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ABSTRACT

Objective To determine if measures of diet quality differ
between food insecure and food secure adults in a rural
high-risk population.

Design Random digit dialing telephone survey of a cross-
section of the population designed to collect data on food
intake, household demographics, and food security sta-
tus.

Setting A representative sample of adults who live in 36
counties in the Lower Mississippi Delta region of Arkan-
sas, Louisiana, and Mississippi.

Subjects One thousand six hundred seven adults, both
white and African American.

Main outcome measures Food security status and diet qual-
ity, as defined by adherence to the Healthy Eating Index
and Dietary Reference Intakes by determinations from
self-reported food intake (1 day intake).
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Statistical analyses Regression analysis, ¢ tests, Wald sta-
tistic, and beta tests were employed.

Results Food secure adults scored higher on Healthy Eat-
ing Index than food insecure adults (P=0.0001), but the
regression model showed no differences when multiple
factors were included. Food secure individuals consistently
achieved higher percentages of the Dietary Reference In-
takes (specifically Estimated Average Requirements and
Adequate Intakes) than food insecure individuals, with the
greatest differences seen for vitamin A (P<<0.0001), copper
(P=0.0009), and zinc (P=0.0022) and very little difference
for vitamins C (P=0.68) and E (P=0.32). Both populations
consumed diets extremely low in fiber.

Conclusions Food insecurity is associated with lower qual-
ity diets in this population. It is acknowledged that seri-
ous limitations are associated with the use of one 24-hour
recall and for comparison between food intake and assess-
ment of food security. These findings still suggest a press-
ing need for nutrition interventions to improve dietary
intake in these at-risk impoverished individuals.

J Am Diet Assoc. 2007;107:1886-1894.

sequences of household food insecurity as irregular

household food supply, disturbed eating patterns,
and poor diet quality (1-5). Other studies have identified
consequences such as decreased nutrient intake and diet
factors (6-9) that play key roles in the prevention and
control of chronic disease. Collectively, several studies
report an association of food insecurity and food insuffi-
ciency with decreased dietary intake in adults (1,5-7),
increased body weight (10), hypoglycemia in people with
diabetes (11), compromised health status in elderly peo-
ple (2), and socio-familial problems (3).

With increasing recognition of the multidimensional
nature of diets consumed by free-living individuals, di-
etary patterns have emerged as an alternative or an
adjuvant to the traditional approach of using single nu-
trients or food groups as exposures for examining diet
and health associations. The US Department of Agricul-
ture (USDA) Healthy Eating Index (HEI) is a summary
measure of overall diet quality, providing a picture of
type and quantity of foods people eat and whether or not
their diets comply with the Dietary Guidelines and the
Food Guide Pyramid (12). There is typically a need to

Previous studies have described such immediate con-
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compare intakes of individuals with recommendations for
appropriate nutrient intakes suggested by health profes-
sionals, as well as to evaluate the diet and certain dietary
components in relation to other demographic variables of
interest.

The expectation was that in the Lower Mississippi
Delta region, with high prevalence of poverty and chronic
disease, diet quality as measured by HEI would be neg-
atively associated with food insecurity and other demo-
graphic factors. Only two previous studies we know of
have examined the association between food insufficiency
and the HEI. In the study by Basiotis and colleagues (13),
women’s overall diet quality as gauged by the HEI (12,14)
and its components were examined. Data were from the
1988-1994 National Health and Nutrition Examination
Survey (NHANES) and used the self-reported household
food sufficiency status, body mass index based on mea-
sured height and weight, and self-reported individual
food intake for a 1-day period. In a second study by
Bhattacharya and colleagues (15) that involved the anal-
ysis of NHANES III data, individual component ques-
tions of food security were negatively correlated with HEI
scores in adults aged 18 to 64 years and elders aged 65+
years controlling for poverty and other factors.

The objective of this research was to determine if mea-
sures of diet quality differ between food insecure and food
secure adults in a rural high-risk population. It was also
necessary to determine whether or not nutrient intake
and dietary energy density differ between food insecure
and food secure adults.

RESEARCH METHODS AND PROCEDURES

Residents of the Lower Mississippi Delta region comprise
a unique and largely unstudied high-risk population with
respect to nutritional health. This predominantly rural,
minority, and traditionally agricultural region bordering
the Mississippi River in Arkansas, Louisiana, and Mis-
sissippi has a high prevalence of poverty (16,17) and
diet-related chronic diseases relative to their peers in the
rest of the United States (18,19). The Lower Mississippi
Delta Nutrition Intervention Research Initiative was es-
tablished to collect baseline data on the nutritional
health of Delta residents to develop and evaluate sustain-
able nutrition interventions (17). The Delta Nutrition
Intervention Research Initiative validated dietary meth-
odology in Lower Mississippi Delta residents (20), and
applied the methodology to describe their nutrient in-
takes (21). Household food insecurity status is double the
national rates (22) and is associated with poorer self-
reported physical and mental health in adults (23) in the
Lower Mississippi Delta Region.

