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Abstract

Objective: This paper examines trends in the neighbourhood food store envir-
onment (defined by the number and geographic density of food stores of each
type in a neighbourhood), and in food consumption behaviour and overweight
risk of 5779 men and women.
Design: The study used data gathered by the Stanford Heart Disease Prevention
Program in four cross-sectional surveys conducted from 1981 to 1990.
Setting: Four mid-sized cities in agricultural regions of California.
Subjects: In total, 3154 women and 2625 men, aged 25–74 years.
Results: From 1981 to 1990, there were large increases in the number and density
of neighbourhood stores selling sweets, pizza stores, small grocery stores and
fast-food restaurants. During this period, the percentage of women and men who
adopted healthy food behaviours increased but so did the percentage who
adopted less healthy food behaviours. The percentage who were obese increased
by 28% in women and 24% in men.
Conclusion: Findings point to increases in neighbourhood food stores that gen-
erally offer mostly unhealthy foods, and also to the importance of examining
other food pattern changes that may have a substantial impact on obesity, such as
large increases in portion sizes during the 1980s.
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Over the past decade in the USA, where obesity has

reached epidemic proportions1,2, there has been

increasing interest in the role of the neighbourhood

environment in influencing dietary behaviour. Neigh-

bourhood socio-economic and racial composition char-

acteristics have been observed to be associated with the

location of type of food stores3,4 and access to fresh

produce5, as well as diet-related health conditions such as

coronary heart disease and obesity6–8. Location of type of

food stores may influence the types of food readily

accessible. For example, chain supermarkets invariably

carry fresh produce and meats while independent small

corner markets and chain convenience stores tend to

carry less healthy processed foods9,10.

Reports of Americans not having access to healthy

foods because they live in neighbourhoods where there

are few or no food stores that sell affordable fresh pro-

duce4–7 have raised questions about social inequities with

regard to the promotion of nutrition and health. The lack

of neighbourhood accessibility to healthy foods particu-

larly affects low-income residents, who may be limited by

transportation and financial constraints in their ability to

obtain fresh produce and healthy foods11. In the USA,

most of the studies that have documented a lack of access

to fresh produce have related to residents of inner-city

neighbourhoods; many of these neighbourhoods have

lost chain supermarkets that moved to suburban areas.

Over the past two to three decades, small corner markets

and chain convenience stores established themselves in

these low-income neighbourhoods12,13. Further, fast-food

restaurants began to mark the American landscape. These

changes in the distribution of retail food stores and

accessibility of fast-food restaurants paralleled rapid

increases in processed food production and fast-food

expenditures in the USA. Between 1972 and 1992, total

processed food production increased by 40%14 while fast-

food expenditures increased by more than 130%15.

Processed and fast foods have been implicated in the

obesity epidemic. These foods are generally higher in

energy density than traditional foods prepared from fresh

ingredients16, and energy-dense diets have been shown

to undermine normal appetite regulation processes in

*Corresponding author: Email maywang@berkeley.edu r The Authors 2007

https://doi.org/10.1017/S136898000700105X Published online by Cambridge University Press

https://doi.org/10.1017/S136898000700105X


humans17. Processed and fast foods tend to also be high

in fat, salt and/or sugar and low in fibre. In addition, fast

food is often consumed with highly sweetened beverages

and served in large portions16,18,19.

Clearly, on a national level in the USA, the neigh-

bourhood food store environment has been changing.

However, it is not clear whether changes in the neigh-

bourhood food store environment have been experi-

enced in all regions in the country, and mirror trends in

food consumption behaviour or body mass index (BMI;

kg m22), an established indicator of obesity risk. In par-

ticular, while there have been reports on the exodus of

supermarkets from lower-income inner-city neighbour-

hoods starting in the 1960s13, there are few studies

on secular changes in the neighbourhood food store

environment in less urban areas.

The present paper uses data gathered from 5779 men

and women who resided in four mid-sized cities in agri-

cultural regions of California to describe trends in the

neighbourhood food store environment (defined by the

number and geographic density of food stores of each

type in a neighbourhood), as well as food consumption

behaviour and overweight risk.

