1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Soc Sci Med. Author manuscript; available in PMC 2016 May 11.

-, HHS Public Access
«

Published in final edited form as:
Soc Sci Med. 2008 June ; 66(11): 2218-2229. doi:10.1016/j.socscimed.2008.01.018.

Fast food, fruits and vegetables' prices’ association with dietary
intakes among US adults: Is there modification by family
income?

May A. Beydoun, Ph.D", Lisa Powell, PhDT, and Youfa Wang, M.D., Ph.D"

May A. Beydoun: mbaydoun@jhsph.edu; Lisa Powell: powelll@uic.edu; Youfa Wang: ywang@jhsph.edu

"Center for Human Nutrition, Department of International Health, Johns Hopkins Bloomberg
School of Public Health, tel: 410-502-6079, fax: 410-955-0196

TInstitute for Health Research and Policy, University of lllinois at Chicago, tel: 312-413-8468, fax:
312-996-0065

*Center for Human Nutrition, Department of International Health, Johns Hopkins Bloomberg
School of Public Health, tel: 410-502-3102, fax: 410-955-0196

Abstract

We examined effects of prices of fast foods (FF) and fruits and vegetables (FV) on dietary intake,
body mass index (BMI) and obesity risks and whether the associations varied across groups
according to their family income. Data from the US Department of Agriculture Continuing Survey
of Food Intakes by Individuals (CSFII, 1994-96) for 7,331 individuals aged 20-65 years with
complete data on two 24-hr recalls were used. We computed two food price indices (FFPI and
FVPI) which were linked to individuals through geocoded identifiers. Main outcomes included
dietary intakes of energy, selected nutrients and food groups, fast food consumption, and diet
quality measured using two indices (HEI and aMED), BMI and obesity. Interaction terms between
key variables were tested in regression analyses and in further stratified analysis by family income.
Higher fast food prices (FFPI) were associated with higher, fiber intake, low saturated fat, and
better overall diet quality as measured by aMED. FVPI was positively associated with improved
dietary quality as well in terms of lower cholesterol and sodium intakes, improved HEI and lower
BMI. Most of these associations showed homogeneous strengths across income groups as
evidenced by a non-significant FFPI*PIR or FVPI*PIR interaction term (p<0.10). While
increasing FFPI by one standard deviation was only borderline protective against FF consumption
(OR=0.89; 95% CI: 0.78, 1.02), its association with other binary outcomes that were considered
was non-significant. In contrast, FVPI was protective against obesity, particularly among the near
poor. It was also associated with improved aMED score (OR: 2.22; 95% ClI: 1.22, 4.03). Analyses
of these national data suggest that changing fast food and fruit and vegetable prices may affect
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people’s dietary quality and to some extent their adiposity, although the present study is limited by
the available food price data.
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INTRODUCTION

Obesogenic environments promoting excessive food consumption coupled with sedentary
lifestyles are primary suspects for the current obesity epidemic in the United States and
many other industrialized countries (French, Story, & Jeffery, 2001b). Consumption of
energy dense foods, frequent meal consumption, high intake of fat and low intake of fiber
was found to be associated with increased risk of overweight and obesity (Howarth, Huang,
Roberts, Lin, & McCrory, 2006; Howarth, Huang, Roberts, & McCrory, 2005; Howarth,
Murphy, Wilkens, Hankin, & Kolonel, 2006). Moreover, food choice is thought to be
influenced by a number of environmental and individual factors. Environmental factors may
include the changing nature of food supply, food advertising, marketing and promotion as
well as food prices (Popkin, Duffey, & Gordon-Larsen, 2005). Controlling for individual
factors that may determine food preferences, such as age, sex, ethnicity, education, and
income, food prices can also act on food choice by changing the relative prices of certain
types of foods with marked consequences on diet quality, a pattern hypothesized to be more
salient among the poor segment of the population. In addition, studies have shown that lower
income was associated with poorer dietary quality (Darmon, Ferguson, & Briend, 2003;
Darmon, Ferguson, & Briend, 2002).

Whereas many of the studies conducted addressed quality of the diet consumed and its
associated costs (Andrieu, Darmon, & Drewnowski, 2006; Cade, Upmeier, Calvert, &
Greenwood, 1999; Darmon, Briend, & Drewnowski, 2004; Darmon, Ferguson, & Briend,
2006; Drewnowski, 2003, 2004; Drewnowski & Darmon, 2005a, b; Jetter & Cassady, 2006;
Schroder, Marrugat, & Covas, 2006), few have looked at the effect of food prices as an
environmental factor operating at the institutional (e.g. schools) or neighborhood level on
food purchasing behavior and dietary intake (French, 2005; French, Jeffery, Story, Breitlow,
Baxter, Hannan et al., 2001a; French, Story, Jeffery, Snyder, Eisenberg, Sidebottom et al.,
1997; Jeffery, French, Raether, & Baxter, 1994; Lakdawalla, Philipson, & Bhattacharya,
2005; Powell, Auld, Chaloupka, O'Malley, & Johnston, 2007a). For example, one
intervention study (The CHIPS study) found that price reductions in vending machines at
schools and work settings (of 10%, 25% and 50%) increased low-fat snack sales by 9%,
39% and 93%, respectively (French et al., 2001a). Another study showed that when fresh
fruits and baby carrots were reduced in price by 50%, their sales increased by four-fold and
two-fold, respectively. Sales returned to baseline with the reinstatement of usual prices
(French et al., 1997). A recent cross-sectional study suggested local area prices of fast foods
and fruits and vegetables may influence healthy eating behaviors among adolescents (Powell
et al., 2007a).. Based on the Third National Health and Nutrition Examination Survey
(NHANES |11 1988-94) data, a recent study found that local area relative prices of certain
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foods were significantly associated with several nutrient deficits: higher prices for peaches
and orange juice were associated with vitamin-C deficiency, higher orange juice prices were
associated with folate deficiency and higher ground beef prices were associated with anemia
(Lakdawalla et al., 2005).

