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Abstract
Objective: Relationships among race/ethnicity, individual socio-economic status
(SES), neighbourhood SES and acculturation are complex. We sought to answer
whether: (i) race/ethnicity, individual SES and neighbourhood SES have
independent effects on women’s fruit and vegetable consumption (FVC);
(ii) SES modifies the effects of race/ethnicity on FVC; and (iii) nativity modifies
the effect of Latina ethnicity on FVC.
Design: Cross-sectional surveys from the population-based Geographic Research
on Wellbeing (GROW) Study were linked with census-tract level data. FVC was
indicated by (i) consuming fruits and vegetables less often than daily (LOWFV)
and (ii) not having fruits and vegetables in the home very often. Other variables
included age, marital status, race/ethnicity, country of birth, educational
attainment, family income and longitudinal neighbourhood poverty (based on
latent class growth models). Weighted logistic regression models accounting for
the complex sample design were constructed.
Setting: California, USA, 2012–2013.
Subjects: Women (n 2669).
Results: In adjusted models, race/ethnicity, education and income were
independently associated with FVC, but not neighbourhood poverty. Women of
colour, high-school graduates and women with incomes at 301–400 % of the
federal poverty level were at higher odds of LOWFV compared with non-Hispanic
Whites, college graduates and those with incomes >400 % of the federal poverty
level. Little evidence for interactions between race/ethnicity and individual or
neighbourhood SES was found; similar patterns were observed for immigrant and
US-born Latinas.
Conclusions: Addressing the dietary needs of lower-SES communities requires
multilevel interventions that simultaneously provide culturally tailored nutrition
education and address the physical and economic accessibility of culturally
acceptable fruits and vegetables.

Keywords
Fruits and vegetables

Immigrant Latinas
Race/ethnicity

Socio-economic status
Neighbourhood poverty

Fruits and vegetables are an essential component of a
healthy diet(1). They are an important source of dietary
fibre and of many essential nutrients that are deficient in
the US diet, such as Mg, vitamin A and vitamin C(1,2). Low
fruit and vegetable intake is one of the ten top risk factors
for mortality in the world(3) and is associated with
increased risk of obesity and chronic diseases including
CVD, diabetes and some cancers(4,5).

The Dietary Guidelines for Americans recommend
that healthy adults consume a total of about five servings
(2½ cups) of fruits and vegetables per day, or that fruits

and vegetables make up about half of a plate of food(1).
Less than a third of Americans meet these recommenda-
tions. According to the Behavioral Risk Factor Surveillance
System (BRFSS), which monitors health behaviours
through an annual telephone survey, the percentage of US
adults who consumed two or more servings of fruit daily
decreased from 34·4 % in 2002 to 32·5 % in 2009; the
percentage who consumed three or more servings of
vegetables daily stayed the same at about 26·5 % over this
period(6). In 2011 BRFSS reported, for the first time, the
percentage of adults consuming fruits and vegetables less
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than once daily: 37·7 % for fruits and 22·6 % for vegetables,
respectively(7). Thus, more effective public health inter-
vention efforts are needed to increase consumption of
fruits and vegetables.

Research on factors associated with consumption of
fruits and vegetables in Western developed countries has
identified that there is a socio-economic gradient, with
higher fruit and vegetable consumption associated with
higher individual or family socio-economic status (SES).
Epidemiological studies of populations in countries such
as the UK, Western and Northern European countries,
Australia and North America consistently show that fruit
and vegetable consumption is greater in more educated
and higher-income groups, among both adults and
children(8–13).