Foods Of Our Delta Study (conducted in the year 2000)
was a baseline cross-sectional telephone survey of a rep-
resentative sample of the population aged 3 years and
older, and was conducted between January and June
2000. A stratified cluster sampling plan was used to as-
sign 36 Delta Nutrition Intervention Research Initiative
counties to nine strata according to percent urban (16),
percent African American, and percent living below the
federal poverty level. Eighteen counties (two from each
stratum) were selected with probability proportional to
size to represent the stratum in the telephone sample.
List-assisted random digit dialing methodology (24) 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 identified
and removed. This protocol was approved by the Institu-
tional Review Boards of the partner institutions of the
Delta Nutrition Intervention Research Initiative.

Of the 3,455 eligible households, 1,293 or 37.4% refused
to participate. A total of 1,751 adults completed the first
interview (dietary intake and health data, including self-
reported weight and height) and 1,662 completed the next
interview (food security survey). Three of the 1,662 were
later excluded for being younger than age 18 years, yield-
ing a final sample size of 1,659. This analysis includes the
1,607 Lower Mississippi Delta adults who reported race
as either African American or white. Fourteen hundred
seventy-seven households who had complete data for out-
come and predictor variables were used in the regression
analyses.

HEI scores were calculated using programs and data-
bases from the USDA HEI Working Group, which con-
sisted of USDA staff from the Center for Nutrition Policy
and Promotion and the Office of Evaluation and Analysis
in the Food and Nutrition Service. It is extremely difficult
to accurately assess sodium, and it appears that standard
USDA recipes used to calculate sodium content of food
may potentially underestimate the amount of sodium
used in the Lower Mississippi Delta. Thus, two types of
HEI scores were calculated, those with sodium as well as
scores that exclude the sodium component.

Data Collection

A computer-assisted telephone interview was conducted
to determine the eligibility of the households. Character-
istics of an eligible household were one that had at least
one member 18 years of age or older, the telephone num-
ber was not for business use only, and the household was
located in one of the 18 Delta Nutrition Intervention
Research Initiative sample counties. During this initial
interview, information on age, sex, ethnicity, and the
presence of children in the household was determined. All
members of the household were enumerated and one
adult proband per household was selected randomly (25).
A second nonscheduled telephone call was made to collect
information using a two-part questionnaire that included
a multiple-pass 24-hour dietary recall, and a series of
trailer questions about the usual intake, water consump-
tion, height, weight, the presence of selected chronic
health conditions, and general self-reported health for
adults. This methodology has been described elsewhere
(21). Approximately 1 to 2 weeks later, the adult in the
household who had completed the dietary interview was
interviewed again with questions including the food se-
curity status of the household (26).

In this survey food security status was evaluated using
the 18-item Household Food Security Module (26) to con-
struct the 12-month food security scale that classifies
households as food secure or food insecure with or with-
out hunger. Classifications include food secure, household
shows no or minimal evidence of food insecurity; 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 re-
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ported); and 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.

For out analysis, food security status was collapsed to a
dichotomous variable (food secure and food insecure) be-
cause the three-level variable when cross-tabulated with
levels of other variables resulted in few responses in some
cells.

Nutrition Variables

Because there are other important factors in examining
healthful diet and how well people meet nutrient guide-
lines, there was a special interest in studying the influ-
ence of food insecurity and other related variables possi-
bly affecting the ability of this rural population to achieve
the HEI and the Estimated Average Requirement (EAR)
or, where determined, the Adequate Intake (AI) for nu-
tritional adequacy. A maximum score in the HEI is 100,
with a score of 80 or above indicating a good diet. USDA
has used the HEI to assess diet quality in the general US
population over time. The HEI has also been used to
assess the association of diet quality with risk factors for
chronic disease (12,14). The EAR is the intake value that
is estimated to meet the requirement defined by a speci-
fied indicator of adequacy in 50% of an age- and sex-
specific group. At this level of intake, the remaining 50%
of the specified group would not have its needs met (27).
Both the overall HEI score and HEI score with salt re-
moved are included. The HEI score without salt has a
theoretical range of 0 to 90. There was also interest in
influences on energy density of the diet in this population
that has high levels of obesity. Energy density refers to
the amount of energy or kilocalories compared to the
weight of the food (kilocalories/grams food).

