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Abstract

Introduction
Food security status may moderate how people perceive barriers to
fruit and vegetable consumption. This study aimed to 1) describe
the association between fruit and vegetable consumption and mi-
crobarriers and mezzobarriers to consumption, and 2) test whether
these associations differ by food security status.

Methods
We surveyed adults (n = 531) living in 2 economically deprived
communities in Oakland, California, in 2013 and 2014. Multivari-
ate linear regression assessed associations between microbarriers
(taste, cost, busyness) and mezzobarriers (produce selection, qual-
ity, and purchase ease) and fruit and vegetable consumption, de-
rived from a 26-item dietary screener. Interactions were tested by
food security status.

Results
Respondents  consumed  a  mean  2.4  (standard  deviation,  1.5)
servings of fruits and vegetables daily; 39% of the sample was
food insecure. Being too busy to prepare healthy foods was associ-
ated with reduced fruit  and vegetable consumption (βbusyness  =
−0.40; 95% confidence interval [CI], −0.52 to −0.28) among all

respondents. Food security moderated the relationship between
fruit and vegetable consumption and taste, cost,  and perceived
ease of purchase of healthy foods. Among the food secure, dislik-
ing healthy food taste (βtaste = −0.38; 95% CI, −0.60 to −0.15) and
cost (βcost = −0.29; 95% CI, −0.44 to −0.15) concerns were associ-
ated with lower consumptions of fruits and vegetables. Mezzobar-
riers were not significantly associated with consumption in either
group.

Conclusion
Perceived time constraints influenced fruit  and vegetable con-
sumption. Taste and cost influenced fruit and vegetable consump-
tion among the food secure and may need to be considered when
interpreting analyses that describe dietary intake and designing
diet-related interventions.

Introduction
Poor diet, or consumption of foods high in fat, salt, and cholester-
ol, is a leading risk factor for obesity, heart disease, and cancer
(1,2). Diets rich in high-nutrient foods, such as fruits and veget-
ables, can promote health, prevent obesity, and lower risk for heart
disease, stroke, type 2 diabetes, and cancer (3,4). Fruit and veget-
able consumption in America is low; only 18% of people meet the
dietary guidelines for fruits, and 13% meet guidelines for veget-
ables (5). Groups at greater risk than others for low fruit and ve-
getable  consumption  are  young  adults  (6–8),  men  (6,7,9,10),
African Americans (7,8,11,12), and those of low income or educa-
tional status (8,13,14).
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Studies investigating fruit and vegetable consumption have identi-
fied several factors associated with consumption. The most com-
mon factors are taste preferences (9,10,14–17), food preparation
time (9,15,18), cost (9,18), and access (14,15,19). These factors
have been investigated among diverse populations, including those
of different age, sex, socioeconomic status,  and race/ethnicity.
Food environment, including food cost and availability, can also
create barriers to healthy food that differentially affect low-in-
come households (14,15,19,20).

Most studies investigating barriers to fruit and vegetable consump-
tion control for socioeconomic variables; few studies consider
food insecurity. Food-insecure households are commonly defined
as having “limited or uncertain access to adequate food” (21). Ac-
cess is often defined as access to sources of healthy food, as meas-
ured by distance to or the number of stores in an area; individual-
level resources, such as family income; or neighborhood-level re-
sources,  such as availability of  public  transportation (22).  Al-
though food insecurity and poverty are highly correlated, these
categories are not synonymous (23). Socioeconomic variables do
not consider whether household resources negatively affect food
consumption and purchase decisions. Food-insecure families may
approach food decisions differently than do food-secure families,
regardless of income (24). Controlled for income, food insecurity
is associated with poor nutrition and diet (23,25,26), poor health
(27), and higher rates of female obesity (28,29). Other factors may
influence dietary habits of food-insecure populations, and families
may use various mechanisms to cope with lack of resources (24).

A better understanding of barriers to healthy food consumption in
food-secure and food-insecure populations would facilitate the
creation of more targeted interventions to improve diet and health.
The objective of this study was to investigate whether the relation-
ship between barriers to healthy food consumption and reported
consumption rates differ by food-security status. We hypothesized
that food quality and taste preferences would be more strongly as-
sociated with food choices  in  food-secure populations than in
food-insecure populations because food-secure populations may
have more opportunities to align food quality and taste choices
with their preferences. Conversely, we also hypothesized that cost
constraints,  selection,  and  ease  of  purchase  would  be  more
strongly associated with food choice in food-insecure populations
than in food-secure populations. Furthermore, we hypothesized
that busyness, as it relates to food preparation time, would be asso-
ciated with healthy eating in both populations.

Methods
This analysis used cross-sectional data from a parent study that as-
sessed the impact of new supermarkets in economically deprived
neighborhoods on the diets of neighborhood residents in Oakland,
California, in 2013 and 2014. All respondents resided in 2 neigh-
borhoods where the FoodsCo chain planned to open new super-
markets. We obtained participant information from a commercial
database  and  sent  recruitment  materials  to  all  residents  (n  =
10,792) in contiguous, economically deprived (determined by a
neighborhood deprivation index [30]) census tracts within an ap-
proximate 2-mile radius of each planned supermarket. Consenting
residents (n = 636) completed the survey by mail or online. The
analytic sample consisted of 531 respondents after elimination of
nonsampled addresses (n = 8) and surveys missing data for the de-
pendent variable (n = 51), the independent variable (n = 14), food
security status (n = 14), and confounding variables (n = 18). When
a respondent marked more than one response to a question, one re-
sponse was randomly selected for analysis. The Johns Hopkins In-
stitutional Review Board approved the study protocol, including
an unsigned, passive consent form.