In the USA, the role of SES in determining dietary
behaviour is complex for several reasons. First, because
SES is intertwined with race and ethnicity, and because
ethnicity and culture play an important role in shaping
dietary habits, it is unclear whether SES, culture or a
combination of these two factors influences consumption
of fruits and vegetables. Second, ethnicity’s role in influ-
encing dietary behaviour can be expected to change with
length of time in the USA as migrant populations accul-
turate to a new environment(14). Third, residential segre-
gation (by race/ethnicity and SES) in the USA is high and
there is a considerable body of literature that alludes to the
influence of the neighbourhood environment on food
consumption patterns(15–17). Specifically, fresh produce
may be less accessible in lower-income and/or segregated
neighbourhoods(16–18) while energy-dense, nutrient-poor
foods such as those offered in convenience stores may be
more accessible in these same neighbourhoods(19–21).
Understanding the independent effects of these individual
and neighbourhood social factors on diet has implications
for the design of effective public health interventions.

In the present study of 2669 African American,
Asian/Pacific Islander, Latina and White women of child-
bearing age who participated in the California Maternal
and Infant Health Assessment (MIHA) survey during the
years 2003–2007, and were followed up in the Geographic
Research on Wellbeing (GROW) Study (2012–2013), we
sought to answer the following questions:

1. What are the independent effects of race/ethnicity and
SES (measured by individual-level income and educa-
tion, and neighbourhood-level poverty) on consump-
tion of fruits and vegetables, adjusting for age, marital
status and neighbourhood poverty?

2. Does SES modify the effects of race/ethnicity?
3. Among Latinas, the group with sufficient numbers by

nativity, do the effects of SES differ between US-born
and immigrant women?

In most studies, consumption of fruits and vegetables is
measured in terms of either frequency or amount. Because
the Dietary Guidelines recommend that fruits and vegetables

be consumed daily, and the types of food available in the
home have been observed to be associated with weight
status and diet(22,23), we operationalized consumption
of fruits and vegetables as: (i) consuming fruits and
vegetables less often than daily; and (ii) not having fruits
and vegetables in the home frequently. The availability of
fruits and vegetables in the home is a marker of consumer
behaviour that may be important for women as well as
others in the home.

Methods

Data sources
The GROW Study is based on the 2003–2007 California
MIHA survey, a collaborative project of the California
Department of Public Health’s Maternal, Child, and
Adolescent Health Branch and researchers at the Uni-
versity of California, San Francisco. MIHA, which is very
similar to the Centers for Disease Control and Prevention’s
Pregnancy Risk Assessment Monitoring System, is an
ongoing, statewide-representative survey of mothers
delivering live infants in California during February
through May annually, linked with birth certificate data.
Each year during this time period, MIHA collected data
from approximately 3500 women representing approxi-
mately 500 000 births using a questionnaire that was
administered by mail or telephone. During 2003–2007,
71 % of the surveys were completed in English and
29 % in Spanish; response rates exceeded 70 % each year.
The maternal characteristics of the MIHA sample are
weighted to be representative of all eligible births
statewide (http://www.cdph.ca.gov/data/surveys/MIHA/
Documents/MIHA%20Technical%20Document%20Web%
202011.pdf). Additional details about the MIHA survey
have been reported elsewhere(24,25).

MIHA respondents were eligible for GROW if they lived
in one of six largely urbanized counties at the time of the
2003–2007 surveys (Alameda, Los Angeles, Orange,
Sacramento, San Diego and Santa Clara) and had agreed to
be re-contacted for future studies; over 95 % of women
had agreed. Respondents in these six counties represented
55 % of all MIHA respondents from 2003–2007. Data col-
lection for GROW began in February 2012 and was com-
pleted in September 2013. The questionnaire comprised
approximately eighty questions regarding demographic,
socio-economic, neighbourhood, psychosocial and health-
related characteristics pertaining to the respondent and her
index child (her infant from the MIHA survey). The
women received a $US 20 gift card as an incentive.

