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ABSTRACT. Context.,Studies examining the association between food

insecurity and obesity in adults have produced conflicting results, and

information'is limited on the relationship between food insecurity and

adult cluonic health conditions, particularly in a high-risk population.

Objective. To examine the association between household food in-
,r.ority and self-reported weight status and chronic disease in the

Lower Missisglppi Delta.
Design. A two-stage stratified cluster sanple representative of the

population in 36 counties in the Lower Delta. Data were collected in a

iross-sectional telephone survey using list assisted random digit dial-
ing telephone methodology
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Sening and Participants. A randomly selected sample of 1,457
adults from a free-living population.

Main Outcome Measures. US Food Security Survey Module, self-
reported height and weight status (obesity = body mass index > 30 kg/m2),
and self-reported hypertension, high cholesterol, diabetes, heart dis-
ease, stroke, and a marker for metabolic syndrome.

Results.In food-insecure adnlts, 42,3Vo werc obese, a sijnificantly
higher rate than food secure adults (33,2V0). After controlling fqr de-
mographic variables, food insecurity was not independently associated
with obesity.Income and the interaction between race and gender were
significant predictors of obesity. Food insecure adults were signifi-
cantly more likely to report hypertension (45.lVo vs.29.5Vo) diabetes
(l5.0%o vs. 9.3Vo), heart disease (l3.5%o vs. 6.8Vo) and metabolic
syndrome (l}.lVo v s. 4.4Vo). After controlling- for demographic vari-
ables, food insecurity was associated with high cholesterol (Odds Ra-
tio [OR] L.65;95Vo Confideuce Interval tCIl, 1.0 to 2.7), hearl disease
(OR 2.7; 95Vo CI, 1.5 to 4.8), and metabolic syndrome (OR 2.8; 95Vo

CI, 1.4 to 5.5).
Conchrsiins. The relationship belween food insecurity and obesity in

a high-riskpopulation, may be due to income and demographic variables.
Individuals in a rural high-risk population with high cholesterol, heart
disease, and metabolic syndrome have a high likelihood of being food-in-
secure. Nutritional interventions targeting high-risk populations should
address food insecurity. doi:10.1300 /147'1v01,n02-04 [Anicle copies avail-
able for o fee frorn The Haworth.Document Delivery Serttice : \-800"HAWORTH.
E -mail ad dr e s s : < do c de liv e ry @ haw orthpr e s s, c om> lV eb s it e : <hnp ://ww w.
HatorthPress.com> @ 2006 by The Hatorth Press, Inc. All rights resenedl
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INTRODACTION

Food insecurity, obesity, and chronic diseases are common and
interrelated pubtic health problems. Among residents in the Lower
Mississippi Delta (LMD), food insecurity is twicel that of the US popu-
lation,2 obesity is 1.5 to 2 times greater,3'4 and chronic iilness and
chronic disease risk factors are 1.5 times greater3'a than corresponding
rates uationwide from a comparable time period.s-7 Food insecurity has
been defined as the "limited or uncertain availability of nutritionally ad-
equate and safe foods, or limited or uncertain ability to acquire accept-
able foods in socially acpeptable ways."8 A related concept, food
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insuffi.ciency, is defined as inadequacy in the amounts of food intake
because of a iack ofmoney or resources to access enough food.9 Several
studies have investigated an association between food insecurity or
food insufficiency aid obesity,lo-l2 fuu1 few studies have investigated
their association with specific cbronic disease. Because of the co-exis-
tence and high prevatrence of food insecurity, obesity, and ctronic dis-
ease, data from residents in tle LlvD may help clarify the purported
relationship between food insecurity and obesity and inform the relation- -

ship between food insecurity and chronic disease.
The paradoxical relationship between food insecurity and obesity

was fust describedby Dietzl3 "as an adaptive process to food shortages
whereby increasing the consumption of inexpensive energy dense foods,
results in increasing body mass.l' Subsequent studies have given con-
flicting results regarding the association between food insecurity and
obesity. One study found food insecurity was associated with obesity in
womeri,l2 two studies found food insufficiencyg associated with over-
weight status in v/ensn11'14 but not with obesity,l4 and another study
found food insufficiency was not associated with measures of under-
weight or overweightls after adjustrnent for confounding variables. Plau.
sible mechanismsl6 that explain why lirriited availability of food may
lead to obesityl3 inciude cheaper costs, and overconsumption, of en-
ergy-dense foods;13'1e overeating when food becomes available; meta-
bolic changes that permit more efficient use of energy;l7 fears of food
restriction;18-20 preoccupation with eattng,zr,zz and higher susceptibility
to hunger, disinhibition and environmental cues.23

Obesit5rz+ and other chronic diseases such as Type? diabetes, and car-
diovascular disease risk follow a socioeconomic gradient whereby dis-'
ease burden is greatest anong those with lirnited resources, racial-ethnic
minorilies, andthe poor.r Among women, obesity isinversely ielated to
income, especially in non-Hispanic blacks and Mexican Americans.26.
Because food insecurity and disease are associated with a variefy of
common socioeconomic factors, it is important to control for important
potentially confounding variables, like houstihold income, which may
be the independent cause of the apparent rElationship

Imrnediate consequences of household food insecurily are irregular
household food supply, perturbed eating patterns, and poor diet qual-
ily,n-zs In turn, these consequences could decrease nutrient intake and
other diet faq!e1s30-32 *lng play key roles in the prevention and control of
chronic disease, and thereby increase the likelihood of chronic disease.
In a model proposed by Cart'rpbel1,33 food security status performs both '

as an outc otne v ariab I e (from ecenomic inadequacy) and a det enninant
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variable (for other conditions such as poorer health) via diminished nu-
trient and diet quality. Despite its importance, few studies have fully in-
vestigated the jntenelationship between food insecurity and chronic
diseaie. In one stddy, Vozoris et al. reported that food-insufficient adults
in Canadal5 had a 1.6 to 2.5 tirnes greater risk of reporting heart diseaset

diabetes, high blood pressure or fobd altergies than food:sufficienrindi-
viduals. Twb other si,idies fourid that food insecuiity prevented optimal
control 6f dialsrc5.3a'3s

To address the limitations.that exist in identifying the associations
between household food insecurity and self-reported weight status
(obesity) and chronic disease, the foilowing study was conducted..In a

representative sample of adults living in the LMD regions of Louisiana,
Aikansas, and Misiissippi, household food securiry status measured by
the US Food Securiry Survey Module8 and self-reported measures

of height, weight, and chronic diseases were collected' The following
questions weiJexamined: (1) Is household food insecurity in the LMD
associated with adult obesiry? (2) If so, do associations between food
insecurity and obesity persisi after adjusting for important demographic .

variables? (3) Is houiehold food insecurity in the LMD associated

with other chronic conditions, such as hypertension, high cholesterol,
diabetes, heart disease, metabolic syndrome, and stroke? (4) If so, do as-

sociations between food insecurity and chronic diseases persist after

adjusting for important demo graphic variables ?