Using the Glass and McAtee framework as a guiding theoretical
model,  we examined both microbarriers (ie,  individual,  group,
family, or network characteristics) and mezzobarriers (ie, com-
munity, work-site, or school characteristics) (31). We used this
framework for several reasons: 1) it aims to understand what dif-
ferentially places people at risk for risks, 2) it adapts the stream-
of-causation metaphor and describes how social factors can be
“risk regulators” of behaviors, 3) its conceptualization overlaps
with the concept of social and economic factors (such as food in-
security) as effect-measure modifiers of the relationship between
an exposure and an outcome, and 4) unlike models with typical
conceptual categories (eg, household-level), it details the interrela-
tionships among nested levels, rather than just within levels.

Data for the dependent variable, average daily servings of fruits
and vegetables, were collected by using a 26-item dietary screener
(32). Consumption during one month was self-reported on a 10-
item scale ranging from “never” to 6 or more times daily. The
questions on fruit  and vegetable consumption have acceptable
agreement with a 24-hour recall for women (R = 0.5–0.8) and men
(R = 0.6–0.7). Average monthly consumption was converted to
daily frequency, as suggested by the Centers for Disease Control
and Prevention (33). Reported consumption rates of fruit (fresh,
frozen, or canned), green leafy vegetables, and other vegetables
were summed to produce a continuous variable describing aver-
age daily servings of fruits and vegetables.
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The independent variables were derived from 6 survey questions
on barriers to healthy food consumption. Questions on the availab-
ility of healthy foods (34) and food attitudes (35) were derived
from published scales. An exploratory factor analysis of the 6 bar-
rier variables produced 2 categories: 1) taste, cost, and preparation
time (Cronbach α = 0.63) and 2) selection, quality, and availabil-
ity (Cronbach α = 0.90). Taste, cost, and time constraints were
conceptualized as microbarriers to healthy food consumption. Mi-
crobarriers are factors at the lowest-level — ie, groups, individu-
als, or social networks (31). For example, participants were asked
the degree to which they agreed or disagreed with the statement, “I
don’t think healthy foods taste good.” Mezzobarriers are factors at
higher levels — ie, work-sites, schools, and communities (31). For
example, participants were asked about the selection of fresh fruits
and vegetables in or near their neighborhood. Response options
for both categories of questions were the following: strongly dis-
agree, disagree, neutral, agree, and strongly agree. Mezzobarrier
responses were recoded in the opposite direction to be consistent
with microbarrier responses; higher scores indicate stronger agree-
ment that a factor is a barrier. All barrier variables were ordinal,
based on Likert scale, centered on neutral to allow for interpreta-
tion with interaction terms (−2 = strongly disagree, −1 = disagree,
0 = neutral, 1 = agree, and 2 = strongly agree), and modeled as
separate independent variables in regression analysis.

Data on food security status were collected by using the US De-
partment of Agriculture’s 6-item short-form food security scale
(21). Food security status was categorized as food secure (raw
score 0–1) or food insecure (raw score 2–6) and analyzed as a di-
chotomous variable (21).

Education (no degree; high school degree or general educational
development; trade school, occupational, technical or vocational
certificate; some college; college degree or higher), annual house-
hold  income  (<$10,000;  $10,000–$24,999;  $25,000–$49,999;
$50,000–$79,999; ≥$80,000), and age (continuous variable) were
self-reported. Body mass index (BMI) was calculated by using
self-reported height and weight.

Statistical analysis

Linear regression was used to investigate the relationship between
daily servings of fruits and vegetables and each perceived barrier.
To determine which covariates to include in analysis, variable re-
lationships were modeled in directed acyclic graphs (36). We used
DAGitty software (37) to determine the minimally sufficient set of
confounders needed in each model. Food security was hypothes-
ized as an effect-measure modifier between each barrier and fruit
and vegetable consumption; if food security was not an effect-
measure modifier, it was conceptualized as a potential confounder.
Model  building  began  with  the  full  set  of  hypothesized  con-

founders, including age, income, and education level (Model 1).
Each model was then tested for potential effect modification by
food security status and the main independent variable of interest;
all  significant interactions were retained. This model was then
tested for interactions between each confounder and food security
status or among the confounders. No other interactions were found
between any other confounder and the independent variables or
among the confounders (36). Models for taste, cost, and ease of
purchase included the significant interaction term between food
security and the independent variable.

Variable specifications were investigated for age, income, and
education. Disjoint indicator variables were specified for age, in-
come, and education, and the degree the outcome increased for
each category was assessed. Based on these assessments, income
was modeled as ordinal, age was modeled continuously with a
squared age term, and education was collapsed into 2 categories:
1) college degree or 2) less than a college degree. We performed a
separate analysis (Model 2) to investigate only the minimally suf-
ficient set of confounders necessary for each independent variable.

