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Abstract: Sixty percent of Americans have at least one chronic disease that is both diet-related and
preventable. Those living in rural areas often experience a greater burden of disease than those who
live near a city center. The purpose of this study is to determine the influence of rurality on fruit and
vegetable (FV) consumption and BMI. Additionally, the study compares national results to those
in Mississippi, a state with an aging population, and high rates of poverty, rurality, poor diet, and
obesity. Data utilized were from the 2017 Behavioral Risk Factor Surveillance System. One-way
analyses of covariance were performed to determine impact of rurality on nutritional intake and BMI,
while controlling for age, income, education, race, and the presence of children in the home. At the
national level, rurality had a significant impact on BMI, and the daily intake of fruit juice, fruits, dark
green vegetables, French fries, potatoes, other vegetables, and total daily vegetable intake. BMI and
nutritional intake of those living in Mississippi was significantly poorer than those living in other
states. More research is needed to determine how to best facilitate access to healthy FVs for those
living in rural communities.

Keywords: nutrition; rurality; fruit and vegetable consumption

1. Introduction

A chronic condition is defined as “any physical or mental health condition that lasts
more than one year and causes functional restrictions or requires ongoing monitoring or
treatment” [1–3]. In the United States, chronic diseases are among the most common health
conditions and are among the most costly to treat and manage [4]. Approximately sixty
percent of all Americans have one or more chronic diseases that are considered to be both
diet-related and preventable [5,6]. Diet-related chronic diseases include, but are not limited
to, obesity, diabetes, cardiovascular disease, cancer, osteoporosis and bone fractures, and
dental disease [7].

In a prospective cohort study which analyzed data from the first National Health and
Nutrition Examination Survey Epidemiologic Follow-up Study [8,9], findings show that
after adjustment for covariates such as age, race, sex, history of diabetes, physical activity,
education level, regular alcohol consumption, current smoking, vitamin supplement use,
and total energy intake, intake of fruit and vegetables at least three times per day was
associated with a 15% lower mortality from all causes (0.85; 0.72, 1.00; P for trend = 0.02), a
24% lower mortality from ischemic heart disease (0.76; 0.56, 1.03; P for trend = 0.07), a 27%
lower mortality from cardiovascular disease (0.73; 0.58, 0.92; P for trend = 0.008), a 42%
lower mortality from stroke (0.58; 0.33, 1.02; P for trend = 0.05), and 27% lower incidence of
stroke (RR: 0.73; 95% CI: 0.57, 0.95; P for trend = 0.01), when compared with intake of fruit
and vegetables less than one time per day. In a second prospective cohort study which
examined the relationship between the quantity of fruit and vegetables consumed and
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incident cardiovascular disease among women participating in the Nurses’ Health Study
and men participating in the Health Professionals Follow-Up Study, findings show that
participants in the highest quintile for fruit and vegetable consumption had a 17% lower
risk (95% CI: 9%, 24%) of Coronary Heart Disease [9,10].

To improve outcomes associated with diet-related chronic diseases, the 2015–2020
Dietary Guidelines for Americans developed five broad guidelines. They recommend “a
healthy eating pattern across the lifespan; a diet that focuses on variety, nutrient density,
and amount; limiting calories from added sugars and saturated fats and reducing sodium
intake; shifting to healthier food and beverage choices; and supporting healthy eating
patterns for all.” More specifically, a healthy eating pattern consists of a diet rich in whole
fruits and a wide variety of vegetables from all subgroups [6]. Factors associated with
disparities in fruit and vegetable consumption have been widely reported. Differences
exist with regard to demographics such as age [11–13], race and ethnicity [14–18], and
socioeconomic factors [19–21].

Mississippi consistently has the most inferior health outcomes of any state in the
US. More specifically, Mississippi residents experience one of the highest burdens of diet-
related chronic disease in the nation. Mississippi continually has the highest cardiovascular
death rate of any other state in the country, with 363.2 per 100,000 deaths attributed to
cardiovascular disease annually [9]. They also have the highest prevalence of adult obesity
in the nation (39.5%). According to the Mississippi Obesity Action plan [22], approximately
37% of the Mississippi adult population age 20 and older have a body mass index (BMI)
greater than or equal to 30 kg/m2. Mississippi has the third-highest prevalence of Type 2
Diabetes Mellitus in the US (14.3%). Hip fracture among those age 65 and older is a marker
for osteoporosis, whereas the national average of hospitalizations for hip fracture among
Medicare enrollees ages 65 and older is 5.9 per 1000 population, Mississippi ranks 45th in
the nation with a rate of 7.3 per 1000 population [9].

The average vegetable consumption in the US ranges from 1.8 to 3.1 vegetables per
day, with Mississippians consuming on average 1.8 vegetables per day [9]. The Centers for
Disease Control and Prevention report that only 8.7% of Mississippi adults meet the daily
fruit intake recommendations, and only 6.2% of Mississippi adults meet the daily vegetable
intake recommendations outlined in the 2015–2020 Dietary Guidelines for America [6,23].