Methods

Data sources

The study used: (1) individual-level food behaviour and

sociodemographic data gathered from 3154 women and

2625 men, aged 25–74 years, who had participated in one

of four cross-sectional surveys carried out between 1981

and 1990 in four mid-sized cities in California, conducted

by the Stanford Heart Disease Prevention Program

(SHDPP)20–22 and (2) neighbourhood-level food store

data obtained from government and commercial sources

to describe physical characteristics of the neighbourhood

at the time the surveys were conducted. The research

protocols were approved by the ethics committees at

Stanford University School of Medicine and/or the

University of California at Berkeley, and conformed to

the principles of the Declaration of Helsinki.

Individual-level data

The SHDPP conducted five cross-sectional surveys from

1979 to 1990 to evaluate the effectiveness of a six-year

community-based cardiovascular disease risk interven-

tion. Only data from the second to fifth surveys (1981/82,

1983/84, 1985/86 and 1989/90) were used in the present

study because relevant food behaviour data were not

collected in the first survey (1979/80). Persons aged 12–74

years who resided in randomly selected households in

four California cities – Monterey, Salinas, Modesto and

San Luis Obispo (the first two of which received the

intervention) – and were English- or Spanish-speaking

were eligible to participate in the surveys20,22. To avoid

clustering of risk factors by household, no more than one

female and/or one male was randomly selected from each

household; the data were stratified by gender. The sample

size for each survey averaged 1684 individuals with

response rates ranging from 56% to 69%. The respondents

represented a stable population who mostly had lived in

their communities for a relatively long period of time:

74% for 5 years or longer and only 7% for less than

1 year19. Since few significant changes in risk factors,

morbidity and mortality were found between intervention

and control cities20–22, data from all cities were combined

for this analysis.

Survey and clinical data were collected during a two-

hour examination by nurses and other research staff

trained in diet assessment, height and weight measure-

ment, and other clinical and survey procedures. Food

behaviour information was obtained by assessing the

eating habits and frequency of consumption of selected

foods using an interviewer-administered questionnaire.

The questions asked sought to determine how often or

whether the respondents ate selected foods (see list in

Table 1). Most of these questions determined whether the

food was eaten the day before the interview. Height and

weight were measured using standardised protocols.

In addition, sociodemographic information (age, race/

ethnicity, education, household income) was obtained by

questionnaire.

A brief non-respondent questionnaire was adminis-

tered with individuals who declined to participate (75% of

whom responded). There were no significant differences

in age, sex and BMI (all P $ 0.20), and only slight differ-

ences in educational level (mean: 13 vs. 12 years of

education) for respondents vs. non-respondents20.

Table 1 Assessment of food behaviour

List of foods assessed

‘Healthier foods’
> Poultry or fish including casseroles and other mixed dishes
> Beef, pork, lamb or veal including casseroles and dishes such

as spaghetti, tacos or stew
> Whole-grain bread or whole-grain cereal
> Cooked dried beans such as pinto, kidney or lentils, split peas,

refried beans or lima beans
> Rice, corn, noodles, potatoes or tortillas
> Milk

‘Less healthy’ foods
> Any fried food like pan-fried eggs, bacon or hamburger, or deep

fat-fried foods like French fries or chicken, or sautéed or stir-
fried foods

> Cured meats such as ham, lunch meats, cold cuts, bacon,
sausage or hot dogs

> Salted potato chips, corn chips or crackers
> Cake, pie, sweet rolls, doughnuts, ice cream or cookies
> Candy or beverages such as sodas, or fruit drinks with added

sugar like lemonade, Hi-C or Kool Aid
> Foods that are already prepared (like TV dinners, pizza, frozen

main courses, canned soup, etc.)
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Neighbourhood-level data

Relevant data on retail food stores (including fast-food

restaurants) were obtained from the California State Board

of Equalization (SBOE) and telephone business directories

for the years in which the SHDPP cross-sectional surveys

were conducted. The SBOE is a government agency that

licenses retail businesses that sell any taxable item (such as

soda or beverages); its database can be expected to

include small grocery stores but not vendors that exclu-

sively carry fresh produce and meats (non-taxable items).

