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Abstract

Background: Differences in food access, availability, affordability, and dietary intake are
influenced by the food environment, which includes outlets where foods are obtained. These
differences between food outlets within rural and urban food environments in the US are not well
understood.

Objective: The aim of this analysis was to describe the contribution of foods and beverages from
six outlets — grocery stores, convenience stores, full-service restaurants, quick-service restaurants,
schools, and other outlets — to total energy intake and Healthy Eating Index (HEI)-2015 scores

in the US population, by urbanization level (non-metropolitan statistical areas (MSA), small to
medium MSA, and large MSA).

Design: Data were from the National Health and Nutrition Examination Survey 2013-2018.
Dietary intake from one 24-hour dietary recall was analyzed by the outlet where a food or
beverage was obtained and by urbanization. Linear regression, adjusted for sex, age, race and
Hispanic origin, and family income, was used to predict the contribution of each food outlet to
total energy intake and HEI-2015 total and component scores by urbanization level.

Results: During 2013-2018, foods and beverages from grocery stores, quick-service, and full-
service restaurants provided 62.1%, 15.1% and 8.5% of energy intake, respectively. The percent of
energy intake from full- and quick-service restaurants increased with increasing urbanization level.
HEI-2015 total scores increased with increasing urbanization level overall (48.1 non-MSAs, 49.2
small to medium MSAs, and 51.3 large MSAs), for grocery stores (46.7 non-MSAs, 48.0 small

to medium MSAs, and 50.6 large MSAs), and for quick-service restaurants (35.8 non-MSAs, 36.3
small to medium MSAs, and 37.5 large MSAS).
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Conclusion: Grocery stores and restaurants were the largest contributors of energy intake in
urban and rural areas. Diet quality improved with increasing urbanization overall and for grocery
stores and quick-service restaurants.

Keywords
Energy intake; HEI-2015; Food outlets; Urbanization level; NHANES

INTRODUCTION

Differences in food access, availability, affordability (1), and intake of some foods and
nutrients exist between rural and urban areas in the US (2). These differences may help to
explain the higher prevalence of obesity among youth and adults living in rural versus urban
settings (3, 4). In rural areas, available foods may be less healthful than in urban areas and
accessing healthy foods may be more difficult due to poor spatial proximity to food sources
(1, 5-9). Additionally, food may be less affordable due to higher food prices and lower
wages (1, 8, 10), which may affect food purchasing and consumption practices. In urban
areas, similar income disparities may affect food access and affordability, as lower income
urban areas have been shown to have more expensive healthy foods than higher income
urban areas, and the food security of low income urban residents may be more vulnerable
to disruptions due to unemployment or inflation (11). Other barriers such as transportation
costs and neighborhood safety may impact the accessibility and availability of foods in
urban environments (11).

Adherence to the Dietary Guidelines for Americans (DGA) recommendations is low in

the US population 2 years and older (12). Literature on dietary differences between rural
and urban settings in the US is limited (13). Nevertheless, differences have been reported

in prevalence and variety of fruit and vegetable intake, as well as differences in dairy
intake, and in the consumption of fatty snack foods (13). Food purchasing and consumption
practices are in part, a byproduct of the food environment, which includes the distribution
of various food outlets. Because food environments may vary by level of urbanization,
examining food outlets in which foods are sold and purchased may inform efforts to
improve diet. Therefore, the objective of this study was to describe, using national data, the
contribution of foods according to the food outlet where they were obtained to total energy
consumption and diet quality as measured by Healthy Eating Index (HEI)-2015 scores in the
US population during 2013-2018, by levels of urbanization.

METHODS

Study Design

Data from the National Health and Nutrition Examination Survey (NHANES) 2013—

2018 were used for these analyses. NHANES is a cross-sectional survey of the US
noninstitutionalized civilian population based on a complex, stratified, multistage probability
sample design. NHANES collected data continuously from 1999 to 2018, with 2-year

public data file releases. The survey combines an in-home interview and a standardized
physical examination and dietary interview at a mobile examination center (MEC). Details
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of the NHANES study design, implementation, data sets, analytic considerations, and other
documentation are available online (14). The sample design includes oversampling to obtain
reliable estimates of health and nutritional measures for certain population subgroups. For
the NHANES survey cycles included in this analysis, non-Hispanic Black, non-Hispanic
Asian, and Hispanic persons, adults aged 80 years and older, and low income persons were
oversampled (15, 16). The NHANES protocol was approved by the National Center for
Health Statistics (NCHS) Ethics Review Board. For children and adolescents <18 years,
written parental consent was obtained, and assent was also obtained from children and
adolescents 7 to 17 years. Written informed consent was obtained for adults. Unweighted
examination response rates for participants of all ages were 68.5% in 2013-14, 58.7% in
2015-16, and 48.8% in 2017-18 (17).