Of the 9256 women who were initially identified as
eligible to be in the sample, 3016 responded (32·6 %); of
the 4026 women who could be located (‘active’ sample),
74·9 % responded. The majority of respondents (90·3 %)
still lived in one of the six GROW counties. Fifty-six per cent
completed the survey by telephone and 73% completed it

Social disparities in dietary habits 1667

http://www.cdph.ca.gov/data/surveys/MIHA/Documents/MIHA%20Technical%20Document%20Web%202011.pdf
http://www.cdph.ca.gov/data/surveys/MIHA/Documents/MIHA%20Technical%20Document%20Web%202011.pdf
http://www.cdph.ca.gov/data/surveys/MIHA/Documents/MIHA%20Technical%20Document%20Web%202011.pdf


in English. The geocoding accuracy to census tracts for the
GROW respondent addresses was very high, at 97 %.
Respondents were not highly clustered. There was an
average of 1·4 respondents per tract (range 1–9); 90 % of
tracts contained only one or two GROW respondents.
There were few missing responses. Missing values were
less than 8 % for all items except income (9·8 %). Weights
were created to produce data that were representative of
births in the six GROW counties, and a sampling fraction
file was created to make a minor finite population
correction to the standard errors for analyses (C Cubbin,
unpublished results).

The analytic data set excluded women whose
race/ethnicity was reported as American Indian/Alaska
Native, missing or ‘other’ because of small sample size, or
whose data were missing for either of the dependent
variables, or whose addresses did not accurately geocode
to a census tract (n 347), resulting in 2669 records for
analysis out of 3016 total.

The GROW Study was approved by the Institutional
Review Boards at the University of Texas at Austin, the
University of California, San Francisco and the California
Department of Public Health; all participants gave informed
consent. Additional details about the GROW Study have
been reported (C Cubbin, unpublished results).

Variables
The dependent variables were consuming fruits and
vegetables less often than daily and not having fruits
and vegetables in the home frequently. Consuming fruits
and vegetables less often than daily was based on
responses to the questions, ‘During an average week, how
often do you eat… fruit, including 100 % fruit juice’ or ‘…
vegetables, not including French fries’. Response choices
were ‘never or almost never’, ‘about once or twice a
month’, ‘about once or twice a week’, ‘about every other
day’ and ‘every day’. Respondents not reporting daily
consumption of both fruits and vegetables were coded as
consuming fruits and vegetables less often than daily. Not
having fruits and vegetables in the home frequently was
based on responses to the questions, ‘How often are there
fresh or frozen fruits (or fresh or frozen vegetables)
available in your home?’ Response choices were ‘very
often’, ‘somewhat often’, ‘not very often’ and ‘never’.
Respondents not reporting having both fruits and
vegetables available very often were coded as not having
fruits and vegetables in the home frequently.

Other variables included age (20–29 years; 30–39 years;
≥40 years), marital status (previously or never married;
married or living together), race/ethnicity (from the birth
certificate: non-Hispanic African American; non-Hispanic
Asian or Pacific Islander; Latina; non-Hispanic White),
country of birth (US-born; immigrant (for Latinas only)),
educational attainment (less than high school; high-school
graduate/GED; some college; college graduate (where
GED is General Educational Development)), income

(annual family income, in increments of the federal
poverty level: ≤100 %; 101–200 %; 201–300 %; 301–400 %;
>401%; missing) and longitudinal neighbourhood
poverty. Longitudinal neighbourhood (census tract) pov-
erty data (percentage of poor persons in the census tract)
are from the Neighborhood Change Database (NCDB)
published by Geolytics, Inc.(20) and the American Com-
munity Survey 2005–2009 (ACS). These data were linked
to the GROW database via census geocodes based on the
respondent’s address. The NCDB includes decennial
census data at the tract level from 1970, 1980, 1990 and
2000 all normalized to the same Census 2000 tract
boundaries (since tract boundaries change over time).
Longitudinal neighbourhood poverty was based on a
latent class growth modelling (LCGM) analysis(26) of all
census tracts in California using data from the NCDB and
the ACS (five time points). LCGM identifies distinct sub-
groups of the sample that follow a similar pattern of
change over time on a given variable; in this case,
neighbourhood poverty rates. From the LCGM analysis,
we estimated three distinct latent classes, referred to as
‘long-term low poverty’, ‘long-term moderate poverty’ and
‘long-term high poverty’.