METHODS

Residents of the Lower Missis sippi Delta re gion compris e a uniqle but
largely unstudied high-risk population with respect to nutrilionai health.

firls predo.minantly-rura1, traditionally agricultur-al-region bordednq F:
Mississippi River in Arkansas, Louisiana, and Mississippi has t high
prevalenCe of poverfyl'36 and diet-related chronic diseases relative to
theii peers elseivhere in the U.S.4,37 The Lower_Mississippi-Deltg Nutri-
tion Intervention Research Initiative (Deita NIRI) was established to col-
Iect baseline data on the nutritional heaith of Delta residents in order to
develop and evaluate nutrition interventions.3E

Study Desiglt

Prior to launching intewentions, Delta NIRI conducted a survel on the

nutritional health ol the region in Foods 9f Our Delta (FOODS) 2000'
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across-sectional telephone survey of a representative sample of the pop-
ulation three years of age and older conducted between January and
June 2000 in 36 LMD counties inArkansas; Louisiana, and Mississippi.
A stratified ciuster sampling plan was used to assign 36 Delta MRI
counties to nine strata according to percent urban,36 percent black, and
percent living below the federal poverry level. Eighteen counties (two
from each statum) were selected with probability proportional to size
to represent the stratum in the telephone sample. List-assisted random
digit diaiing3e methodology was used to select a random sampleof tele-
phone numbers from the eligible blocks of numbers in these 18 coun'
ties; non-residential and non-working numbers were identified and
removed.

Of the 3455 eligible households, L293 or 37.4V0 refused to partici'
pate. A total of L751 adults completed the first interview (dietary intake
and health data, including setrf-reported weight and height) and L662
cornpleted the next interview (food security survey). Three of the 1662
were later found to be teenagers and were excluded, yielding a final
sample size of 1659. A total of 1457 households who had complete data
for outcome ancl predictor variables were used in the present analyses.

Data Collection

A computer-assisted telephone interview was conducted to deter-
mine the eligibility of households. An eligible household was one that
had at least one member 18 years of age or older; the telephone numbet
wai not for business use only; and the household was located in one
of the 18 Delta NIRI sample counlies. During this initial interview, in-
formation on age, gender, ethnicity, and the presence of children in the
household.was determined. A11 members of the household were enu-
meraJed and one adult per household was selected randornly.ao

In the opening statements during the recruihnent interview, potential
respondents were told of the voluntary nature of participation inthe sur-
vey and protection of their privacy, and that participationwould not af-

. fect government benefits. A brochure was available for respondents
who asked for additional information. The nanes of two contact per-
sons were provided for respondents who had additional questions or
concerns. The survey was reviewed by and received approval tiom the
Institutional Review Board at each of the participating institutions,

A second non-scheduled telephone call was made to collect inforrna-
tion using a two-part questionnaire that included a 24-hotu dietary re-
ca1l, and a series of trailer questions about the usual intake, water
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consumption, height, weight, the presence of selected chronic health
conditions, and general self-reported health. Approximately one to two
weeks later, the adult in the household who had compieted the dietary
interview was contacted again to answer questions including the food
security status of the household. 

l

Predictor Variable: Ilousehol^il Fooil Securiff Status

ln this survey food security status was evaluated using the 18 ques-
tion IJS Food Security Suwey Modules to construct the 12-month food
security scale that classifiqs households as food-secure or food-insecure
with or without hunger. Food-Secure is defined as households that
show no or minimal evidence of food insec uity ; F o o d- Ins ecur e w ithout
hunger is evident in the household with concerns and adjustments to
household food management, including reduced quality of diets. Little
or no reduction in household members' fOod intake reported; Food-:In-
secL.re with hunger is the situation where the food intake for adults and
children in the household has beenreduced to the extent that they have
repeatedly experienced the physical sensations of hunger. For the pres-
ent analysis, food security status was collapsed to a dichotomous vari-
able (food secure and food insecure) becausethe 3-level variable when
cross-tabulated with ievels of other variables resulted in few responses
in some cells.

Healtlt Outcomes

Body Mass Index (BMI) (KS/\uf )

Adults in the study self-reportedtheirheight aqd weight, from which
the body mass index was cornputed, defined as weight in kilograms
divided by height in meters squared (kg/m2). A1I individuals were clas-
sified in one of the foilowing weight categories. Normal weight (BMI <
25), overweight (BMI > 25 but < 30), or obese (BMI > 30.0): These
weight categories confomr to the guidelines for criteria of obesity from
the US Depafirnent of Health amd Human Seryices and the World
Health Organization.al

Other Chronic Conditions'

Based on the health component of the 1994-1996 Continuing Survey
of Food Intakes by Individuals (CSFII t994-7996),42 rcspondents were
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asked whether they had a particular condition, or had been told by a doc-
tor that they had the condition. A recent report found good agreement
between self-report questionnaires and medical record data for diabetes,
hypertension, cardiat infarction, and .stroke.a3 The self-reported physi-
cian-diagnosed chronic diseases relevant to the present study were high
cholesterol, .hlpertension, heart disease, diabetes, and stroke. Dietary
behavior is.,implicated either in the etiology, or in the roanagement of
each of thebe conditions.