Residual-versus-fitted plots were visually inspected for final mod-
els  and showed evidence  of  heteroskedasticity  in  model  error
terms. Several data transformations were investigated but none im-
proved residual diagnostics, so Huber–White robust standard er-
rors were used to produce heteroskedastic-robust standard errors
(38). Significance levels were set at .05 for main effects and .10
for interaction terms (assessed by F tests) (36), and all analysis
was conducted in Stata version 13.1 (StataCorp) in 2014.

Results
The mean age of respondents was 47.9 years and mean BMI was
29.2; 73.6% were women (Table 1). Approximately 40% (208 of
531) of the sample was food insecure.  A higher percentage of
food-insecure respondents (28.4%) than food-secure respondents
(5.6%) had an annual  household income of  less  than $10,000.
Similarly, 3.8% of food-insecure respondents and 38.4% of food-
secure  respondents  reported  an  income  of  $80,000  or  more.
Among food-insecure respondents, 59.6% received a college de-
gree, whereas 84.5% of food-secure respondents received one.

On average, respondents consumed 2.4 servings of fruit and veget-
ables daily (standard deviation [SD], 1.5) (Table 2). Food-secure
respondents consumed 2.7 daily servings (SD, 1.5), and food-in-
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secure respondents consumed 1.9 daily servings (SD, 1.4). A high-
er percentage of food-insecure respondents than food-secure re-
spondents agreed or strongly agreed they were too busy to prepare
healthy foods (21.1% vs 14.2%), that healthy foods cost too much
(43.7% vs 13.3%), and that they did not like the taste of healthy
foods (12.0% vs 5.6%).

Food  security  modified  the  relationship  between  distaste  for
healthy food and fruit and vegetable consumption (taste × food in-
security [FIS]: P = .05). Among food-secure respondents, greater
distaste for healthy foods was associated with lower fruit and ve-
getable consumption (βtaste =  −0.38 servings; 95% confidence in-
terval [CI], −0.60 to −0.15; P < .001). Among food-insecure re-
spondents, distaste for healthy food was associated with a nonsig-
nificant 0.10 decrease in daily servings of fruit and vegetables
(βtaste + [βtaste × FIS] = −0.10; 95% CI, −0.28 to 0.08; P = .26) (Ta-
ble 3 and Figure 1).

Figure  1.  The  relationship  between  the  degree  of  agreement  with  the
statement, “I don’t think healthy foods taste good” and the number of average
daily  servings  of  fruits  and vegetables,  by  food security  status,  Oakland,
California, 2013–2014.

 

Food security was also a significant modifier of the relationship
between cost and healthy food consumption (cost × FIS: P = .049).
Among the food secure, cost concerns were associated with a sig-
nificant decrease in daily servings of fruits and vegetables (βcost =
−0.29; 95% CI, −0.44 to −0.15; P < .001) (Table 3). Among the
food insecure, cost concerns were associated with a nonsignific-
ant 0.06 decrease in daily servings of healthy foods (βcost + [βcost ×
FIS] = −0.06; 95% CI, −0.24 to 0.12; P = .50) (Table 3 and Figure
2).

Figure  2.  The  relationship  between  the  degree  of  agreement  with  the
statement, “It costs too much for me to eat healthy foods” and the number of
average  daily  servings  of  fruits  and  vegetables,  by  food  security  status,
Oakland, California, 2013–2014.

 

Food security status did not modify the relationship between busy-
ness and consumption (busyness × FIS: P = .25). Busyness was as-
sociated with significantly 0.40 fewer (95% CI, −0.52 to −0.28; P
< .001) daily servings of fruits and vegetables among food-secure
and food-insecure respondents (Table 3).

Among mezzobarriers, food security was a modifier only on ease
of purchase and consumption (purchase × FIS: P = .03), however,
we found no significant association between ease of purchase and
consumption among food-secure or food-insecure respondents. No
mezzobarrier had a significant association with healthy food con-
sumption among food-secure or food-insecure respondents (Table
3).  We found no significant  differences between Model  1 and
Model 2 (Table 4).

Discussion
To our knowledge, ours is the first study to test whether estab-
lished barriers to reported fruit and vegetable consumption are
similar among food-insecure people and food-secure people in an
urban, economically deprived sample. Similar to most Americans,
the average respondent in our study did not meet recommenda-
tions for fruit and vegetable intake. Food-insecure respondents re-
ported 1.9 daily servings, and food-secure respondents reported
2.7 servings; the recommended consumption is 5.5 servings (39).
We found important differences by food security status in the rela-
tionship between perceived barriers to consumption and self-re-
ported fruit and vegetable consumption, after controlling for in-
come. Our findings are consistent with those of Edin et al (24),
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who reported low-income food-insecure populations use various
mechanisms to cope with food shortfalls, such as restricting food
consumption  (ie,  skipping  meals)  and  relying  on  inexpensive
starches. Among our sample, distaste for healthy foods was associ-
ated with decreased fruit and vegetable consumption only among
food-secure respondents. Busyness was associated with lower con-
sumption among both food-secure and food-insecure respondents.
In contrast to our hypothesis, perceiving that healthy foods cost
too much was associated with lower consumption only among
food-secure respondents. These results suggest that public health
researchers and practitioners should consider food security status,
regardless of income, when studying and intervening on healthy
food consumption.

Microbarriers. Among food-secure respondents, cost, taste, and
busyness were significantly associated with fruit and vegetable
consumption. These results are consistent with the results of other
studies that found associations between preparation time, taste,
and  cost  with  daily  consumption  of  fruits  and  vegetables
(5–15,17). Interventions that make healthy foods more appealing,
easy to prepare, and more cost-efficient may be appropriate among
food-secure populations.