In a methodological study, we found it necessary to sup-

plement the SBOE database with stores listings from the

telephone directories. Use of telephone directories alone

can be problematic because the same store may be listed

several times under different store names, store addresses

may be omitted or incorrect, and stores may be listed even

after they have moved or closed23.

The food store data we obtained included store names

and street addresses and dates of operation; the street

addresses were geocoded into neighbourhoods, which

were defined by a combination of census tracts and/or

block groups. These census-defined boundaries were

verified against archival neighbourhood maps and with

city planners to ensure that they corresponded with actual

neighbourhood boundaries. Using these definitions, a

total of 82 neighbourhoods were identified in the four

cities; 70 neighbourhoods had boundaries that corre-

sponded with individual census tracts or block groups,

while the remaining 12 neighbourhoods had boundaries

that reflected a combination of census tracts or block

groups24–27.

The neighbourhood food store environment was

defined by the number and geographic density of food

stores of each type in a neighbourhood. The number of

food stores of each type is the count in the neighbour-

hood and a surrounding 0.5-mile buffer zone. The geo-

graphic store density is calculated by dividing the number

of stores by the area of the neighbourhood. The creation

of a buffer zone allows the inclusion of stores that lie just

outside neighbourhood boundaries.

The North American Industry Classification System28

and the Food Marketing Institute29 definitions of retail

food stores were adapted to create 11 food store cate-

gories (see Table 2). Most stores were assigned to a

category based on name recognition. Store names that

were vague were assigned to a category after checking

the business pages of the telephone directory or making

inquiries with managers/owners of existing stores or

long-term residents of the neighbourhood; these were

mostly small independent grocery stores, which com-

prised about 20% of all stores.

Data analysis

Means and standard deviations or frequency distributions

of relevant sociodemographic variables were derived to

provide summary descriptive characteristics of the parti-

cipants and the neighbourhoods in which they lived.

To examine trends in the food store environment, the

mean neighbourhood store count and store density were

computed for each store type in each survey year. Medium-

sized independent grocery stores were omitted from the

analysis, because only 1% of SHDPP participants lived

in neighbourhoods with a medium-sized independent

grocery store.

To examine trends in food behaviour, the percentage of

participants consuming a list of selected foods for each

survey year was calculated; these foods were then cate-

gorised as ‘healthier foods’ or ‘less healthy foods’. Specifi-

cally, foods that were generally high in fat, sugar or salt

were considered less healthy foods – fried foods, cured

meats, salted chips, cake/pie, candy and other sweets

(‘sweets’) and TV dinners or pre-prepared foods – while

fresh meat including poultry, whole-grain fibre, rice/corn/

noodles, beans and milk were considered healthier

foods. All categorical variables (expressed as percentages)

were examined for trend using the Cochran–Armitage trend

test, while continuous variables were examined for

trend using a Poisson regression model with survey as the

time effect.

Results

Across all four surveys, participants had a mean age of

45 years and were primarily non-Hispanic White (83%)

and married (68%) (Table 3). Approximately 60% had

more than 12 years of education, and 43% had household

incomes that were greater than 400% of the Federal

Poverty Level30.

Table 2 Store type definitions

1. Chain supermarkets, defined as chain self-service grocery
stores generating an annual sales volume of .$2 million

2. Medium-sized independent grocery stores, defined as inde-
pendently owned grocery stores that carry a range of products
generating an annual sales volume of ,$2 million

3. Specialised markets, defined as stores that sell only specific
food items such as seafood or fresh produce

4. Ethnic grocery stores, defined as independently owned stores
that have an ethnic name (presumed to carry ethnic foods)

5. Small grocery stores, defined as independently owned grocery
stores that sell beverages, tobacco and a limited selection of
convenience foods (other than ethnic stores)

6. Chain convenience stores, defined as self-service grocery
stores offering a limited line of high-convenience items, open
long hours and providing easy access

7. Fast-food restaurants, defined as those nationally recognised
chains that sell inexpensive, quickly served zoods such as
hamburgers and fried chicken