No published studies to our knowledge, however, have examined local area fast food pricing
effects on American adults’ dietary intake. In addition, several recent studies suggest that
food prices are significantly associated with BMI and/or obesity status among children
(Sturm & Datar, 2005), adolescents (Powell et al., 2007a) and adults (Chou, Grossman, &
Saffer, 2004), suggesting that increasing prices of fast foods and/or reducing those of fruits
and vegetables may lower BMI and/or the rates of obesity in various age groups. However,
none of these studies examined whether family income affects these associations, and none
assessed food price impacts on overall diet quality or fast food consumption.

Our current study aimed to examine the effects of prices of “fast foods (FF)” and “fruits and
vegetables (FV)” on dietary intakes (including energy, nutrients, food groups, and overall
diet quality and fast food consumption). In addition, we examined the association between
these food prices and BMI and risk of obesity, though these were only secondary objectives
due to the limitations of available anthropometric measures. Further we studied the
differences in these associations across family income categories.

MATERIALS AND METHODS

Study Design and Subjects

Figure 1 presents the conceptual model used in our analyses. This study undertook empirical
analyses to examine the effects of FF and FV prices on overall dietary quality, nutrient
intakes, FV and FF consumption, and BMI and obesity prevalence. We hypothesized that
increased prices of FF have a positive (i.e., desirable) effect on dietary intakes and are
reversely associated with risk of obesity, while these same effects are anticipated for reduced
prices of FV. We suspect that these associations were more pronounced among the lower
incomes group, who may be more price-sensitive.

Analyses were undertaken using nationally representative data from the US Department of
Agriculture (USDA) Continuing Survey of Food Intakes by Individuals (CSFII) 1994-96
(US Department of Agriculture, 1994-96). A multi-stage stratified sample of 16,103 non-
institutionalized persons aged 0 to 90 years residing in the United States contained
information about dietary intake (by one or two nonconsecutive, multiple-pass 24-hour
recalls that were 3 to 10 days apart), socioeconomic, demographic and health parameters.
Demographic, socio-economic and lifestyle variables were available for all individuals who
participated in the CSFII survey.

Among the 16,103 respondents of all ages who completed the CSFII 1994-96, 9,872 were
20 years or older and had complete data on day 1 of recall. We further excluded those over
the age of 65 years (/7=2,127), to ensure relatively healthy individuals with no special dietary
needs being selected. We also excluded those who completed only one 24-hour dietary recall
(rm=414). This resulted in a final sample of 7,331 individuals (3,721 men and 3,610 women).

Soc Sci Med. Author manuscript; available in PMC 2016 May 11.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Beydoun et al.

Measures

Page 4

1) Outcome variables

Dietary intakes and dietary quality indicators: Dietary intake was elicited from subjects
participating in the CSFI1 1994-96 survey using two 24-hour dietary recalls. Based on
responses which uncovered types of foods consumed during these two days along with their
portion sizes, nutrient intake was estimated using food composition tables that were
designed specifically to be used for this survey. Moreover, the foods consumed were
grouped into broader categories. Average dietary intakes of foods and nutrients from the
two-day 24-hour recalls were considered. Indicators considered included energy, total fat
and saturated fat intake (as percent of total calories), sodium, cholesterol and sugar, the
excess of which are believed to reduce diet quality. We also considered intake of FV
(grams), fiber (grams), dairy products (grams) and calcium (grams), adequate intake of
which are believed to improve diet quality.

Diet quality indices (DQI): To assess the overall quality of diet, we applied two widely
known diet quality indices, namely the USDA’s Health Eating Index (HEI) (McCullough,
Feskanich, Rimm, Giovannucci, Ascherio, Variyam et al., 2000) and the Alternate
Mediterranean Diet Score (aMED) (Trichopoulou, Costacou, Bamia, & Trichopoulos, 2003;
Trichopoulou, Kouris-Blazos, Wahlqvist, Gnardellis, Lagiou, Polychronopoulos et al.,
1995). Whereas HEI is measured on a scale of 0 to 100, aMED may range from 0 to 10.
Appendix A shows the criteria for scoring points on each of these two indices. For many of
the food group criteria, serving estimates rather than grams were used as made available by
the USDA. A HEI and aMED score was calculated for each subject, respectively. Our
analysis shows a moderate agreement between the HEI and aMED scores, with a spearman
correlation r=0.50 (P<0.05), a kappa=0.15 (P<0.05) and percent agreement of 32.2%
(>expected agreement by chance of 20%) for age- and gender-specific quintiles. HEI and
aMED were used as continuous outcomes, but in another part of our analysis, the upper
quintile (80! percentile) was used to indicate “good” diet quality.

Fast food consumption indices (FECI): Two FF consumption indices were computed

based on the average intake of foods: a) a FFCI count index consisting of the sum of all food
items that were reported to be consumed at a FF restaurant, including beverages; and b) a
FFCI binary index of consuming (=1) vs. not consuming (=0) the items included in the count
index over the two 24-hr recall periods.