Metabolic syndrome is defined according to Adult Treatment Panel
III criteria by the presence of = 3 of the following five risk factors,4
narnely, (1) abdominal obesity, (2) high triacylglycerol concentrations,
(Q) low HDl-cholesterol concentrations, (+Itrlgh blood pressure, and
(5) high fasting plasma glucose concenrrations. The metabolic syn-
drome was approximated by respondents who had at least three or more
of the following self-reported conditions-high cholesterol, high blood
pressure, diabetes, or heart disease.

C at e g o rizatio n of V ariab les

The outcome variabies and covariates used in the analysis were cate-
gorized as foilows. Weight stafus was categorized as normal weight, over-
weight or obese. Presence of self-reported health condition (high choles-
terol, heart disease, diabetes, hypertension, or stroke) was either present
or not; food security status was computed according to standard measures
of the lS.question US Food Security Survey Modules and surnrnarized
by two categories, Food-Secwe or Food-Insecurc. Total household in-
come for the previous 12 months was self-reported in increments of
$5000 or $10,000 ranging from less than $5000 to $50,000 or more, and
income categories were summarned intro three categories ($0-14,999,
$15,000-29,999, and < $30,000). Age was categorized into three catego-
ries: 18 to M, 45 to 64, and > 65 years. Education was categorized into
three categories: Less than high school, high schoot graduate or equiva-
lent, and college graduate. Household size was continuous, one to 11 peo-
ple supported by household income. Ethnic gloups were whites and
blacks of .non-Hispanic origin,

Statistical Methods

The procedures for weighting and statistical adjustments for the com-
plex survey design have been previously described. l'a Research questions
1 and 3 were analyzed by conrputing the unadjusted association between

'';i
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food security stafts and obesity (or chronic disease) using Cochran-
Mantel-Haentzel Chi square analyses. Research questions 2 and 4 were
analyzed by compuling the reiationship belween each outcome variable
(presence or absence of obesity or cfuonic disease condition) and food
securiry status,,adjusted for important covariates, using four separate lo-
gistic regressionmodels; The full model contained tre independent vari-
ables: race'and-gerrder,-ag-egroup, household size, education, household
food security status, and household income. In the next model, income
.was dropped from the full model to determine the full effect of food inse-
curity. In the subsequent model, food securiry stalus was dropped and in-
come reentered, and in the last model education was dropped from the
fullmodel. SIIDAAN V8.0 was utilizedtocompute apprppriate statisti-
cal tests accounting for survey design.

RESULTS

The present analysis of the FOODS 2000 sample was comprised of
1457 households. In the full sample, 22Vo were foocl-insecure and35To
were obese. Thirly-two percent (3L.8Vo) had income < $14,999 (Table 1).
Over half of the sample was female (63.6Vo), about half (50.4Vo) were
black" and abouthalf (48.7V0) were between the ages of 18 and 44 years.
The final sample reflected the demographic characteristics of the target
population.' 

lA.s shown in Table 2, a significant rlifference in the proportional dis-
tribution of weight categories (normal, overweight, or obese) was ob-
served between food-security status. The prevalence of obesity was
higher among food insecute households (P = 0,004).

The association between food insecurity and obesity varied by race,
gender, or household incorne is shown in Table 3. Females had a higher
prevalence of obesity in food-insecure househ oLd (M.6Vo) versus food-
secure households (33.'7Vo)(P = 0.03). Ttlis association was not signifi-
Qant among males. Among black or whjte adults. obesity was not
significantiy associated with household food inseicurity status. Adult
obesity was signihcanfly more prevalent among food-insecure adults
than food-secure adults (57 .8To vs. 29.4%) in the higher-income house-
hoids (> $30,000), (P = 0,004).

A model testing the association befween food insecurity and obesity
controlling for relevant covariates is presented in Table 4. Resuits are
based on the adjusted logistic regression aualyses of a fuIl model where
an interaction terrn between race and gender emerged as significant and
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TABLE 1. Characteristics of Free-Living Adults in Lower Mississippi Delta.

Characteristic n (%)t

Sex

Mde 531 (36.4)
.Femde : t 

szo"1os.61

Raceiethnicity:

Black 734 (50.4)

white 723 (49.6)

Household incorne ($) :

<'t4,999 463 (31.8)

15,000-29,999 4O2 (27.6)

. >3O,OOO 592 (40.6)

Age group (years)

18-44 709 (48.7)

45-64 469 (32.21

>65 279 (19.1)
, ,. 

,,:.Education ._,,1
tHigh school . 350 (24.0) tt:-

High school or equivalent 835 (57.3) . , '''

College 272 (18.7\

Food-security status.

Food-Secure 1137 (78.0)

Food-lnsecure

rotar 
':::'t''o'

. Estlmates are lrom a subs6t ol participanls ln Flods ol Ouf Delta Suwey, 2000,
(Referonces.l, 3)
'All variables are sell-reported.
rw6ighted percenls.

'':
showed that black females had the highest risk of obesiry. Food insecu-
rity was not a significant predictoi of obesity, aft,er adjusting for race
arrd gender, household ineome, and household size fOr ei*rer the entire
sample (fable 4) or in separate analyses with females only (data not
shown). Income was a significant predictor of obesity (P = 0.004),
as well as age (P < 0.001). Results testing the association between

. food security status and self-reported chronic disease are displayed in
Table 5. Only the prevalence of high cholesterol was not greater among
food-ins.ecure than food-secure households. Models of self-reported
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TABLE 2. Proportion of Food-Secure and Food-lnsecure Households Having a
Body Mass lndex (BMl)- lndicative of Normal Weight, Overweight, or Obesity

Weight Status Food-Secure (n= 1137) Foodlnsecure (n =320)
% (SE) n % (SE)r n- Obes-e 332'(1.5): ' ' s77 12.e 1i.01. - ig-s : - -

Overweight 35.2 (1.8) 388 24.9 (2.6) 9'l' Normal 31.5 (1.s) 372 32.9 (3.1) 94

'Normal weight, BMI < 25; overweight, BMI > 25 but < 30; orobese, BMI = 30.0.
'Cochran-Mantel-Haenszel test ol association lor lood security status and lhreE categories ol adult weight
(P- value = 0.004).