8. Pizza stores, defined as stores that primarily sell pizza
9. Pastry and other sweets: stores that primarily sell cakes, pies,

ice cream, candy and other sweets
10. Bakeries: stores that primarily sell bread and rolls including

croissants and muffins
11. Doughnut shops: stores that almost exclusively sell doughnuts
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Socio-economic characteristics of the neighbourhoods

for each of the four cities for the years 1980 and 1990

(when the US Census was conducted) are shown in

Table 4. From 1980 to 1990, the populations of all four

cities grew more than 10-fold from 363 000 to 4.3 million;

median household income increased by 87% from

$16 000 to $30 000; the percentage with less than 12 years

of education decreased from 28% to 23%; and the per-

centage unemployed dropped from 8.6% to 6.8%. The

Hispanic population in all four cities also increased from

10% of the total population to 13%.

Changes in neighbourhood food store environment

from 1981 to 1990 are shown in Table 5. In terms of both

neighbourhood count of stores and store density, stores

selling sweets, pizza stores, small grocery stores and fast-

food restaurants showed large increases from 1981 to

1990. For example, the mean count per neighbourhood

and density of stores that sold pastries and other sweets

increased by 180% and 152%, respectively. Chain super-

markets and chain convenience stores showed more

modest increases.

Changes in individual food behaviour over the period

1981–1990 are indicated by the percentage of participants

who consumed selected foods the day previous to the

interview. There were notable increases among both

men and women in the percentage consuming what are

generally considered ‘healthy’ foods. The percentage

reporting consumption of poultry/fish, cooked dried

beans and reduced-fat milk increased by 12–26% in men

and 13–20% in women. However, over the same period,

while there were significant decreases in the percentage

reporting consumption of fried foods (men: 20%

Table 3 Sociodemographic profile of study participants, aged 25–74 years (1981–1990)*

Characteristic 1981/82 (n 5 724) 1983/84 (n 5 1738) 1985/86 (n 5 1652) 1989/1990 (n 5 1665) Total (n 5 5779)

Age (years), mean 6 SD 44.9 6 14.8 45.1 6 14.0 44.8 6 13.7 44.2 6 13.9 44.7 6 14.0
Ethnicity (%)

White, non Hispanic 83.0 81.6 90.4 77.5 83.1
Hispanic 11.3 10.1 9.6 14.4 11.4
Other 5.7 8.3 0.0 8.1 5.5

Marital status
% married 68.1 70.2 68.0 64.5 67.7

Education (%)
,12 years 15.2 15.7 12.6 13.8 14.2
12 years 31.4 25.3 26.4 25.2 26.3
.12 years 53.4 59.0 61.0 61.0 59.5

Household income/poverty threshold
0–200% 25.5 21.7 19.4 20.2 20.8
201–400% 39.0 27.6 38.2 32.4 36.0
401–600% 19.9 28.5 21.3 26.8 23.3
.600% 15.5 22.2 21.1 20.6 19.9

SD – standard deviation.
*Data gathered in four cross-sectional surveys conducted from 1981 to 1990. Sample includes one woman per household and/or one man per household.

Table 4 Neighbourhood characteristics over time by city, 1980 and 1990 Census

Monterey Salinas Modesto San Luis Obispo Total

Number of neighbourhoods 22 20 33 7 82

Neighbourhood Neighbourhood Neighbourhood Neighbourhood Neighbourhood

Mean 6 SD Mean 6 SD Mean 6 SD Mean 6 SD Mean 6 SD

Square miles 0.6 6 0.4 1.8 6 2.9 1.2 6 0.8 29.9 6 44.2 3.6 6 14.6

1980 Census
Population 373 6 223 505 6 257 291 6 269 541 6 403 363 6 277
Median household income ($) 15 607 6 3685 17 068 6 3919 17 475 6 5715 15 952 6 4482 16 120 6 4701
% with ,12 years’ education 19.3 6 8.6 34.0 6 18.5 35.8 6 19.1 12.8 6 5.5 27.7 6 18.7
% unemployed 6.0 6 3.2 10.1 6 4.3 12.7 6 9.0 5.4 6 2.1 8.6 6 7.5
% Hispanic 6.8 6 4.0 27.0 6 20.5 11.0 6 12.8 6.4 6 2.0 10.0 6 17.2