Approximately 70 million people (23%) live in geographical locations that are classi-
fied as rural areas [24]. Rurality can further impact diet-related chronic disease outcomes.
Rurality has been associated with a greater risk of all-cause mortality and higher rates of
diet-related chronic disease [25]. Mortality rates for diet-related causes of death (cardio-
vascular disease, cancer, and stroke) have been higher in non-metropolitan areas than in
metropolitan areas throughout the last decade [26]. The prevalence of obesity is also dis-
proportionately higher in rural areas [27,28]. Lastly, living in a rural location is associated
with poor dietary habits such as consuming too few fruits and vegetables [29].

Poverty and age must also be considered as factors impacting fruit and vegetable
consumption. Having fewer resources to purchase fruits and vegetables reduces consump-
tion. Data from the 2015 BRFSS [23] indicated that 7.0% of adults living in poverty met
the recommended daily allowance for vegetable intake, compared to 11.4% of adults in
the highest household income category. Though not as disparate, 11.9% of adults living in
poverty met the recommended daily allowance for fruit intake, compared to 13.0% of adults
in the highest household income category. In the 2015 State of the Plate Report [30], data
show that, since 2009, there have been double-digit losses in fruit (−11%) and vegetable
(−12%) consumption among middle-aged and older individuals.

1.1. Current Study

The purpose of the current study was to determine the influence of rurality on fruit
and vegetable consumption and BMI within a nationwide sample when controlling for age,
income level, education, race, and presence of children in the home. A second aim of the
current study was to compare national results with those specific to participants living in
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Mississippi, a state known for its aging population [24], poverty [31], high percentage of
rurality [24], poor diet [9], and prevalence of obesity (BMI ≥ 30) [9] among its populace.

1.2. Hypotheses

It was hypothesized that, on a national level, rurality would be negatively associated
with recommended nutritional intake after controlling for age, income level, education,
race, and presence of children, such that the further participants are located from a city
center within an MSA, the less likely they would be to report consumption of recommended
nutrition levels. Specifically, people further from an MSA are hypothesized to consume
less fruit juice per day (H1), fewer dark green vegetables per day (H2), fewer servings of
other types of vegetables (H3), less total fruits per day (H4), and less total vegetables per
day (H5).

It was similarly hypothesized that on a national level, rurality would be positively
associated with poor nutritional intake after controlling for age, income level, education,
race, and presence of children, such that the further participants are located from a city
center within an MSA, the more likely they would be to report consuming food that is
recommended to only eat in sparse quantities. Specifically, people further from an MSA are
hypothesized to eat more french fries per day (H6) and to eat more potatoes per day (H7).

It was hypothesized that nationwide, rurality would be positively associated with
computed BMI after controlling for age, income level, education, race, and presence of
children, such that the further participants are located from a city center within an MSA,
the higher their computed BMI would be (H8).

Next, these same hypotheses were tested within a sample of those living in Mississippi,
with the same expected directionality as in the nationwide sample (H9–H16). Lastly, it was
hypothesized that the nutritional intake and BMI of those living in Mississippi would be
significantly poorer than those living in the rest of the United States. Specifically, residents
of Mississippi were hypothesized to report significantly lower levels of fruit juice intake
(H17), dark green vegetable intake (H18), other vegetable intake (H19), total fruit intake
(H20), and total vegetable intake (H21) than those living in other states, after controlling
for age, income, race, education, and the presence of children in the home. They were
hypothesized to have significantly higher levels of french fry intake (H22) and potato intake
(H23), as well as significantly higher computed BMIs (H24) than those living in other states
after controlling for age, income, race, education, and the presence of children in the home.

2. Materials and Methods

The study utilized data collected from the 2017 Behavioral Risk Factor Surveillance
System (BRFSS) [32]. The BRFSS is a CDC-sponsored yearly survey of the health-related
risks, behaviors, health conditions, and preventative behaviors of a nationally represen-
tative sample consisting of more than 400,000 community-dwelling participants. It is a
cross-sectional telephone survey conducted by state departments of health over “landline
and cellular telephones with a standardized questionnaire and methodological assistance
from the CDC.” The CDC aggregates data for each state. When conducting the landline
telephone survey, data are collected from a randomly selected adult in a household. When
conducting the survey via cellular phone, surveyors collect data from an adult who answers
the phone after verifying that they reside in a private residence or in college housing. To be
eligible for participation, respondents must be 18 years of age or older [33].

Each year the states participating in the BRFSS agree on the content of the ques-
tionnaire. New questions are subject to cognitive testing and field testing prior to being
included. The questionnaire has three parts:

Core Component: a standard set of questions that all states use that collects data
regarding current health-related perceptions, conditions, and behaviors, and demographic
information.

Optional BRFSS Modules: sets of questions on specific topics that states can elect to
use on their questionnaires.
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State-added questions: questions developed by individual states. These questions are
not edited or evaluated by the CDC.