We found consistent associations among food-secure respondents
between healthy food consumption and microbarriers. Food-insec-
ure respondents reported microbarriers more frequently than did
food-secure respondents; they were more likely to report cost, pre-
paration time, and taste as barriers to healthy food consumption.
While microbarriers were perceived more frequently among the
food insecure, they were not consistently associated with fruit and
vegetable consumption.

Fruit and vegetable consumption among the food insecure was as-
sociated with busyness but not taste or cost. The lack of associ-
ation with taste preferences is consistent with research suggesting
lower-resource households feel they have fewer diet choices be-
cause of their constrained resources (40). A food-secure family
may be able to choose foods according to taste preferences, where-
as a food-insecure family may have fewer options when shopping
on a limited budget. The lack of association between cost and con-
sumption in this study was unexpected; other studies found that
cost strongly influenced food decisions among low-resource popu-
lations (12,18), and food-insecure respondents in this study were 3
times as likely as food-secure respondents to report cost as a barri-
er to healthy food consumption. However, another study found
low-resource households did not always report cost as a direct bar-
rier to healthy food intake (41).  Households may be so accus-
tomed to budgeting for small amounts of fruits and vegetables that
they no longer consider cost a barrier. Despite concern about food
costs, food-insecure respondents in our study possibly had already

budgeted for their normal rates of fruit and vegetable consump-
tion. Food-insecure households struggling to make ends meet may
also not differentiate between high costs of healthy foods and high
costs of foods in general. Our sample reported consuming only 1.9
servings of fruit and vegetables daily on average. Among a popu-
lation with such low fruit and vegetable consumption, costs of
healthy food may not make an appreciable difference.

The lack of association between taste and cost with diets in food-
insecure households may also mean the survey did not ask the
right questions about barriers to healthy food consumption or that
respondents conceptualized “healthy foods” differently than we
did (for example, as foods like tofu or low-fat cheese). Perception
of food cost among resource-limited households can include other
factors besides money, including transportation, limited shopping
time,  and  risk  of  food  perishing  (40).  More  research  may  be
needed on the association between taste and cost among food-in-
secure populations.

Contrary to the moderating effect played by food security in taste
and cost analyses, feeling too busy to prepare healthy foods (“bu-
syness”) was associated with reduced consumption among both
food-secure and food-insecure respondents. This finding is con-
sistent with those of other studies that found busyness and prepar-
ation time to be associated with consumption, particularly among
low-resource families (42,43). Given that higher rates of in-home
food preparation are associated with higher diet quality (44), ap-
proaches aiming to reduce healthy food preparation time (actual or
perceived), increase healthy food convenience, or provide more
meal-planning resources may be appropriate for both food-secure
and food-insecure populations.

Mezzobarriers. Mezzobarriers were not associated with healthy
food consumption for either food-secure or food-insecure respond-
ents. These findings suggest variation in perceived access in the
sample, despite the study’s sampling method, which likely limited
objective variation in access. However, in contrast to other studies
that found perceived access to be associated with consumption
rates (17,45,46), our study found no significant relationships.

This study has several limitations. First, because of the study’s
cross-sectional design, only associations can be measured and no
conclusions on cause can be reached. Second, the study used the
terms “healthy foods” and “fruits and vegetables” interchangeably.
Although people may typically think of fruits and vegetables when
considering healthy foods (43) respondents in our study may have
considered other food products when they responded to questions
on barriers to healthy food access. Third, our study used a 26-item
dietary screener to collect data on diet and calculated the outcome
variable by summing reported consumption. This process does not
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provide data on fruit and vegetable consumption per calorie of
total consumption as data collected from a full food-frequency
questionnaire or a 24-hour dietary recall would provide. Fourth,
the study did not have access to data on several key variables, such
as household size, employment status, or budget priorities. These
variables may be unmeasured confounders on the relationships of
interest. Finally, the sample size and response rates were low. Re-
spondents may not have been representative of the larger popula-
tion in these Oakland neighborhoods. Future research should use
larger sample sizes.

This  study contributes  to  our  understanding of  food decisions
among food-insecure and food-secure households living in eco-
nomically deprived neighborhoods and found that food security
status modified the relationship between barriers and reported con-
sumption. These results suggest that food security status should be
included in studies investigating barriers to healthy food consump-
tion, in addition to income, and food security status should be con-
sidered when designing and targeting dietary interventions and
policies.

Acknowledgments
This work was funded in part by the National Institutes of Health
Eunice Kennedy Shriver National Institute of Child Health and
Human Development  (R00 HD073327)  and  the  University  of
California Berkeley Population Center (NICHD R21 HD056581).

Author Information
Corresponding  Author:  Kim  Mook,  MHS,  2544  Burling  2F,
Chicago, IL 60614. Email: kimmook@gmail.com.

Author Affiliations:  Kim Mook,  Vanessa M. Oddo,  Jessica C.
Jones-Smith,  Johns  Hopkins  University  Bloomberg School  of
Public Health, Baltimore, Maryland; Barbara A. Laraia, University
of  California,  Berkeley  School  of  Public  Health,  Berkeley,
California.