TABLE 3. Prevalence of Obesity. by Food Security Status and Stratified by
Race/Ethnicity, Gender" and Household lncorne

Food-Secure Food-lnsecure P-Value
(n = 1134 (n = 320)

% obese, mean (SE) % obese, mean (SE)

Total sample

Race

Black

White

Gendgr'
Female

Male'
Household lncome ($)

s14,999

33.2 (1.5) 42.3 (3.0) 0.00e

38.s (2.7) 46.1 (3.6) NS

30.2 (1.9) 31Jo (4.7) NS

33.7 (1.s) 44.6 (4.1) 0.03
32.7 (2.4) 38.3 (4.e) NS

31.0 (3.2) 3s.S (4.5) NS
1s,000-29.e99 . 42.1(3.41 43.0 (6.1) NS
>3o,ooo 29.4 (?.2)t 57.8 (8.1)* O.Oo4

'Obesity=Bi/fl>30.0.
?Sample number lor being food-secure and highest-income lertlle, n = 557.
'Sampl€ number tor being food-insecure and highestincome tertile, n = 35.

chronic disease by food securiry status contolling for relevant covariates
are shown in Table 6. Controlling for relevant covariates, food insecurify
significantly increased *re odds of high cholesterol (P = 0. 04), heart
disease (P = 0. 001), and metabolic syndrome (P = 0. 003). An interac-
tion term between race and gender emerged As significant and showed
that white males had the highest risk of hear:t disease. Income was aiso a
significant predictor for heart disease (P = 0. 01).
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TABLE 4. Adjusted Odds Ratio for Obesity Among Adults by Food Security
Status and Other Characteristics

Variable Odds Ratio (95% Cl) P-Value

53

lntercept
Race-x gender -

Age (years)

Household size
Education

Food security status

lncome ($)

lntercept
White male
White fqrnale
Black male
Black female
18 to 44
45 to 64
>65
Oontinuous
College
High school
<High school
Food-lnsecure
Food-Secure
>30,000
1 5,000-29,999
<14,999

0.32 (0.21,0.4e)

0.60.(q.€,0_.8-3)

. 0.42_(0.3o,Q.5_8)

0.53 (0.34,0.83)
1.00
1.23 (0.85,'1.79)
2.17 (r.43,3.30)
1.00
1.14 (1.03,r.26)
1.06 (0.67,1,68)
1.28 (0.90,1.81)
1.00
1.17 (0.85,1.62)
1.00
0.88 (0.64,1.20)

1.46 (1 .08,1..98)
1.00

<0.0001
o.0o!l

<0.0001

0.01

NS

NS

0.004

TABLE 5. Prevalence of
Status

SeltReported Chronic Disease by Food Security

Disease Food-Secure
(n = 1137) (%)

Food-lnsecure
(n = 320) f/.)

P-Valuel

Hypertension
High cholesterol
Dibbetes
Heart disease
Metabolic syndromet
Stroke

29.5 t 1.5.
17.8 ! 1.1

9.3 r 1,1

6.8 1- 0.7
4.4 t 0.6
1.8 t 0,4

45.1 + 3.3
2O.4 ! 2.5
15.0 + 2.0
13.5 ! 2.2
10.1 l1.g
5,2 : 1.4

<0.0001
NS

0.03
0.007
0.007
0.03

'Values are mean = SEM,
rlndividuals who had at least three or more ol the lollowing self-reportgd conditions: diabetes, high choles-
terot, high blood pressure, or heart disEasE.
rProbability that disease prevalence ditfsred bV tood security status.

DISCUSS/ON

Although advances in nutrition research over the past decades have dem-
onstrated the role of nutrition in the prevention of disease,4s our knowl-
edge of how food insecurity and fluctuations in nutritionai adequacy
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TABLE 6. Adjusted Odds Ratio for Self-Reported Chronic Disease Among Adults by Food Secqrity Status and Other
Characteristics

High Cholesterol Hearl Disease Metabolic
Syndrome

Odds Ratio P Odds Ratio P Oddb Ratio P
Variable Level (95% CD . (es% cl) (95bl" cD

lntercept lntercept 0.48 (0.29,0.81) O.O07 0.33 (0.17,0.62) <0.001 0.17 (0.06,0.44) <0.001

Race x
Gender White male 1.60 (0.93,2.77) NS 3.28 (1.72,6.19) <0.001 1.58 (0.73,3.41) NS

Whlte female 1 .3s (0.8s,2'24) 1 .42 (0.77,.2'62) ' o.99 (d-sd;1.97) 
.

Black male 1 ':15 (0.66,2.00) . 0.6s (0.28,1'66) 1.33 (0'49'3.66)

Black female 1.00 1.00 1-00

Food Security Food lnsecure 1.65 (1.o2,2.6s) 0.03 2.69 (1.51,4.81) 0'001 2.7s (1.44,5.48) 0.003

status Food Secure 1.00 1.00 1.00

rncoma (g) ;;;p* i.to to.tt,t.ttl Ns 0.3G (0.18,0.7s) 0.00s 0.81 (0.33,2.04) NS

15,OOO-2e,ese o.75 (0.4e,1.16) ' 
o.43 (0.24,0.76) o-s4 (o-2i,1lo)

. <14,999 1.00 1.00 1.oo
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contribute to obesity, disease, and other negative health outcomes is
Umited. This study examined the relation between food insecurity and
specific health outcomes among adults using standardized sampling
techniques in a representative probability sample. These findings are
representative of adults in 36 counties of the Delta region of Arkansas,
Louisian4 andMississippi, a high-risk regionsusceptibie to food inse= -

curity, obesity; and chronic disease.
The fust aim of this studv was to determine the association between

food insecurity and obesity. Adults in food-insecure households were
more likely to be obese than their food-secure counterparts. However,
the magnitude of the association between food insecurity and obesity
was attenuated and became non-significant after controlling for severai
demographic variables. Income became a significant predictor of obesity
even in the presence of food insecurity. Our findings cbnfirm those of
Laraia et al,a6 who analyzed data from two states contributing to the Be-
havioral Risk Factor Surveillance Systern; and found a strong relation-
ship between fbod insufficiency and obesity but was strongly accounted
for by the influences of socioeconomic variables. A recent report by
Bhattacharya et aL.n found a moderately weak (P = 0.10) reiationship
between selected questions of the Food Security Module and BMI'in
adults in the NHANES III survey. Other studies confirming our results
are those of Vozoris et al.ls and Basiotisla who found no association in
women between food insufficiency and being obese (defined as having
a BMi > 30). Taken.together these findings suggest that an apparent re-
lationship between obesity and food insecurity is complex, involving
the strong interrelationship of both factors with socioeconomic status.
The increased risk of disease as socioeconornic level decreases is one of
the most pewasive and enduring observations in public health, F-overty
impacts the ability to obtain food, housing, and medical care,2s'26 and is
perhaps a proxy for susceptibility to multipie health risks.

