
Interrelationship between food security status, home availability of
variety of fruits and vegetables and their dietary intake among
low-income pregnant women

Danielle L Nunnery1,*, Jeffrey D Labban2 and Jigna M Dharod1
1Department of Nutrition, University of North Carolina at Greensboro, 319 College Avenue, 317 Stone Building,
Greensboro, NC 27412, USA: 2Office of Research, University of North Carolina at Greensboro,
Greensboro, NC, USA

Submitted 4 April 2017: Final revision received 31 August 2017: Accepted 6 September 2017: First published online 10 November 2017

Abstract
Objective: To (i) determine differences in the availability of variety of fruits and
vegetables (F&V) at home by food security status; and (ii) examine the inter-
associations between food security status, availability of variety of F&V at home
and frequency of F&V intake, among low-income pregnant women.
Design/Setting: Participants were interviewed to collect food security status, home
availability of variety of F&V and frequency of F&V intake. Bivariate analyses,
multivariate regression and exploratory mediation analyses were conducted using
IBM SPSS Statistics version 23.0 and the PROCESS macro.
Subjects: Low-income pregnant women (n 198) were interviewed if they were ≥18
years of age, in the second trimester of pregnancy, and spoke English or Spanish.
Results: Low/very low food security was found among 43% of participants.
Compared with fully food-secure participants, very low food-secure participants
reported a lower variety of fruits (P= 0·028) and vegetables (P= 0·058) available at
home. Mediation analyses indicated that through home availability of variety of
fresh F&V, food security status was associated with the daily intake of F&V
(indirect effect (95% CI): fresh fruits, −0·039 (−0·074, −0·013); fresh vegetables,
−0·048 (−0·083, −0·023)). As food security worsened, the available variety of fresh
F&V decreased, which was associated with lower intake.
Conclusions: The study highlights the interlink between food security, home food
environment and diet quality, and the importance of nutrition education
intervention to promote a healthy home food environment and improved
pregnancy outcomes among low-income women.
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Food insecurity, the condition of inconsistent or uncertain
availability of safe and nutritionally adequate food, is
considered a major public health issue in the USA(1,2).
Food security and insecurity are categorized into four
levels by the US Department of Agriculture (USDA): (i)
food secure; (ii) marginal food security; (iii) low food
security; and (iv) very low food security. In the literature,
and according to the USDA, the last two categories of low
to very low food security are referred as food insecurity.
Food insecurity is associated with poor diet quality and
excess weight gain, including high rates of diabetes and
hypertension among adults(3–5). The Institute of Medicine
has concluded that it is critical to address food insecurity
(i.e. low to very low food security) to address health
disparities and negative health outcomes among low-
income populations in the USA(6).

The current literature suggests that the home food
environment, specifically in terms of exposure to
and availability of different types of fruits and vegetables,
is positively associated with their daily intake(7–9). For
instance, in a sample of primarily African-American,
low-income, overweight/obese women (n 319), the
availability of fruits and vegetables was significantly
associated with the intake of these items, and the avail-
ability of processed, packaged foods was significantly
associated with the intake of energy from fat(8). Studies
examining predictors of the home food environment
indicate that food insecurity significantly affects availability
of different types of foods(9,10). In particular, food
insecurity has been significantly associated with lower
availability of fruits and vegetables and higher availability
of energy-dense or processed, packaged foods in samples
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of low-income mothers(11,12). An earlier study by Kendall
et al. found that low to very low food-secure or food-
insecure households had lower mean availability of fruits
compared with food-secure households (mean= 7·1 v. 8·6,
respectively; P< 0·001)(7). In another similar study, it was
found that food-insecure caregivers reported significantly
more obesity-promoting foods in the home, more micro-
wavable or quick-cook frozen foods and greater access to
less healthful foods in the kitchen compared with food-
secure caregivers(13). Concurrent to these studies, the
home food environment model developed by Rosenkranz
and Dzewaltowski proposes that meso or family-level
factors, such as household food security status, affect food
selection and purchases or the availability of types of
foods at home(14). It is postulated that food-insecure
households are more likely to purchase ‘high satiety value’
foods as one of the strategies in preventing very low food
security or hunger. In a recent epidemiological study by
Leung et al., it was found that consumption of highly
palatable foods such as salty snacks and sugar-sweetened
beverages was higher, while intake of fruits and vege-
tables was lower, among food-insecure adults compared
with their food-secure counterparts. Food-insecure adults
in that sample consumed 12% fewer servings of vege-
tables than food-secure individuals (95% CI 9, 15%;
P< 0·0001)(15).