Dietary Intake

Two 24-hour dietary recall interviews were obtained from survey participants; the first
recall was conducted in-person at the MEC, and the second was conducted by telephone
approximately 10 days later (14, 18-20). These analyses used data from the first 24-hour
dietary recall to obtain mean estimates of dietary intake on a given day. Data from one
24-hour dietary recall can be sufficient to estimate group mean intake on a given day

(21). Trained interviewers, using a computer-assisted dietary interview system that included
the USDA’s Automated Multiple-Pass Method (AMPM) with standardized probes (22),
collected type, quantity, and source for all foods and beverages consumed during the
previous 24 hours. In most cases, survey participants 12 years and older reported their own
dietary intake; children 6 to 11 years old were assisted by an adult; and parents/guardians
reported for children 5 years of age or younger. A detailed description of dietary data quality
control criteria and methods are described elsewhere (20).

Each food and beverage reported by participants was coded to corresponding foods and
beverages in the USDA’s Food and Nutrient Database for Dietary Studies (FNDDS) and
nutrient and food files were publicly released. The FNDDS food codes are accompanied

by food descriptions, ingredient lists, gram weights, and nutrient and energy values. The
FNDDS food codes linked to the USDA’s Food Patterns Equivalents Database (FPED) were
used in determining diet quality in this study (23). The FPED disaggregates each food

code into ounce-equivalents (0z.-eq), cup equivalents (c-eq), teaspoon equivalents (tsp-eq),
or grams of 37 distinct food pattern components used to model the DGA food pattern
recommendations.

Diet Quality
The HEI-2015 is a measure of overall diet quality, independent of quantity, that can be
used to assess alignment with the DGA (24, 25). The HEI-2015 is composed of 13
components: nine assess dietary adequacy (Total Fruits, Whole Fruits, Total Vegetables,
Greens and Beans, Whole Grains, Dairy, Total Protein Foods, Seafood and Plant Proteins,
and Fatty Acids), while four assess components for which consumption in moderation
is recommended (Refined Grains, Sodium, Added Sugars, and Saturated Fats) (25, 26).
Component scores range from 0 to 5 or 0 to 10 and all component scores sum to yield a total
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score of 0 to 100, with higher scores indicating healthier dietary quality and better alignment
with the DGA (24).

Food Outlets

Dietary intake was analyzed by the source where a food or beverage was reported as being
obtained. As shown in Supplementary Table 1, the 26 food sources were grouped into

six food outlet categories for this analysis: 1) grocery stores, 2) convenience stores, 3)
full-service restaurants, 4) quick-service restaurants, 5) schools, and 6) other outlets.

Urbanization Level

The 2013 NCHS Urban-Rural classification scheme (27), a census-defined, county-level
scheme, has six levels: four metropolitan (large central metro, large fringe metro, medium
metro, and small metro) and two nonmetropolitan (micropolitan and noncore). For this
study, the six levels were collapsed into three levels of urbanization to obtain stable
estimates: non-MSA (micropolitan and noncore, i.e. rural), small to medium MSA (small
metro and medium metro), and large MSA (large central metro and large fringe metro) (27).
The dataset with geographic location data of NHANES participants is not publicly available
and was accessed through the NCHS Research Data Center (28).

Demographics

Demographic data included sex, age, race and Hispanic origin, and family income. Age

in years was categorized into youth 2-19 years and adults 20 years and older. Race and
Hispanic origin were categorized as non-Hispanic White, non-Hispanic Black, non-Hispanic
Asian, Hispanic, and non-Hispanic other. Participants reporting “other” includes those
reporting multiple races. Analyses were limited to the race and Hispanic origin groups

for which data were statistically reliable. Family income was defined based on the Federal
Poverty Level (FPL) as less than 130% and 130% or greater, based on the income to poverty
ratio, a measure of the annual total family income divided by the US Department of Health
and Human Services poverty guidelines, after accounting for inflation and family size (15).
For context, the recommended cutoff point for eligibility for the Supplemental Nutrition
Assistance Program (29) and the free and reduced price school lunch program is 130% of
the poverty threshold (30).