Body Mass Index (BMI) and weight status: Information on self-reported weight and
height was collected in the CSFII. BMI was calculated as weight (kg)/height(m)2. Obesity
was defined as BMI1=30kg/m?2. Note that although some research suggests that such self-
reported measures are valid and widely used in epidemiologic studies (Ajani, Lotufo,
Gaziano, Lee, Spelsberg, Buring et al., 2004; Freedman, Ron, Ballard-Barbash, Doody, &
Linet, 2006), others show that they are prone to measurement error, usually underreporting
in weight (Kuczmarski, Kuczmarski, & Najjar, 2001; Wang, Patterson, & Hills, 2002).

2) Primary exposure variables: Price of foods—Food price data were obtained from
the American Chamber of Commerce Researchers Association (ACCRA) Cost of Living
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Index reports that contained quarterly information on prices across more than 300 US cities
annually. The ACCRA collected 62 different prices across a range of products. Price data,
which were based on establishment samples, reflected a mid-management standard of living.
For consistency, national brands were stipulated where possible. Otherwise, “lowest price”
was specified and was the average of the lowest prices found in all stores surveyed. In the
CSFI1 1994-96, there was an initial sampling of 62 PSUs out of the 1,404 PSUs that were
created for all of the United States. Price data were matched to the CSFII sample based on
the closest city match available in the ACCRA data using MSA/county geocode data
provided for the CSFII data corresponding to the sampled PSUs and was also dependent on
the survey year in which each subject was selected (n=62 PSUs*3years=186 possible values
per food price in the dataset).

We generated three match indicators for the quality of the food price geocode match (nearest
ACCRA city was within the CSFII household’s MSA/county vs. next contiguous county or
other county). In all regression models, we accounted for the quality of the price match by
including dummy variable match indicators and interactions of the match indicators with the
two food prices in order to isolate price effects for the exact within MSA/county geocode
match. For each year, the price data were averaged across quarters 1 through 4. Hence, food
prices were matched with CSFII based on geocode and survey year. From the items provided
in the ACCRA data, we created two price indices: a fruit and vegetable price index (FVPI)
and a fast food price index (FFPI).

Fruit and vegetable price index (FVPI): The FVPI was based on prices collected in the
following food categories: potatoes, bananas, lettuce, sweet peas, tomatoes, peaches and
frozen corn. ACCRA reported weights for each item based on expenditure shares derived
from the Bureau of Labor Statistics (BLS) Consumer Expenditure Survey. We used these
weights to compute a weighted FVPI based on the seven food items noted above. The price
was also deflated by the BLS Consumer Price Index (CPI) (1982-1984=1).

Fast food price index (FEPI): The FFPI was based on the following three items included in
the ACCRA data: a) a McDonald’s Quarter Pounder with cheese, b) a thin crust regular
cheese pizza at Pizza Hut and/or Pizza Inn, and c) fried chicken (thigh and drumstick) at
Kentucky Fried Chicken and/or Church’s Fried Chicken. The FFP1 was computed as an
average of these three food prices since they have equal weights. The FFPI was also deflated
by the CPI.

3) Covariates and potential confounders

Poverty Income ratio (PIR): PIR (as a percentage of poverty line) was considered as a
confounder while conducting the multivariate regression analyses for the total population
and an effect modifier in the stratified analysis. As a percentage of the poverty line, it was
categorized as 0-130 (poor: food stamp eligible) (Siega-Riz, Kranz, Blanchette, Haines,
Guilkey, & Popkin, 2004), 131-299 (near poor), and 300 or more (not poor). While SES is
usually conceptualized with several measures (including education and occupation), we
focused on the financial aspect of SES for the purpose of this study. However, a sensitivity
analysis was done to look at potential effect modification by education (<High School (HS),
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HS, >HS), controlling for PIR. Another sensitivity analysis assessed effect modification by
presence or absence of chronic diseases.

Other covariates: Additional control covariates included age, gender, and ethnicity (Non-

Hispanic Whites, Non-Hispanic black, Hispanic, Other), years of education attained, degree
of urbanization of the geographical area in which households were selected (i.e.,
Metropolitan Statistical Area-central city, MSA- suburban, and rural). We also considered
dummy variables for year of the survey. In addition, we considered individual-level lifestyle
and health factors, which were adjusted in all models. These lifestyle variables included two
binary variables: current smoking status and low physical activity (response of “rarely or
never” on the question: “How often do you exercise vigorously enough to work up a
sweat?”). Self-rated and doctor-rated health based on the following questions was used: (A)
In general, would you say that your health is: (1) excellent, (2) very good, (3) good, (4) fair,
(5) poor; (B) Has a doctor ever told you that you have any of these conditions? (diabetes,
high blood pressure, heart disease, cancer, osteoporosis, high blood cholesterol, stroke). This
variable was measured on a scale of 0 to 2 (0: none; 1: one chronic condition; 2: two or
more) and was included as two dummy variables in the models.

Statistical Analysis

First, we described the characteristics of the study sample taking into account the complex
sampling design for variance estimation. In particular, we accounted for stratification by
geographic location, degree of urbanization, and socioeconomic characteristics. We used
sampling weights that compensate for variable probabilities of selection, differential
response rates, and possible deficiencies in the sampling frame. Failure to account for
sample design tends to yield underestimated standard errors of parameters, and hence
increases the risk of rejecting true null hypotheses. Differences in means between groups
were tested using ANOVA and £tests. Associations between categorical variables were
tested using x?2 tests.