Statistical Analysis

All nutrient variable calculations were done using SAS
version 9.1 and SAS callable SUDAAN (release 9.0.1,
2005, Research Triangle Institute, Research Triangle
Park, NC).

All analyses incorporated sampling weights and were
calculated using SUDAAN, with variances calculated
based on the jackknife method with 60 sets of weights. To
compare the mean scores of HEI and its components
between the food secure vs food insecure households, a ¢
test was used. In addition, tests of proportions were com-
puted to compare the mean proportion of households
meeting the EAR or Al for nutrients between the food
secure vs food insecure households. Regression models
were used to determine the influence of multiple vari-
ables that would affect the HEI-related scores. The Di-
etary Reference Intakes-related scores (0/1) were fit us-
ing logistic regression models in SUDAAN estimate with
generalized estimating equations. The independent vari-
ables are identical for all models: household food security,
age group, income group, race, sex, education, and num-
ber of persons supported by household income. Signifi-
cance tests (Wald statistic) for all classification variables
(except household size, which is treated as a continuous
variable) indicate that there is either evidence that dif-
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Table 1. The relationship between the Healthy Eating Index (HEI)
and demographic variables of adults in the Mississippi Delta®
Least squares

Variable mean=SEP Pvalue® P value®
Food security
Food secure 60.35+0.41 0.1090 0.1090
Food insecure 59.14+0.67
Age group
18-34 y 59.72+0.67 0.0060 <0.0001
35-44 y 58.02+0.78 0.0002
45-54 y 58.68+0.85 0.0010
55-64 y 61.25+1.18 0.0560
65-74 y 64.59+1.28 0.7163
75+ y 65.47+1.85
Household income
<$15,000 59.23+0.65 0.2308 0.1984
$15,000 to <$30,000 60.63+0.67 0.7444
$30,000+ 60.34+0.57
Race
White 60.72+0.51 0.0787 0.0787
African American 59.33+0.57
Sex
Men 59.53+0.56 0.1655 0.1655
Women 60.59+0.50
Education
0 to 11" grade 58.96+0.76 0.0000 <0.0001
High school/general

equivalency

diploma/trade

school/some college  59.41+0.45 0.0000 —
College degree+ 64.28+0.82 —
Household size — — 0.6192
aMultiple regressions with HEI score, the outcome, age group, income, race, sex,
education, and household size as independent variables.
bSE=standard error.
Based on beta comparison of categories.
9Based on Wald test of relationship of variables to HEI score.

ferences exist among means of the relevant populations,
or there is insufficient evidence to conclude such differ-
ences. A beta test was used to compare within categories
to the last category. No corrections for multiple compar-
isons were made, but the actual P value is cited.

RESULTS

It is important to determine whether the affect of food
insecurity on HEI scores is independent of other factors
influencing diet. Although it appears the food secure group
had a somewhat higher HEI than the food insecure group,
this is not significant (Table 1). Household income, race, and
sex were not significantly related to HEL. Age emerged as a
significant factor (P<0.0001) with younger age groups
(younger than age 55 years) having poorer HEI scores.
Education was a significant factor (P<0.0001); individuals
with a college degree had higher HEI scores. Household
size, specifically the number of individuals supported by
household income, did not factor significantly into the
model. Household income, race, and sex were not signif-



Table 2. Mean=standard error (SE) scores of Healthy Eating Index (HEI) and its components in Lower Mississippi Delta adults, by food security
status?

FS® mean+SE FI° mean=SE FS-Fl P value FS-Fl P value

unadjusted unadjusted unadjusted adjusted?
Variable n=1,252 n=355 n=1,607 n=1,470
HEI 60.59+0.39 57.37+0.68 0.0001 0.110
HEI-Dairy 4.20+0.12 3.24+0.18 <0.0001 0.098
HEI-Fruit 2.98+0.11 2.92+0.21 0.7865 0.870
HEI-Vegetable 5.64+0.11 4.36+0.19 <0.0001 0.020
HEI-Grain 5.95+0.09 5.64+0.16 0.1086 0.890
HEI-Meat 7.19+0.07 6.97+0.17 0.2638 0.480
HEI-Fat 5.93+0.11 6.24+0.24 0.2360 0.098
HEI-Saturated fat 6.41+0.13 6.70+0.22 0.2219 0.100
HEI-Cholesterol 7.36x0.11 6.81+£0.24 0.0410 0.230
HEI-Sodium 7.84+0.09 8.16+0.19 0.1529 0.690
HEI-Variety 7.08+0.12 6.33+0.22 0.0030 0.160
HEI-No sodium 52.75+0.42 49.21+0.68 <0.0001 0.200
2HEI scores were compared between food secure individuals and food insecure individuals using a contrast, which is equivalent to a  test.
PFS=food secure.
°Fl=food insecure.
9Adjusted model based means comparisons. Model includes household food security status (FS, Fl), age group (18 to 34y, 35t0 44y, 45 t0 54 y, 55 to 64 y, 65 to 74 y, and 75 y
and older), household income (<$15,000, $15,000 to $29,999, and >$30,000), race (white, African American), sex, education (zero to 11th grade, high school/general equivalency
diploma/trade school/some college, college degree), and household size (based on the question, how many people are supported by household income). Sample size for adjusted means
drops to 1,470 due to missing values for predictors.