Statistical Analysis

Individual-level HEI-2015 total and dietary component scores were estimated for each
participant by food outlet using the Simple HEI Scoring Algorithm Per-Person method,
based on Day 1 dietary recalls (31). This method first calculates the ratio of the HEI
components to energy intake at the individual level, then the individual component scores
are summed to calculate each total score. A sensitivity analysis was conducted excluding
alcohol to further examine HEI-2015 scores, as some outlets may have a higher proportion
of food and beverage sales from alcohol (32) and the HEI-2015, unlike previous versions,
does not include a separate component for alcohol. The HEI-2015, however, accounts for
alcohol within total energy (the denominator for most components) (25).
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Predicted contributions of each food outlet to total energy intake and predicted HEI-2015
scores (total and component) for each food outlet by urbanization were estimated from
linear regression models, adjusting for age, sex, race and Hispanic origin and family income.
Linear and quadratic trends by urbanization level were evaluated using the Satterthwaite
adjusted F-test in linear regression models. To visualize differences in the 13 HEI-2015
component scores by urbanization, the scores were scaled as a percentage of the maximum
component score and then plotted on radar plots. Higher intakes of adequacy components
and lower intakes of moderation components result in higher HEI scores that reflect better
alignment with the DGA and healthier diet quality (24). On the radar plots, the center point
of the graph represents a score of zero, and the outer point of each axis represents the
maximum score for each component. Each HEI-2015 component forms an axis on the graph,
and the plot connects the scores for each axis into a figure that, by its shape, suggests a
pattern. A plot with all components at the outer point of the axis, for a total score of 100,
indicates optimal alignment with the DGA, while a plot with many points closer to the
center of the graph represents a food pattern that is not as aligned with the DGA (25).

NHANES survey design variables were used to account for the complex sample design
and Day 1 dietary sample weights were used to account for differential probabilities of
selection, nonresponse, noncoverage, and day of the week of the recall. Standard errors
of the percentages were estimated using Taylor series linearization. All reported estimates
were evaluated either using the NCHS data presentation standards for proportions (33) or
relative standard error =30% for means. All significance levels for statistical testing were
at the pless than 0.05 (34). Analyses of HEI-2015 component scores were exploratory
and Bonferroni’s method of correction was not used to adjust for multiple comparisons
of component scores with urbanization level. Statistical analyses were performed using
SAS (version 9.4, SAS Institute Inc, Cary, NC) (35) and SUDAAN version 11.0 (RTI
International, Research Triangle Park, NC) (36).

Data for examined participants aged 2 years and older in 2013-14 (n=9,508), 2015-16
(n=9,282), and 2017-18 (n=8,663) were combined for a total of 27,453 participants (37).
There were 1,238 participants who did not go to the MEC (2013-14 n=333; 2015-16
n=395; 2017-18 n=510) and participants were excluded if they did not provide a dietary
recall (2013-14 n=990; 2015-16 n=869; 2017-18 n=939), their dietary recall was deemed
unreliable (2013-14 n=112; 2015-16 n=95; 2017-18 n=84), or if they reported consuming
breast milk (2013-14 n=6; 2015-16 n=5; 2017-18 n=8), though additional nonresponse
among recalls were accounted for using Day 1 dietary sample weights (37). This resulted
in a final analytic sample of 23,107 participants (2,055 were missing information on
poverty and these participants were included in analyses that did not involve poverty; see
Supplementary Figure 1).

Table 1 shows the sample sizes and weighted demographic characteristics of the study
population. Nearly half were from large MSAs (47.8%), while just over three quarters
(76.0%) were adults ages 20 years and older and 25.1% had family income <130% FPL.
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Table 2 shows the unadjusted and adjusted predicted mean percent of total energy intake
from each of the selected food outlets and trends by urbanization level. Adjusted results
were similar to the unadjusted results. The adjusted mean percent of total energy intake

was similar by urbanization for grocery stores (63.3% in non-MSAs, 61.8% in small to
medium MSAs, and 61.6% in large MSAs) and for other outlets (9.1% in non-MSAs, 8.0%
in small to medium MSAs, and 7.2% in large MSAs). The adjusted mean percent of total
energy intake from convenience store foods decreased with increasing urbanization level
(6.2% in non-MSAs, 5.1% in small to medium MSAs, and 4.1% in large MSAS), while

the adjusted percent of energy intake from both full and quick-service restaurants increased
with increasing urbanization level (6.5% and 12.3% in non-MSAs, 8.1% and 15.0% in small
to medium MSAs, and 9.5% and 16.4% in large MSAS). Decreasing trends in predicted
mean percent of total energy intake was also observed with increasing urbanization level for
schools.