Analyses
We first examined the distribution of all variables by
race/ethnicity. Next, we constructed a series of logistic
regression models for each dependent variable: (i) ‘crude’
models performing the regression of each variable
separately v. the fruit and vegetable consumption
variables; (ii) a ‘demographic’ model performing the
regression of age, marital status and race/ethnicity v. the
fruit and vegetable consumption variables; (iii) an ‘SES’
model performing the regression of the demographic
variables as well as education and family income v. the
fruit and vegetable consumption variables; and (iv) a ‘full’
model adding longitudinal neighbourhood poverty to the
SES model. All analyses were conducted using the statis-
tical software package SAS version 9·4 and incorporated
weighting and the complex sample design.

Results

Table 1 presents the sample characteristics overall and
according to race/ethnicity. The highest proportion of
older women were Asian/Pacific Islander or White (nearly
half), while the highest proportion of women in their
20s were US-born Latinas (37 %). The lowest proportion of
married women were African American and the highest
proportion were Asian/Pacific Islander. The socio-
economic characteristics reflect the stark patterns of
inequality by race/ethnicity. While 45 % of Latina immi-
grants had not completed high school, nearly 90 % of
Asian/Pacific Islander and White women had at least some
college education, compared with about 73 % for African
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Table 1 Characteristics of the study sample, overall and according to race/ethnicity; Geographic Research on Wellbeing (GROW) Study, California, USA, 2012–2013

Overall
(n 2669)

African
American
(n 318)

Asian or
Pacific Islander

(n 269)

Latina,
US-born
(n 437)

Latina,
immigrant
(n 771)

White,
non-Hispanic

(n 874)

n %† n %† n %† n %† n %† n %†

Maternal age (years)
20–29 393 18·2 73 26·6 9 5·3 133 37·2 134 20·4 44 7·6
30–39 1263 49·4 150 49·6 122 47·5 223 48·7 406 54·6 362 43·4
≥40 1013 32·4 95 23·8 138 47·3 81 14·1 231 25·0 468 49·0

Marital status
Previously or never married 465 17·1 145 52·3 14 5·2 82 21·2 134 17·4 90 11·6
Married or living together 2188 82·9 170 47·7 254 94·8 351 78·8 630 82·6 783 88·4

Educational attainment
Less than high school 447 20·3 24 9·3 7 3·3 51 12·3 348 44·9 17 3·0
High-school graduate/GED 485 22·4 42 17·5 15 7·0 107 28·4 254 35·8 67 9·5
Some college 656 23·3 139 43·6 47 19·3 162 38·0 100 12·6 208 25·8
College graduate 1067 34·0 111 29·6 199 70·4 115 21·4 61 6·7 581 61·7

Family income (% of federal poverty level)
≤100% 620 27·1 100 36·5 10 4·1 96 24·9 379 50·4 35 5·5
101–200% 452 18·2 71 22·4 19 8·7 94 23·7 186 23·8 82 10·9
201–300% 258 10·2 29 8·4 33 14·8 64 15·3 43 5·8 89 10·9
301–400% 222 7·4 30 8·8 24 8·4 44 9·8 15 1·6 109 13·2
>400% 852 26·3 63 14·4 162 56·2 103 18·0 28 2·8 496 51·9
Missing 265 10·8 25 9·5 21 7·7 36 8·3 120 15·6 63 7·7

Longitudinal neighbourhood poverty
Long-term high poverty 264 11·8 56 22·6 4 1·4 47 12·9 146 20·5 11 1·4
Long-term moderate poverty 647 27·0 98 34·0 29 10·8 121 30·2 322 42·7 77 9·7
Long-term low poverty 1758 61·2 164 43·4 236 87·7 269 56·8 303 36·8 786 88·9