Another erplanation for the inconsistency between these current
findings and othersll'l? for the relationship between food inseeuriff and
obesity/overweight rnay rest on methodolOgical differences in the mea-
surement of outcome and predictorvariables. We and othersl2 usedobe-
sity as the primary oulcome defined by the cut point of BMI > 30;+s
Townsendll used overweight as the primary outcome, defined by the
cut point of BMI > 27 .Inthe present study food securiry status was as-
sessed by the most comprehensive instrument yet developed,a9 gt",rt
Food Security Survey Module,8 others used single questions,ll non-
standard selections of questions from established measures,l2 or by
a modified 1O-item food security scale.s0
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In the study conducted in California ruomen,12 food insecurity was
associated with an increased likelihood of obesity in non-whites, but not
in non-Hispanic white women. A closely related finding in the present
study, was the significant interactionbetween gender and race, such that
black females had the highest rate of obesity, consistent with previously
q-eporte_d _lrigb t4!at oJ-pEblity amo-ng blick lvquren.29liauses of their.
obesity among this subgroup have beea attributed to over consumption
of high energy, low nutrient dense foods, physical inactivity, and less
inclination to change their physical acrivity.sl-s3

Our previous findingssa and those of othersss examined the associa-
tion of food-security status witb general health and physical and men-
tal health status. The third aim of this study was to determine the
association belween food insecurity and chronic disease outcomes. Our
findings isolated the reiationship of food insecurity to heart disease,
high cholesterol, and. metaboiic syndrome, controlling for important'
covariates. These results confirm the findings of Vozoris et a1.r5 who
found food insufficiency related to heart disease, diabetes,.and high
blood pressure.

. Previous studies have shown that food insecurity entails adjusunents
in the household food supply, which diminish the quality, variety of
foods,2z-zeund nutritional quahty of the diet.30'31'56 Our findings suggest
that perturbations of the nutrient and dietary patterns associated with
food insecurity may have a relationship to heart disease, diabetes, and
high blood pressure; A healt$ nutrient and food pattern, that is, low in-
take of cholesterol and saturated fats, and high intake of rninerals, micro-
nutrients, and antioxidants can reduce the risk of developing diabetes,
high cholesterol, heart disease, and the metabolic syndrome. For exam-
p1e, at least eight to ten servings of fruits and vegetables decrease blood
pressure.5T In contrast, the diets consumed by low-income individuals
tend to have higher levels of intake for refined grains, sweets, fats, and
low-cost energy:dense foods, unlikely to provide recommended levels
of micronutrients, lean meal fish, fresh vegetables, and fruit.l9 We have
previously shown that the dietary pattern of residents from the Lowe5
Mississippi De1ta58 consisted of low fruit and vegetable intakes, a pat-
tern similar to that reported in Southerners from the NHANES III sur-
vey and associated with higher levels of hypertension.5e Compliance
with recommended dietary management can be seriously compromised
by episodes of food insecurity. Therefore, dielary deficiencies may ex-
plain higher rates of chronic illness among the food-insecure.
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LIMITATIONS

This sfudy was limited by several factors. First, both predictor and
outcomevariables, while measured with instruments with accepted reli-
ability and validity, are self-reported and not based on clinical inter-
views. Second, the cross-sectional design limits causal interpretations.
We cannot determine whether health deficits are the consequences of
food deficiencies, or whether altered health status and physical limita-
tions curtail the ability to either acquire food or to maintainemployment
and earn income that sustains food security and prevents hunger. Longi-
tudinal data are needed to ascertain the directionality of associations.
Limited access to health care could aiso contribute to poor health status.
Access to health care providers, health clinics, insurance and prescrip-
tion coverage is restricted in this rural region.

C O N CLU S/ONS AN D I M P LI CATI O N S

This study was conducted to examine the relationship betwebn house-
hold food insecruity and measures of chronic health and obesity. Our find-
ings have three mljo: iqplicatiogp, Firsl,Jogd insecuri[' could epg1ge_ag

an important potential risk factor in some chronic disease, since adher-
ence to healthy lifestyle behaviors that lower chronic disease risk is rnore
difficult in resource-poor regions. Second, knowledge of these rbsults can
be,used to design more efficient, community-based efforts to address
food adequacy issues. Specifically, community members and researchers
in the Lower Mississipi Delta region may develop nutitional interventions,
taking into account the association between food insecuriqy and chronic
disease, using the comrnunify-based participatory mode1.60 Fina1iy, both
the measurement of food insecurity and efforts to address nutritional in-
terventions accounting for food insecurity are irnmediate and impotant
priorities for high-risk, minorj.ty, and medically underserved populations,
such as that in the Lower Mississippi Delta of Alkansas, Louisiana, and
Mississippi.

AUTHOR NOTE

JaniceE. Stutf, PhD,is affiliated withUSDeparnnent of Agriculture/ARS Children's
Nutrition Research Center, Department of Pediauics, Baylor College of Medicine, 1100
Bates, Houston, TX 77030 G-mail: jstuff@bcm.tmc.edu).



58 JOURNALOFHUNGER&EI'TWRONMENTALNUTRT|ION

PatrickH. Casey, MD, is affi.liated with Arkansas Chiidren's Hospital Research Insti-
n:te, Depanment of Pediatrics, University of Arkansas Medical Sciences, 800 Marshall
Street, Little Rock, AR @-mail caseypatrickh@uaos.edu).