icantly related to HEI. Participation in food assistance
programs was later investigated; however, none of the
models tested showed it to be significant (data not
shown). When sodium was dropped from the HEI calcu-
lation, age and education remained significant (P<<0.001)
and race was also significant (P=0.0239), with whites
having higher scores than African Americans (53.08 vs
51.24, respectively).

Examination of specific parameters that predict single
HEI components (data not shown), indicated that for
HEI-Dairy age was significant and younger age groups
(younger than age 55 years) had poorer HEI-Dairy scores
than those older than age 55 years. Race was significant,
with whites consuming more dairy than African Ameri-
cans (P<0.0001). Men tended to fare better with HEI-
Dairy scores (P=0.0456). Finally, education was signifi-
cant: those with a college degree had higher HEI-Dairy
scores than those with less than a college degree
(P=0.0103). For HEI-Fruit, only age, race, and education
were significant factors (all P values <0.0001). For HEI-
Vegetable consumption, food secure adults had signifi-
cantly higher scores than food insecure adults
(P=0.0204). Race was significant, whites scored 5.76 com-
pared to African Americans’ score of 4.91 (P=0.0002).
Education was also a significant predictor with HEI
scores increasing as level of education increased
(P=0.0014). The regression model for HEI-Grain scores,
although determining no difference between food secure
and food insecure adults, did point to differences in sev-
eral other parameters. Age was significant (P<0.0001)
but there was no consistent pattern and the difference
was for only the 45 to 50 years age group. Whites had
higher scores than African Americans (P=0.0230), men
had higher scores than women (P=0.0033), and higher
educational levels also had higher scores (P=0.0308).

HEI-Meat scores revealed no differences except for men
whose scores were higher than women’s (P=0.0003).
HEI-Cholesterol scores were lower for men compared to
women, 6.36 vs 8.04, respectively (P<0.0001); no other
associations were significant for HEI-Cholesterol. HEI-
Fat scores showed differences only related to age
(P=0.0015). None of the models was significant for HEI-
Saturated Fat. HEI-Sodium scores are affected by age
(P<0.0001). Whites had lower HEI-Sodium scores than
African Americans (P=0.0265), men have lower scores
than women (P<0.0001), and education affects HEI-So-
dium scores, with those with a college degree and above
having the lowest scores (P=0.0131). For HEI-Variety,
age and education are significant factors (P<0.0001), but
race (P=0.0366) and sex (P=0.0026) are also significant.
Mean comparisons between food secure and food insecure
adults that related to the HEI are presented in Table 2.
Results from the univariate analyses of HEI scores and
their components revealed statistically significant differ-
ences for the overall score, and four component scores.
Food secure adults scored higher overall on the HEI
than did food insecure adults, even though the regression
model showed no differences when multiple factors were
included, as shown in Table 1. The specific components of
the HEI for which food secure adults were significantly
different from their food insecure counterparts included
dairy, vegetable, cholesterol, and variety. Data on sodium
intake are questionable due to the fact that the food
composition tables used did not contain salt added in
cooking and it was difficult to estimate this accurately.
Therefore, sodium was dropped from the overall HEI
score. Still it was found that food secure individuals
had better scores, whether or not sodium was included.
The adjusted means indicated that the only difference
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Table 3. Proportion of Lower Mississippi Delta adults (mean=standard error [SE]) achieving nutrient recommendations and energy density,?
by food secure (FS) or food insecure (Fl) status®

FS mean=SE°® Fl mean=SE FS-Fl P value FS-Fl P value

(unadjusted) (unadjusted) unadjusted adjusted®
Variable n=1,252 n=355 n=1,607 n=1,470