Fruit/vegetable consumption
Both fruits/vegetables consumed daily 1066 37·9 110 35·1 106 38·7 139 30·7 250 32·5 461 51·2
Either fruits or vegetables consumed daily 803 30·8 106 33·9 100 37·6 135 31·8 205 27·4 257 30·1
Both fruits/vegetables or either fruits or vegetables consumed every other day 551 21·0 74 20·9 51 19·0 113 26·1 194 24·5 119 13·7
Both fruits/vegetables consumed no more than twice weekly 249 10·3 28 10·1 12 4·8 50 11·4 122 15·6 37 4·9

Fruits/vegetables in home
Both fruits/vegetables in home very often 2140 78·4 236 73·0 228 83·7 325 73·6 551 70·9 800 90·8
Either fruits/vegetables in home somewhat or very often 372 14·4 67 21·0 34 13·5 84 19·5 123 15·6 64 7·9
Either fruits or vegetables in home not very often or never 157 7·2 15 5·9 7 2·8 28 6·9 97 13·4 10 1·3

GED, General Educational Development.
†Weighted percentage.
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Americans and 59 % for US-born Latinas. Strikingly, over
half of Latina immigrants were living below the poverty
line (which is probably closer to two-thirds if women with
‘missing’ income are included; these are typically women
with very low incomes). African American women also
had high rates of below-poverty income, at 37 %, while
almost half of Asian/Pacific Islander and White women
had incomes over four times the federal poverty level.
About one-fifth of African American and Latina immigrants
lived in neighbourhoods that experienced long-term high
neighbourhood-level poverty, compared with 12 % of the
sample overall, while close to 90 % of Asian/Pacific
Islander and White women lived in neighbourhoods that
experienced long-term low poverty compared with 61 %
of the sample overall. White women had the most
favourable fruit and vegetable consumption pattern,
with over 80 % consuming fruits and/or vegetables daily
and over 90 % having both in the home very often, com-
pared with 69 % and 78 % overall, respectively.

Table 2 presents crude and adjusted odds of consuming
fruits and vegetables less often than daily. All variables
had significant associations in the crude models. All
racial/ethnic groups had higher odds of consuming fruits
and vegetables less often than daily compared with White

women, and there appeared to be a gradient in the rela-
tionship of consuming fruits and vegetables less often than
daily to SES. The odds remained similar in the model
adjusting for demographics, except that women in their
30s were no longer at higher odds compared with older
women and the odds for African American women
appeared to be attenuated somewhat. In the SES model,
women of colour were still at higher odds compared with
White women, but the odds were generally attenuated
compared with the demographic model. The odds for
educational attainment and income were also attenuated
compared with the crude models. In the full model,
unmarried women, women of colour and women without
college degrees were at higher odds compared with
their respective reference groups, while neighbourhood
poverty was no longer statistically significant, suggesting
that individual-level sociodemographic factors were
mediating the neighbourhood poverty–fruit and vegetable
consumption relationship.

Table 3 presents the same set of models, with the out-
come being not having fruits and vegetables in the home
very often. Every level of every variable had statistically
significant higher odds of not having fruits and vegetables
in the home very often compared with their respective

Table 2 Odds of consuming fruits and vegetables less often than daily; Geographic Research on Wellbeing (GROW) Study (n 2669),
California, USA, 2012–2013

Crude model Demographic model SES model Full model

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Maternal age (years)
20–29 1·29 1·00, 1·68 0·95 0·71, 1·27 0·85 0·63, 1·15 0·84 0·62, 1·14
30–39 1·27* 1·06, 1·52 1·09 0·90, 1·32 1·05 0·86, 1·27 1·04 0·86, 1·27
≥40 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref.

Marital status
Previously or never married 1·58*** 1·25, 2·01 1·51** 1·18, 1·93 1·44** 1·12, 1·86 1·43** 1·11, 1·85
Married or living together 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref.