References
World Health  Organization.  Promoting fruit  and vegetable
consumption  around the  world.  2013.  http://www.who.int/
dietphysicalactivity/fruit/en/index2.html. Accessed October 18,
2014.

  1.

Centers  for  Disease  Control  and  Prevention.  Causes  and
consequences:  what  causes  overweight  and  obesity?  2012.
http://www.cdc.gov/obesity/adult/causes/index.html. Accessed
September 23, 2014.

  2.

Drewnowski  A,  Darmon  N,  Briend  A.  Replacing  fats  and
sweets with vegetables and fruits — a question of cost. Am J
Public Health 2004;94(9):1555–9.

  3.

Joshipura KJ, Hu FB, Manson JE, Stampfer MJ, Rimm EB,
Speizer FE, et al. The effect of fruit and vegetable intake on
risk  for  coronary  heart  disease.  Ann  Intern  Med  2001;
134(12):1106–14.

  4.

Kirkpatrick SI, Dodd KW, Reedy J, Krebs-Smith SM. Income
and race/ethnicity are associated with adherence to food-based
dietary guidance among US adults and children. J Acad Nutr
Diet 2012;112(5):624–635.e6.

  5.

Dynesen  AW,  Haraldsdóttir  J ,  Holm  L,  Astrup  A.
Sociodemographic differences in dietary habits described by
food frequency questions — results from Denmark. Eur J Clin
Nutr 2003;57(12):1586–97.

  6.

McClelland JW, Demark-Wahnefried W, Mustian RD, Cowan
AT, Campbell MK. Fruit and vegetable consumption of rural
African  Americans:  baseline  survey  results  of  the  Black
Churches  United  for  Better  Health  5  A  Day  Project.  Nutr
Cancer 1998;30(2):148–57.

  7.

Forshee  RA,  Storey  ML.  Demographics,  not  beverage
consumption, is associated with diet quality. Int J Food Sci
Nutr 2006;57(7-8):494–511.

  8.

Williams LK, Thornton L, Crawford D. Optimising women’s
diets. An examination of factors that promote healthy eating
and reduce the likelihood of unhealthy eating. Appetite 2012;
59(1):41–6.

  9.

Schätzer M, Rust P, Elmadfa I. Fruit and vegetable intake in
Austrian adults: intake frequency, serving sizes, reasons for
and  barriers  to  consumption,  and  potential  for  increasing
consumption. Public Health Nutr 2010;13(4):480–7.

10.

Steptoe  A,  Perkins-Porras  L,  McKay C,  Rink  E,  Hilton  S,
Cappuccio FP. Psychological factors associated with fruit and
vegetable intake and with biomarkers in adults from a low-
income neighborhood. Health Psychol 2003;22(2):148–55.

11.

Lucan SC, Barg FK, Long JA. Promoters and barriers to fruit,
vegetable,  and  fast-food  consumption  among  urban,  low-
income African Americans — a qualitative approach. Am J
Public Health 2010;100(4):631–5.

12.

Dittus KL, Hillers VN, Beerman KA. Benefits and barriers to
fruit and vegetable intake: relationship between attitudes and
consumption. J Nutr Educ 1995;27(3):120–6.

13.

Neumark-Sztainer D, Wall M, Perry C, Story M. Correlates of
fruit and vegetable intake among adolescents. Findings from
Project EAT. Prev Med 2003;37(3):198–208.

14.

Larson  N,  Laska  MN,  Story  M,  Neumark-Sztainer  D.
Predictors of fruit and vegetable intake in young adulthood. J
Acad Nutr Diet 2012;112(8):1216–22.

15.

PREVENTING CHRONIC DISEASE VOLUME 13, E21

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY   FEBRUARY 2016

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

6       Centers for Disease Control and Prevention  •  www.cdc.gov/pcd/issues/2016/15_0402.htm



Satia JA, Kristal AR, Patterson RE, Neuhouser ML, Trudeau
E.  Psychosocial  factors  and  dietary  habits  associated  with
vegetable consumption. Nutrition 2002;18(3):247–54.

16.

Wil l iams  L,  Bal l  K,  Crawford  D.  Why  do  some
socioeconomically  disadvantaged  women  eat  better  than
others?  An  investigation  of  the  personal,  social  and
environmental correlates of fruit and vegetable consumption.
Appetite 2010;55(3):441–6.

17.

Yeh MC, Ickes SB, Lowenstein LM, Shuval K, Ammerman
AS, Farris R, et al. Understanding barriers and facilitators of
fruit and vegetable consumption among a diverse multi-ethnic
population in the USA. Health Promot Int 2008;23(1):42–51.

18.

Graham DJ, Pelletier JE, Neumark-Sztainer D, Lust K, Laska
MN. Perceived social-ecological factors associated with fruit
and  vegetable  purchasing,  preparation,  and  consumption
among young adults. J Acad Nutr Diet 2013;113(10):1366–74.

19.

Aggarwal A, Monsivais P, Cook AJ, Drewnowski A. Does diet
cost mediate the relation between socioeconomic position and
diet quality? Eur J Clin Nutr 2011;65(9):1059–66.

20.

US Department of Agriculture, Economic Research Service.
Food security in the US: definitions of food security. 2014.
http://www.ers.usda.gov/topics/food-nutrition-assistance/food-
s e c u r i t y - i n - t h e - u s / d e f i n i t i o n s - o f - f o o d -
security.aspx#.U6m6VY1dXKM. Accessed July 24, 2015.