Variables of interest included age, income level, education level, race, number of
children in the home, rurality, multiple variables representing nutritional intake, and
BMI. The exact age of participants was not reported within the BRFSS. Instead, there are
13 response categories, ranging from 18–24 to 80 or older. Income levels were also reported
categorically, using a 5-point response scale wherein 1 = less than USD 15,000 per year and
5 = USD 50,000 or more. Height and weight were reported by the respondent. Rurality
was coded upon a 4-point response scale, with the options “in the center city of an MSA
(metropolitan statistical area),” “outside the center city of an MSA but inside the county
containing the center city,” “inside a suburban county of the MSA,” and “not in an MSA.”
Individuals’ nutritional intake was assessed via the questions in Table 1.

Table 1. BRFSS Nutritional Intake Questions.

“Not including juices: how often did you eat fruit?”

“Not including fruit-flavored drinks or fruit juices with added sugar, how often did you drink
100% fruit juice such as apple or orange juice?”
“How often did you eat a green leafy or lettuce salad, with or without other vegetables?”
“How often did you eat any kind of fried potatoes, including french fries, home fries,
or hash browns?”
“How often did you eat any other kind of potatoes, or sweet potatoes, such as baked, boiled,
mashed potatoes, or potato salad?”
“Not including lettuce salads and potatoes, how often did you eat other vegetables?”

Participants’ response frequencies to these questions were coded in the data by the
original BRFSS team as the number of daily fruit or vegetable types consumed per day,
with two implied decimals (that is, a value of 124 represents an average 1.24 of this type
consumed per day). BMI was calculated by the original BRFSS research team using the
following standardized formula, and is reported with an implied two decimals:

[Weight (lbs)/[Height (inches)2 × Height (inches)]] × 7032 (1)

Statistical Analysis Plan

Participant demographic variables were analyzed for frequency and percent per
category. One-way analyses of covariance were performed using SPSS version 26 for
Mac [34] to determine statistically significant differences on the dependent variables of
nutritional intake and BMI, with the independent variable of rurality, and controlling for
age, income, race, education, and presence of children in the home. Although all of our
primary analyses tested hypotheses that were theory-guided or based on previous findings
in the literature, which reduces the risk of spurious findings, the large number (24) of
hypotheses could lead to a higher percentage of Type 1 errors. To help control for this,
Bonferroni corrections using SPSS that multiply the p value by the number of post hoc
comparisons were utilized for all pairwise comparison analyses to control for possible Type
1 errors due to multiple comparisons [35]. Additionally, a Benjamini–Hochberg procedure
using the recommended false discovery rate of 25% was utilized in all main analyses to
help guard against both Type 1 and Type 2 errors [36].

3. Results

Participants were 450,016 individuals ranging in age from 18 to over 80 years old.
More than half of the sample (55.8%) were female, and the majority of respondents (51.4%)
reported an annual income of less than USD 50,000. Participant demographic characteristics
are reported in Table 2.
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Table 2. Participant Demographics.

Variable Mississippi USA 1

n % n %

Race and Ethnicity
White, Non-Hispanic 3239 65.3% 333,927 76.5%
Black, Non-Hispanic 1494 30.1% 34,271 7.9%

Hispanic 50 1.0% 37,028 8.5%
Other Race, Non-Hispanic 92 1.9% 21,984 5.0%
Multiracial, Non-Hispanic 88 1.8% 9088 2.1%

Sex
Male 2033 40.1% 196,692 44.2%

Female 3041 59.9% 247,966 55.7%
Age Category

18–24 217 4.3% 26,016 5.9%

25–29 202 4.0% 22,186 5.1%

30–34 239 4.8% 24,560 5.6%

35–39 250 5.0% 26,047 5.9%

40–44 268 5.3% 25,032 5.7%

45–49 311 6.2% 29,823 6.8%

50–54 425 8.5% 36,724 8.4%

55–59 526 10.5% 44,598 10.2%

60–64 603 12.0% 49,371 11.2%

65–69 651 13.0% 49,369 11.2%

70–74 529 10.6% 40,870 9.3%

75–79 385 7.7% 28,884 6.6%

80+ 404 8.1% 35,425 8.1%

Income Category

Less than USD 15,000 722 16.3% 36,958 10.0%
USD 15,000–USD 24,999 920 20.8% 61,037 16.5%
USD 25,000–USD 34,999 512 11.6% 39,239 10.6%
USD 35,000–USD 49,999 612 13.8% 52,536 14.2%

USD 50,000 or More 1656 37.4% 180,739 48.8%

Education Level Obtained

No High School Degree 547 10.8% 32,140 7.2%

Graduated High School 1473 29.0% 121,104 27.2%

Attended College or Technical School 1425 28.1% 123,230 27.7%

Graduated College or Technical School 1611 31.7% 166,779 37.5%

Rurality Level

In the Center City of an MSA 284 11.3% 59,043 31.2%

Outside the Center City of an MSA but inside
the County Containing the Center City 174 6.9% 34,526 18.2%

Inside a Suburban County of the MSA 324 12.9% 34,921 18.5%

Not in an MSA 1731 68.9% 60,753 32.1%
1 USA includes data from participants who reported living in the United States of America in states exclud-
ing Mississippi.

