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Eating, or nutrition, environments are believed to contribute to obesity and chronic
diseases. There is a need for valid, reliable measures of nutrition environments. This article
reports on the development and evaluation of measures of nutrition environments in retail

The Nutrition Environment Measures Study developed observational measures of the
nutrition environment within retail food stores (NEMS-S) to assess availability of healthy
options, price, and quality. After pretesting, measures were completed by independent
raters to evaluate inter-rater reliability and across two occasions to assess test-retest
reliability in grocery and convenience stores in four neighborhoods differing on income
and community design in the Atlanta metropolitan area. Data were collected and analyzed

Ten food categories (e.g., fruits) or indicator food items (e.g., ground beef) were
evaluated in 85 stores. Inter-rater reliability and test-retest reliability of availability were
high: inter-rater reliability kappas were 0.84 to 1.00, and test-retest reliabilities were .73 to
1.00. Inter-rater reliability for quality across fresh produce was moderate (kappas, 0.44 to
1.00). Healthier options were higher priced for hot dogs, lean ground beef, and baked
chips. More healthful options were available in grocery than convenience stores and in

The NEMS-S tool was found to have a high degree of inter-rater and test-retest reliability,
and to reveal significant differences across store types and neighborhoods of high and low
socioeconomic status. These observational measures of nutrition environments can be
applied in multilevel studies of community nutrition, and can inform new approaches to

Background:
food stores.
Methods:
in 2004 and 2005.
Results:
stores in higher income neighborhoods.
Conclusions:
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Introduction

ocial and built environments are believed to exert
important influence on individuals’ access to af-
fordable, healthful food.'”® Understanding of
healthy nutrition environments, while growing, is lim-
ited by the lack of reliable and valid measures of these
environments. To advance science, and to inform pub-
lic health policy, there is a need for well-defined
concepts and valid, reliable measures of nutrition envi-
ronments. Both “community” and “consumer” nutri-
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tion environments can affect food choice. The commu-
nity nutrition environment is comprised of the number,
type, location and accessibility of food outlets such as
grocery stores. The consumer nutrition environment is
what consumers encounter in and around places where
they buy food, such as the availability, cost, and quality
of healthful food choices.®

The presence of food stores, and the availability of
healthful products in those stores, appear to be impor-
tant contributors to healthy eating patterns among
neighborhood residents.” Racial and ethnic disparities
in access to supermarkets, that typically have good
availability of healthful foods, have been documented.®?
Black Americans’ fruit and vegetable intake was consid-
erably higher when they had more supermarkets in
their census tracts,'” and proximity to a supermarket
was favorably associated with the diet quality of preg-
nant women'' and with lower prevalence of obesity and
overweight.'? Low-income women who shopped at su-
permarkets and specialty stores consumed more fruits
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and vegetables than those who shopped at independent
grocers.'® Thus, the community nutrition environment
appears to affect individual food choice and may affect
long-term health.

Studies of the consumer nutrition environment
within stores, particularly regarding availability, quality,
and price, also reveal disparities and associations with
dietary intake. Horowitz et al.'* found significantly
lower availability of five foods recommended for diabet-
ics in less-affluent and ethnic minority neighborhoods,
and findings of lower availability of healthful foods in
low-income and high-minority neighborhoods were
replicated.'® The higher costs of more healthful foods
is a concern.'® Jetter and Cassady'” found that most
people in their study had access to healthful foods, but
the healthier market basket was 35% to 40% more
expensive than a standard market basket because of the
higher costs of whole grains, lean ground beef, and
skinless poultry. Cheadle et al.'® found community-
level associations between grocery store environments
and individual dietary practices, with the most signifi-
cant relationships between low-fat milk consumption
and the proportion of shelf space for skim, 1% fat, and
2% fat milk.

Despite the increased interest in nutrition environ-
ments, little progress has been made in devising reli-
able and valid measurement tools. Nearly 2 decades ago,
Cheadle et al.'? assessed the proportion of shelf space
devoted to healthful alternatives, such as reduced-fat
milk, poultry and fish, and 100% whole wheat bread.
They found high inter-rater reliability (0.73 to 0.78)
and test-retest reliability ranging from 0.44 to 1.00.
Horowitz et al.'* measured availability of five diabetic-
recommended foods in grocery stores and reported
excellent inter-rater reliability ranging from 0.94 to
1.00. Other published reports have been less clear
about the rigor of their methods or did not report
reliability of the measures.!?17:2

Psychometrically sound measures are needed to ob-
tain accurate and reliable estimates of the relationship
between nutrition environments and individuals’ di-
etary intake, as well as to evaluate change in nutrition
environments secondary to intervention. The purpose
of the present study was to develop observational
measures of nutrition environments in retail stores,
evaluate measure reliability, and examine differ-
ences in nutrition environments across different
types of stores and between higher and lower income
neighborhoods.