Carol L. Connell, PhD, is affiliated with Nutrition and Food Sy3tems, College of
L{ealth, Universigy of Southern Mississippi, Departrnent of Nutrition and Food Sys.'
tems, Hatdesburg, MS (E-mail: Carol.Connell @ usm. edu),

Catherinp M. Charnpagne, PhD, is affiliated withPenningtonBiomedicalResearch
Center, 6400 Perkins Road, Baton Rouge, LA (E-mail: CharnpaCM@pbrc.edu). .

Ieffrey M, Gossett, MS, is affiliated with Arkansas Children's Hospital Research,
lnstitute, Degartment of Pediatrics, Llniversity of Arkansas Medicai Sciences, 800
Marshali Street, Little Rock, AR (E-mail: gossettJeffteyM@uams.edu).

David llarsha, PhD, is affrliated with Penniirgton Siomedical Research Center, 6400
Perkins Road, Baton Rouge, LA @-mail: harshadw@pbrc.edu).

Beverly McCabe-Sellers, PhD, is affiliated with Delta Nutrition Intervention Re.
search Iniriative, US Department of Agriculhue, Agricultural Research Service, 900
South ShacklefordRoad; Suite 509, Litrle Rock, AR (E-mail bmccabe-sellers@spa.ars.
usda.gov).

faileitvt. Robbins, PhD, is affiliated with A.rkansas Chiidren's llospital Research
Insdnrte, Departmer-rt of Pediatrics, Uliversity of Arkansas Medical Sciences, 800
Marshall Street, Little Rock, AR @-mait: robbjnsJamesM@uams,edu).

Pippa M. Simpson, PhD, is affiliated with Arkansas Children's Hospital Research
Institute, Department of Pediatrics, Universiry of Arkansas Medical Sciences, 800
Marshall Street, Little Rock, AR (E-mail: simpsonpipprm @uams.edu).

Kitty L. Szeto, MS, is affiliated with A.rkansas Children's Hospital Research Insti-
tute, Depaftment of Pediatrics, Universiry of Arkansas Medical Sciences, 800 Marshall
Street, Little Rock, AR @-mail: szetokittyl@uams.edu).

JudithL. Weter, PhD, is affiliated with Arkansas Children's HospitalResearch Insti-
tute, Departrnent of Pediatrics, University of Arkansas Me_dical Sciences, 800 Marshall
Street, Little Rock, AR (E-mail : weberjuditbl @ uans.edu).

Margaret L. Bogle, PhD, is affiiiated with Delta Nutrition Intervention Research
Initiative, US Department of Agriculnue, Agricultural Research Service, 900 South
Shackleford Road, Suite 509, Little Rock, AR @-mail: mbogle@spa.ars.usda.gov).

Jacqueline llorton, ScD, G4ryShapiro, MS, andAnnieLo, MS, of 'Westat, Rockville,
MD are acknowledged for their study design and statistical expertise. Mark Nord, PhD,
US Departrrent of Agriculture, Economic Research Sewice, is acknowledged for ad-
vice on the use and inteipretation of the US Food Security Survey Module.

Drs. Stuff and Sirnpson had full access to ail the data in the study and tobk responsi-
bility for the integrity of the data and the accuracy of the data analysis. Drs. Bogle,
Casey, and Champagne contributed towards the Snrdy concept and design. Drs. Bogle,
Casey, Champagne, aad Simpson were responsible for acquisition of data. Analysis
and interpretation of data were carried out by Drs. Simpson, Gossett, Stuff, and Connell.
D$. Stuff, Casey, and Connell were responsibie for the drafiing of maauscript. Drs.
Bog1e, McCabe-Seliers, Harsha, Chrmpagne, Weber, Szeto, Casey, Connell, and Stuff
conducted a critical revision of manuscript for important intellectual content, Stati.sti-
cal expertise was provided by Drs: Simpson and Gossett. ,

This research was conducted by the Lower Mississippi Delta Nutrition Inlervention
Research Consortium, Executive Committee and Consortium partlers include.d: Mar-
garet L. Bogle, PhD, Executive Director, Delta NIRI, Agriculttiral Rescarch Service of
the US Department of Agriculture, Little Rock AR; Ross Santell, PhD, Alcorn State



Original ReseaTch 59

Universiry, Lorrtran, MS; Patick H, Casey, MD, Arkansas Children's Hospital Re-

search Institute, Department of Pediatrics, University of Arkansas Medical Sciences,
Little Rock, AR; Donna Ryan, MD, Pennington Bionredical Research Center, Baton
Rouge, LA; Bemestire McGee, PhD, Southern University and A & M Collegg Baton
Rouge, LA; Edith Hyman, PhD, University of Arkansas at Pine Bluff, Pine Biufl AR;
Kathleen Yadrj.ck, PhD, University of Southem Mississippi, Hattiesburg, MS.

REFERENCES

1. The Lower Mississippi Delta Nutrition Intervention Research Consortium,
Stuff JE, Horton JA et al. High prevalence of food i.nsecurity and hunger in households
in the rural Lower Mississippi Delta. J Rural Health.20Q4I20:L'73-I80.

2. Nord M, Kabbani N, Tiehen L, Andrews M, Bickel G, Carlson S. Househoid
food securicy in the Unircd States,2000. Washington D.C.: Food and Rural Economics
Division, Economic Research Service, U;S, Deparment of Agricuiture, Food Assis-
tance and Nutrition Research Report. No. 2L 2002:L-41.

3. Casey P, Horton J, Bogle M et al. Self-reported health status ofresidents of
the Lower Mississippi Delta of Arkansas, Louisianir and Mississippi. FASEB L2002:'
16:A233 (abstr).

4. Lower Mississippi Delta Nutrition Intervention Research Copsortium. Self-re-
ported health of residelnis of the Mississippi Delta. J Heatth Care Poor (Jnderserved,

2004;I5:645-662.
5. Flegal KM, Canoll MD, Ogden CL, Johnson CL. Prevalence and trends in obe-

si-ty among US adults, 1999-2000. J AMA. 2002;288:17 23-L727 .