21.

US Department of Agriculture. Economic Research Service.
Food access research atlas.  2013. http://www.ers.usda.gov/
data-products/food-access-research-atlas/about-the-atlas.
Accessed December 5, 2015.

22.

Rose D. Economic determinants and dietary consequences of
food  insecurity  in  the  United  States.  J  Nutr  1999;
129(2SSuppl):517S–20S.

23.

Edin K, Boyd M, Mabli J, Ohls J, Worthington J, Greene S, et
al.SNAP food security in-depth interview study. Alexandria
(VA):  US  Department  of  Agriculture,  Food  and  Nutrition
Service, Office of Research and Analysis; 2013.

24.

Dixon LB, Winkleby MA, Radimer KL. Dietary intakes and
serum nutrients differ between adults from food-insufficient
and  food-sufficient  families:  Third  National  Health  and
Nutrition  Examination  Survey,  1988–1994.  J  Nutr  2001;
131(4):1232–46.

25.

Kendall A, Olson CM, Frongillo EA Jr. Relationship of hunger
and food insecurity to food availability and consumption. J Am
Diet Assoc 1996;96(10):1019–24, quiz 1025–6.

26.

Vozoris  NT,  Tarasuk VS.  Household food insufficiency is
associated with poorer health. J Nutr 2003;133(1):120–6.

27.

Townsend MS, Peerson J, Love B, Achterberg C, Murphy SP.
Food insecurity is positively related to overweight in women. J
Nutr 2001;131(6):1738–45.

28.

Wilde  PE,  Peterman  JN.  Individual  weight  change  is
associated with household food security status. J Nutr 2006;
136(5):1395–400.

29.

Messer LC, Laraia BA, Kaufman JS, Eyster J,  Holzman C,
Culhane  J,  et  al.  The  development  of  a  standardized
neighborhood  deprivation  index.  J  Urban  Health  2006;
83(6):1041–62.

30.

Glass TA, McAtee MJ. Behavioral science at the crossroads in
public health: extending horizons, envisioning the future. Soc
Sci Med 2006;62(7):1650–71.

31.

Thompson FE, Midthune D, Subar AF, Kahle LL, Schatzkin
A,  Kipnis  V.  Performance of  a  short  tool  to  assess  dietary
intakes of fruits and vegetables, percentage energy from fat
and fibre. Public Health Nutr 2004;7(8):1097–105.

32.

Centers for Disease Control and Prevention. National health
and  nutrit ion  examination  survey:  2005–2006  data
documentation, codebook, and frequencies. Food frequency
questionnaire — output from DietCalc software (FFQDC_D).
2008.  http://www.cdc.gov/nchs/nhanes/nhanes2005-2006/
FFQDC_D.htm. Accessed May 1, 2014.

33.

Mujahid MS, Diez Roux AV, Morenoff JD, Raghunathan T.
Assessing the measurement properties of neighborhood scales:
from psychometrics  to  ecometrics.  Am J  Epidemiol  2007;
165(8):858–67.

34.

Hartline-Grafton H, Nyma R, Briefel R, Cohen R. Prototype
notebook:  short  questions  on  dietary  intake,  knowledge,
attitudes, and behaviors. Mathematica Policy Research; 2004.
http://www.ers.usda.gov/media/875222/efan04010_002.pdf.
Accessed December 9, 2015.

35.

Jewell  N.  Statistics  for  epidemiology.  Boca  Raton  (FL):
Chapman & Hall/CRC; 2004.

36.

Textor J, Hardt J, Knüppel S. DAGitty: a graphical tool for
analyzing causal diagrams. Epidemiology 2011;22(5):745.

37.

Wooldridge J. Introductory econometrics: a modern approach.
Boston (MA): Cengage Learning; 2012.

38.

USDA, Department of Health and Human Services. Dietary
guidelines for Americans, 2010. 7th edition. Washington (DC):
Government Printing Office; 2010.

39.

Zachary  DA,  Palmer  AM,  Beckham  SW,  Surkan  PJ.  A
framework for understanding grocery purchasing in a low-
income  urban  environment.  Qual  Health  Res  2013;
23(5):665–78.

40.

Dibsdall LA, Lambert N, Bobbin RF, Frewer LJ. Low-income
consumers’ attitudes and behaviour towards access, availability
and motivation to eat fruit and vegetables. Public Health Nutr
2003;6(2):159–68.

41.

Golan E,  Stewart  H,  Kuchler  F,  Dong D.  Can low-income
Americans  afford  a  healthy  diet.  Amber  Waves  2008;
6(5):26–33.

42.

PREVENTING CHRONIC DISEASE VOLUME 13, E21

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY   FEBRUARY 2016

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

www.cdc.gov/pcd/issues/2016/15_0402.htm • Centers for Disease Control and Prevention       7



Eikenberry  N,  Smith  C.  Healthful  eating:  perceptions,
motivations, barriers, and promoters in low-income Minnesota
communities. J Am Diet Assoc 2004;104(7):1158–61.

43.

McLaughlin C, Tarasuk V, Kreiger N. An examination of at-
home  food  preparation  activity  among  low-income,  food-
insecure women. J Am Diet Assoc 2003;103(11):1506–12.

44.