Multivariate linear regression analyses were conducted to test the effects of the price indices
(FFPI and FVPI) on our continuous outcomes (dietary intakes and quality, and BMI).
Further, in the case of FFCI, a count model was estimated. Poisson regression was attempted
first and the deviance goodness of fit statistic for over-dispersion was estimated. Given that it
was highly significant, a more conservative model was used, namely the negative-binomial
model, which does not have the assumption of mean count being equal to its variance, as is
the case in the poisson model. In addition, stratified analyses were carried out to test whether
these associations varied across income categories. Design complexity was taken into
account using STATA survey-related commands and specifying PSUs, strata and weights.
Control for all potential confounders described earlier was done, with both food prices (FFPI
and FVPI) included in all models. Effect modification by PIR was concluded based on a
statistically significant interaction term between food price indices (FVPI and FFPI) or
FPIxPIR introduced into the model. In all tests, a p-value < 0.05 was considered as
statistically significant. However, regarding interaction terms, we used p <0.1 due to their
lower power compared to main effects in the models (Selvin, 2004). For binary outcome
variables, logistic regression models were run controlling for the same confounding
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variables and stratifying for PIR in part of the analysis. Price indices were transformed and
entered as standardized z-scores in all logistic models, to enhance comparability and for ease
of interpretation. Our analysis controlled for region in addition to survey year and other
potential confounders to assess the extent to which unobserved determinants of food
consumption intake and weight outcomes across regions may bias our results. All analyses
were conducted using STATA release 9.0 (STATA, 2005).

Characteristics of study population

Table 1 shows characteristics of our full study population and by PIR category. Overall,
study subjects had a mean age of 39.8 (+ 0.25), 13.3 (£ 1.0) years of education, 51% were
female, 74% were non-Hispanic white, the highest proportion lived in the South (36%), and
47% lived in suburban areas. Close to one third had low physical activity, 27% were current
smokers, 12% reported their health as being fair or poor and 29% reported at least one
chronic condition. Average BMI was in the overweight range (26.1+0.1) and the overall
prevalence of obesity was 18.2%. Mean HEI and aMED were 63.1 (range: 21-99) and 3.5
(range:0-9), respectively. On average, subjects consumed 2.49 items over a period of 48-
hours from a FF restaurant. 46.4% of study subjects reported consuming at least one FF item
over that same period.

In general, subjects in non-poor PIR categories compared to the lowest level tended to be
older, male, non-Hispanic White, living in the suburbs or highly educated. In addition, lower
proportions were current smokers, had a low physical activity level, reported fair or poor
health, or listed two or more chronic conditions. Obesity prevalence was lowest in the non-
poor and the same was observed for BMI and the two diet quality indices (HEI and aMED).
Among the poorest income category (PIR<130), a higher consumption level at FF
restaurants was observed when compared to the other categories (count index). However, the
binary index exhibited a different pattern whereby a higher proportion among the middle and
non-poor categories reported foods eaten at FF restaurants compared to the lowest PIR
category. Finally, food price indices varied across PIR groups, with the poorest categories
being exposed to the highest prices and the middle category to the lowest. All associations,
except for that between FFCI and PIR, were statistically significantly different across PIR

(<0.05).

Multivariate linear associations between food prices and study outcomes

Table 2 shows the results from the multivariate linear and negative binomial regression
analyses for the effect of the two price indices (FFPI and FVVPI) on diet quality indicators
and other outcomes considered for total population as well as stratified by PIR. Our finding
for the total population suggested that increasing FFPI by $1 was associated with a drop in
percent saturated fat from total energy intake by 1.1 percentage points, an increase in fiber
intake by 2.8 grams per day as well as an increased in aMED score by 0.49 points (out of
10) (p<0.05). The association between FFPI and fiber intake was stronger and statistically
significant only among the near poor though FFPI*PIR did not indicate effect modification
by income (p>0.10). The relationship between FFPI and aMED was in contrast stronger
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among the poor, with a significant FFPI*PIR interaction term. However, none of the
stratum-specific associations in that case were significant (p>0.05). Unexpectedly, higher
FVPI were also associated with improved dietary quality in the total adult population. In
fact, every $1 increase in FVPI was associated with 1777 mg. lower sodium consumption,
141 mg. lower cholesterol intake, as well as 10.8 points more on the HEI overall diet quality
index. Unlike FFPI, $1 increase in FVPI was associated with a significant reduction in BMI
(B=-3.9, p<0.05).

PIR-stratified multivariate linear associations between food prices and study outcomes

Stratified multivariate linear and negative binomial regression analyses (Table 2) indicated
that the effect of FFPI on dietary intake and quality varied somewhat across income groups.
First, the positive effect of FFPI on fiber intake was statistically significant only and was
largest in magnitude among the middle income category. It is important to bear in mind
when assessing differences in significance levels across the stratified samples that the non-
poor sample size was almost twice that of the poor sample size (3,002 versus 1,600). Several
other associations between FFPI and dietary intake (e.g. aMED and FFCI) were modified by
income as indicated by significant interaction term FFPI*PIR, though stratum-specific
associations were not statistically significant.

As for FVPI, while it was expected to be inversely associated with diet quality, the opposite
pattern was found for the total population as well as in stratum-specific associations. For
instance, a higher FV price was associated with reduced energy and sodium intakes among
the non-poor income groups; but higher fiber intake and lower FFCI among the poor
(p<0.05). Finally, increased FVPI was associated with reduced BMI particularly among the
near-poor income category, though interaction between FVVPI and PIR was not significant.