6. Mokdad AH, Serdula MII Dietz WH, Bowman BA, Marks JS, Koplan IP. The
spread of the obesiry epidemic in the United States, 1991-1998. ,IAMA. 1999;282:
15t9-1522.

7. Patterson PD, Moore CG, Probst JC, Shinogle IA. Obesity and physical inactiv-
ity in nual America. ,I Rural Health.2O04;20:L5I-159.

8. Bickel G, Nord M, Price C, Hamilton W, Cook J. Measuing Food Securit'i in
the United States. Guide to Measuring Household Food Security. Revised 2000' Alex-
andria, VA: Food andNutrition Service, Office of Analysis, Nutrition, rurd Evaluation,
u t'iBffiiti:*"J"?l'ffi.T3?;on*"", 

or rood surficiency questions ror rhe
Third NationalHealth andNutritionExamination Survey.l Nutr Educ, t992;24:245-285.

10. Olson CM, Nutrition and health outcoInes associated with food insecurity and
hunger. J Nut. L999;L29:521S-524S. l

11. Townsend MS, PeersonJ, LoveB; Achtbrberg C, Murphy SP. Foodinsecurity is
positiveiy related to overweight in women. J Nutr. 2001;L3I:1138-17 45.

12. Adarns EJ, Grurnmer-strawn L, Chavez G. Food insecurity is associated with
increased risk of obesity in California women. "I Narr. 2003;133:1070-1074.

13, Dieta WH. Does hunger cause obesity? Pediatrics. L995,-95:766-76'l .

14. Basiotis PP, Lino M. Food insufficiency an{ prevalence of overweighi among
adult women. Insight 26. Family Economics and Nutrition Review.2003;15:55-57'

15. Vozoris NT, Tarasuk YS. Househoid food insufficiency is associated with
poorer health. J Nutr. 2003 ;133:.120-126.

. 16. Drewnowski A, Specter SE. Poverty and obesity: The role of energy density aod

energy costs. Am J CIin Nutr. 2Q04;7 9 :6-16,



60 JOURNALOF HUNGER & EWIRONMENTALNUTRITION

17. Alaimo K, Olson CM, Frongillo EA, Jr. Low family income and food insuffi-
ciency in relation to ovcrweight jn US children: is there a paradox? Arch Pediatr
Adolesc Med. 2001 ; 155:1 161 .1157.

tr 8, Cade J, Upmeier H, Calvert C, Greenwood D. Costs of a healthy diee Anaiysis
from the UK Women's Cohort Study. PnDlic Health Nutr. 1999;2:505-512.

t9.JamesWP,NelsonM, RalphA,LeatherS. Socioeconomic determinanLsof health:
The contritrntion of nutrition to inequalities in health, BMJ. 1997;314:1545-1549.

20. Kasper J, Gupta SK, Tran P, Cook JT, Meyers AF. Hunger in legal immigrants
in California, Texas, and lllinois. r{m J Public Heakh.2000;90:1629-1633.

21. Polivy J, Zeitlin SB, Herman CP, Beal AL. Food restriction and binge eating:
A study of former prisoners of.wu. J Abnorm Psychol 1994;103:409-41i.

22. Polly J. Psychological consequences of food restriction. I Am Diet Assoc'
1996;96:589-592. 10.1016/50002-8223(96)00161-7.

23. Provencher V, Drapeau V, Tremblay A, Despres JP, Lemieux S. Eatiag beblv-
iors and indexes of body composition in men and 'women from the Quebec family
study. Obes Re s. 2003 ;l I :7 83 -7 92.

24. Sobal J, Stunkard AJ. Socioeconornic.status and obesiry: A review of the litera-
Fuire, P sychol Bull. 1989;105:260.27 5.

25. Whkleby MA, Jatulis DE, Frank E, Fortmana SP, SocioQconomic status and
health: How education, income, and occupatiou contribute to risk factors for cardio-
vascular disease. An J Public Health. 7992;82:81,6-820.

26. Ietrery RW. Socioebonomic status, ethnicity and obesity in women, Ann'
Ep id emi o l. 199 6 ;6 :263 -265,- 

27. Kendall A, Olson CM, Frongiltro EA, Jr. Relationship of hunger and food inse-
curiry to food availability and consumptton. J Attt Diet Assoc, L996:96:t01'9-24.
1 0. 1 0 1 6/5 0002 -8223 (9 qAjn 1 -27 4

28. Klesges LM, Pahor M, Shon RI, Wan JY,'Wil.liamson ID, Gurilnik JM. Finan-
cial difficul.ty in acquiring food among elderly disabled women: Results from the
women's bealth and aging study.:4rn J Public Health. 2001;91:58-75.

29. TarasukVS, Household food insecuriry withhungeris associated witbwomenls
food intakes, healtb and household ctcumstances. J Nut.2O0t;l3L'26'70.2676,

30, Rose D, Oliveira V. Nurient intakes of individuals from food-insufficient
households in the United States. /,n J Public Health.1.997;&'1:L956-196L.

31, Dixon LB, Vinkleby MA, Radimer KL. Dietary intakes and serum nutrients
differ betqeen aduits from food-insufficient and food-sufficient farnilies: Third Na-
tional Health and Nutrition Elamilndsl Survey, 1988-1994. J Nutr. ?-0O1;13It7232-
1246.

32,Lee JS, Frongillo EA, Jr. Nutritional and health consequences are associated
with food insecurity among U.S. elderly persons. J Nutr.29O7;731:1503-1509.

33. Campbell CC. Food itrsecurity: .A nutritional outcome or a predictor variable?
I Nut. 1991;121:408-4I5.

34. Nelson K, Brown ME, Lurie N. Hunger in an adult patient population. JAMA.
1998;2'19:1211-1214.

35, Nelson K, Cunninghun W, Andersen R, Harrison G, Gelberg I-. Is food insuffi'
ci.ency associated with health status and healtb care utilization ?mong adults with dia-
betes? J Gen .lntern Med. 20Ql;76:404-41L.