%

Met EAR® vitamin A 33.37+£1.27 20.10x2.47 <0.0001 0.038
Met EAR vitamin E 10.58+0.87 8.54+1.68 0.3157 0.560
Met EAR thiamin 73.32+1.32 67.34+2.76 0.0731 0.460
Met EAR riboflavin 78.52+1.48 71.58+2.92 0.0352 0.670
Met EAR niacin 81.77+£1.27 72.42+2.30 0.0014 0.140
Met EAR vitamin B-6 58.33+1.62 56.72+2.68 0.6197 0.270
Met EAR vitamin B-12 71.91+1.52 64.34+2.84 0.0199 0.550
Met EAR vitamin C 40.35+1.61 39.06+2.88 0.6766 0.930
Met EAR folate 40.25+1.56 32.85+2.86 0.0303 0.600
Met Al calcium 17.20+1.44 11.26+1.51 0.0142 0.830
Met EAR magnesium 24.32+1.54 19.95+2.10 0.1155 0.620
Met EAR phosphorus 83.13£1.07 73.88+£2.43 0.0009 0.400
Met EAR iron 84.79+1.31 76.53+2.72 0.0080 0.320
Met EAR copper 72.39+1.47 61.21+£2.63 0.0009 0.890
Met EAR selenium 88.23+0.91 80.56+2.07 0.0013 0.035
Met EAR zinc 59.17+1.62 47.65+2.87 0.0022 0.300
Met EAR carbohydrates 91.43+0.62 84.23+2.29 0.0023 0.095
Met EAR protein 70.32+1.46 61.32+2.88 0.0055 0.130
Met Al linoleic acid 44.90+1.67 40.85+2.31 0.1779 0.560
Met Al fiber 6.79+0.71 6.53+1.32 0.8538 0.690
Energy density 0.97£0.01 1.060.02 0.0003 0.250
2Calculated by dividing total kilocalories by total weight of the food consumed in grams, excluding water.
°The proportion meeting a requirement was compared between FS and Fl using a  test of proportions.
°SE=standard error.
dAdjusted model based means comparisons. Model includes household food security status (FS, F), age group (18 t0 34y, 35t0 44y, 45t0 54y, 55t0 64 y, 65t0 74 y and 75 y
and older), household income (<$15,000, $15,000 to $29,999, and >$30,000), race (white, African American), sex, education (zero to 11™" grade, high school/general equivalency
diploma/trade school/some college, college degree), and household size (based on the question, how many people are supported by household income). Sample size for adjusted means
drops to 1,470 due to missing values for predictors.
°EAR=Estimated Average Requirement.
Al=Adequate Intake.

remaining significant was for vegetable consumption
(P=0.02).

Another issue in this population is nutritional ade-
quacy of the diet. In a previous article, this population
had specific nutrient intakes that were significantly dif-
ferent from the rest of the United States (21). Therefore,
it was decided to assess the influence of food insecurity on
nutrient intake in this population. The Institute of Med-
icine has defined a variety of terms upon which to base
evaluation of nutrient intake and this was taken into
consideration with the decision to use the Dietary Refer-
ence Intakes, specifically EAR or Al where appropriate,
in the analysis of data from this study. Finally, obesity in
this population and the affect of energy density of the diet
influenced the decision to look at differences in dietary
energy density related to food security of individuals.
Table 3 contains comparisons between food secure and
food insecure adults in achieving nutrient recommenda-
tions and in energy density. Energy density was calcu-
lated by dividing total energy by total weight of the food
consumed in grams, excluding water.

Obvious differences were noted. With the exceptions of
thiamin; vitamins B-6, C, and E; magnesium,; fiber; and
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linoleic acid, there were significant differences between
food secure and food insecure adults in the percentage
that met current nutrient recommendations for 12 nutri-
ents. Food secure individuals were more likely than food
insecure individuals to meet the recommendations. Al-
though food secure adults had a significantly higher per-
centage meeting the Al for calcium, the fact that less than
20% actually met the Al is of concern. Likewise, there
were a significantly higher percentage of food secure
adults meeting the EAR for vitamin A, yet only one-third
of food secure adults and only 20% of food insecure adults
met this recommendation. Low overall percentages for
the population as a whole, regardless of food security
status, were also observed for vitamins C and E, folate,
zinc, and magnesium. Quite obviously, this population’s
consumption of fiber is well below the current recommen-
dation of 21 to 38 g (dependent on age and sex) (28).
The energy density of the diet was significantly lower
for food secure compared to food insecure adults
(P=0.0003). This suggests that these individuals con-
sume a low-energy-density diet that would typically be
associated with lower body weight. After controlling for
other variables, food security status was not a significant



predictor for energy density. Although age group was a
significant factor (P=0.0109), the least squares means
did not reveal any trends. Household income was also
significant, with the lowest energy density at the highest
income level and the highest energy density at the lowest
income level (P=0.0272). Whites had lower-energy-den-
sity diets than African Americans, 0.87 vs 1.11, respec-
tively, P<0.0001. Finally, educational level was signifi-
cant (P=0.0249) with the energy density increasing with
increasing levels of education. When adjusted model
means were compared, only vitamin A (P=0.038) and
selenium (P=0.035) remained significant.