Adjusted and unadjusted HEI-2015 total scores and trends by urbanization level were
similar (Table 3). Adjusted total scores increased with increasing urbanization level (48.1
for non-MSAs, 49.2 for small to medium MSAs, and 51.3 for large MSAs). Adjusted scores
for grocery stores also increased with increasing urbanization level (46.7 for non-MSAs,
to 48.0 for small to medium MSAs, and 50.6 for large MSAs). No significant trends by
urbanization level were observed for convenience store foods (34.9 for non-MSAs, 35.6
for small to medium MSAs, and 35.6 for large MSAS) or for full-service restaurants (40.6
for non-MSAs, 41.8 for small to medium MSAs, and 42.4 for large MSAs). The adjusted
total scores for quick-service restaurants (35.8 for non-MSAs, 36.3 for small to medium
MSAs, and 37.5 for large MSAS) increased with increasing urbanization. Schools had a
HEI-2015 total score of 50.8, but no significant trends by urbanization level. Scores for
other outlets decreased with increasing urbanization (24.0 for non-MSAs, 20.1 for small to
medium MSAs, and 19.0 for large MSAS).

Figure 1 shows predicted HEI-2015 component scores by urbanization level, adjusted for
age, sex, race and Hispanic origin, and family income. Component scores for Total Fruits,
Whole Fruits, Total Vegetables, Greens and Beans, Seafood and Plant Proteins, and Added
Sugars improved with increasing urbanization.

HEI-2015 component scores for each food outlet are shown in Figure 2 and Supplementary
Table 2. Trends in HEI-2015 component scores with urbanization were found primarily

for grocery stores (increasing scores with increasing urbanization for eight components)
and other outlets (decreasing scores with increasing urbanization for six components). No
significant trends in component scores by level of urbanization existed for convenience
stores. Full-service restaurant scores for Greens and Beans and Added Sugars also improved
with urbanization. Quick-service restaurant scores for Greens and Beans and Seafood and
Plant Proteins rose with increasing urbanization level. Scores for Refined Grains from
school foods decreased with increasing urbanization level.

In a sensitivity analysis excluding alcohol from foods and beverage (Supplementary Tables
3 and 4), predicted HEI-2015 component scores and trends by urbanization were similar to
those in the main analysis. The most notable differences were for convenience stores where

Am J Clin Nutr. Author manuscript; available in PMC 2024 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ansai et al. Page 7

total HEI-2015 decreased from 35.5 to 34.0 and component scores for Refined Grains,
Sodium, Added Sugars, and Saturated Fat all decreased.

DISCUSSION

During 2013-2018, grocery stores were the largest contributors to energy intake in

urban and rural areas, providing about 62% of total energy. Together, full- and quick-
service restaurants contributed around one fourth of energy intake overall, with increasing
contributions from these sources with increasing urbanization level. In addition, overall
diet quality and diet quality for foods consumed from grocery stores and quick-service
restaurants, based on HEI-2015 scores, increased with increasing urbanization level.

These findings are consistent with previous studies that showed that grocery store and
restaurant foods are the largest contributors to energy intake but the foods consumed from
these sources, particularly restaurants, do not fully align with dietary guidance as measured
by HEI-2015 scores and other measures such as the American Heart Association diet score
(12, 38-44). To aid in the interpretation of HEI-2015 scores, a graded approach can be used
in which most scores across all food outlets presented in these analyses would receive a poor
score of an “F”, that is, they have overall scores of 0 to 59, or component scores that are 0%
to 59% of maximum score (25). Notably, Vinyard et al., (38) found similar patterns of total
energy intake contributions and HEI-2015 scores for similar categories of food outlets and
concluded that the US population has not been consuming foods that meet dietary guidance
from the DGA.

This study builds on those findings by showing that the foods consumed from outlets that
contributed most to intake overall (grocery stores and quick-service restaurants) had lower
HEI-2015 scores in rural areas than the same types of food outlets in urban areas. Other
studies have suggested that rural areas may experience poorer diet quality compared to
urban areas in the US (7, 9, 45, 46). For instance, McCullough et al., (9) found that rural
residents were at higher risk of experiencing poor diet quality compared to urban residents,
even after controlling for education. The difference in nutritional quality of foods offered in
rural versus urban food outlets is not well understood but could be related to socioeconomic
factors that cause healthy foods to be less accessible or affordable in rural areas (45, 46).