1990 Census
Population 2432 6 1704 4650 6 2941 4874 6 2073 7383 6 2743 4250 6 2584
Median household income ($) 32 287 6 6615 31 951 6 8314 29 090 6 8470 29 931 6 10 455 30 167 6 8190
% with ,12 years’ education 14.9 6 10.2 27.3 6 20.6 34.7 6 17.6 10.3 6 3.1 23.1 6 18.7
% unemployed 4.4 6 2.8 7.6 6 6.1 9.9 6 8.7 4.8 6 3.7 6.8 6 7.3
% Hispanic 8.8 6 8.6 35.9 6 25.7 14.2 6 15.1 8.2 6 2.9 13.3 6 21.2

SD – standard deviation.
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decrease, women: 32% decrease) and cured meats (men:

23% decrease, women: 16% decrease), the percentage

reporting consumption of other less healthy foods

increased: sweets by 35% in men and 15% in women, and

TV dinners and other pre-prepared foods by 4–5% among

both men and women (Tables 6 and 7).

Changes in BMI over 1981–1990 reflected nationwide

trends, with mean BMI increasing by 1.5% in men

Table 5 Neighbourhood food store patterns, 1981–1990

Survey year

1981/82 1983/84 1985/86 1989/90 % change 1981/82–1989/90 Test for trend P-value

Mean no. of stores in neighbourhood
Supermarkets 26 23 29 31 119.2 0.71
Specialised markets 10 15 12 18 180.0 0.44
Ethnic grocery stores 18 13 17 23 127.8 0.41
Small grocery stores 42 48 51 63 150.0 0.21
Convenience stores 52 60 63 63 121.2 0.71
Fast-food restaurants 53 55 68 87 164.2 0.01
Pizza stores 45 56 69 86 191.1 0.002
Stores selling sweets* 10 9 16 28 1180.0 0.004
Bakeries- 7 5 8 7 0.0 0.86
Doughnut shops 20 20 25 29 145.0 0.50
Total 280 304 358 435 155.3 ,0.001

Density (no. of stores/sq. mile)-

-

Supermarkets 1.2 1.2 1.3 1.3 15.6 0.19
Specialised markets 0.9 1.4 1.2 1.1 116.0 0.28
Ethnic grocery stores 1.5 1.0 1.2 1.4 22.9 0.01
Small grocery stores 2.5 3.2 3.4 4.1 160.3 ,0.001
Convenience stores 3.1 3.7 3.9 3.6 117.6 ,0.001
Fast-food restaurants 2.7 2.9 3.3 4.2 153.7 ,0.001
Pizza stores 2.4 2.9 3.4 4.5 185.2 ,0.001
Stores selling sweets* 0.5 0.8 1.0 1.3 1152.1 ,0.001
Bakeries- 0.5 0.3 0.6 0.4 221.7 0.94
Doughnut shops 1.0 1.0 1.2 1.2 124.7 0.004

*Including ice-cream, candy, cake and pie.
-Primarily sells bread, muffins, croissants and/or bagels.
-

-

Includes 0.5-mile buffer zone.

Table 6 Individual dietary habits and BMI over time: men aged 25–74 years

Survey year

1981/82
(n 5 322)

1983/84
(n 5 804)

1985/86
(n 5 747)

1989/90
(n 5 752)

% change
1981/82–1989/90

Test for trend
P-value

% consuming each type of food
Healthier foods

Poultry/fish yesterday 42.5 42.7 44.2 47.7 112.2 0.04
Meat dishes yesterday 75.8 77.4 72.3 67.4 211.1 ,0.001
Whole-grain bread/cereal yesterday 54.4 53.2 57.2 56.4 1 3.7 0.22
Cooked dried beans yesterday 22.1 21.3 22.2 26.0 117.6 0.05
Rice, corn, noodles yesterday 67.8 67.8 66.4 71.4 1 5.3 0.19
Milk (any type) 91.3 88.4 93.8 89.9 21.5 0.56
Milk (non-fat or low-fat) 55.8 56.5 64.4 70.4 126.2 ,0.001
Eggs ($1/week) 88.8 87.8 82.1 71.3 219.7 ,0.001