Multivariate logistic regression association with selected binary outcomes: stratified by

PIR

Table 3 shows results from multivariate logistic regression analyses of the association
between food price indices expressed as z-scores and several binary outcomes including
obesity, improved diet quality (upper quintile of HEl and aMED) and consumption of foods
at FF restaurants within any of the two 24-hr recalls. Our findings suggested that while FF
prices had only borderline significant association with FF consumption (OR: 0.89; 95% CI:
0.78, 1.02), FVPI was positively associated with improved dietary quality based on aMED
score among the poor income category (OR=2.22; 95% CI: 1.22, 4.03), as well as a marked
reduction in the proportion obese, particularly among the near poor (OR:0.82; 95%CI: 0.67,
0.99). PIR was a significant effect modifier in the relationship between FVPI and obesity
(p<0.10 for interaction term FVPI*PIR).

DISCUSSION

This is one of few studies contributing to the growing literature on contextual and
environmental socio-economic effects on dietary patterns and obesity, and the first to
examine the impact of FFPI and FVPI on FF consumption, dietary intakes and overall
dietary quality among a nationally representative sample of US adults. Although it is
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complex to assess individuals’ dietary intakes which are believed to be affected by the
interactions of many factors at multiple levels, our main findings indicate that the variations
in food prices are generally associated with dietary intakes in a manner that conforms to
economic models, though that was only observed in the case of fast food prices. For
example, when FFPI were increased, overall diet quality became higher. Further, higher
FFPI1 was associated with higher fiber and lower saturated fat intake. In contrast, FVPI did
not conform to that model as its increase was not associated with poorer dietary quality but
in general followed the patterns observed for FFPI. In addition, FVPI was associated with a
reduction in BMI and in the prevalence of obesity. Examining differences in price effects
across income groups, we found several differential effects, including a stronger association
between FFPI and fiber as well as between FVVPI and BMI among the near-poor. In addition,
significant association in the direction of improving dietary quality was found between
FVPI , FFCI and fiber intakes particularly among the poor income category. However, none
of those food price and income interactions were significant at a type | error level of 0.10. In
contrast, the protective effect of FVPI on obesity was shown to be mostly confined to the
near poor income category with a statistically significant interaction between FVPI and PIR.

Differential price sensitivity across income groups may reflect differences in ability to
translate economic conditions into behavior changes. Whether this is due to individual
knowledge and beliefs or to other environmental factors such as access to alternative food
stores, or because the intakes of many poor individuals’ might have been affected by some
related federal nutrition programs such food stamps needs to be investigated further. Further,
other factors, such as access to food stores may be important factors in meeting the dietary
guidelines, especially in poor neighborhoods. Supermarket availability has been associated
with more fruit and vegetable intake, more healthful diets, and lower rates of obesity (Laraia,
Siega-Riz, Kaufman, & Jones, 2004; Morland, Diez Roux, & Wing, 2006; Morland, Wing,
Diez Roux, & Poole, 2002). Indeed, several studies show that low- versus high-income
neighborhoods have significantly fewer available supermarkets (Alwitt, 1997; Moore & Diez
Roux, 2006; Morland, Wing, & Diez Roux, 2002; Powell, Slater, Mirtcheva, Bao, &
Chaloupka, 2007b; Shaffer, 2002). Thus, public policies should take the full food
environment into account in order to develop successful strategies to encourage consumption
of healthier foods (Jetter & Cassady, 2006).

Our study has several strengths in making contributions to the existing literature regarding
the determinants of people’s eating behaviors. First, it extended findings from previous
reports that showed significant associations between food prices and various outcomes of
interest (Chou et al., 2004; Lakdawalla et al., 2005; Powell et al., 2007a; Sturm & Datar,
2005). . Second, we made use of a large nationally representative dataset with a wealth of
social, demographic, psychosocial and nutritional information. Third, we assessed income
differentials in the associations between food prices and food choices and BMI among US
adults. In fact, a recent review (French, 2005) pointed to some emerging evidence that more
motivated subgroups may account for most of the change in the aggregate-level
environmental impact (Jeffery et al., 1994) and that higher-need groups, such as low-income
populations, may not be equally influenced by such structural changes. Fourth, we examined
the effects of FF and FV prices on FFCI directly using a standardized food coding system
applied to two 24 hour recalls.
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Despite its strengths, our study has its limitations. First, our findings were based on cross-
sectional data which restricts our ability to ascertain causal effects. Second, food price
indices are based on city-level prices for each survey year. Further, we were unable to
geocode the households in the CSFII below the MSA/county level. Ideally, price geocodes
should match each individual’s more proximate neighborhood community. To our
knowledge, more proximate price data are not available on a national scale. In addition, with
respect to the price data, our FV price index was limited to a relatively small number of
items available in the ACCRA database and may not be representative of all of the most
commonly consumed FVs. This may be responsible for some of our unexpected findings for
the FVPI. However, a possible explanation is that low food prices in general can be related
to overconsumption. Another limitation may be residual confounding by access variables
such as concentration of FF restaurants and large supermarkets at the geocode level
considered. Some of our inconsistent findings regarding price effects on dietary intakes (e.g.
the effect of FVPI on sodium and cholesterol) may be explained by lack of access of the
lower income groups to other dietary alternatives, which if controlled for, might have
yielded different results. In those neighborhoods, a small decrement in the price of FV may
be insufficient to influence overall dietary quality.