Race/ethnicity
African American 1·95*** 1·46, 2·60 1·65** 1·21, 2·26 1·53* 1·10, 2·12 1·49* 1·07, 2·08
Asian or Pacific Islander 1·67*** 1·24, 2·24 1·71*** 1·27, 2·30 1·77*** 1·31, 2·38 1·77*** 1·31, 2·38
Latina, US-born 2·37*** 1·84, 3·06 2·31*** 1·76, 3·03 2·05*** 1·55, 2·73 2·03*** 1·53, 2·70
Latina, immigrant 2·19*** 1·77, 2·70 2·15*** 1·73, 2·68 1·75*** 1·31, 2·35 1·73*** 1·28, 2·32
White, non-Hispanic 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref.

Educational attainment
Less than high school 1·93*** 1·50, 2·48 1·51* 1·06, 2·16 1·49* 1·04, 2·13
High-school graduate/GED 1·89*** 1·48, 2·41 1·51* 1·10, 2·08 1·51* 1·10, 2·07
Some college 1·54*** 1·23, 1·93 1·36* 1·05, 1·75 1·35* 1·05, 1·75
College graduate 1·00 Ref. 1·00 Ref. 1·00 Ref.

Family income (% of federal poverty level)
≤100% 1·89*** 1·49, 2·39 1·05 0·74, 1·48 1·02 0·72, 1·45
101–200% 1·65*** 1·28, 2·14 1·03 0·75, 1·42 1·02 0·74, 1·42
201–300% 1·47* 1·06, 2·03 1·05 0·74, 1·49 1·05 0·74, 1·50
301–400% 1·35 0·97, 1·87 1·17 0·84, 1·64 1·17 0·84, 1·64
>400% 1·00 Ref. 1·00 Ref. 1·00 Ref.
Missing 1·37* 1·01, 1·87 0·89 0·62, 1·28 0·88 0·62, 1·26

Longitudinal neighbourhood poverty
Long-term high poverty 1·72*** 1·27, 2·32 1·18 0·85, 1·65
Long-term moderate poverty 1·37** 1·11, 1·69 1·02 0·80, 1·29
Long-term low poverty 1·00 Ref. 1·00 Ref.

SES, socio-economic status; GED, General Educational Development; Ref., reference category.
*P< 0·05, **P< 0·01, ***P< 0·001.
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reference groups in the crude models. In addition,
racial/ethnic and socio-economic disparities appeared to be
stronger than for consuming fruits and vegetables less often
than daily. Age was no longer significant in the demographic
model, and odds for unmarried and each racial/ethnic
group (except for Asian/Pacific Islanders) appeared to be
attenuated. In the SES model, we observed that women of
colour were still at higher odds compared with White
women, but the odds were further attenuated (except for
Asian/Pacific Islanders) compared with the demographic
model, and odds for educational attainment and income
were also attenuated compared with the crude models. In
the full model, race/ethnicity, educational attainment and
income were each independently associated with not hav-
ing fruits and vegetables in the home very often.

Interaction terms tested in subsequent models (data not
shown) demonstrated that individual- and neighbourhood-
level SES did not modify the relationship between race/
ethnicity and fruit and vegetable consumption. Finally,
patterns were somewhat similar for US-born and immigrant
Latinas in the odds of fruit and vegetable consumption
compared with White women, although US-born Latinas
appeared to be at slightly higher risk of low consumption of
fruits and vegetables than Latina immigrants after controlling
for SES.

Discussion

In the present study of a socio-economically and ethnically
diverse sample of 2669 mothers of young children, we
investigated the independent effects of race/ethnicity and
SES (individual-level education and income, and
neighbourhood-level poverty) on daily consumption of
fruits and vegetables and the availability of fruits and
vegetables in the home, considering the potential con-
founding effects of age, marital status and nativity of Latinas.