Methods

The Nutrition Environment Measures Study (NEMS) devel-
oped and evaluated nutrition environment measures for
retail stores (NEMS-S, described here) and restaurants
(NEMS-R, described in a separate paper).?!
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Neighborhood Selection

The NEMS study was conducted in four neighborhoods in the
Atlanta metropolitan area, with neighborhood defined as one
census tract. Each neighborhood had a minimum of 15 retail
food outlets to ensure sufficient variability for this measure-
ment study. The neighborhood selection process was de-
signed to maximize the ability to contrast food outlet types in
neighborhoods with differing levels of income and walkabil-
ity, as determined by data from the 2000 U.S. Census and
regional land-use data and street network data from the
SMARTRAQ) study and the Georgia Regional Transportation
Authority to measure walkability.?? These neighborhood
characteristics were selected based on previous evidence of
socioeconomic disparities in nutrition environments®® and
because of the recognized importance of neighborhood walk-
ability as a determinant of physical activity and obesity.2>2° The
main measurement study was conducted in four neighborhoods
that represented four possible combinations of neighborhood
walkability (high/low) and socioeconomic status (high/low).
Two other neighborhoods (one high-walkability and one low-
walkability) were selected for pretesting measures.

Identification and Classification of Stores

Retail food outlets (stores) were identified, enumerated,
classified, and mapped using multiple data sources. County
retail food license lists were matched against street names and
addresses from land-use data from the Georgia Regional
Transportation Authority, and verified and supplemented
using printed Yellow Pages, online business directories, and
field work. Food outlets that were closed to the public (e.g.,
within workplaces or private residential housing facilities)
were excluded. Stores were classified into two main catego-
ries: grocery stores and convenience stores (including food
marts within gas stations). Specialty stores (e.g., bakeries)
were excluded because of the limited range of products.
Number of cash registers was used to indicate store size.

Development of Tools and Procedures

The developmental phase of the study involved reviewing
available literature and tools,?~!1:1%15:19 consulting investiga-
tors doing related work, pretesting proposed measures in two
neighborhoods, and developing detailed protocols and staff
training materials. The pretest results identified ambiguous
instructions, problems with the feasibility of some measures,
and important scheduling issues. They also alerted the study
team to the most common questions raised by clerks and
customers during observations. These results were used to
refine the protocols and training.

Nutrition-related variables were selected based on the types
of food products that contribute the most fat and calories to
the American diet,?® and those that are most recommended
for healthful eating.?”~2 “Healthful” was defined based on
publications of federal agencies®>”?° and health professional
organizations and researchers.?8:39

Using an iterative process involving field work, research
team deliberation, and expert consultation, 10 indicator food
categories were developed: fruit, vegetables, milk, ground
beef, hot dogs, frozen dinners, baked goods, beverages
(soda/juice), whole grain bread, and baked chips. The mea-

Am ] Prev Med 2007;32(4) 283



Table 1. Food store nutrition environment measures and variables assessed by direct observation

Availability

Type of Food

Variables measured

Price®

Quality

Absolute Comparative

Fruit (fresh): 10 types
Vegetables (fresh): 10 types
Milk: skim/low-fat versus whole
Ground beef: lean versus regular
Hot dogs: low-fat versus regular
Frozen dinners: Reduced-calorie versus regular
Beverages
Soda: diet/low-calorie versus regular
Fruit juice: 100% juice versus juice drinks
Baked goods: lower fat versus regular
Bread: 100% whole grain versus refined
Snack chips: baked/low-fat versus regular

e R R I B i i

X

X
X X
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“Comparative price applies when there is price information for a healthier food option and the equivalent “regular” comparison (e.g., skim milk
vs whole milk), while absolute price applies when the item is compared across store type and neighborhood characteristics.

sures focus on availability of more healthful or reccommended
choices, quality of produce, and prices (see Table 1).