First, there was a significant effect of rurality level on overall fruit and vegetable intake
after controlling for age, income, race, education, and the presence of children in the home,
such that those from more urban areas tended to consume fruits and vegetables more
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frequently F(3, 25202) = 3.29, p < 0.05, ηp
2 = 0.000. The first hypothesis, that rurality would

have a significant impact on the daily intake of fruit juice on a national level such that those
living further from an MSA would drink less, was supported. There was a significant effect
of rurality level on daily fruit juice intake after controlling for age, income, race, education,
and the presence of children in the home, F(3, 26019) = 7.834, p < 0.001, ηp

2 = 0.001. Post
hoc Bonferroni pairwise comparison means with error bars representing a 95% confidence
interval are presented in Figure 1.
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The second hypothesis, that rurality would have a significant impact on the daily
intake of dark green vegetables on a national level such that those living further from an
MSA would consume less per day, was supported. There was a significant effect of rurality
level on daily dark green vegetable intake after controlling for age, income, race, education,
and the presence of children in the home, F(3, 26023) = 7.463, p < 0.001, ηp

2 = 0.001. Post
hoc Bonferroni pairwise comparison means with error bars representing a 95% confidence
interval are presented in Figure 2.
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The third hypothesis, that rurality would have a significant impact on the daily intake
of other vegetables on a national level such that those living further from an MSA would
consume less per day, was supported. There was a significant effect of rurality level on
the intake of other vegetables after controlling for age, income, race, education, and the
presence of children in the home.

The fourth hypothesis, that rurality would have a significant impact on total daily fruit
intake on a national level such that those living further from an MSA would consume less
fruit per day, was supported. There was a significant effect of rurality level on total daily
fruit intake after controlling for age, income, race, education, and the presence of children
in the home, F(3, 25766) = 8.819, p < 0.001, ηp

2 = 0.001. Post hoc Bonferroni pairwise
comparison means with error bars representing a 95% confidence interval are presented
in Figure 3.
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The fifth hypothesis, that rurality would have a significant impact on total daily
vegetable intake on a national level such that those living further from an MSA would
consume less vegetables per day, was not supported. There was no significant effect of
rurality level on the overall daily intake of vegetables after controlling for age, income,
race, education, and the presence of children in the home.

The sixth hypothesis, that rurality would have a significant impact on daily consump-
tion of french fries on a national level such that those living further from an MSA would
consume more french fries per day, was supported. There was a significant effect of rurality
level on daily french fry intake after controlling for age, income, race, education, and the
presence of children in the home, F(3, 25968) = 6.322, p < 0.001, ηp

2 = 0.001. Post hoc
Bonferroni pairwise comparison means with error bars representing a 95% confidence
interval are presented in Figure 4.

The seventh hypothesis, that rurality would have a significant impact on daily con-
sumption of potatoes on a national level such that those living further from an MSA would
consume more potatoes per day, was supported. There was a significant effect of rurality
level on daily potato intake after controlling for age, income, race, education, and the
presence of children in the home, F(3, 25879) = 21.471, p < 0.001, ηp

2 = 0.002. Post hoc
Bonferroni pairwise comparison means with error bars representing a 95% confidence
interval are presented in Figure 5.
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The eighth hypothesis, that rurality would have a significant impact on computed
Body Mass Index on a national level such that those living further from an MSA would have
a higher BMI, was supported. There was a significant effect of rurality level on computed
BMI after controlling for age, income, race, education, and the presence of children in the
home, F(3, 25800) = 6.258, p < 0.001, ηp

2 = 0.001. Post hoc Bonferroni pairwise comparison
means with error bars representing a 95% confidence interval are presented in Figure 6.

Hypotheses 9–16, that the areas of nutrition and BMI hypothesized above would be
replicated in a Mississippi sample after controlling for age, income, race, education, and the
presence of children in the home, such that those living further from an MSA would have
worse nutrition and a higher BMI than those living closer to an MSA were not supported.

Hypotheses 17–24, that after controlling for age, income, race, education, and the
presence of children in the home, the nutritional intake and BMI of those living in Mis-
sissippi would be significantly poorer than those living in the rest of the United States,
was supported in all but one area. The only variable in which residents of Mississippi
did not significantly differ from those living in other U.S. states after controlling for age,
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income, race, education, and the presence of children in the home was in their daily potato
consumption. Results of the one-way analyses of covariance are reported in Table 3.
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Table 3. Descriptive Statistics and One-Way ANCOVA Results Comparing Mississippi to the Rest of
the Nation, Adjusting for Age, Income, Race, Education, and Presence of Children in the Home.

Variable Mississippi Rest of U.S.A.

Mean SD Mean SD F

Fruit Juice 91.28 90.914 120.93 155.204 31.591 ***
Dark Green Veg. 48.13 52.880 62.13 140.183 7.800 **

Other Veg. 93.08 86.370 105.60 198.755 4.133 *
Total Fruits 131.64 127.701 153.57 185.561 11.830 **

Total Vegetables 192.54 125.856 214.72 294.559 5.472 *
French Fries 29.14 44.018 24.04 54.201 7.755 **

Potatoes 22.78 23.755 23.69 46.029 1.481
Computed BMI 2994.14 793.262 2855.79 694.148 34.963 ***

Note. All analyses controlled for age, income, race, education, and the presence of children in the home. Degrees
of freedom for all ANCOVA numerators were 1 and denominators ranged between 93,051 and 95,395, depending
on missing data. *** p < 0.001. ** p < 0.01. * p < 0.05.