We found that 69 % of all women consumed fruits and/
or vegetables daily. This percentage is consistent with that
reported for US adult men and women in 2013 by the
BRFSS, which found that over 60 % consumed fruits or
vegetables daily(7). In our investigation of the associations
of race/ethnicity and individual-level SES with fruit and
vegetable consumption, we noted that race/ethnicity
showed consistent relationships with consuming fruits and
vegetables less often than daily as well as with not having
fruits and vegetables in the home frequently, after adjust-
ing for age, marital status and neighbourhood poverty.
Specifically, all racial/ethnic groups showed significantly
higher odds than non-Hispanic Whites with regard to both
of these outcome variables. Women with the lowest levels
of family income had the highest odds of consuming fruits

Table 3 Odds of not having fruits and vegetables in the home very often; Geographic Research on Wellbeing (GROW) Study (n 2669),
California, USA, 2012–2013

Crude model Demographic model SES model Full model

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Maternal age (years)
20–29 2·02*** 1·49, 2·72 1·35 0·98, 1·87 1·13 0·80, 1·59 1·15 0·82, 1·62
30–39 1·36* 1·07, 1·73 1·07 0·83, 1·38 1·01 0·78, 1·31 1·02 0·79, 1·33
≥40 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref.

Marital status
Previously or never married 1·67*** 1·29, 2·17 1·43* 1·08, 1·91 1·31 0·98, 1·76 1·32 0·98, 1·77
Married or living together 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref.

Race/ethnicity
African American 3·65*** 2·48, 5·35 2·91*** 1·93, 4·39 2·27*** 1·46, 3·53 2·40*** 1·54, 3·75
Asian or Pacific Islander 1·93** 1·25, 2·97 1·99** 1·29, 3·07 2·09** 1·35, 3·24 2·10*** 1·35, 3·26
Latina, US-born 3·54*** 2·52, 4·97 3·03*** 2·11, 4·34 2·21*** 1·50, 3·26 2·27*** 1·54, 3·35
Latina, immigrant 4·05*** 3·00, 5·47 3·77*** 2·77, 5·13 1·71** 1·16, 2·52 1·77** 1·20, 2·63
White, non-Hispanic 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref.

Educational attainment
Less than high school 4·56*** 3·38, 6·17 2·76*** 1·79, 4·25 2·85*** 1·84, 4·40
High-school graduate/GED 3·06*** 2·25, 4·16 1·82** 1·20, 2·76 1·84** 1·21, 2·80
Some college 1·67** 1·22, 2·28 1·14 0·79, 1·64 1·15 0·80, 1·65
College graduate 1·00 Ref. 1·00 Ref. 1·00 Ref.

Family income (% of federal poverty level)
≤100% 4·23*** 3·06, 5·84 1·73* 1·07, 2·78 1·81* 1·12, 2·92
101–200% 3·75*** 2·63, 5·34 1·99** 1·25, 3·15 2·03** 1·28, 3·23
201–300% 2·47*** 1·62, 3·76 1·57 0·99, 2·52 1·57 0·98, 2·52
301–400% 1·83* 1·13, 2·96 1·51 0·91, 2·51 1·51 0·91, 2·52
>400% 1·00 Ref. 1·00 Ref. 1·00 Ref.
Missing 4·52*** 3·03, 6·74 2·17** 1·36, 3·44 2·23*** 1·40, 3·54

Longitudinal neighbourhood poverty
Long-term high poverty 1·65** 1·19, 2·31 0·74 0·51, 1·08
Long-term moderate poverty 1·80*** 1·42, 2·28 0·94 0·71, 1·23
Long-term low poverty 1·00 Ref. 1·00 Ref.

SES, socio-economic status; GED, General Educational Development; Ref., reference category.
*P< 0·05, **P< 0·01, ***P< 0·001.
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and vegetables less often than daily and not having fruits
and vegetables in the home frequently, suggesting that
inadequate financial resources may be a critical barrier to
purchasing fresh fruits and vegetables for the home(27,28).
Several studies together support the notion that while lack
of knowledge may have been a barrier in the past, at
present, addressing financial constraints may be a more
effective means of increasing fruit and vegetable
consumption(27,28).