The specifications for measures of fruits and vegetables were
based on national food sales and/or food-consumption data
(e.g., federal and industry data to identify the top ten most
consumed fruits and vegetables in the United States).?! Potatoes
were excluded from the vegetable list, consistent with dietary
assessment approaches often used in nutrition epidemiology
research.?® The quality indicator for produce was an accept-
able/unacceptable rating based on the majority of a given type
of fruits or vegetables being clearly bruised, old looking, over-
ripe, or spotted. Measures of shelf space for skim/low-fat and
whole milk were adapted from procedures developed by Chea-
dle et al.'® Other measurement criteria were based on federal
government and industry standards/definitions related to food
sales (e.g., definitions of lean beef as 90% lean/10% fat, low-fat
products, standard package sizes, units of fruit/vegetables). Cost
was assessed based on the posted nonsale prices per pound for
fruits and vegetables (or per item if sold only by the piece); and
for “healthier” versus “regular” options for comparable prod-
ucts, such as low-fat dairy products, lean meats, and prepackaged
main dishes. Product comparison and other procedures were
standardized. Ratings were completed between the hours of 9 AM
and 4 PM to maintain consistency relative to stock on the shelves.

The study was approved by the Emory University institu-
tional review board (IRB). Upon entering the premises, the
raters introduced themselves to store managers or clerks and
presented a letter describing the study, the voluntary nature
of participation, and including the Principal Investigator’s
and IRB contact information for further inquiries.

To test the feasibility and applicability of the measures in
other geographic locations, research staff and investigators
completed the measures in five cities in Ohio, Maryland,
Virginia, Nevada, and South Carolina.

Rater Training and Quality Control

Raters were research assistants with college educations but
without prior specialized nutrition training. Training for
raters included both classroom and field work over a 2-day
period in the two pretest neighborhoods. During the train-
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ing, all assessments were done by two raters, monitored for
high reliability (>90% agreement), and raters received feed-
back to improve performance.

Design of Measurement Study

To assess inter-rater reliability, two trained raters indepen-
dently visited food outlets to complete the same set of
assessments on the same day. To assess test-retest reliability,
outlets were reassessed within 1 month after the initial
observations by one of the same raters. The range of time for
retest visits was 7 to 28 days with a mean of 9.1 (*4.8 days).

Data Analysis Methods

All data analysis was completed using SAS version 8 (SAS
Institute Inc., Cary NC, 1999). Descriptive statistics and store
and neighborhood comparisons were computed with chi-
square and ttests using one randomly selected record per
store. The main analyses of reliability were completed using
data for stores for which all three measures had been com-
pleted (two on one occasion, one at a later date). Percent
agreement and kappa statistics were used, with Cramer’s V
used when kappa could not be computed because of asym-
metric rater response dimensions.?%34

Prices of fresh produce were converted to standard units
(piece or pound) using data from the Economic Research
Service of the U.S. Department of Agriculture. Price compar-
isons were computed as a percentage, based on the average
price for a healthy item compared to its regular alternate, and
as comparisons between neighborhoods and type of store
using ttests.

Composite “food environment quality” scores were calcu-
lated for each store, using three dimensions (availability,
quality, and price). Availability scores assigned two points per
indicator for the availability of healthier options, and an extra
point for more varieties (e.g., two extra points for three or
more varieties of lean meat). Price scores assigned two points
for a lower priced healthier option and —1 point for a higher
priced healthier option, and up to three points were assigned
for having more produce of acceptable quality. The total
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score that could range from —8 to 50. (Details are available in
the appendix (available online at www.ajpm-online.net) or on
request from the first author.)

Comparisons between grocery stores and convenience stores
and high- and low-income neighborhoods provide a test of
whether the NEMS measures would yield results similar to what
has been reported in other research regarding socioeconomic
and racial/ethnic disparities in nutrition environments.®%!*
Exploratory analyses were also conducted to compare the
healthfulness of the food environments in high- versus low-
walkability neighborhoods. The study was not powered to be
able to detect store type by neighborhood type interactions.
Data were collected and analyzed in 2004 and 2005.

Results
Description of Sample and Response Rates

A total of 88 stores (24 grocery, 64 convenience) were
identified in the four study neighborhoods, ranging
from 16 to 27 per neighborhood. A 100% completion
rate for all three sets of measures was achieved in the
grocery stores; however, three convenience stores de-

clined to participate (for a 95.3% completion rate) and
two other convenience stores refused second visits,
yielding a net 90.6% rate for completing all measures at
stores. This resulted in 24 grocery stores and 61 conve-
nience stores for most analyses, but 58 convenience
stores for test-retest reliability analyses. Two thirds of
the grocery stores had three or more cash registers, and
small grocery stores (defined as having only one or two
cash registers) were more common in lower income
neighborhoods. The mean time to complete the mea-
sures was 41.8 (SD 14.4) minutes for grocery stores and
14.4 (SD 5.3) minutes for convenience stores.