In summary, it is seen that food insecurity is associated
with a poor home food environment, including the avail-
ability of fruits and vegetables. Similarly, the current
literature indicates that food insecurity is significantly
associated with unhealthy dietary behaviours, including
obesity and poor health. However, to the best of the
authors’ knowledge, the interrelationship between food
security status, home food environment and diet beha-
viours, especially for the recommended food group of
fruits and vegetables, has not been investigated.

The present study focuses specifically on a high-risk
group of low-income pregnant women, who are at
increased risk of gaining excess gestational weight gain
due to poor dietary habits. This is critical because excess
weight gain during pregnancy is associated with obesity
and high rates of chronic diseases later in life for both
mother and child(16). Hence, the objectives of the present
study are to: (i) determine the differences in the availability
of variety of fruits and vegetables at home by food security
status; and (ii) examine the inter-associations between
food security status, availability of variety of fruits and
vegetables at home and frequency of fruit and vegetable
intake, among low-income pregnant women.

Methods

Study design and setting
In a cross-sectional study, pregnant women in their second
trimester (13–27 weeks) were interviewed by trained

research staff using a structured interview questionnaire.
Recruitment and interviews were conducted in the Special
Supplemental Nutrition Program for Women, Infants, and
Children (WIC) clinic located in an urban county in the
Southeast region of the USA. A convenience sample of
pregnant women (n 198) was recruited from January 2014
to July 2014, during their WIC maternity certification
appointment.

Recruitment and interviews
Pregnant women were recruited from the clinic while
they attended their maternity certification appointment.
A maternity certification appointment time for the study
clinic ranged from 1 to 2 h, including the wait times
between each portion of the appointment for height and
weight measurements, blood draws, and meeting with
nutrition and breast-feeding counsellors. Wait times
between each portion ranged from 10 to 30min and it was
determined that women could participate in the study
during these wait times rather than attend a separate
appointment for the study, thereby reducing participant
burden.

In a typical week, approximately ten maternity certifi-
cation appointments were scheduled. As a first step,
research staff reviewed daily maternity certification
appointment folders at the beginning of the day to identify
potentially eligible participants. Women were deemed
eligible to participate in the study if they were: (i) ≥18
years of age; (ii) 13–27 weeks’ pregnant (second trime-
ster); and (iii) able to speak either English or Spanish. The
folders of women who met study criteria were flagged to
alert WIC staff members. After initial paperwork and
getting enrolled, WIC staff provided study information and
introduced interested women to research staff to provide
further information about the study and conduct recruit-
ment. Upon provision of written consent, women partici-
pated in a structured closed-ended interview lasting 45 to
60min. For most (80%) of the participants, interviews
were carried out in the wait times of the certification
appointment. For the remaining participants, a separate
day and time were scheduled to complete the interview at
the WIC clinic. Those participants were given appointment
cards and they were reminded the day before their
appointment by text message or telephone call. At the end
of each interview, the participant received a $US 25
grocery store gift card as an incentive.