4. Discussion

The current study analyzed several indicators of fruit and vegetable consumption
at the national level and the state level within Mississippi. Specifically, the study found
that at the national level, rurality had a significant impact on several variables, finding
the following: those living further from an MSA drank fewer fruit juices, consumed less
dark green vegetables, consumed less fruits and vegetables per day, consumed more french
fries daily, consumed more potatoes per day, and had a significantly higher BMI. None
of these findings were replicated in the Mississippi data. Furthermore, when comparing
Mississippi to the rest of the United States, the state showed a significantly poorer rate of
overall vegetable and fruit consumption, less french fry consumption, and higher rates of
BMI. Overall, this study provided an updated snapshot of Mississippi’s fruit and vegetable
consumption habits and BMI in comparison to the nation as a whole.

Nationally, the results demonstrate that rurality is connected with lower rates of
vegetable and fruit consumption. This is likely related to a variety of factors. For instance,
recent research has demonstrated that individuals in more rural environments tend to shop
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at small grocery stores and supercenters compared to individuals in urban and semiurban
locations [37]. This is important information for potential outreach programs, as ease of
access to fruits and vegetables in rural areas may be more difficult than in highly populated
areas for various reasons and, therefore, the outreach programs may need to adapt in order
to be more effective. For instance, a recent pilot study [38] was able to increase fruit and
vegetable intake by combining an online fruit and vegetable market with online family
cooking class in upstate New York—a highly rural area.

Notably, the findings of the current study did not replicate when assessed within
the state of Mississippi, a state plagued by some of the poorest health outcomes [9,22].
Future research would benefit from investigating these differences in fruit and vegetable
consumption and rurality within specific states of interest. Furthermore, given the potential
differences across the states, it is imperative that any kind of health outreach program
designed to increase fruit and vegetable intake take into consideration potential obstacles
that may be unique to that specific population or area.

Strengths of the study include the use of data collected from a large and recent
nationally representative sample of adults. This provides a strong sample from which the
results can be generalized to the US population. Furthermore, with such a large sample,
we were able to make comparisons between Mississippi and the US broadly, providing a
unique comparison that has not previously been done. The main limitation of the current
study is the use of self-reported data, as individuals may under or over report their intake
of specific foods, and their height and weight due to recall bias or to social desirability of
responses. A second limitation of the current study is that, with the BRFSS data set, MSA is
used as the measurement for rurality, which is not an exact measure of rurality but is often
stable over time and is familiar to law and policymakers. Third, the BRFSS only measures
the frequency of consumption, and not the amount of the items consumed. Further research
is needed to investigate specific amounts of fruit and vegetable consumption as well as
the alignment with recommended daily allotments. Fourth, while having such a large
and representative survey enables generalization, it does hinder our ability to take a
more in-depth look into the variables of interest within the study or to truly control any
variables experimentally. A smaller, more controlled study would provide this opportunity.
Finally, while BMI was investigated in the current study in addition to fruit and vegetable
consumption, it is noteworthy that many other factors contribute to BMI (e.g., calorie
intake, physical activity) that were not included within the current study.

There may be several reasons that explain why data from Mississippi respondents
did not show the same results as those found at the national level. The state may be
more homogenous with regard to nutrition intake and BMI based across all geographic
designations. This theory was supported by the state-level analyses in the current study
that indicated that individuals living throughout Mississippi demonstrated significantly
poorer nutritional intake patterns and higher prevalence of obesity than those living in the
rest of the United States. This is in line with previous research showing that Mississippi has
one of the highest rates of obesity within the US [9]. Second, Mississippi has a significantly
larger percentage of rural areas than most other states.

Future studies should investigate potential pathways that may increase fruit and
vegetable intake in all areas of Mississippi, and nationally, within rural areas. Beyond that,
research should expand to include examining other behavioral indicators of long-term
health (e.g., physical activity). Furthermore, studying interconnections between other
variables that may relate to fruit and vegetable intake and rurality are important for future
studies. For instance, a recent study [39] has demonstrated a variety of barriers to fruit and
vegetable consumption including lack of time, perceived unachievable guidelines, variety
of other available foods, high cost, and limited availability of fresh fruits and vegetables.
Future studies would benefit from investigating how these various factors may interplay to
lead to the decreased consumption of fruits and vegetables and the increased consumption
of unhealthy foods such as french fries in more rural areas. Lastly, future studies should
include other factors associated with BMI, such as calorie intake and physical activity levels.
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5. Conclusions

In conclusion, the current study is the first to use nutritional data from the BRFSS
to investigate and compare national versus state-level nutritional intake of individuals
in Mississippi, demonstrating a potential disconnect at these two levels of scale, thus
highlighting the importance of state and local level analyses. Additionally, the findings
highlight the need for targeted intervention techniques that can be developed and imple-
mented on a local level to improve the health of those living in rural areas. Given the
current findings, it is imperative that Mississippi recognizes the dire need for outreach and
education to improve nutrition and obesity rates among its residents to improve long term
health outcomes associated with preventable diet-related chronic diseases.