Reliability

Table 2 shows findings for inter-rater reliability and
test-retest reliability for all categories of foods, and for
each type of fruit and vegetable assessed. Rates of
agreement and kappa statistics for inter-rater reliability
were consistently very high, ranging from 92% to 100%
and 0.83 to 1.00. Test-retest reliability was likewise very

Table 2. Reliability of nutrition environment measures of availability

Inter-rater reliability

Test-retest reliability

Type of food % Agreement Kappa % Agreement Kappa
Any fruit 96.47 0.93 92.68 0.85
Bananas 96.47 0.93 86.59 0.73
Apples 98.82 0.98 92.68 0.85
Oranges 98.82 0.97 92.68 0.84
Grapes 100.00 1.00 98.78 0.97
Cantaloupe 100.00 1.00 100.00 1.00
Peaches 96.47 0.90 95.12 0.86
Strawberries 98.82 0.96 98.78 0.96
Honeydew melon 100.00 1.00 100.00 1.00
Watermelon 97.65 0.93 98.78 0.96
Pears 98.82 0.97 95.12 0.88
Any vegetables 100.00 1.00 96.34 0.91
Carrots 100.00 1.00 100.00 1.00
Tomatoes 98.82 0.97 95.12 0.87
Sweet peppers 100.00 1.00 98.78 0.97
Broccoli 100.00 1.00 100.00 1.00
Lettuce 100.00 1.00 96.34 0.90
Corn 98.82 0.97 97.56 0.93
Celery 100.00 1.00 100.00 1.00
Cucumbers 100.00 1.00 97.56 0.93
Cabbage 100.00 1.00 100.00 1.00
Cauliflower 98.82 0.96 98.78 0.96
Skim /low-fat milk 100.00 1.00 97.56 0.95
Lean ground beef 98.82 0.96 98.78 0.96
Low-fat hot dogs 100.00 1.00 98.78 0.95
Reduced calorie frozen dinners 100.00 1.00 98.78 0.96
Beverages—grocery stores
Diet soda 98.82 0.97 100.00 1.00
100% fruit juice 100.00 1.00 100.00 1.00
Beverages—convenience stores
Diet soda 98.82 0.97 98.78 0.97
100% fruit juice 100.00 1.00 100.00 1.00
Low-fat baked goods 95.29 0.88 93.90 0.84
100% whole grain bread 92.94 0.83 90.24 0.75
Baked/low-fat chips 96.47 0.92 95.12 0.89
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Table 3. Reliability of nutrition environment measures of quality of fresh produce

Inter-rater reliability

Test-retest reliability

Type of food % Agreement Kappa % Agreement Kappa

Fruit
Bananas 91.43 0.68 80.00 0.29
Apples 85.29 0.55 90.00 0.75
Oranges 85.71 0.58 76.00 0.11
Grapes 100.00 a 100.00 #
Cantaloupe 94.12 “ 100.00 ?
Peaches 94.44 0.64 95.12 &
Strawberries 92.86 a 98.78 #
Honeydew melon 100.00 “ 100.00 ?
Watermelon 100.00 : 100.00 b
Pears 91.30 0.67 95.12 0.46

Vegetables
Carrots 94.74 0.64 88.89 2
Tomatoes 95.00 0.64 94.44 “
Sweet peppers 94.74 0.64 100.00 1.00
Broccoli 100.00 a 100.00 3
Lettuce 100.00 a 100.00 N
Corn 86.67 0.44 93.33 “
Celery 100.00 a 94.44 3
Cucumbers 100.00 1.00 100.00 “
Cabbage 100.00 a 100.00 *
Cauliflower 100.00 a 100.00 3

“Statistics could not be computed because of two or fewer levels per crosstabulation.

high, with the lowest repeatability for 100% whole grain
bread at 90.2% and 0.75.

Table 3 shows the reliability results for measures of
the quality of fresh fruits and vegetables. Agreement
among raters was very high, but kappa statistics were
either low or could not be calculated for several items.
This was because of the high proportion of “acceptable
quality” (68% to 100% where available), combined with
the limited availability of most types of fruits or vegeta-
bles (all available in less than 35% of stores except
oranges, apples, and bananas).