Less healthy foods
Fried foods yesterday 54.7 56.0 48.5 43.9 219.7 ,0.001
Cured meat yesterday 45.7 42.5 37.5 35.4 222.5 ,0.001
Salted chips yesterday 30.2 29.8 25.3 29.2 23.3 0.46
Cake/pie yesterday 51.6 57.3 56.8 57.3 111.0 0.23
Sweets yesterday 38.8 44.7 44.6 52.5 135.3 ,0.001
TV dinners or other prepared foods 81.0 84.8 86.5 84.6 14.4 0.22

% overweight* 58.6 59.0 62.3 62.7 17.0 0.08
% obese- 14.1 14.8 15.8 17.5 124.1 0.09
BMI (kg m22) 26.2 26.3 26.6 26.6 11.5 0.05
Physical activity-

-

4.8 4.5 4.7 4.8 0.0 0.12

BMI – body mass index.
*BMI 5 25.0–29.99 kg m22 .
-BMI $ 30.0 kg m22 .
-

-

Physical activity was rated using a 1–7 scale with 7 being the most active.
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and 3.2% in women, and the percentage of men and

women who were obese (BMI $ 30.0 kg m–2) increasing

rapidly, from 14.1% to 17.5% in men and from 16.3% to

20.9% in women (Tables 6 and 7).

Discussion

This analysis of data from four mid-sized cities in Cali-

fornia found increases in the number and density of all

types of stores, except bakeries. The stores that showed

the greatest increases in absolute counts per neighbour-

hood, and also statistically significant increasing trends,

were stores that sold sweets, pizza stores and fast-food

restaurants. The stores that showed the greatest increases

in density were stores selling sweets, pizza stores, small

grocery stores, fast-food restaurants, doughnut shops and

convenience stores.

Changes in individual food behaviour were not entirely

consistent with these trends. The increases in the number

and/or density of stores that sold sweets, doughnut

shops, small grocery stores and convenience stores

paralleled increases in the percentage of participants

reporting consumption of sweets and TV dinners and

other pre-prepared foods. However, increases in fast-food

restaurants did not correspond with an increase in the

percentage of participants reporting consumption of fried

foods (defined to include hamburgers), which actually

showed a decrease of 32% for women and 20% for men,

from 1981 to 1990. The percentage of participants who

consumed healthier choices of selected protein foods

(poultry/fish, cooked dried beans, reduced-fat milk)

increased by 12–26%. However, the percentage who

consumed less healthy foods also increased: sweet foods

by 15% in women and 35% in men, and TV dinners and

other pre-prepared foods by about 4% in both women

and men. During the same period, the percentage of

participants who were overweight increased significantly

by 13% for women and 7% for men. Obesity prevalences

increased more rapidly, by 28% for women and 24%

for men.

These observations of individual dietary behaviour and

overweight risk are consistent with findings from national

surveys. Using data from the 1965 Nationwide Food

Consumption Survey and the 1994–1996 Continuing

Survey of Food Intake of Individuals, Popkin et al. found

that diet quality, with the exception of calcium intake,

had improved across racial/ethnic groups and socio-

economic groups. However, they noted that despite the

increase in diet quality, the average energy intake of

Americans has also increased31. The increase in the

percentage of SHDPP participants consuming sweets

and TV dinners and pre-prepared foods is consistent

with the increase in energy intake observed in the

general US population. Similarly, the increases in the

percentage consuming healthier choices of protein

Table 7 Individual dietary habits and BMI over time: women aged 25–74 years

Survey year

1981/82
(n 5 402)

1983/84
(n 5 934)

1985/86
(n 5 905)

1989/90
(n 5 913)

% change
1981/82–1989/90

Test for trend
P-value

% consuming each type of food
Healthier foods

Poultry/fish yesterday 42.5 43.4 43.8 50.4 118.6 0.002
Meat dishes yesterday 68.7 65.1 62.5 54.7 220.4 ,0.001
Whole-grain bread/cereal
yesterday