Caldwell  EM, Miller  Kobayashi M, DuBow WM, Wytinck
SM. Perceived access to fruits and vegetables associated with
increased  consumption.  Public  Heal th  Nutr  2009;
12(10):1743–50.

45.

Caspi  CE,  Kawachi  I,  Subramanian  SV,  Adamkiewicz  G,
Sorensen G. The relationship between diet and perceived and
objective access to supermarkets among low-income housing
residents. Soc Sci Med 2012;75(7):1254–62.

46.

PREVENTING CHRONIC DISEASE VOLUME 13, E21

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY   FEBRUARY 2016

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

8       Centers for Disease Control and Prevention  •  www.cdc.gov/pcd/issues/2016/15_0402.htm



Tables

Table 1. Characteristics of Respondents in Survey on Fruit and Vegetable Consumption and Food Insecurity in Two Economically
Deprived Neighborhoods of Oakland, California, by Food Security Status, 2013–2014a

Variable Food Secure (n = 323) Food Insecure (n = 208) Total (N = 531)

Age, mean (SD) 49.7 (11.5) 45.2 (12.5) 47.9 (12.1)

Body mass index, mean (SD) 28.0 (6.5) 30.9 (8.6) 29.2 (7.5)

Sex

Male 96 (29.7) 41 (19.7) 137 (25.8)

Female 225 (69.7) 166 (79.8) 391 (73.6)

Annual household income, $

<10,000 18 (5.6) 59 (28.4) 77 (14.5)

10,000–$4,999 35 (10.8) 74 (35.6) 109 (20.5)

25,000–49,999 70 (21.7) 52 (25.0) 122 (23.0)

50,000–79,999 76 (23.5) 15 (7.2) 91 (17.1)

≥80,000 124 (38.4) 8 (3.8) 132 (24.9)

Education

Less than college degree 50 (15.5) 84 (40.4) 134 (25.2)

College degree or more 273 (84.5) 124 (59.6) 397 (74.8)

Self-reported health status

Poor 1 (0.3) 7 (3.4) 8 (1.5)

Fair 30 (9.3) 42 (20.2) 72 (13.6)

Good 101 (31.3) 88 (42.3) 189 (35.6)

Very good 132 (40.9) 60 (28.8) 192 (36.2)

Excellent 59 (18.3) 11 (5.3) 70 (13.2)

Access to car

Yes 17 (5.3) 43 (20.7) 60 (11.3)

No 305 (94.4) 164 (78.8) 469 (88.3)

Race/ethnicity

Black 142 (44.0) 130 (62.5) 272 (51.2)

Hispanic 47 (14.6) 53 (25.5) 100 (18.8)

White 114 (35.3) 27 (13.0) 141 (26.6)

Asian 28 (8.7) 8 (3.8) 36 (6.8)

Native American 1 (0.3) 2 (1.0) 3 (0.6)

Alaska Native 1 (0.3) 0 (0.0) 1 (0.2)

Pacific Islander 1 (0.3) 1 (0.5) 2 (0.4)

Other race/ethnicity 8 (2.5) 10 (4.8) 18 (3.4)

Abbreviation: SD, standard deviation.
aAll values are number (percentage) unless otherwise indicated.
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Table 2. Results of Survey on Fruit and Vegetable Consumption and Food Insecurity in Two Economically Deprived Neighborhoods
of Oakland, California, by Food Security Status, 2013–2014a

Measure
Food Secure (n =

323)
Food Insecure (n =

208) Total (N = 531)

Daily servings of fruits and vegetables, mean (SD) 2.7 (1.5) 1.9 (1.4) 2.4 (1.5)

Microbarriers to healthy food consumption

I don’t think healthy foods taste good

  Strongly disagree 179 (55.4) 67 (32.2) 246 (46.3)

  Disagree 107 (33.1) 86 (41.3) 193 (36.3)

  Neutral 19 (5.9) 30 (14.4) 49 (9.2)

  Agree 12 (3.7) 14 (6.7) 26 (4.9)

  Strongly agree 6 (1.9) 11 (5.3) 17 (3.2)

It costs too much for me to eat healthy foods

  Strongly disagree 121 (37.5) 18 (8.7) 139 (26.2)

  Disagree 108 (33.4) 47 (22.6) 155 (29.2)

  Neutral 51 (15.8) 52 (25.0) 103 (19.4)

  Agree 34 (10.5) 62 (29.8) 96 (18.1)

  Strongly agree 9 (2.8) 29 (13.9) 38 (7.2)

I’m too busy to take the time to prepare healthy foods

  Strongly disagree 99 (30.7) 30 (14.4) 129 (24.3)

  Disagree 131 (40.6) 87 (41.8) 218 (41.1)

  Neutral 47 (14.6) 47 (22.6) 94 (17.7)

  Agree 44 (13.6) 34 (16.3) 78 (14.7)

  Strongly agree 2 (0.6) 10 (4.8) 12 (2.3)

Mezzobarriers to healthy food consumption

A large selection of fresh fruits and vegetables are available in or near my neighborhood

  Strongly agree 53 (16.4) 29 (13.9) 82 (15.4)

  Agree 112 (34.7) 70 (33.7) 182 (34.3)

  Neutral 47 (14.6) 40 (19.2) 87 (16.4)

  Disagree 54 (16.7) 42 (20.2) 96 (18.1)

  Strongly disagree 57 (17.6) 27 (13.0) 84 (15.8)

It is easy to purchase fresh fruits and vegetables in or near my neighborhood

  Strongly agree 55 (17.0) 23 (11.1) 78 (14.7)

  Agree 125 (38.7) 82 (39.4) 207 (39.0)

  Neutral 34 (10.5) 36 (17.3) 70 (13.2)

  Disagree 56 (17.3) 39 (18.8) 95 (17.9)

  Strongly disagree 53 (16.4) 28 (13.5) 81 (15.3)

Abreviation: SD, standard deviation.
aAll values are number (percentage) unless otherwise indicated.