Price Comparisons and Shelf Space

The prices for most healthy (lower fat, lower calorie,
and whole grain) options were not significantly differ-
ent from the comparable regular items. Similarly
priced healthier and standard options for milk, baked
goods, diet soda, and 100% fruit juice were found at the
stores. Whole grain bread cost, on average, 108% of
refined bread (p<<0.04), and the most marked differ-
ences were found in the higher cost of lean ground
beef (147% of regular), low-fat hot dogs (124% of
regular), baked chips (131% of regular), and 100%
fruit juice at grocery stores (153% of juice drinks) (all
$<0.01). Across all stores, 40.0% of the shelf space for
milk was devoted to skim and low-fat milk, with most of
the difference between milk varieties accounted for by
convenience stores (<0.02 for proportion of skim vs
whole milk; skim/low-fat=30.4% of shelf space).
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Store Type and Neighborhood Differences

Table 4 shows the availability comparisons by store type
and neighborhood socioeconomic status (SES). Gro-
cery stores had significantly higher availability for all
items except 100% fruit juice, diet soda (which conve-
nience stores were more likely to carry), and baked
chips (although grocery stores had significantly more
varieties of baked chips, 2.6 vs 1.1, p<<0.01). Higher
income neighborhoods were significantly more likely
to have healthful options for all foods except diet soda,
100% fruit juice, and low-fat hot dogs. There was
only one difference between stores in high- and low-
walkability neighborhoods, with 100% whole grain
bread being available more often in stores in high-
walkability areas (41.9% vs 14.2%, p<<0.01).

Table 5 presents the composite scores for healthy
nutrition environments by store type and neighbor-
hood SES. In general, the scores for Availability and
Quality cut across the possible ranges (0 to 27 for
availability; O to 6 for quality); but scores for the Price
dimension used only a small part of the range from —8
to 17 points. The store type and neighborhood differ-
ences for Availability, Quality, and Total scores were
significant and in the predicted directions with higher
availability and quality in grocery stores versus conve-
nience stores and high-income versus low-income
neighborhoods. However, the Price scores, while low in
general (mean of 1.1, SD=2.1), differed significantly in
the opposite direction, with convenience stores and
low-income areas having higher scores (i.e., lower
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Table 4. Availability of healthier options by store type and neighborhood SES

Availability (%)

Availability (%)

Grocery Convenience High-income Low-income

Type of food stores (n=24) stores (n=61) Significance areas (n=44) areas (n=41) Significance
Any fruit 87.50 36.07 $<0.01 61.36 39.02 $<0.05
Any vegetables 91.67 3.28 $<0.01 36.36 19.51 $<0.08
Skim/low-fat milk 75.00 22.95 $<0.01 61.36 12.20 $<0.01
Lean ground beef 62.50 0.00 $<0.01 27.27 7.32 $<0.05
Low-fat hot dogs 70.83 3.28 $<0.01 27.27 17.07 NS
Reduced calorie frozen dinners  62.50 3.28 $<0.01 29.55 9.76 $<0.05
Beverages

Diet soda 79.17 98.36 $<0.01 92.00 89.00 NS

100% fruit juice 91.67 98.36 NS 97.67 94.88 NS
Low-fat baked goods 66.67 8.20 $<0.01 38.64 9.76 $<0.01
100% Whole grain bread 79.17 8.20 $<0.01 38.64 17.07 $<0.05
Baked/low-fat chips 70.83 60.66 NS 77.28 48.78 $<0.01

NS, not significant; SES, socioeconomic status.

prices). Because the scoring system assigned two points
per indicator for a lower priced healthy option, the
magnitude of difference found could be accounted for
by stores having a single healthful food item priced
lower than its regular counterpart, for example, skim
milk, baked chips, or lean ground beef.

Discussion

The NEMS-S food store environment measures developed
and evaluated in this study had high interrater and
test-retest reliabilities and provide support for the con-
struct validity of the measures. Because the indicator
foods were carefully selected based on authoritative guide-
lines and recommendations, face validity of the measures
is also affirmed. These measures provide an evaluation of
food stores available in specific locations, so they assess
aspects of the community nutrition environment. The
unique contribution of these measures is the assessment
of the availability, price, and quality of foods available
within stores, reflecting the environment confronted by
consumers making food choices.

The high inter-rater reliability indicates the defini-
tions and instructions in the measurement protocol
and the training methods are sufficient to prepare
observers to collect high-quality data. The high test—

retest reliability suggests limited change in availability,
quality, and price of the measured indicator food
categories and foods over a period of several weeks.
Thus, multiple measures are not needed to obtain a
stable estimate of nutrition environments in food
stores. However, the availability, price, and quality of
fresh produce usually change across seasons, so inves-
tigators are encouraged to repeat observations to assess
or control for seasonal effects.