Sample size
The average frequency of daily intake of fruits and vege-
tables among women in the USA was used to estimate the
sample size(17). Results of the power analysis indicated
that a sample size of 125 would be necessary to achieve a
power of 0·8 to observe statistical significance (P< 0·05)
for a difference in frequency of fruit and vegetable intake
of 5% across food security levels. However, to ensure
complete data for 125 participants, over-recruitment was

808 DL Nunnery et al.

https://doi.org/10.1017/S1368980017003032 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980017003032


carried out in the 6-month data collection period, resulting
in total of 198 low-income pregnant women participating
in the study.

Measures
Research staff utilized a structured interview questionnaire
that included the following four main sections: (i) socio-
demographics; (ii) household food security status;
(iii) frequency of intake of fruits and vegetables; and (iv)
home food environment by the availability of variety of
fruits and vegetables.

Sociodemographics
Under this section, information regarding age, monthly
household income, education, race/ethnicity, household
size and participation in the Supplemental Nutrition
Assistance Program (SNAP) was collected.

Household food security
Food security was measured using the USDA’s eighteen-
item Household Food Security Survey Module(18). This
survey enquires about the self-reported occurrence of
different situations related to food shortage and access
over a set period of time. To capture food security status
for the current pregnancy, the standard 30 d or 1-year
reference period used for the survey statements was
changed to ‘Since you’ve become pregnant or in the past
few months…’. Eight of the eighteen survey items are
specific to households with children (individuals <18
years of age) and so were not asked if the participant was
pregnant for the first time. A point was given for each
affirmative response; hence the total raw score ranged
from 0 to 10 for primiparous pregnant women, and from
0 to 18 for multiparous women. This total raw score was
then used to categorize participants into one of four levels
according to the standard scoring schema used by the
USDA: (i) score= 0, food secure; (ii) score= 1 or 2, mar-
ginal food secure; (iii) score= 3–7 (3–5 for primiparous
women), low food secure; and (iv) score= 8–18 (6–10 for
primiparous women), very low food secure. Finally, for
the purposes of the regression and mediation analyses, all
raw scores on the 18-point and 10-point versions were
scaled, per standard guidelines developed by the USDA, to
be placed on the 10-point metric(19).

Frequency of intake of fruits and vegetables
The 2013 Behavioral Risk Factor Surveillance System
(BRFSS) Fruit and Vegetable FFQ was used to assess the
frequency of (daily, weekly or monthly) consumption of:
(i) fruits (excluding fruit juices); and (ii) vegetables
(excluding fried potatoes)(20). The BRFSS questionnaire
has demonstrated moderate validity and reliability in
assessing frequency of fruit and vegetable consumption at
the population level(21). To determine daily frequency of
fruit and vegetable intake, a standard calculation method
was used: weekly intake response was divided by 7 and

for the monthly response the intake was divided into 30, to
ultimately have daily intake value(22). To avoid issues of
false precision, these data were then grouped into stan-
dard intake frequencies of: fewer than one per day
(0–< 0·5), one per day (0·5–< 1·5), two per day
(1·5–< 2·5), three per day (2·5–< 3·5) and four or more
per day (≥3·5).

Home food environment by the availability of variety of
fruits and vegetables
The variety of available fruits and vegetables was mea-
sured using an inventory of commonly eaten fruits and
vegetables in US households(23). The inventory was divi-
ded into sub-categories based upon the fresh, dried, can-
ned or frozen forms of these items (forty-four total items;
twenty-one different varieties/types for fruits and twenty-
three for vegetables): (i) fresh fruits (nine items);
(ii) canned fruits (five items); (iii) dried fruits (four items);
(iv) frozen fruits (three items); (v) fresh vegetables (thir-
teen items); (vi) canned vegetables (six items); and (vii)
frozen vegetables (four items). A 7 d reference period was
used and a dichotomous option of ‘yes’ or ‘no’, was pro-
vided. Participants were then asked to list any other fruits
and vegetables not presented in the inventory. For each
response of ‘yes’, a score of 1 was given for the above
recalled forty-four varieties and types of fruits and vege-
tables. In addition, a score was given to each additional,
non-listed fruit and vegetable participants noted in the
‘other’ category. Hence, a score of 0 indicated no avail-
ability of fruits and vegetables in the past 7 d; whereas, a
total fruit score of 5 indicated that participants had five
different kinds/types of fruits available at home in the past
7 d. The resulting scores provided an index of the variety
of available fruits (VAF) and variety of vegetables (VAV) in
the household during the reference period. This inventory
has been previously validated by Marsh et al. and found to
have substantial agreement (75·9%) between self-reported
inventories and independent observations conducted by
the researchers(23).