36. U.S. Department of Commerce, Economic and Statistics Administration Bu-
reair of Census. Celsus 1990. Summary File 3. 1990 Census of Population and Hous-
ing, 1992.



37. Harsha D, Thomton A. Health Stans of Aih,tlts.In:Harrison G, ed. Lower Mis-
sissippiDelta Nutrition Intervention Research Consortium. Nutrition and health status
in the Lower Mississipfl Delta of Arkansas, Louisiana, and Mississippi: A review of
existing data, Rockville, MD: Westat 1997:89-92.

38. Harrison G, ed, The Lower Mississippi Delta Nutrition Intervention Research
Consortium. Nutrition and Health Status in the Lower Mississippi Delta of Arkansas,
Louisiana, and Mississippi: A Review of Existing Data, Rockville, \,ID: Westat, 1997.

39, Waksberg J. Sampling metbods for random diglt dialing. J Am Stat Assoc.
1978;73:10-46.

40. Kish L. Survey Sampiing. New York, NY: Jobn Wiley and Sons, Inc., 1965,
41. National Institutes of Health. Clinical GuidoUnes ou the Identification, Eval,ua-

tion,. and Treatnent of Overweight and Obesity ia Adults:The Evidence Report. Na-
tional Institutes of Health. Obes Res. 1998;6 Suppl 2:5lS-209S.

42. Tippett KS and Cypel YS. US Departrnent of Agriculture,Agricuinual Research
Service,Continuing Survey of Food Iniakes by lndividuals 1994-96. Design and opera-
tion: The Continuing Survey of Food Intakes by Indidduals and the Diet and Health
Knowledge Survey 1994-96. Nationwide Food SuweyS Rep. No. 96-1. Tippett KS and
Cypel YS. 1997.

43. Okura Y, Urban LH, Mahoney DW, Jacobsen SJ, Rodeheffer RJ. Agreement
between self-report questionnalies and medical record data was substantial for diabe-
tes, hypertension, myocardial infarction and stroke but not for heart failwe. J Clin
Ep id.emiol 2004;57: 1 096-1 103.

44. Expert Panel on Detection,Evaluation,and Treatment of High Blood Choles-
terol in Adutts. Exbcutive Surnmary of the Third Report of the National Cholesterol
Education Program (NCE?) Expert Panel on Detection, Evaluation, and Treatment
of High Blood Cholesterol In Adults (Adr.rlt Treatment Panel W). JAMA.2001;285:
2486-249',1.

45. Cosrmittee oa Diet and Health. Diet and Health: hiplications for Reducing
Chronic Disease, Washington DC: National Academy Press, 1989.

46. Laraia BA, Siega-Riz AM, Evenson KR. SeU-reported overweight and obesity
are not associatQd wi.th concem about enough food among adults in New York and
Louisiana. Prev Med 2004;3 8: i75-1 81.

47. Bhattacharya I, Currie J, Haider S. Poverty, food insecurity, and nutritional out-
comes in children and adults. J Health Econ.2004;23:839-862.

48. BurtonBT, FosterWR,llirsch J, Vanltallie TB. Heaithimplications of obesity:
An NIH Consensus Development Conference.Int J Obes. 1985;9:155-170.

49. Keenan DP, Olson C, Hersey JC, Parmer SM. Measures of food insecuriry/secu-
i,ity.I Nutr Educ Behav,2001;33 Suppl 1:5049-5058.

50. Kaiser L, Townsend MS, Melgar-Quinonez HR, Fujii ML, and Crawford PB.
Choice of instrurnent influences relations between food iasecurity and obesity in
Latino women . Arn J CIin Nut. 2004;80: 1372-1378

51. Sanderson BK, Fousbee HR, Bittner V et ai. Personal, social, andphysical envi-
ronmental correlates of physical activity in rurai Aftican-American wonren in
Alabarna. Am J Prev Med.2QQ3t25t30-3'l .

52. Ainswortb BE- Wilcox S, Thcmpson W.W', Richter DL, Henderson KA. Per-
sonal, social, and physical environmental correlates of physical activiey in African-
American wornen in South Carolina. Am I Prev Med.20O3;25:23-29.



62 JOURNAL OF HWGER & EIWRONMENTALNUTNTION

53. Diez-Roux AV, Norttridge ME, Morabia A, Bassett MT, Shea S. Prevalence
and social conelates of eatdiovascular disease risk factors in Harlem. Am ,I Public
H e al th. 1999 ;89 :302-307 .

54. Stuff IE, CaseyPH, Szeto KLet al, Householdfoodinsecuriryis associated with
adult health starus. "I Nutr. 2004;134:?33Q-2335,

55. Pheley AM, Holben.DH, Graham AS, Simpson C. Food securiry and percep-
tions of health status: A preliminary study i! rural Appalacbia. .l Rural Heahh.
2002;18:447454.

56. Cristofar SP, Basiotis PP. Dietary intakes and selected characteristics oJwomen
ages 19-50 years and their children ages t-5 years by reported perception of food suffi-
ciency. I Nutr Educ. L992;24:53-58.

57. Appei LJ, Moore TJ, Obarzanek E et al. A clinicai rial of the effects of dietary
pattems on blood pressue. DASH Collaboradve Research Group. N EngI J Med:
1997;336:1171-1724.

58. Champagne CM, Bogle ML, McGee BB et al. Dietary ittake in the Lower Mis-
sissippi Delta region: Results from the Foods of our Delta Study. J Am Diet Assoc.
2004;104:199-207 . 10.1016/jjada.2003.11,011 :

59. I{ajjar I, Kotchen T. Regional variations of blood prqssure in the united states
are associated with regional variations in dietary intakes: The NHANES-III data.
J Nutr. 2003;133:211-214.

60. Israei BA, Schulz AJ, Parker EA, Becker AB. Review of community-based re-
search: assessing partnership approaches to improve public health. Annu Rev Public
H ealth. 1998:19:t73-202. 10. 1 146/annurev.publhealth.l9. 1.173.

Received: February, 2006
Revised: July,2006

Accepted: August,2006

doi: 10. 1 300 lJ 47 7 v0ln02 -04