Previous studies have shown healthful foods are
less available in low-income or minority neighbor-
hoods,'*!%17 and replication of those findings in the
present study support the ability of the new measures to
discriminate between high- and low-income neighbor-
hoods. Because it is hypothesized that healthful foods will
be more available, lower in price, and higher in quality in
grocery stores than in convenience stores,'” present find-
ings indicate the new measures are sensitive enough to
detect those expected differences. The NEMS-S compos-
ite scores in Table b show that the differences in healthful
food availability and quality between grocery stores and
convenience stores are very large. These findings, like
those of previous studies,!” suggest differences in food
store environments may be large enough to have substan-
tial effects on food purchasing and health-related out-
comes. Differences in availability of healthy foods also was

Table 5. Composite scores for healthy nutrition environments by store type and neighborhood SES*

Mean score (=SD)

Grocery stores Convenience stores High income Low income

(n=24) (n=61) (n=44) (n=41)
Availability 17.33 (9.43) 3.54 (2.36) 10.23 (9.20) 4.44 (5.71)
Price 0.13 (2.95) 1.54 (1.41) 0.30 (2.35) 2.05 (1.14)
Quality 5.13 (1.75 0.77 (1.37) 2.61 (2.54) 1.34 (2.22)
Total 22.58 (9.39) 5.85 (3.21) 13.14 (10.25) 7.83 (7.66)

Significance for all comparisons by store type and neighborhood SES is p<<0.01.
“Higher scores indicate greater availability and better quality, and lower prices for healthful options compared to “regular” choices.

SD, standard deviation; SES, socioeconomic status.
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large, suggesting disparities in access to healthy foods
could contribute to well-documented disparities in eating
patterns, obesity, and chronic diseases.®”

An important limitation of the food store environ-
ment measures is the cost of personnel time. These
measures require use of multiple data sources to iden-
tify food stores; there are large numbers of stores to
assess, and trained observers need to spend substantial
amounts of time traveling to and observing each store.
The complexity of the research area is clear, but given
the public health imperative to improve eating behav-
iors in the population,*3% greater priority needs to be
given to understanding the role of food environments
in individuals’ eating patterns. High-quality measure-
ment is required for better research in this area, and
better understanding of food environments can stimu-
late policy changes that could have population-wide
benefits in reducing nutrition-related diseases.

Another limitation of the present evaluation was that it
was conducted within a single large metropolitan area.
This metropolitan area, and the neighborhoods selected,
provided variation in socioeconomic status and race. The
four neighborhoods ranged from 7.9% to 96.6% non-
white population, and two of the neighborhoods are
more than 90% black.®” To address the issue of broader
applicability, two of the investigators and three research
staff collected data using the NEMS-S tools at 11 stores in
five other cities outside Atlanta during the study period.
The favorable results of this feasibility assessment—that
the same measurement procedures could be used in a
variety of geographic areas—provided confirmation of
the feasibility and applicability of the NEMS-S measures
beyond the study area.

The current study evaluated the availability of health-
ful food choices at stores located in different types of
neighborhoods and found few differences in the qual-
ity of food choices available in more or less walkable
areas, but this study included only four neighborhoods.
It is logical that dietary behavior may be influenced by
different levels of accessibility to food outlets. However,
having sources of healthful foods very close to homes
may be more important in walkable neighborhoods
where residents do many errands by walking. Although
easy access to supermarkets has been found to be an
objective®® and perceived®® correlate of healthy nutri-
tion, other research did not support this association.*’
A more detailed understanding of where people shop
for food, in relationship to their residential locations,
and how food outlets are chosen may demonstrate
some relationship to neighborhood design.

Given the need for careful measures development
and reliability testing, the current study was limited by
sample size to evaluate differences within store type
(e.g., grocery) across neighborhoods that differ socio-
economically and in walkability. For example, it is not
clear whether grocery stores in different socioeconomic
areas would consistently differ on our within-store
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measures of consumer nutrition environment. Future
studies can help elucidate whether such neighborhood
differences exist. It is also likely other investigators will
prioritize other food environment variables, so these
measures may be modified and additional components
or modules will need to be developed. For example, the
measures for fruits and vegetables could be broadened
to include canned and frozen varieties. The measures
reported here incorporate a basic format that could be
followed for other versions tailored to the needs of
specific studies. However, the modifications need to be
evaluated for their reliability.

The NEMS-S observational measures of nutrition
environments in retail stores are feasible, highly reli-
able, have good face validity and support for construct
validity, and are applicable in a variety of geographic
locations. The measures of availability, price, and qual-
ity for individual indicator foods and the composite
scores discriminated grocery versus convenience stores
and high- versus low-income neighborhoods. Thus, the
measures reported here can be used to test associations
between food store environments and eating behavior
and in multilevel studies of the determinants of obesity
and chronic diseases. These measures can also be used
in intervention studies and evaluations of changing
food environments, to test whether an intervention
results in meaningful changes in the availability, qual-
ity, and price of healthful food options. The NEMS-S
measurement forms, protocol, rationale, and scoring
system information can be found in the appendix
(available online at www.ajpm-online.net).