Spanish-speaking participants
Validated Spanish versions of the USDA’s eighteen-item
Household Food Security Survey Module and the 2013
BRFSS Fruit and Vegetable FFQ were used. The two
remaining sections (sociodemographics and the inventory
for home availability of fruits and vegetables) were trans-
lated from the original English version into Spanish using a
basic online translation program (Google Translate). The
translated version was reviewed and back-translated by
the bilingual Hispanic community interviewer to assess
content and concept accuracy against the English version.
The community interviewer also reviewed the ques-
tionnaire for cultural appropriateness and relevance. Pilot-
testing was carried out with the first five Spanish-speaking
participants to ensure that the translation was accurate.
These pilot surveys are not included in the main results.
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Statistical methods
The data were entered and coded using the statistical
software package IBM SPSS Statistics for Windows, version
23.0. Descriptive statistics and frequencies were computed
to examine sociodemographic characteristics of the study
participants. To maintain consistency, continuous vari-
ables such as age and income were categorized into tertile
or quartile categories, using the normal distribution range.
Pearson’s χ2 test of independence was used to test for
associations between sociodemographics and food
security status categories. One-way ANOVA was used to
test for differences in VAF and VAV by food security levels.
Bonferroni post hoc tests were used to control for family-
wise type I error when making pairwise comparisons.

As a first step, to examine the inter-associations
between food security, VAF/VAV and daily intake of
fruits/vegetables, multivariate ordinary least-squares
regression analyses were carried out. Using the Rosen-
kranz and Dzewaltowski model on role of the home food
environment as a guide, three separate models were
estimated both for fruit and vegetable measures (six
models in total). For instance, for fruits, three models
tested were: (i) food security status → daily intake of
fruits; (ii) food security status → VAF; (iii) VAF → daily
intake of fruits. Similarly, three models were tested for
vegetables using food security status, VAV and frequency
of daily intake of vegetables. The scaled food security
scores were used in this set of analyses (10-point metric).
To identify and control for any relevant sociodemographic
variables that might be associated with frequency of daily
intake of fruits or vegetables, bivariate correlation analyses
– Pearson product moment (r) and point-biserial (rpb) –

were conducted (results not shown here). Both correlation
coefficient magnitude and P value were taken into account
when considering which variables should be included as
covariates in the regression models(24,25). Based on these
analyses, age (r= 0·16, P= 0·023) and the race/ethnicity
‘other’ categorization (rpb= − 0·12, P= 0·086) were inclu-
ded as covariates in fruit intake models; whereas SNAP
participation (yes/no; rpb= − 0·12, P= 0·083) and house-
hold income (r= 0·10, P= 0·145) were included as
covariates in vegetable intake models. Bonferroni corrections,
based on the number of predictors included in each
regression model, were applied to critical values for
significance to guard against inflation of type I error
(three predictors: P< 0·017).

Based on the above first-step regression analyses
results, the indirect association of food security with daily
intake of fruits or vegetables, through its home availability,
was carried out using regression-based mediation techni-
ques described by Hayes and Rockwood(26), using the
PROCESS macro for SPSS(27). Mediation analysis is most
appropriate for a randomized intervention study to esti-
mate the effect of ‘exposure’ on the outcome. However,
mediation analysis has been used in cross-sectional studies
to identify potential temporal mediators. The Academy of

Nutrition and Dietetics paper describing the use of med-
iation analysis in nutrition research indicates that the use
of this analysis technique is feasible in cross-sectional
studies to explain transmission of effects between
variables(28).