Author Contributions: Conceptualization, D.F., D.N. and H.D.; methodology, D.N.; software, D.N.;
validation, D.N.; formal analysis, D.N.; investigation, D.F., D.N. and H.D.; resources, D.F., D.N. and
H.D.; data curation, D.N.; writing—original draft preparation, D.F., D.N. and H.D.; writing—review
and editing, D.F., D.N. and H.D.; visualization, D.F., D.N. and H.D.; supervision, D.F., D.N. and H.D.;
project administration, D.F., D.N. and H.D.; funding acquisition, N/A. All authors have read and
agreed to the published version of the manuscript.

Funding: Research reported in this publication was supported by the National Institute of General
Medical Sciences of the National Institutes of Health under Award Number 1U54GM115428. The
content is solely the responsibility of the authors and does not necessarily represent the official views
of the National Institutes of Health. The APC was funded by William Carey University College of
Osteopathic Medicine and The University of Mississippi Department of Psychology.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data analyzed for this research are publicly available and can be ac-
cessed via the following link: https://www.cdc.gov/brfss/annual_data/annual_2017.html (accessed
on 15 December 2020).

Acknowledgments: The authors would like to thank the Mississippi Center for Clinical and Transla-
tional Research’s (MCCTR’s) Community Engagement and Outreach (CEO) Core Working Group
(formally the Community Engaged Research (CenR) Core) for their support and encouragement
throughout the writing process.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. Basu, J.; Avila, R.; Ricciardi, R. Hospital Readmission Rates in U.S. States: Are Readmissions Higher Where More Patients with

Multiple Chronic Conditions Cluster? Health Serv. Res. 2016, 51, 1135–1151. [CrossRef]
2. Buttorff, C.; Ruder, T.; Bauman, M. Multiple Chronic Conditions in the United States 2017. Available online: https://www.rand.

org/content/dam/rand/pubs/tools/TL200/TL221/RAND_TL221.pdf (accessed on 18 December 2020).
3. Raghupathi, W.; Raghupathi, V. An Empirical Study of Chronic Diseases in the United States: A Visual Analytics Approach to

Public Health. Int. J. Environ. Res. Public Health 2018, 15, 431. [CrossRef]
4. Milken Institute. The Costs of Chronic Disease in the U.S.; Milken Institute: Santa Monica, CA, USA, 2018.
5. CDC’s National Center for Chronic Disease Prevention and Health Promotion (NCCDPHP) Chronic Disease in America 2019. Avail-

able online: https://www.cdc.gov/chronicdisease/resources/infographic/chronic-diseases.htm (accessed on 15 December 2020).
6. U.S. Department of Health and Human Services; U.S. Department of Agriculture. 2015–2020 Dietary Guidelines for Americans, 8th

ed.; U.S. Department of Health and Human Services: Washington, DC, USA; U.S. Department of Agriculture: Washington, DC,
USA, 2015; p. 144.

7. World Health Organization. Diet, Nutrition and the Prevention of Chronic Diseases: Report of the Joint WHO/FAO Expert Consultation;
WHO Technical Report Series; World Health Organization: Geneva, Switzerland, 2003.

8. Bazzano, L.A.; He, J.; Ogden, L.G.; Loria, C.M.; Vupputuri, S.; Myers, L.; Whelton, P.K. Fruit and Vegetable Intake and Risk of
Cardiovascular Disease in US Adults: The First National Health and Nutrition Examination Survey Epidemiologic Follow-Up
Study. Am. J. Clin. Nutr. 2002, 76, 93–99. [CrossRef]

9. United Health Foundation America’s Health Rankings. Available online: Americashealthrankings.org (accessed on 12 January 2021).

https://www.cdc.gov/brfss/annual_data/annual_2017.html
http://doi.org/10.1111/1475-6773.12401
https://www.rand.org/content/dam/rand/pubs/tools/TL200/TL221/RAND_TL221.pdf
https://www.rand.org/content/dam/rand/pubs/tools/TL200/TL221/RAND_TL221.pdf
http://doi.org/10.3390/ijerph15030431
https://www.cdc.gov/chronicdisease/resources/infographic/chronic-diseases.htm
http://doi.org/10.1093/ajcn/76.1.93
Americashealthrankings.org


Int. J. Environ. Res. Public Health 2021, 18, 5021 12 of 13

10. Bhupathiraju, S.N.; Wedick, N.M.; Pan, A.; Manson, J.E.; Rexrode, K.M.; Willett, W.C.; Rimm, E.B.; Hu, F.B. Quantity and Variety
in Fruit and Vegetable Intake and Risk of Coronary Heart Disease. Am. J. Clin. Nutr. 2013, 98, 1514–1523. [CrossRef]

11. Kim, S.A.; Moore, L.V.; Galuska, D.; Wright, A.; Harris, D.; Grummer-Strawn, L.M.; Merlo, C.; Nihiser, A.J.; Rhodes, D.G. Vital
Signs: Fruit and Vegetable Intake Among Children—United States, 2003–2010. Morb. Mortal. Wkly. Rep. 2014, 63, 671–676.