Logistic regression models were computed to identify
the variables that were most likely to determine if the
population met the Dietary Reference Intakes (data not
shown). Significant findings are presented by nutrient.

Copper

The odds ratio (OR) for the percent meeting the EAR was
more than double for whites vs African Americans and for
men vs women (P<0.0001). The OR for education was
also significant (P=0.0042).

Carbohydrate

Age was a significant predictor of percent meeting the
EAR for carbohydrate. The OR was highest for the lowest
age grouping (age 18 to 34 years) (P=0.0012). For whites,
the OR was more than twice that of African Americans
(2.10, P=0.0009) and for men it was 2.38 times that for
women (P=0.0002).

Iron

Age was a significant predictor of percent meeting the
EAR for iron (P<0.0001), sex (OR 5 times higher for men,
P<0.0001), and education (lower OR at lower educational
level, P=0.0008) were also significant predictors.

Vitamin A

Percent meeting the EAR for vitamin A was higher for
food secure adults (OR 1.48, P=0.0375) compared to food
insecure adults. Age was a significant predictor as well
(P=0.0017) with lower OR at younger age groupings and
increasing with age. The OR was higher for whites (OR
1.58, P=0.0004), and lower at lower educational levels
(P=0.0264).

Riboflavin

Percent meeting the EAR for riboflavin was significant
for race (OR for whites was 1.73, P=0.0005), sex (OR for
men was 1.37, P=0.0377), and education (P=0.0310) with
lower OR at lower educational levels.

Thiamin

Percent meeting the EAR for thiamin was significant for
men compared to women (OR 1.74, P=0.0002) and for
education (P=0.0136) with lower ORs at lower educa-
tional levels.

Vitamin B-6

Percent meeting the EAR for vitamin B-6 was also sig-
nificant for men compared to women (OR 2.16, P<<0.0001)
and for education (P=0.0067) with lower ORs at lower
educational levels.

Vitamin B-12

Percent meeting the EAR for vitamin B-12 was signifi-
cant for race with whites having an OR of 1.50 compared
to African Americans (P=0.0106) and for sex (OR for men
2.18, P<0.0001).

DISCUSSION

This research examined relationships between food inse-
curity status and diet quality (ie, HEI, Dietary Reference
Intakes, and energy density), controlling for important
demographic variables among adults living in the Lower
Mississippi Delta region of Arkansas, Louisiana, and
Mississippi. A univariate analysis indicated that food
secure adults scored higher on HEI than food insecure
adults, but the regression model showed no differences
when multiple demographic variables were included. HEI
was more strongly related to age and education. When
sodium is dropped from the HEI calculation, race is re-
lated. This study used the HEI developed in 1999-2000.
USDA is currently revising the HEI to incorporate the
2005 Dietary Guidelines and MyPyramid.

The findings of a significant association between food
security and HEI in this study confirmed those of Basiotis
and colleagues (13) who assessed the diet quality of
women aged 19 to 55 years who did not live alone. This
group was chosen because prior research has shown them
to have higher rates of food insufficiency. Food sufficiency
was measured by a woman reporting that her household
had enough food to eat (food sufficient households), and
food insufficiency was measured by a woman reporting
that her household sometimes or often did not have
enough to eat (food insufficient households). The sample
size was 4,804 women in food sufficient households and
437 women in food insufficient households. Diet quality of
women was gauged by HEI (12,14). Their results revealed
that women from food insufficient households had a sig-
nificantly lower diet quality than women in food sufficient
households. The average HEI score was 58.8 for women
in food insufficient households compared with 62.7 for
women in food sufficient households, a 6.2% difference.
Both of those scores were higher than the respective
scores from this study. However, the average HEI score
for both groups of women in the study by Basiotis and
colleagues (13) indicated that their diets needed improve-
ment.