Our results help to expand the understanding of differences in dietary intake between rural
and urban areas. For example, overall component scores for Total Fruits, Whole Fruits, Total
Vegetables, and Greens and Beans improved with urbanization, which supports the findings
of another study that showed youth in rural areas may consume less fruits and vegetables
than those in urban areas (2). Additionally, convenience store components for Refined
Grains, Sodium, and Saturated Fats (moderation components) achieved scores relatively
close to the maximum. This is contrary to previous findings that showed convenience store
foods and beverages are less healthful than those in other food outlets, like grocery stores (6,
42). Further investigation is needed to understand the convenience store component scores.

Demographic confounders did not explain differences in energy intake or HEI scores by
urbanization. Additionally, sensitivity analyses excluding alcohol from HEI-2015 score
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calculations showed only marginal changes in HEI scores for each outlet, with the most
noticeable changes among the HEI-2015 total scores for convenience store foods. However,
there were still no trends in convenience store diet quality by urbanization level.

School foods had a HEI-2015 total score of 50.8 and there was no trend in diet quality by
urbanization level. The absence of differences in diet quality of school foods across different
urbanization levels may be due to guidance about the nutritional quality of school meals

that is standardized by federal legislation and federal school nutrition programs (38-40).
This may underscore the importance of school foods in achieving recommended intakes of
several food groups, regardless of urbanization level.

Statistically significant differences may not always reflect meaningful differences in dietary
quality. Others have suggested that differences in HEI scores of 5-6 points between
independent groups have the potential to be meaningful (24). In our analyses of differences
in HEI-2015 scores by urbanization, except for the difference by urbanization in adjusted
HEI-2015 total scores for other outlets, statistically significant differences were all less than
5 points. Some of the larger statistically significant differences were between 3 and 4 points,
specifically the differences between non-MSAs and large MSAs in the overall adjusted
HEI-2015 total score of 3.2 points and for grocery stores of 3.9 points.

Limitations of this study include the use of self-reported (proxy reported for children and
adolescents) dietary data, which is subject to misreporting due to reliance on memory and
allows for bias in under or over reporting of foods and nutrients (47-49). Additionally, this
analysis combined three two-year cycles of NHANES (2013-2014, 2015-2016 and 2017—
2018) to ensure sufficient sample size to stratify by food outlet category. However, it is
generally recommended that the version of the HEI used correspond to the dietary guidelines
in place at the time of data collection (50); for the NHANES 2013-2014 this would be
HEI-2010. Furthermore, NHANES surveys, like other national surveys, have seen ongoing
decreases in overall response rates, however non-response bias investigations have shown
that errors in representation were minimized with weighting adjustments (51). Also, some
groups may have been too underpowered to detect significant differences in HEI scores by
urbanization. Sample size limitations also preclude the ability to examine HEI scores by
subgroups like age or race and Hispanic origin. Residual confounding may be present due
to the use of only two age groups and family income levels for adjustment in regression
models. Another limitation is the use of the Simple HEI Scoring Algorithm Per-Person
method, based on Day 1 recalls. Although this method allows for adjustment by covariates,
it has been shown to be susceptible to bias (52). This bias could account for the lower
estimates of HEI-2015 total and component scores in this current analysis, compared to
those presented by Vinyard et al. (38). The population ratio method is recommended when
only one 24-hour recall is used; however, as mentioned above this method isn’t flexible
enough to allow for adjustment by covariates. The Multivariate Markov Chain Monte Carlo
(MCMC method) is recommended (53) for HEI, although the programming is currently
under development (31).

Strengths of this study include using nationally representative data, which provides a high
degree of generalizability. The results presented are, to our knowledge, the first nationally
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representative estimates of diet quality for foods obtained and consumed from different food
outlets by urbanization level. Also, this study examined groups of foods that were consumed
on a given day from outlets as opposed to foods that were purchased. This may contribute to
better characterization of diet as it doesn’t include food lost to waste. This study also used
definitions of food outlets that separated grocery stores and convenience stores, which have
not been well explored in the context of diet quality.