As in the initial regression analyses, mediation testing was
carried out separately for fruit and vegetable measures. The
sociodemographic covariates that were included in the first
step of regression were also included in the mediation
analyses to control for any confounding inter-associations
between the proposed antecedent, mediator and outcome
variables. Additionally, prior to conducting the mediation
analyses, external regression models were estimated to test
for an antecedent-by-mediator interaction: no significant
interactions were observed (P=0·311–0·979). Mediation
analyses was carried out both: (i) as a single mediator model
for the total VAF or total VAV; and (ii) for multiple mediator
models separating fruits and vegetables by types (i.e. fresh,
canned, dried and frozen). Confidence interval coverage
was set at 95% CI, and the number of bootstrap samples was
set at 10 000. Indirect effect (IE) estimates for which the 95%
CI did not contain zero were interpreted as statistically
significant and considered evidence of potential mediation.

Results

Sociodemographics
The average age of the participants was 26 years and
38% of participants were pregnant for the first time. On
average monthly household income of the participants
was $US 1126, with 13% reporting zero household
income. Approximately half of the participants (54%)
were receiving SNAP. More than one-third of the partici-
pants (34%) did not have a car and 61% reported being
unemployed. About half of the participants identified as
African American and 17% identified as Hispanic. The
‘other’ ethnic group represented mainly refugees and
immigrants from different countries in South-East Asia and
Africa. Slightly more than half of the participants (51%)
reported having high school or less education, and 59%
reported as single, divorced or separated.

Food security
The sample mean for the scaled food security score was
2·18 (SD 2·21), with higher scores reflecting more severe
levels of food insecurity. Based on the four standard
categories, 38% reported as fully food secure and 19%
reported marginal food security. Among the remaining
participants, 24% reported low and 19% reported very
low food security. No significant associations were found
between sociodemographic characteristics (age, income,
employment, education, marital status, race/ethnicity,
SNAP participation, parity and transportation) and food
security levels (data not shown).
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Daily intake of fruits and vegetables
Mean daily intake of fruit and vegetables was 1·76
(SD 1·23) and 1·88 (SD 1·22), respectively. Based on
the ordered categorization, the median frequency of
both daily fruit intake (excluding 100% fruit juices)
and daily vegetable intake was 2, with an interquartile
range of 1–3. Of the total participants, 16% reported daily
fruit intake of less than one per day, while for vegetables,
9% reported daily vegetable intake of less than one
per day.

Variety of available fruits and vegetables at home
by food security level
On average, eight different types of fruits and twelve
different types of vegetables were available in
participants’ households. For VAF, the score ranged
from 0 to 21; while for VAV, the maximum score was 23.
Results from the one-way ANOVA indicated significant
differences in VAF scores (F(3,197)= 3·11, P= 0·028) and
marginally significant differences in VAV scores
(F(3,197)= 2·53, P= 0·058) by food security status (Fig. 1).
The Bonferroni post hoc test indicated that the lone
significant difference existed between the two extreme
levels of food security, i.e. participants with very low
food security had a significantly lower VAF (mean 6·41
(SD 3·96)) compared with fully food-secure participants
(mean 8·64 (SD 3·82)). Although marginally significant, a
similar pattern was observed for the VAV: home avail-
ability of different types of vegetables was lower among
very low food-secure women (mean 10·25 (SD 4·91))
compared with their food-secure counterparts (mean
12·54 (SD 4·62)).