After controlling for several important demographic
variables, food security status was not related to HEI
overall score. Education and age were related. These sig-
nificant variables may represent an economic index,
which reduced the contribution of food security. Basiotis
and colleagues (13) did not report adjustments to the
HEL

The findings of differences in HEI component scores
reported in this study are similar to those of Basiotis and
colleagues (13). In their study, compared with women in
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food sufficient households, women in food insufficient
households had significantly lower HEI component scores
for vegetables (5.1 vs 5.8; compared to 4.4 vs 5.6 in this
study), fruits (2.2 vs 3.4; compared to 2.9 vs 3.0 in this
study), milk (5.2 vs.6.1; compared to 3.2 vs 4.2 in this study),
cholesterol (7.4 vs 8.2; compared to 6.8 vs 7.4 in this study),
and food variety (6.4 vs 7.3; compared to 6.3 vs 7.1 in this
study). There were no statistically significant differences
in the remaining HEI component scores between the two
groups in their study.

It is important to consider the difference between sta-
tistically significant findings and meaningful findings in
interpreting the HEI scores. Certainly a difference in
scores of 5.64 and 4.36 is a little more than half a serving,
nutritionally meaningful for vegetables, whereas other
differences in specific HEI scores may not be of practical
significance.

HEIs have been assessed by their ability to predict
disease and their association with key biomarkers of
chronic disease. In general, most studies support the HEI
as a measure of diet quality and disease prevention. How-
ever, other researchers are deriving and testing other
patterns and statistical models of diet quality (29). The
overall HEI score in the Delta Nutrition Intervention
Research Initiative population was 60.1+0.3. In compar-
ison, means from other studies have been 77.0+11.0 (30)
and 72.1 and 75.0 (31), 69.7 and 76.2 (32), and 63.75+0.32
for participants in NHANES III (33). Thus, Delta Nutri-
tion Intervention Research Initiative adults tend to have
poorer diet quality than those adults nationwide.

All the component scores in our study were less than
those reported for adults in NHANES III (34). The find-
ings with respect to grain consumption are intriguing
because grain consumption can aid in reducing the risk
for chronic disease, particularly cardiovascular disease
(35). In addition, some of the nutrients in grains such as
selenium and vitamin E have antioxidant effects (34).

If the HEI component findings of HEI-Dairy, HEI-Veg-
etable, and HEI-Cholesterol are aggregated, this pattern
could represent a deficit or higher risk of food insecure
individuals for hypertension, because these components
roughly represent some of the key Dietary Approaches to
Stop Hypertension diet components. Previously pub-
lished data (23) revealed that among food insecure indi-
viduals the rates of hypertension were higher than
among food secure individuals. There are data (36) that
demonstrate among food insecure adults 42.3% were
obese, a significantly higher rate than food secure adults
at 33.2%. Food insecure adults were significantly more
likely to report hypertension (45.1% vs 29.5%), diabetes
(15.0% vs 9.3%), heart disease (13.5% vs 6.8%), and met-
abolic syndrome (10.1% vs 4.4%). After controlling for
demographic variables, food insecurity was associated
with high cholesterol, heart disease, and metabolic syn-
drome (36).

It has been reported that in the United States about
12.6 million households are food insecure, and if 20% and
33% of the food insecure population met the EAR for
vitamin A and folate, respectively, then conversely 80%
and 67%, respectively, are not meeting the requirements.
This translates into approximately 10.2 and 8.8 million
households failing to meet recommendations. Further-
more, reports have demonstrated that for low-income
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families with chronically ill members, compliance with
dietary requirements can be seriously compromised by
episodes of food insecurity, for example in controlling
diabetes (37). Some of the clinical implications of screen-
ing and addressing food insecurity have been elegantly
presented by Cook (38), which may prompt the use of a
simple screening question for food insufficiency, leading
to referral to food assistance programs, if patients are not
following dietary guidelines because food insecurity is a
factor.

In this population, neither group had all members
meeting the recommended intakes for the nutrients stud-
ied. As a word of caution in using the Institute of Medi-
cine recommendations, it is important to note that not
meeting the Als (in the case of calcium, for example) does
not necessarily indicate the there is an indication of in-
adequacy. When compared to food insecure individuals, a
significantly larger proportion of food secure individuals
met their nutrient needs, with the greatest differences
seen for vitamin A, copper, and zinc (more than 10%) and
very little difference for vitamins C and E. Both popula-
tions consumed diets extremely low in fiber, which may
be somewhat indicative of food availability in the region.
Several reports are in agreement with these findings with
respect to vitamin A. Food insecure women in upstate
New York were much more likely to consume between
none and two servings of fruit and vegetables than their
secure counterparts (74.4% vs 54.6%) (1). Rose and Oliv-
eria (6), using data from the 1989-1991 Continuing Sur-
vey of Food Intakes by Individuals reported food insecure
women were 1.61 times more likely to have low intakes of
vitamin A. Dixon and colleagues (8) reported differences
in food and nutrient intakes for low-income men and
women, specifically that individuals from food insuffi-
cient households had biochemical evidence of poor vita-
min A intakes with significantly lower fasting blood levels
of vitamin A and serum carotenoids.