CONCLUSION

Grocery stores and restaurants were the largest contributors of energy intake. Additionally,
diet quality, based on HEI-2015 scores, increased with urbanization overall and for foods
consumed from grocery stores and quick-service restaurants.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
HEI-2015 Component Score by urbanization levels, study population aged 2 years and older,

2013-201812

1 Data from the National Health and Nutrition Examination Survey 2013-2018; MSA -
Metropolitan statistical area.

2 HEI-2015 scores are adjusted for age, sex, race and Hispanic origin and family income
3 Significant linear trend with increasing urbanization level (p<0.01)

4 Significant linear trend with increasing urbanization level (p<0.05)

Am J Clin Nutr. Author manuscript; available in PMC 2024 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Ansai et al. Page 14

2A 2E

e NON-MSAS == Smiall to Medium MSAs Large MSAs e NON-MSAS == Smiall to Medium MSAs Large MSAs e NON-MSAS === Small to Medium MSAs Large MSAs
Total Fruits3 Total Fruits Total Fruits
100
Saturated Fats® —gq Whole Fruits4 Saturated Fats_ g0 Whole Fruits Saturated Fats g0 Whole Fruits
80 80 80
70 70 70
Added Sugars® 60 Total Vegetables Added Sugars® 60 Total Vegetables Added Sugars 60 Total Vegetables
50
7 o \ S
30 \ 30
Sodium 5 2 Greens and Beans 4 Sodium N3 // Greens and Beans Sodium \ £e Greens and Beans
3 D% 3
A Y —~
Refined Grains> Whole Grains 3 Refined Grains /\' Whole Grains Refined Grains> Whole Grains
Fatty Acids Dairy Fatty Acids ¢ Dairy Fatty Acids Dairy
o ad Pl e caf ia
Seafood afid fiant Total Protein Foods Seafood.afrd Bii Total Protein Foods Seafood and Hant Total Protein Foods
Proteins Proteins Proteins
2B 2D 2F
NoN-MSAs =====Small to Medium MSAs Large MSAs NON-MSAs =====Small to Medium MSAs Large MSAs Non-MSAs Small to Medium MSAs Large MSAs
Total Fruits Total Fruits Total Fruits
100 100 . 4 100
Saturated Fats g0 Whole Fruits Saturated Fats_— g0 Whole Fruits saturated Fats® —“gp Whole Fruits
80
70 70 ” 70
Added Sugars INCY Total Vegetables Added Sugars 60 Total Vegetables Added Sugars 60 Total Vegetables 3
50 50 50

Y \ 3Q
20 2 5 0
Sodium 10 \/ Greens and Beans Sodium 10 ( Greens and Beans Sodium 0 Greens and Beans
Refined Grains Whole Grains Refined Grains /\/ Whole Grains Refined Grains4 Whole Grains

Fatty Acids Dairy Fatty Acids Dairy Fatty Acids4 Dairy
eafood and Plant Seafood and Plant Seafood and Plant
Seatood and Hi Total Protein Foods eafood and i Total Protein Foods eafoodand Pidn Total Protein Foods
Proteins Proteins! Proteins

Figure 2.
HEI-2015 component scores by urbanization levels and food outlet, study population aged

2 years and older, 2013201812, (2A) grocery stores, (2B) convenience stores, (2C) full-
service restaurants, (2D) quick service restaurants, (2E) schools, (2F) other

1 Data from the National Health and Nutrition Examination Survey 2013-2018; MSA -
Metropolitan statistical area.

2 HEI-2015 scores are adjusted for age, sex, race and Hispanic origin and family income
3 Significant linear trend with increasing urbanization level (p<0.001)

4 Significant linear trend with increasing urbanization level (p<0.01)

5 Significant linear trend with increasing urbanization level (p<0.05)
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Characteristics of study population 2 years and older, 2013-2018 !

Table 1.

Characteristics Unweighted Sample Size  Weighted % SE3
Urbanization Level2
Non-MSAs 3274 15.2 3.8
Small to Medium MSAs 7658 370 59
Large MSAs 12175 47.8 4.8
Age (years)
2-19 8301 24.0 0.6
20 and older 14806 76.0 0.6
Sex
Male 11292 48.9 0.4
Female 11815 51.1 0.4
Race and Hispanic Origin
Non-Hispanic White 8077 61.0 21
Non-Hispanic Black 5136 119 11
Non-Hispanic Asian 2399 54 06
Non-Hispanic Other 1207 44 03
Hispanic 6288 17.4 15
Family Income
< 130% Federal poverty level 7507 251 1.2
> 130% Federal poverty level 13545 75.0 1.2

1 . " .
Data from the National Health and Nutrition Examination Survey 2013-2018

Page 15

MSA - metropolitan statistical areas; Non-MSAs - Counties in or not within micropolitan statistical areas; Small to medium MSAs - Counties

within MSAs of 50,000-999,999 population; Large MSAs - counties of MSAs of 1 million or more population.

3SE — Standard Error
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