Associations between food security status, variety
of fruits and vegetables available at home, and
daily intake of fruits and vegetables

First-step: multivariate ordinary least-squares regression
analyses results
Fruits. In the three models tested for fruits (food security
status → daily intake of fruits; food security status →VAF;
VAF → daily intake of fruits), as shown in Table 1, it was
found that food security status did not predict daily
fruit intake (β= − 0·026 (SE 0·040), P= 0·515), even after
controlling for covariates of age and race/ethnicity.
However, a significant inverse relationship was seen
between food security and total VAF, i.e. with increase in
food insecurity, the VAF at home decreased (Table 1).
Third, total VAF score significantly predicted the intake of
fruits. With a one-unit increase in VAF there was an
associated increase of 0·086 in daily fruit intake (Table 1).

Vegetables. Consistent with the above results related to
fruit measures, as shown in Table 1, food security did not
significantly predict daily vegetable intake (β= − 0·033
(SE 0·040), P= 0·412) after controlling for covariates asso-
ciated with vegetable intake (SNAP participation and
income). But, food security level significantly predicted
VAV (β= − 0·353 (SE 0·151), P= 0·021) and the total VAV
score was positively associated with daily vegetable intake
(β= 0·085 (SE 0·017), P< 0·001).

Second step: mediation analyses results
Full results of the mediation analyses are depicted in Fig.
2(a)–(d). As indicated in Fig. 2(a), food security level was
significantly negatively associated with the total VAF at
home (β= − 0·30 (SE 0·13), P= 0·017); and, when con-
trolling for food security, total VAF was significantly
associated with daily fruit intake (β= 0·09 (SE 0·02),
P< 0·001). Estimation of the indirect effect, via boot-
strapping, suggested that food security score was
significantly associated with daily fruit intake through total
VAF (IE= − 0·026 (SE 0·012), 95% CI −0·055, −0·005). In
terms of direction, the results indicated that greater food
insecurity was associated with lower VAF scores, which in
turn were associated with lower daily fruit intake. When
the VAF was separated by types, i.e. fresh, canned, dried
and frozen, in a multiple mediator framework (Fig. 2(b)), it
was found that food security was specifically associated
with the availability of fresh fruits (β= − 0·25 (SE 0·09),
P= 0·004). Ultimately, estimation of the indirect effect
indicated that food security was significantly associated
with daily fruit intake specifically through the availability
of variety of fresh fruits (IEfreshfruit= − 0·039 (SE 0·015),
95% CI −0·074, −0·013).

In the case of vegetables (Fig. 2(c)), like fruits, food
security was negatively associated with the total VAV score
(β= − 0·38 (SE 0·15), P= 0·014); and, when controlling for
food security, total VAV was significantly associated with
daily vegetable intake (β= 0·09 (SE 0·02), P< 0·001).
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Fig. 1 (colour online) Average availability of variety of
fruits ( ) and vegetables ( ) in the home of low-income
pregnant women by food security level (n 198), Southeast
USA, January–July 2014. One-way ANOVA was used to test
for differences in availability of variety of fruits and vegetables
by food security level; a significant difference was seen
between food security and very low food security status
for total variety of available fruits (F(3,197)= 3·11, P= 0·028,
post hoc Bonferroni’s P= 0·009)
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Table 1 Multivariate regression results representing associations between food security level, availability of fruits or
vegetables at home and daily intake of fruits or vegetables, among low-income pregnant women (n 198), Southeast
USA, January–July 2014

β SE P 95% CI

Fruits
DV: Daily fruit intake
Age 0·028 0·016 0·088 −0·004, 0·060
Race/ethnicity − 0·572 0·267 0·034 −1·099, −0·045
Food security level − 0·026 0·040 0·515 −0·104, 0·052

DV: Daily fruit intake
Age 0·021 0·016 0·184 −0·010, 0·052
Race/ethnicity − 0·411 0·260 0·115 −0·924, 0·102
Variety of available fruits at home 0·086 0·021 0·000 0·044, 0·128

DV: Variety of available fruits at home
Food security level − 0·331 0·127 0·010 −0·581, −0·081