Information about training in the use of NEMS-S is
available at www.sph.emory.edu/NEMS.

This work was supported by a grant from the Robert Wood
Johnson Foundation and by a GCC Distinguished Scholar
Award to Karen Glanz from the Georgia Cancer Coalition. We
would like to thank Tracy Orleans for her helpful suggestions
for the study. We would also like to thank Jim Chapman,
Linda Schuessler, Lauren Taglialatela, Kristi Maxwell, Mich-
elle Carvalho, Monique Young, Terry Conway, Kelli Cain,
Janet Kelly, Allison Schilsky, DeLeonardo Howard, Esther
Friedman, Alison Kliegman, and Monica Dancel for their
work on NEMS.

No financial conflict of interest was reported by the authors
of this paper.

References

1. Booth SL, Sallis JF, Ritenbaugh C, et al. Environmental and societal factors
affect food choice and physical activity: rationale, influences, and leverage
points. Nutr Rev 2001;59:521-39.

2. French SA, Story M, Jeffery RW. Environmental influences on eating and
physical activity. Annu Rev Public Health 2001;22:309-35.

3. Institute of Medicine. Health and behavior: the interplay of biological,
behavioral, and societal influences. Washington DC: National Academy
Press; 2001.

4. Koplan JP, Liverman CT, Kraak VI, eds. Preventing childhood obesity:
health in the balance. Washington DC: Institute of Medicine; 2004.

www.ajpm-online.net


http://www.ajpm-online.net
http://www.sph.emory.edu/NEMS

. Sallis JF, Owen N. Ecological models of health behavior. In: Glanz K, Rimer

BK, Lewis FM, eds. Health behavior and health education: theory, research,
and practice, 3rd ed. San Francisco CA: Jossey-Bass; 2002:462—84.

. Glanz K, Sallis JF, Saelens BE, Frank LD. Healthy nutrition environments:

concepts and measures. Am | Health Promot 2005;19:330—4.

. Glanz K, Yaroch AL. Strategies for increasing fruit and vegetable intake in

grocery stores and communities: policy, pricing, and environmental
change. Prev Med 2004;39 (suppl 2):S75-80.

. Zenk SN, Schulz AJ, Israel BA, James SA, Bao S, Wilson ML. Neighborhood

racial composition, neighborhood poverty, and the spatial accessibility of
supermarkets in metropolitan Detroit. Am J Public Health 2005;95:660-7.

. Morland K, Wing S, Diez Roux A, Poole C. Neighborhood characteristics

associated with the location of food stores and food service places. Am J
Prev Med 2002;22:23-9.

23. Heath G, Brownson R, Kruger J, Miles R, Powell KE, Ramsey LT, and the Task
Force on Community Preventive Services. The effectiveness of urban design
and land use and transport policies and practices to increase physical activity:
a systematic review. | Phys Activ Health 2006;3 (suppl 1):S55-76.

24. Frank LD, Schmid TL, Sallis JF, Chapman J, Saelens BE. Linking objectively
measured physical activity with objectively measured urban form: findings
from SMARTRAQ. Am | Prev Med 2005;28(2 suppl 2):117-25.

25. Ewing R, Schmid T, Killingsworth R, Zlot A, Raudenbush S. Relationship
between urban sprawl and physical activity, obesity, and morbidity. Am J
Health Promot 2003;18:47-57.

26. Nielsen SJ, Popkin BM. Patterns and trends in food portion sizes, 1977—
1998. JAMA 2003;289:450-3.

27. Food and Drug Administration, Center for Food Safety and Applied
Nutrition. FDA backgrounder: the food label. May 1999, updated July 9,
2003. Available at: www.cfsan.fda.gov/~dms/fdnewlab.html.

J1 - CC »

10. Morland K, Wing S_’ Roux I_AD' The contextual eAﬁec‘t Of_ the local t_of)d 28. American Heart Association, Food Certification Program. What certi-
environment on residents’ diets: the Atherosclerosis Risk in Communities . . . .

. fication means. Available at: www.americanheart.org/presenter.jhtml?
Study. Am | Public Health 2002;92:1761-8. identifier=4973

11. 'Larala‘ 1'3A, Slega—I%lZ AM, 'Ka11fr'nanJS,t]orl'es SJ. ?rolelt}’ of supermarkets 29. U.S. Department of Health and Human Services, U.S. Department of
15 posmvc%y associated with diet quality index for pregnancy. Prev Med Agriculture. Dietary guidelines for Americans 2005, Washington DC: U.S.
2()()4;39:869_?5' . Government Printing Office; 2005.