While increasing interventions to promote intake of FVs have been carried out over the past
few decades, few studies have addressed environmental, national policy, and/or pricing
interventions to encourage healthy eating (Glanz & Hoelscher, 2004). The latter can be
defined as efforts aiming at improving the health of all people through better nutrition, not
just small groups of motivated or high-risk individuals (Glanz, Lankenau, Foerster, Temple,
Mullis, & Schmid, 1995; Glanz & Mullis, 1988). By influencing availability, access, price,
and information/education about healthy eating, especially FVs, policies are able to reach
entire populations.

The financial and political feasibility of subsidizing or taxing specific food prices as a
strategy to promote healthier food choices is a legitimate concern. Our study results suggest
that raising (taxing) the price of FFs would be a potentially effective strategy to improve a
number of important dietary intake measures, particularly overall diet quality. However, such
a tax would raise equity concerns. A reduction (subsidy) in FVPI may be important in
helping improve Americans’ FV consumption and their dietary quality although these are
not detected in our present study, which may be due to the limitations of the available
national data sets. Future longitudinal studies with detailed food price data at the community
or neighborhood levels as well as information regarding accessibility to various food stores
and restaurants are needed to fully understand the impacts of food prices on people’s dietary
intake and their risk of developing obesity. Continued research on the importance of food
prices and food price-related policies and programs deserves ongoing attention considering
the obesity crisis in the United States.
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Characteristics of study population by category of poverty income ratio (PIR); CSFIl 1994-96

Table 1

Age (years)
20-34
35-54
55-65

Female

Ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic
Other

Region
Northeast
Midwest
South
West

Urbanization
MSA-inner city
MSA-suburbs
Rural

Current smoker

Low physical activity

Self-rated health
Excellent

Very good
Good
Fair

Poor

Number of Chronic conditions

None

One

Two or more

Body Mass Index =30 kg/m?

All Poverty Income Ratio (PIR)2

0-130 131-299 300+

Poor Near Poor Non-poor
N=7,331 N=1,616 N=2,713 N=3,002

(proportion + SEM)
37.6+0.8 51.9+2.8 41.4+1.3 297+1.17
47.4+0.7 35.8+2.5 44.2+1.1 53.8+1.2
15.0+£0.6 12.3£1.0 14.3+£0.8 16.5+£0.9
51.0+0.7 58.4+2.6 50.7+0.7 48.9+0.9 *
74.0+2.0 48.7+4.2 71.3+2.9 84.3i1.3*
11.4+1.1 22.3+3.5 13.3+2.1 6.3+£0.6
10.1+1.7 22.8+3.5 10.8+2.2 5.3£1.0
4.5+0.5 6.1+1.1 4.5+0.7 4.0+0.7
19.3£2.0 20.3+3.3 16.8+1.9 21.1+2.6
22.2+1.0 20.2+1.8 22.0+1.1 23.1+15
36.0+2.7 33.2+3.3 39.3+3.3 34.0+3.3
224425 26.3£2.7 21.8+2.8 21.743.1
32.9+18 434434 33.6+2.1 29.0425*
46.6+1.8 30.2+2.7 42.3£2.0 55.6+2.6
204211 26.4+2.4 24116 15.4£1.6
27.1+0.6 36.8+2.6 30.0+1.1 216+1.1%
32.6+0.9 40.5+2.0 33.8+1.2 28.9+1.4 *
25.3+0.8 18.3+1.6 24.1+1.2 28.5+1.2 *
34.741.0 23.0£1.7 35.8+1.8 37.5£1.0
28.0£0.7 33.2¢14 27.7£1.1 26.5£0.9
9.7£0.4 18.8+1.1 10.0£0.9 6.5+£0.6
2.3+0.2 6.6+0.9 2.3+0.3 1.0+0.2
71.6£0.9 69.3£1.4 73.8£1.0 7064127
18.8+0.7 18.7£1.2 17.5+£0.8 20.1+0.9
9.5+0.5 12.0+0.9 9.4+0.8 9.4+0.8
18.2+0.7 23.9+1.6 18.2+1.0 16.4+0.9 *
(Mean+SEM)
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All

N=7,331

Poverty Income Ratio (PIR)2

Education (years) 13.3+1.0
Diet quality indices?
Healthy Eating Index (HEI) 63.1+0.2

Alternative Mediterranean 3.5+0.0
Diet Score (aMED)

Body Mass Index (kg/m?) 26.1+0.1

Fast food consumption index¢

Count index over 48-hrs 2.49+0.10
Binary index over 48-hrs 46.4+1.08

Food price indices ($)

FFPI 2.770+0.017
Range 2.249, 3.213
FVPI 0.725+0.007
Range 0.570, 0.952

0-130 131-299 300+
Poor Near Poor Non-poor
N=1,616 N=2,713 N=3,002
(proportion + SEM)
114402 12801  143401%
59.0+0.6 62.1+0.3 65.2+0.2 *
3.0+0.1 3.4+0.0 3.81’0.0*
268:0.2 26002  p5g401%
2.59+0.44 2.46+0.11 2.48+0.11 *
40.17£1.83 47.76+1.36 47.19+1.53 *
2.801+£0.019 2.757+0.019 2.770+0.017 *
0.728+0.009  0.722+0.007 0.727+0.007 *

*
P<0.05 for design-based XZ test for categorical variables or ANOVA test for continuous variables.

aPoverty income ratio is computed as percentage of poverty line. It was categorized as 0-130 (poor: food stamp eligible (Siega-Riz et al., 2004),
131-299 (medium SES), and 300 or more (High SES).

bSee Appendix A for more details about computations of diet quality indices.