Vegetables
DV: Daily vegetable intake
SNAP participation − 0·306 0·180 0·090 −0·661, 0·049
Income 0·017 0·024 0·480 −0·030, 0·065
Food security level − 0·033 0·040 0·412 −0·111, 0·046

DV: Daily vegetable intake
SNAP participation − 0·317 0·169 0·062 −0·651, 0·016
Income 0·022 0·023 0·330 −0·022, 0·067
Variety of available vegetables at home 0·085 0·017 0·000 0·051, 0·119

DV: Variety of available vegetables at home
Food security level − 0·353 0·151 0·021 −0·651, −0·055

DV, dependent variable; SNAP, Supplemental Nutrition Assistance Program.
For fruits: n 198; for vegetables: n 197, since income information was missing for one participant.
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Fig. 2 Mediation analysis to estimate the interrelationship between food security, variety of fruits or vegetables at home and
the frequency of daily fruit or vegetable intake, among low-income pregnant women, Southeast USA, January–July 2014:
(a) food security, variety of fruits available at home (VAF) and the frequency of daily fruit intake, (b) separated by variety of available
fruits (sample size for fruits is n 198); (c) food security, variety of vegetables available at home (VAV) and the frequency of
daily vegetable intake, (d) separated by variety of available vegetables (sample size for vegetables is n 197 since income
information was missing for one participant). Direct effects are path coefficients (β) and SE; indirect effects (IE) are presented
with 95% CI. All coefficients and IE estimates are unstandardized. *P< 0·05, **P< 0·01, ***P< 0·001 (SNAP, Supplemental
Nutrition Assistance Program)
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Similar to the results for fruits, estimation of the indirect
effect suggested that as food security worsened, repre-
sented as increase in its score, this was negatively asso-
ciated with daily vegetable intake through low levels of
VAV at home (IE= − 0·033 (SE 0·015), 95% CI −0·068,
−0·009). When VAV was separated by types, i.e. fresh,
canned and frozen, in a multiple mediator framework
(Fig. 2(d)), it was found that food security scores were
specifically associated with the variety of available fresh
vegetables (β= − 0·44 (SE 0·11), P< 0·001). Estimation of
the indirect effect indicated that food security was sig-
nificantly associated with daily vegetable intake through
the availability of variety of fresh vegetables at home
(IEfreshveg= − 0·048 (SE 0·015), 95% CI −0·083, −0·023). In
other words, as food insecurity increased, the availability
of fresh variety of vegetables decreased, which in turn was
associated with its daily intake.

Discussion

The results of the present study indicate that low to very
low levels of food security (food insecurity) are common
(43%) among low-income pregnant women. Previous
studies on women participating in WIC have reported food
insecurity rates from 27% to as high as 42%(29,30). Prior
food security research in the general population has
shown that minority women and single-women house-
holds are at higher risk of experiencing low to very low
food security(31–33). However, we did not see any differ-
ence in food security status by ethnicity or marital status.
This may be attributable to the fact that all the participants
were low-income (≤185% poverty level), hence ethnic
differences in food security status due to general high rates
of poverty among minority families might not be evident
in this homogeneous group of WIC or limited-income
women. No difference in food security status by marital
status in our study population might be due to higher
social and family support generally experienced during
pregnancy.

Overall average intake of fruits and vegetables among
adults in the USA is 1·3 times daily(21). In our study,
women reported consuming fruits and vegetables on
average 1·8 times daily; a little higher than a national trend.
This may be due to our study population being specifically
pregnant women, a life stage where women are more
likely to eat healthily for normal growth and development
of their babies. In a recent study with WIC women, similar
higher intake pattern for fruits and vegetables was seen.
Among 744 WIC women, the daily intake of fruits and
vegetables was approximately 2 cups/d. However, it
was seen that social desirability was very common among
the study population and it was positively associated
with vegetable intake: with a 1-unit increase in the
social desirability score, there was an increase of 0·12
times/d that vegetables were reported to have been

consumed(34,35). Considering this, the self-report of fruit
and vegetable intake among our population group of WIC
pregnant women might also be biased by the social
desirability of reporting healthy eating behaviours during
pregnancy.