12. Łuszczki, E.; Sobek, G.; Bartosiewicz, A.; Baran, J.; Weres, A.; Dereń, K.; Mazur, A. Analysis of Fruit and Vegetable Consumption
by Children in School Canteens Depending on Selected Sociodemographic Factors. Medicina 2019, 55, 397. [CrossRef] [PubMed]

13. Savoca, M.R.; Arcury, T.A.; Leng, X.; Bell, R.A.; Chen, H.; Anderson, A.; Kohrman, T.; Quandt, S.A. The Diet Quality of Rural
Older Adults in the South as Measured by HEI-2005 Varies by Ethnicity. J. Am. Diet. Assoc. 2009, 109, 2063. [CrossRef]

14. Devine, C.M.; Wolfe, W.S.; Frongillo, E.A.; Bisogni, C.A. Life-Course Events and Experiences: Association with Fruit and Vegetable
Consumption in 3 Ethnic Groups. J. Am. Diet. Assoc. 1999, 99, 309–314. [CrossRef]

15. Di Noia, J.; Monica, D.; Cullen, K.W.; Pérez-Escamilla, R.; Gray, H.L.; Sikorskii, A. Differences in Fruit and Vegetable Intake by
Race/Ethnicity and by Hispanic Origin and Nativity Among Women in the Special Supplemental Nutrition Program for Women,
Infants, and Children, 2015. Prev. Chronic Dis. 2016, 13, E115. [CrossRef]

16. Dubowitz, T.; Heron, M.; Bird, C.E.; Lurie, N.; Finch, B.K.; Basurto-Dávila, R.; Hale, L.; Escarce, J.J. Neighborhood Socioeconomic
Status and Fruit and Vegetable Intake among Whites, Blacks, and Mexican Americans in the United States. Am. J. Clin. Nutr.
2008, 87, 1883–1891. [CrossRef]

17. Kwon, S.C.; Wyatt, L.C.; Kranick, J.A.; Islam, N.S.; Devia, C.; Horowitz, C.; Trinh-Shevrin, C. Physical Activity, Fruit and Vegetable
Intake, and Health-Related Quality of Life among Older Chinese, Hispanics, and Blacks in New York City. Am. J. Public Health
2015, 105 (Suppl. 3), S544–S552. [CrossRef] [PubMed]

18. Yeh, M.-C.; Ickes, S.B.; Lowenstein, L.M.; Shuval, K.; Ammerman, A.S.; Farris, R.; Katz, D.L. Understanding Barriers and
Facilitators of Fruit and Vegetable Consumption among a Diverse Multi-Ethnic Population in the USA. Health Promot. Int. 2008,
23, 42–51. [CrossRef]

19. Aggarwal, A.; Monsivais, P.; Cook, A.J.; Drewnowski, A. Does Diet Cost Mediate the Relation between Socioeconomic Position
and Diet Quality? Eur. J. Clin. Nutr. 2011, 65, 1059–1066. [CrossRef] [PubMed]

20. Dong, D.; Lin, B.-H. Fruit and Vegetable Consumption by Low-Income Americans: Would a Price Reduction Make a Difference?
Available online: https://ageconsearch.umn.edu/record/55835 (accessed on 15 May 2020).

21. Wilcox, S.; Sharpe, P.A.; Liese, A.D.; Dunn, C.; Hutto, B. Socioeconomic Factors Associated with Diet Quality and Meeting
Dietary Guidelines in Disadvantaged Neighborhoods in the Southeast United States. Ethn. Health 2018, 25, 1115–1131. [CrossRef]
[PubMed]

22. Grant, T.; Lott, L.; Miller, J.; Roberts, J.; Sutton, V.; Zhang, L. Mississippi Obesity Action Plan; Office of Preventive Health and the
Office of Health Data & Research, Mississippi State Department of Health: Jackson, MS, USA, 2018.

23. Lee-Kwan, S.H. Disparities in State-Specific Adult Fruit and Vegetable Consumption—United States, 2015. MMWR Morb. Mortal.
Wkly. Rep. 2017, 66. [CrossRef] [PubMed]

24. U.S. Census Bureau American FactFinder. American Community Survey. 2008 American Community Survey 1-Year Estimates
[Internet]. B01003. Available online: http://factfinder.census.gov (accessed on 17 August 2020).

25. Meit, M.; Knudson, A.; Gilbert, T.; Yu, A.; Tanenbauem, E.; Ormson, E.; TenBroeck, S.; Bayne, A.; Popat, S. The 2014 Update of the
Rural-Urban. Chartbook; NOTC Walsh Center for Rural Health Analysis: Chicago, IL, USA, 2014; p. 153.