The count index consisted of number of food items consumed at fast food restaurants over the two 24-hr recall period. The binary index (% yes) is
the proportion of subjects who reported consuming at least one items at a fast food restaurant during that period.

Soc Sci Med. Author manuscript; available in PMC 2016 May 11.



Page 17

Beydoun et al.

Author Manuscript

(eep) 9Y (2'99) A (zv9) 81§ (e'6€) Tv 1d44
(p/B) s1onpoad Aireg
plr've) Tle- (Te2) €02- (z'8y) 28t (e'02) 182- 1dA4
(g'6) 97— (§2) v's ('s1) L9 (29) TS 1dd4
(p/B) Jefing
LG8 gyeze-  (07sTI)  TYEOT- (r20220) 6TevT K (TF08)  pyyyq- 1dAd
(2°062) v'99-  (v'8zy) 059 (Lzes) Lvie (02S2) 16T 1d44
(p/6w) wnipos
(669 SevI- (62LT)  vT0z-  (resT) 9. L 929 prpr- 1dAd
(7'22) G¥'0- (T'%9) 762 (€°09) 9GS (5'92) 99T 1d44
(p/Buw) joa3388104D
(CRY) ro-  «60 b'o- €¢)  81- ©71) bz- 1dAd
(S0 01- 60) £T- @D  L0- L0 TT- Id44
(1eox
HYOV Jej paleinjes
) 0T (#'9) 26- (9°9) L'9- (T) Sy 1dA4
(1) G- (7o) 02— (22 L'T- 1) - 1dd4
(1223 %) ye4
L8 gorg-  (rzgs) 8809~  (z'€96)  98v8  (1'8sy)  '699- 1dAd
(zyy1)  9201-  (0°€T2) €8/T (0see) 6212 (SLET) 8'5S 1d44
(p/1eax) AGasug
sJojealpul
Aujenbiaiqg
(335) wmeg

200'e=N €T2'2=N 9T9'T=N T€€'/=N

Jood-uoN Jood aeaN 1004
+00€ 662-TET 0£1-0
(d1d) oney sawodu| A1a1enod sdnoub Hid IV

96—766T 114SD :(T€€'2=N) (d1d) onel swoour Auanod Ag paiyirens ‘ssolpul uondwnsuod Pooy Ise) Uo pue ssolpul pue
s1o1ealpul Alijenb 181p uo sadipul 9311d sajgeiaban pue S1iniy pue Pooy 1Se) JO 193449 aY) JO ,S|apoW uolssalbal ,|eiwoulg aAlleBau pue Jeaul| aleLIeAl NI

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

Soc Sci Med. Author manuscript; available in PMC 2016 May 11.



Page 18

Beydoun et al.

1581 PIeM ‘0=¢g ey sisayrodAy |jnu Joy Go'0>d
*

02 go- .87 g'o- s g6~ L8 6€- 1dAd
()] €0- (81 70 ()] 9€ (o1 90 [EEE|
(zw/B)
Xapu| sse\ Apog
T1) 8'0- (%) 00 6T 9e- (g0  6L0- 1dAd
p(€0) 50— (€0 70— (90 20 (0g0) 62°0- Idd4
2(1044)
Xapui uondwnsuod
P00} 1seH
(om 80 (o1 800 (D G'T (¥8°0) 70 1dAd
p€0) 0 €0 0 (50 1o (€20 670 Id=
a3ane
(¥'9) zot GR) 6T 6'9) or L0809 01 1dAd
(21) 6C (92) 4 (67€) 20- (es'1) 9T'e Id44
13H
gS31pul Auenb 181Q
(8'0TT) 96  (G'8€T) 82T (8Y¥S2)  €£€9¢ (1°66) 9'96 IdAd
(9vv) [&4% (97€9) 708 (8¥8)  8¥S- (8'8¢) L'ey Idd4
(p/B) sajqeleban
pue suniH
€1) TI- (s - LG gt 6%) LT- 1dAd
CR)) o 6D L's € g1 L0 87 Id=
(p/6) 19014
(z80z) evee- (1282) Glez-  (#v8y) 006z  (S€ee)  TT6e- 1dAd
(L'¥8) 1T08-  (160T) T6c  (TTED)  €vvT (6°89) L'€T- Idd4
(p/Bw) wned
(r801)  2'62T-  (6'06T)  L2eT-  (§66T) €G-  (T'8TT)  T'6CT- 1dAd
200'e=N €TL'2=N 9T9'T=N T€€'/=N
J1ood-uoN Jood aeaN 100d
+00€ 662-TET 0€T-0
(d1d) oney awoau| A148n0d sdnoub Hid IV
Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Soc Sci Med. Author manuscript; available in PMC 2016 May 11.



Page 19

Beydoun et al.

"0T°0 40 Joua | 8dA) e 1e '1euIs JaU10 ay) Wl Jusisyip Apuesiiubis si g o110ads-winjess siy) 18yl saleslpul [apow a1etedss e Ul /g x &/d Wis) :o:oEwE_b

's301pul Aijenb 181p 4o suoneINdwod Inoge Sjielap aiow 10 v Xipuaddy mmmu

"poriad |[edal Jy-iZ OMI B} JSAO SIUBINEISS POOJ 1SB) 1B PALUNSUOD SWall POOJ JO JSGUINU JO PaISISUOD Xapul SIY L :Xapuj uondwnsuo) poo4 Hmmn_Q

"BSI9A 3DIA PUB |dAd 10} parsnipe aJam [d-44 YlM S|apoAl "salioBa1ed Hid o) paisnipe aiam sdnoif Hid [[e Yiim S|9pojAl 'SUOIIPUOD J1U0IYI JO Jaquinu pue Uijeay pales-4[as ‘snieis AllAnoe eaisAyd ‘snyels
Burjows ‘uoiBfai ‘uoijeziueqin ‘uoieonps ‘ANdIUYIL ‘Xas ‘abie ‘(suonoeiaiul e Awwinp x se8dipul 821d N0y pue sajgeLieA Awwnp om)) apo2d0ab ao1id 0 Alwixoud ‘resk Asains 110y paisnipe alam sjapow __<m

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Soc Sci Med. Author manuscript; available in PMC 2016 May 11.