12. Morl‘and K, Diez Roux AY» VV.mg.S. Supermar.k‘ens, other food stores and 30. Mullis RM, Snyder MP, Hunt MK. Developing nutrient criteria for food-
obesity: the Atherosclerosis Risk in Communities Study. Am ] Prev Med specific dietary guidelines for the general public. ] Am Diet Assoc
2006;30:333-9. 1990;90:847-51.

13. Zenk SN, Schulz AJ, Hollis-Neely T, et al. Fruit and vegetable intake in 31. Putnam J, Allshouse J, Kantor L. U.S. per capita food supply trends: more
African Americans: income and store characteristics. Am ] Prev Med calories, refined carbohydrates, and fats. Food Rev 2003;25:2-15.
2005;29:1-9. 32. Vainio H, Bianchini F. Fruit and vegetables: IARC handbooks of cancer

14. Horowitz CR, Colson KA, Hebert PL, Lancaster K. Barriers to buying prevention, Vol. 8. Lyon, France: IARC Press; 2003.
healthy foods for people with diabetes: evidence of environmental dispar- 33. Landis JR, Koch GG. The measurement of observer agreement for cate-
ities. Am J Public Health 2004;94:1549-54. gorical data. Biometrics 1977;33:159-74.

15. Sloane DC, Diamant AL, Lewis LB, et al. Improving the nutritional 34. Dilorio CK. Measurement in health behavior: methods for research and
resource environment for healthy living through community-based partic- evaluation. San Francisco CA: Jossey-Bass; 2005.
ipatory research. J Gen Intern Med 2003;18:568-75. 35. La Veist TA. Minority populations and health: an introduction to health

16. Drewnowski A. Obesity and the food environment: dietary energy density disparities in the United States. San Francisco CA: Jossey-Bass; 2005.
and diet costs. Am ] Prev Med 2004;27 (suppl 3):154-62. 36. Mokdad AH, Marks JS, Stroup DF, Gerberding JL. Actual causes of death in

17. Jetter KM, Cassady DL. The availability and cost of healthier food alterna- the United States, 2000. JAMA 2004;291:1238-45.
tives. Am J Prev Med 2006;30:38—44. 37. U.S. Census Bureau. Available at: www.census.gov (Accessed October 23, 2006).

18. Cheadle A, Psaty BM, Curry S, et al. Community-level comparisons between 38. Rose D, Richar4s _R* F 00_‘—‘1 store access and household fruit and yegetable
the grocery store environment and individual dietary practices. Prev Med use among participants in the U.S. Food Stamp Program. Public Health
1991:20:250—61. Nutr 2004;7:1081-8. o .

19. Cheadle A, Psaty B, Wagner E, et al. Evaluating community-based nutrition 39. Arcury TA, Quandt SA, Bell RA, McDonald J, Vitolins MZ. Barriers to

I S . e . nutritional well-being for rural elders: community experts’ perceptions.
programs: assessing the reliability of a survey of grocery store product . o
displays. Am J Public Health 1990;80:709-11. o Ser"““’];’g;:‘ 193&3?'490;81'1 M1 Barker ME. Do “food deserts® il
20. Donkin AJ, Dowler EA, Stevenson SJ, Turner SA. Mapping access to food in : ea.rson » Russell J, Gampbe _J’ arker Do _00 esertsin uen'ce
. . L L . fruit and vegetable consumption? —A cross-sectional study. Appetite
a deprived area: the development of price and availability indices. Public 2005.45.195_‘7
Health Nutr 2000;3:31-8. o

21. Saelens BE, Glanz K, Sallis JF, Frank LD. Nutrition Environment Measures
Study in Restaurants (NEMS-R): development and evaluation. Am J Prev
Med 2007;32:275-283. suppleme“tary data . . . .

22. Frank LD, Andresen MA, Schmid TL. Obesity relationships with commu- Supplementar}’ data associated with this article can be
nity design, physical activity, and time spent in cars. Am ] Prev Med found, in the online version, at doi:10.1016/j.amepre.
2004;27:87-96. 2006.12.019.

Benenson Distinguished Lecture

Donald A. Henderson, MD, MPH, will be the honored guest speaker for the inaugural
Benenson Distinguished Lecture, to be held on April 13, 2007, in conjunction with the
25th anniversary of the San Diego State University Graduate School of Public Health.
Honoring Abram S. Benenson, MD, for his years of service to the world, for his work in
the areas of public health, military medicine, and “shoe-leather” epidemiology, the lecture
series will be an annual event at the GSPH.
Check the SDSU GSPH website at http://publichealth.sdsu.edu/eventsmain.php
for details of the 25" anniversary celebration events and the specific time for the
Benenson Distinguished Lecture.
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