26. Garcia, M.C. Reducing Potentially Excess Deaths from the Five Leading Causes of Death in the Rural United States.
MMWR Surveill. Summ. 2017, 66. [CrossRef] [PubMed]

27. Lee, M. Obesity among U.S. Rural Adults: Assessing Selection and Causation with Prospective Cohort Data. Health Place
2019, 102260. [CrossRef]

28. Wen, M.; Fan, J.X.; Kowaleski-Jones, L.; Wan, N. Rural–Urban Disparities in Obesity Prevalence among Working Age Adults in
the United States: Exploring the Mechanisms. Am. J. Health Promot. 2018, 32, 400–408. [CrossRef]

29. Lutfiyya, M.N.; Chang, L.F.; Lipsky, M.S. A Cross-Sectional Study of US Rural Adults’ Consumption of Fruits and Vegetables: Do
They Consume at Least Five Servings Daily? BMC Public Health 2012, 12, 280. [CrossRef] [PubMed]

30. Produce for Better Heatlh Foundation. State of the Plate: 2015 Study on America’s Consumption of Fruit and Vegetables; Produce for
Better Heatlh Foundation: Brentwood, MO, USA, 2015.

31. University of Wisconsin Population Health Institute County Health Rankings & Roadmaps. Available online: www.
countyhealthrankings.org (accessed on 15 January 2021).

32. Centers for Disease Control and Prevention, United States Department of Health and Human Services. Behavioral Risk Factor
Surveillance System (BRFSS); Inter-University Consortium for Political and Social Research [Distributor]: Ann Arbor, MI, USA, 2003.

33. Centers for Disease Control and Prevemtion Behavioral Risk Factor Surveillance System: Overview: BRFSS 2017. 2018. Available
online: https://www.cdc.gov/brfss/annual_data/2017/pdf/overview-2017-508.pdf (accessed on 12 December 2020).

34. IBM Corp. IBM SPSS Statistics for Windows, Version 26.0.: IBM Corp; Released 2019; IBM Corp.: Armonk, NY, USA, 2019.
35. Jafari, M.; Ansari-Pour, N. Why, When and How to Adjust Your P Values? Cell J. 2019, 20, 604–607. [CrossRef]
36. Zwillinger, D. (Ed.) CRC Standard Mathematical Tables and Formulae, 31st ed.; Chapman and Hall/CRC: Boca Raton, FL, USA, 2002;

ISBN 978-1-58488-291-6.
37. Kegler, M.C.; Prakash, R.; Hermstad, A.; Anderson, K.; Haardörfer, R.; Raskind, I.G. Food Acquisition Practices, Body Mass Index,

and Dietary Outcomes by Level of Rurality. J. Rural Health 2020. [CrossRef]

http://doi.org/10.3945/ajcn.113.066381
http://doi.org/10.3390/medicina55070397
http://www.ncbi.nlm.nih.gov/pubmed/31336674
http://doi.org/10.1016/j.jada.2009.09.005
http://doi.org/10.1016/S0002-8223(99)00080-2
http://doi.org/10.5888/pcd13.160130
http://doi.org/10.1093/ajcn/87.6.1883
http://doi.org/10.2105/AJPH.2015.302653
http://www.ncbi.nlm.nih.gov/pubmed/25905844
http://doi.org/10.1093/heapro/dam044
http://doi.org/10.1038/ejcn.2011.72
http://www.ncbi.nlm.nih.gov/pubmed/21559042
https://ageconsearch.umn.edu/record/55835
http://doi.org/10.1080/13557858.2018.1493434
http://www.ncbi.nlm.nih.gov/pubmed/29966432
http://doi.org/10.15585/mmwr.mm6645a1
http://www.ncbi.nlm.nih.gov/pubmed/29145355
http://factfinder.census.gov
http://doi.org/10.15585/mmwr.ss6602a1
http://www.ncbi.nlm.nih.gov/pubmed/28081057
http://doi.org/10.1016/j.healthplace.2019.102260
http://doi.org/10.1177/0890117116689488
http://doi.org/10.1186/1471-2458-12-280
http://www.ncbi.nlm.nih.gov/pubmed/22490063
www.countyhealthrankings.org
www.countyhealthrankings.org
https://www.cdc.gov/brfss/annual_data/2017/pdf/overview-2017-508.pdf
http://doi.org/10.22074/cellj.2019.5992
http://doi.org/10.1111/jrh.12536


Int. J. Environ. Res. Public Health 2021, 18, 5021 13 of 13

38. Burrington, C.M.; Hohensee, T.E.; Tallman, N.; Gadomski, A.M. A Pilot Study of an Online Produce Market Combined with a
Fruit and Vegetable Prescription Program for Rural Families. Prev. Med. Rep. 2020, 17, 101035. [CrossRef] [PubMed]

39. Livingstone, K.M.; Burton, M.; Brown, A.K.; McNaughton, S.A. Exploring Barriers to Meeting Recommendations for Fruit and
Vegetable Intake among Adults in Regional Areas: A Mixed-Methods Analysis of Variations across Socio-Demographics. Appetite
2020, 153, 104750. [CrossRef]

http://doi.org/10.1016/j.pmedr.2019.101035
http://www.ncbi.nlm.nih.gov/pubmed/32021759
http://doi.org/10.1016/j.appet.2020.104750

	Introduction 
	Current Study 
	Hypotheses 

	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