Page 20

Beydoun et al.

"0T°0 40 Jo11a | 9dA) e 1. BJe.Is JBYI0 3y} W0y JusIaIp Ajuediiubis si ¢ o110ads-winyens siyl 1ey saleslpul [9pow a1esedss Ul /oo x &/ Wid) UoIioeIaIu|

7/

"3WO0IN0 UIBW 8U) SB PaIapISUu0d Sem Xapul yoes Jo ajnuinb saddn ayp ‘sisAjeue siyy uj “seoipul Aijenb 181p 4o suonendwiod oge sjiesp aiow oy v Xipuaddy %S,

*(powiad 2981 JY-FZ OMI U} JBA0 PBLUNSUOD LS} BUO ISes)| 18 T ‘uondwnsuod ou : O) 8|qeLieA

AJeuiq e se pasn sem xapul siy} ‘sisAjeue ayp 40 Lied uj ‘porsad [|981 1Y-i7Z OMI 3} JOAO SIUBINEISSI POOJ 1SB) B PALUNSUOD SWal POOJ JO JaGUINU JO PaISISUOD Xapul SIY L :xapu| uondwnsuod poo iseq

q

"BSIAA 32IA pUe |dAd 10} paisnipe s1am |d4- Yl S|9poN “satiobia1es Hid 10} paisnipe alam sdnolB Hid [[e YIm S|9pOIA "SUOIIPUOD JIUOIYD JO J3GUNU pue Yijeay payel-|as ‘sniels Alanoe [eaisAyd ‘sniels
Bujows ‘uoifial ‘uoireziuegin ‘uoreINPa ‘A1IS1UYIL ‘Xas ‘afie ‘(suonoeiaul ren Awwnp x sadlpul 321d Inoy pue sa|qerieA Awwnp omy) apod0ab ad1id 03 Alwixoud ‘reak AsAins :1o) paisnipe alam sjapowl __<w

1581 PIEM ‘0=¢ Teus sisaylodAy |Inu 1oy G0°0>d
*

plZT'vL0) ggg ,(660°290) zgo  (TTTS0) 20 (4OT'9L0) 880 (21095) 1AL
(9e'T'080) +0T  (O¥T'220) ¥OT  (6ST'.80) 8TT (I€7'88°0) LOT (91008-Z) |d4
(0e=1ng) Auseqo
(GzT'180) 00T (59T'z60) €21 »E0VWLT zzz (seTT60) ITT (810252) 1dAd
(9e'1'680) 01T (2gT'sL0) 960 (292'280) LyT (S2T'16'0) LOT (91005-7) |d44
("o42d ,08<)
,a3Ne
(6eT'e6'0) vTT  (02T'680) €2T  (L9T'890) 90T (9€T'66'0) OTT (2109sZ) 1dAd
(cz1'880) ¥0'T  (9¢T'TL0) 560 (SyT'0L0) 00T (9TT'280) 00T (810352) Id<4
(-oded ,08<)
213H
(80T‘180) +60 (T2T'980) 20T  (20T'090) 620 (L0T'S80) S6°0 (010052) 1dA4
(zot'v20) 280 (vOT'220) 680 (S€T'vL0) 660 (20T'8L°0) 680 (91005Z) |1d4
Qﬁoc 'SA S3A) 1044
200'e=N €TL'Z=N 919'T=N 1€€'2=N
Jood-uoN Jood JesN 100d
+00€ 662-T€ET 0€T-0
(M1d) oney swodu| Alsnod sdnoab yid IV

96—66T 114SD :(10%56) HO---(d1d) ones swoour Ausaod Ag paiyiens spooy 1sej Jo uondwnsuod
pue 1a1p Alljenb ybiy ‘An1sego Jo s uo (gs T Jad) saoipul 8o1id sajge1aban pue s1inly ‘pooy 1se) JO 199))8 8] JO LS|opowW uoIssaibal a11s160] ajelieAnRNA

€ 9lqeL

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Soc Sci Med. Author manuscript; available in PMC 2016 May 11.



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Study Design and Subjects
	Measures
	1) Outcome variables
	Dietary intakes and dietary quality indicators
	Diet quality indices (DQI)
	Fast food consumption indices (FFCI)
	Body Mass Index (BMI) and weight status

	2) Primary exposure variables: Price of foods
	Fruit and vegetable price index (FVPI)
	Fast food price index (FFPI)

	3) Covariates and potential confounders
	Poverty Income ratio (PIR)
	Other covariates


	Statistical Analysis

	RESULTS
	Characteristics of study population
	Multivariate linear associations between food prices and study outcomes
	PIR-stratified multivariate linear associations between food prices and study outcomes
	Multivariate logistic regression association with selected binary outcomes: stratified by PIR

	DISCUSSION
	References
	Figure 1
	Table 1
	Table 2
	Table 3