The findings reported here suggest that perturbations
of the nutrient and dietary patterns associated with food
insecurity could increase the risk of heart disease, diabe-
tes, and high blood pressure. A healthful nutrient pattern
(ie, low intake of cholesterol and saturated fats, and high
intake of minerals, micronutrients, and antioxidants) can
reduce the risk of developing diabetes, high cholesterol,
heart disease, and the metabolic syndrome. A healthful
food pattern comprised of diets rich in fruits and vegeta-
bles and dietary fiber has been demonstrated to reduce
the risk of developing diabetes by improving glucose con-
trol and tolerance, and also reduce the risk of developing
cardiovascular disease.

The strengths of this research include the study design
and methodology, which allowed the survey of rural and
impoverished areas of the Lower Mississippi Delta with
high survey response rates. Before this survey, both tele-
phone and nontelephone households in the region were
sampled and it was found that intakes reported ade-
quately described the population regardless of which
methodology (telephone or in-person) was used (20).

It is critically important to define and further describe
all areas of the United States that may be at risk for food
insecurity. It is also important to reiterate the limitations
associated with having a single 24-hour dietary recall. A
potential limitation in the comparisons of intakes re-



ported here to the Dietary Reference Intakes is that of
basing the analysis on one 24-hour recall. Carriquiry (39)
and other experts suggest that there is a definite need to
have a second recall on at least a subsample to perform
measurement error corrections and also to augment the
replicated recalls with a propensity questionnaire to im-
prove estimation of intake distributions by accounting for
infrequently consumed foods or supplements.

A perceived limitation might also be the fact that the
food security instrument assesses chronic food security
and when compared to a single 24-hour recall may be
somewhat flawed. This is probably of less concern be-
cause the population under study is considered impover-
ished with limited variation in dietary intakes. With this
population, the assumption is that chronic food insecurity
that would likely have been present at any time that the
interview would have been conducted. This particular
region has very high rates of poverty and food insecurity
(22). Assumptions cannot be made about individuals. The
assumptions about the population draw attention to the
problems that go along with food insecurity, food avail-
ability, and overall evidence of poverty. Nutrient needs
may be compromised as a result of food insecurity. In
addition, whereas these data were collected several years
ago, food consumption patterns and food access do not
appear to change rapidly in this population (21). Nutri-
tion investigators are now including indexes of diet qual-
ity, patterns, and variety in their research, such as the
HEI. These indexes are generally based on dietary rec-
ommendations designed to reduce the risk of chronic dis-
ease. However, the ability of the HEI to actually predict
disease, to correlate with biomarkers, or to differentiate
high risk groups is still under question. Therefore, stud-
ies investigating the predictive ability of HEI, regardless
of the date of the measure of HEI, are extremely useful in
particularly understudied high-risk adults in rural areas
with a high prevalence of food insecurity. Worthy of note
is that this population is currently being studied and
observed patterns of food consumption have not changed
and should the data be collected today, it is assumed that
essentially identical food intakes would be reported.

These findings point to much needed nutrition inter-
ventions in this population directed to improving overall
diet quality and concentrating on the need for education
efforts to achieve nutrient recommendations that result
in improved health and well-being. The Lower Missis-
sippi Delta Nutrition Intervention Research Initiative is
currently implementing community-based participatory
research in several communities in Louisiana, Arkansas,
and Mississippi and these findings will be instrumental
in supporting development of nutrition interventions to
improve diet quality and the justification for these re-
search efforts.

CONCLUSIONS

Future research in the Delta will be strengthened by
targeting the findings from this study. Certainly improve-
ments in diet and consequently nutrient intakes need to
be addressed by researchers. Food and nutrition profes-
sionals and other concerned clinicians will be able to
address with their own patients in rural areas some of the
issues presented in this study. It is conceivable that other
impoverished areas of the United States will face similar

concerns about diet and food security. Clinicians should
consider including instruments that help to define this
population; when food insecurity is a result, steps need to
be taken for appropriate referrals to food assistance pro-
grams.

This study was supported in part by the Lower Missis-
sippi Delta Nutrition Intervention Research Initiative,
which is a consortium of six academic institutions and the
US Department of Agriculture, Agricultural Research
Service (USDA/ARS Project No. 6251-53000-003-00D).
Members of the consortium have contributed to the de-
sign of this study and the development of this article.
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