Studies on the role of the home food environment
indicate that it represents the proximal access to food and
is a critical predictor of daily dietary intake habits(8,36,37).
In our study, the availability of different varieties and types
of fruits was significantly lower among very low food-
secure women. Similarly, Kendall et al. also found that
food-insecure households had significantly lower mean
availability of fruits compared with food-secure house-
holds(7). In explanation of this pattern, Drewnowski
analysed the price per unit of energy and indicated that
energy-dense foods such as fats and oils, sugar, refined
grains and potatoes provide dietary energy at minimum
cost compared with fish, dairy products or fresh produce.
High preference for refined-grain and added-sugar items
compared with fruits and vegetables may represent a
deliberate strategy for low-income households to purchase
high-return-value foods, i.e. getting more energy per dollar
spent(38). Especially, in a situation of limited food budget,
food-insecure families may focus more on purchasing
non-perishable, energy-dense foods that may be cheaper
compared with low-satiety-value foods such as fruits and
vegetables.

The findings of the mediation analyses indicate that
the relationship between food insecurity and daily intake
of fruits and vegetables is associated with its availability
at home. Specifically, the lower availability of the fresh
variety of fruits and vegetables was associated with the
intake. This can be due to insignificant difference in
availability of canned or frozen variety of vegetables
and fruits between food-secure and -insecure households.
Unlike expected, the post analysis indicated that home
availability of canned or frozen (economical versions)
variety of vegetables and fruits was not higher among low
or very low food-secure participants (data not shown).
Through the federal and state nutrition education
programmes, canned and frozen varieties of fruits and
vegetables are promoted as a cost-effective option to
increase daily intake of this food group among low-
income women. However, several studies have shown
that factors such as poor cooking skills and misconception
of nutritional quality have been barriers in improving the
use of frozen and canned varieties of fruits and vegetables
among low-income families(8,11,39). Additionally, it is
found that food insecurity or living in the ‘scarce’ envir-
onment might trigger preference for high-energy, highly
palatable foods, reducing further the likelihood of finding
ways to use cheaper versions of nutrient-dense options of
canned and frozen fruits and vegetables in the daily
diet(40). Results of the present study suggest that assessing
household food security and providing additional educa-
tional and social support to improve use of cheaper
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options of canned and frozen fruits and vegetables could
improve the home food environment and dietary habits
among low-income pregnant women.

A limitation of the present study is the use of a con-
venience sampling technique whereby there is a risk of
either over- or under-representation of certain population
groups. However, the demographic characteristics of our
sample were closely representative of the county and state
demographics regarding low-income women. For fruits
and vegetables, information on frequency of its daily
intake was collected, which is a limitation, as it does not
reflect quantity of intake. Similarly, measuring only avail-
ability of variety of fruits and vegetables, without mea-
suring their specific amounts and at what frequency they
are available, limits the specificity of the study results.
Finally, restricting recruitment to WIC pregnant women
may reduce generalizability of the results among other
low-income pregnant women not receiving WIC or any
food assistance.

Conclusions and implications

To the best of the authors’ knowledge, the present study is
the first to investigate the interrelationship between food
security, availability of variety fruits and vegetables at
home and frequency of their intake. Further research
should seek to examine the home food environment in
terms of availability of healthy v. unhealthy foods and its
relationship to food security status and overall diet quality.
WIC clinics and other food assistance programmes could
use this information to tailor nutrition counselling and
education towards preparation, storage and maximizing
food dollars, to improve the availability of fruits and
vegetables at home and ultimately the diet quality of low-
income women. Results of the study also highlight the
importance of the home food environment and the need
for interventions to improve the availability of healthy
options at home to improve nutritional outcomes among
low-income families.
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