51.5 56.7 57.9 56.4 19.5 0.20

Cooked dried beans yesterday 22.7 17.9 20.2 25.6 112.8 0.01
Rice, corn, noodles yesterday 69.8 69.0 66.9 69.1 21.0 0.73
Milk (any type) 91.3 88.4 92.2 92.0 10.8 0.07
Milk (non-fat or low-fat) 62.6 62.7 69.6 75.4 120.4 ,0.001
Eggs ($1/week) 83.3 82.2 77.1 66.2 220.5 ,0.001

Less healthy foods
Fried foods yesterday 47.9 47.8 43.3 32.5 -32.2 ,0.001
Cured meat yesterday 32.1 31.9 29.8 26.9 216.2 0.02
Salted chips yesterday 22.2 24.4 22.5 23.9 17.7 0.84
Cake/pie yesterday 55.0 53.9 54.3 49.8 29.5 0.06
Sweets yesterday 37.1 37.9 37.2 42.5 114.6 0.04
TV dinners or other prepared
foods

82.0 82.1 83.0 85.8 14.6 0.03

% overweight* 41.0 40.4 42.2 46.3 112.9 0.02
% obese- 16.3 16.9 15.8 20.9 128.2 0.03
BMI (kg m–2) 25.3 25.4 25.2 26.1 13.2 0.01
Physical activity-

-

4.4 4.1 4.3 4.4 0.0 0.21

BMI – body mass index.
* BMI 5 25.0–29.99 kg m22 .
-BMI $ 30.0 kg m22 .
-

-

Physical activity was rated using a 1–7 scale with 7 being the most active.
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foods (poultry/fish, cooked dried beans, reduced-fat

milk) and the decrease in the percentage consuming

fried foods are consistent with the finding of improved

diet quality.

There are several limitations to this study. The assess-

ment of food behaviour used by the SHDPP did not

include fruits and vegetables, which at the time (1980s)

were not the primary focus of most nutrition interven-

tions32. Fast-food items were not asked about specifically;

instead, they were classified as fried foods together with

non-fast-food fried items. Further, the assessment of

consumption of selected foods did not seek information

on portion size. It is likely, for example, that while the

percentage of individuals consuming fried foods

decreased, the average portion size among consumers

increased over time33.

Store data were archival so it was not possible to

physically observe the types of foods carried by the stores

at the time of the surveys. Further, categorisation of the

stores was based on name recognition, and made with the

help of current store owners/managers and long-term

residents. There is likely to be error in categorisation of

the stores, especially older stores that no longer existed at

the time of this study.

The analysis was limited to data gathered from adults

only, and the apparent inconsistency between the

increasing trend of fast-food restaurants and the

decreasing percentage of SHDPP participants consuming

fried foods may reflect differences in preference for fast

food between adults and children. Finally, the cross-

sectional nature of the survey data prevented the use of

more rigorous analytical techniques to prospectively

examine changes in individual-level behaviour in relation

to changes in the neighbourhood food store environment

over time.

In conclusion, this study has documented increases in

all types of food stores, with the exception of bakeries, in

four mid-sized cities in agricultural regions of California;

stores that usually carry less healthy foods (stores selling

sweets, pizza stores, small grocery stores, fast-food

restaurants, doughnut shops and convenience stores)

showed the greatest increases. This observation echoes

the trends observed in more urban regions. Many efforts

are being made throughout the nation to address obesity

by intervening at the environmental level. For example, in

California, the California Endowment established the

Healthy Eating, Active Communities Initiative, a $26 mil-

lion four-year initiative, to improve the food and physical

activity environments of school-aged children34. Findings

from evaluation studies of such environmentally focused

programmes will direct future research and intervention

efforts. Meanwhile, it is important to conduct more defi-

nitive studies to delineate the role of the environment in

determining food behaviour. While the types of retail

food stores in a neighbourhood clearly affect the avail-

ability and accessibility of various types of foods9, other

factors such as knowledge, social and cultural norms and

values, and financial resources (including ownership of a

vehicle) also determine food purchasing and consump-

tion behaviour in the USA7,11. The weight of these factors

in their influences on individuals and families will shape

the design of effective interventions.
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