(continued on next page)
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(continued)

Table 2. Results of Survey on Fruit and Vegetable Consumption and Food Insecurity in Two Economically Deprived Neighborhoods
of Oakland, California, by Food Security Status, 2013–2014a

Measure
Food Secure (n =

323)
Food Insecure (n =

208) Total (N = 531)

The fresh fruits and vegetables in or near my neighborhood are of high quality

  Strongly agree 35 (10.8) 18 (8.7) 53 (10.0)

  Agree 100 (31.0) 44 (21.2) 144 (27.1)

  Neutral 75 (23.2) 69 (33.2) 144 (27.1)

  Disagree 63 (19.5) 43 (20.7) 106 (20.0)

  Strongly disagree 50 (15.5) 34 (16.3) 84 (15.8)

Abreviation: SD, standard deviation.
aAll values are number (percentage) unless otherwise indicated.
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Table 3. Linear Regression Estimates for the Associations Between Barriers to Healthy Food Consumption, Survey on Fruit and Ve-
getable Consumption and Food Insecurity in Two Economically Deprived Neighborhoods of Oakland, California, by Food Security
Status, 2013–2014

Barriers

Model 1a (N = 531)

β (95% CI) P Value

Microbarriers

I don’t think healthy foods taste good −0.38 (−0.60 to −0.15) <.001

Food insecurity −0.11 (−0.57 to 0.34) .62

Taste × food insecurity 0.27 (−0.0013 to 0.55) .05

It costs too much for me to eat healthy foods −0.29 (−0.44 to −0.15) <.001

Food insecurity −0.21 (−0.54 to 0.12) .20

Cost × food insecurity 0.23 (0.001 to 0.46) .05

I’m too busy to take the time to prepare healthy foods −0.40 (−0.52 to −0.28) <.001

Food insecurity −0.25 (−0.56 to 0.06) .11

Mezzobarriers

The fresh fruits and vegetables in or near my neighborhood are of high quality −0.08 (−0.12 to 0.10) .88

Food insecurity −0.44 (−0.77 to −0.12) .01

A large selection of fresh fruits and vegetables are available in or near my neighborhood 0.07 (−0.032 to 0.16) .19

Food insecurity −0.47 (−0.79 to −0.14) .004

It is easy to purchase fresh fruits and vegetables in or near my neighborhood 0.11 (−0.019 to 0.24) .09

Food insecurity −0.51 (−0.84 to −0.18) .002

Purchase × food insecurity −0.21 (−0.41 to −0.02) .03

Abbreviation: CI, confidence interval.
a Estimated using linear regression controlling for age, income, education, and food security.
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Table 4. Linear Regression Estimates for the Associations Between Barriers to Healthy Food Consumption and Fruit and Vegetable
Intake, Controlling for Only the Minimally Sufficient Set of Confounders, Survey on Fruit and Vegetable Consumption and Food In-
security in Two Economically Deprived Neighborhoods of Oakland, California, by Food Security Status, 2013–2014a

Barriers

Model 2 (N = 531)

β (95% CI) P Value

Microbarriers

I don’t think healthy foods taste good −0.42 (−0.64 to −0.21) <.001

Food insecurity −0.26 (−0.68 to 0.15) .22

Taste × food insecurity 0.30 (0.02 to 0.57) .03

It costs too much for me to eat healthy foods −0.29 (−0.44 to −0.15) <.001

Food insecurity −0.23 (−0.55 to 0.10) .17

Cost × food insecurity 0.22 (−0.005 to 0.45) .05

I’m too busy to take the time to prepare healthy foods −0.39 (−0.51 to −0.28) <.001

Food insecurity −0.61(−0.86 to −0.36) <.001

Mezzobarriers

The fresh fruits and vegetables in or near my neighborhood are of high
quality

−0.08 (−0.12 to 0.10) .88

Food insecurity −0.44 (−0.77 to −0.12) .01

A large selection of fresh fruits and vegetables are available in or near my
neighborhood

0.07 (−0.03 to 0.16) .19

Food insecurity −0.47 (−0.79 to −0.14) .004

It is easy to purchase fresh fruits and vegetables in or near my
neighborhood

0.11 (−0.02 to 0.24) .09

Food insecurity −0.51 (−0.84 to −0.18) .002

Purchase × food insecurity −0.21 (−0.41 to −0.02) .03

Abbreviation: CI, confidence interval
a Estimated using linear regression and controls for minimally sufficient set of confounders according to our directed acyclic graph, which were age and food secur-
ity for taste; income, age, and food security for cost; nothing for preparation time; and income, age, food security, and education for all mezzobarriers. The model
for “busyness” did not consider food security a theoretical confounder or was not found to be an effect-measure modifier. However, food security status was con-
trolled for to report on the effects of food security on all independent variables.
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