corresponding
state-level estimates of food insecurity of 12.6%, 12.8%,
and 14.0%.4

Conclusion
This study documents the extent of food insecurity

in a rural population and demonstrates that there is
greater overall prevalence of food insecurity in a repre-
sentative sample from 36 counties in the Lower
Mississippi Delta region of Arkansas, Louisiana, and
Mississippi than in the United States as a whole. This is
not due only to the region having a larger proportion of

Table 3. Adjusted Odds Ratios (From Multi-
variate Analysis) of Independent Pre-
dictors of Food Insecurity in House-
holds in Delta Nutrition Intervention
Research Initiative Counties, FOODS
2000*

Predictor Adjusted Odds Ratio (95% CI)

Income

$0–$14,999 10.26 (6.3, 16.7)
$15,000–$29,999 3.94 (2.27, 6.84)
$30,000þ 1.00

Race

Black 2.29 (1.69, 3.11)
White 1.00

Children in household

Yes 2.24 (1.41, 3.56)
No 1.00

* 1495 observations used (blacks and whites only; others
deleted).

Point estimate and ±95% confidence interval for
prevalence of food insecurity (upper) and food
insecurity with hunger (lower) by race, house-
holds with children, income level, and total for
Delta Nutrition Intervention Research Initiative
(NIRI) counties, FOODS 2000, compared to US
Current Population Survey estimates, 2000. 5
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its population in high-risk groups than in the United
States overall. Even within the high-risk groups
(households with children, black, and low-income
households), the prevalence is 1.5 to 2 times greater than
similar levels reported in these same groups nationwide.
This study also demonstrated the importance of re-
gional surveys to identify regional populations and
groups within the region at high risk for health and
nutrition problems48 and for future nutrition interven-
tion research. Since non---telephone households were
not included in this survey, it is possible that the
prevalence of food insecurity and hunger within the
Delta was underestimated. However, the validity of
telephone methodology to collect comparable nutri-
tional data from telephone and non---telephone house-
holds has been previously demonstrated in this
population.49 In addition, random digit dialing50 is
recommended as the preferred method to select
a representative population-based sample, although
others have described limitations to this methodology.
As a next step, the Delta NIRI Consortium plans to
collaborate closely with Delta communities51 to plan
community-based participatory nutrition intervention
research. This new phase will enable these partners to
use additional measures to evaluate community and
household food security to supplement current findings
and provide additional insight into the factors that
contribute to food insecurity.

Notes
1. This research was conucted by the Lower Mississippi

Delta Nutrition Intervention Research Consortium.
Executive Committee and Consortium partners in-
cluded: Margaret L. Bogle, Ph.D., R.D., Executive
Director, Delta NIRI, Agricultural Research Service,
USDA, Little Rock, AR; Ross Santell, Ph.D., R.D.,
Alcorn State University, Lorman, MS; Patrick H.
Casey, M.D., Arkansas Children’s Hospital Research
Institute, Little Rock, AR; Pippa Simpson, Ph.D.,
Delta NIRI Data Analytical Center, Little Rock, AR;
Donna Ryan, M.D., Pennington Biomedical Research
Center, Baton Rouge, LA; Bernestine McGee, Ph.D.,
R.D., Southern University and A & M College, Baton
Rouge, LA; Edith Hyman, Ph.D., University of
Arkansas at Pine Bluff, Pine Bluff, AR; Kathleen
Yadrick, Ph.D., R.D., University fo Southern Mis-
sissippi, Hattiesburg, MS.
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