Our findings illuminate other reports of socio-economic
and racial/ethnic differences in fruit and vegetable con-
sumption. Analysing data obtained from 1266 young
adult African American and European American men and
women aged 20–38 years enrolled in the Bogalusa Heart
Study, Deshmukh-Taskar et al. reported that race and
education, but not income, were associated with fruit and
vegetable consumption(13). However, they did not examine
these associations in a multivariate model that included
neighbourhood SES. By examining the associations of race/
ethnicity and individual-level SES with fruit and vegetable
consumption simultaneously and controlling for
neighbourhood poverty and other potential confounders,
we observed that the effects of race/ethnicity on fruit and
vegetable consumption were independent of individual-
and neighbourhood-level SES. In addition, we examined
interactions between SES and race/ethnicity and found little
evidence of any, suggesting that regardless of the racial/
ethnic composition of the targeted population, public
health interventions aiming to promote daily consumption
of fruits and vegetables in low-income communities must
not only be culturally tailored, but also simultaneously
address the accessibility of fruits and vegetables from an
availability and affordability perspective.

Social disparities in diet quality have been a concern
globally, but especially in post-industrialized Western
nations where there is an abundance of healthy food. The
issue in such societies is not whether healthy food is
available but whether it is accessible to all socio-economic
groups, and whether having a healthy diet is a matter of
individual choice and preferences. An increasing body of
literature points to the inequities of food distribution, with
healthy and fresh foods being less accessible to lower-
income communities, where unhealthy processed and fast
foods are more readily available(16,20). In the USA, the UK
and wealthier Western nations, efforts have been made to
increase access to healthy food, particularly fresh fruits
and vegetables, in lower-income communities and
through benefits such as the Supplemental Nutrition
Assistance Program(16,18). Still, questions remain as to
whether culturally tailored nutrition education interven-
tions are needed and whether such interventions are
effective without addressing social inequities in income
and education.

In our study, we observed longitudinal neighbourhood
poverty to be associated with consuming fruits and
vegetables less often than daily and not having fruits and

vegetables in the home frequently in the unadjusted
model. However, once individual-level factors (race/
ethnicity, income, education, etc.) were accounted for, its
associations with both of these variables were no longer
statistically significant. In contrast, Dubowitz et al.(29),
who analysed data from the Third National Health and
Nutrition Examination Survey, reported associations
between neighbourhood socio-economic characteristics
and fruit and vegetable intake, independent of individual
SES. Race/ethnicity, income and education influence
where people live(30). At the same time, neighbourhood
SES influences individual SES via access to education
and employment opportunities. Hence, longitudinal
neighbourhood poverty may mediate the relationship
between race/ethnicity or SES and diet, or as observed in
our study, race/ethnicity and individual SES may mediate
the relationship between longitudinal neighbourhood
poverty and diet. These relationships should be further
explored using systems science methods such as agent-
based modelling to allow for consideration of dynamic
interactions and feedback loops(31). Understanding the
role of neighbourhood poverty in determining the
consumption of fresh fruits and vegetables is important
for designing appropriate intervention programmes to
address food insecurity issues in low-income commu-
nities. For example, nutrition assistance programmes that
simply provide nutrition education and food vouchers or
cash assistance to low-income families may lead to
increased consumption of unhealthy foods if fresh
fruits and vegetables are not accessible in the
neighbourhood.

In the USA today, unhealthy, energy-dense processed
foods are more readily available in poor neighbourhoods.
Such foods are cheaper than fresh fruits and vegetables
and therefore in greater demand by low-income families
with limited food budgets. They are also more profitable
for small grocery stores, which are found in greater
numbers in lower-income neighbourhoods compared
with full-service grocery stores(16,18), to carry in that they
are less perishable and do not require refrigeration.
We conclude that addressing the dietary needs of poor
communities requires multilevel interventions that simul-
taneously provide culturally tailored nutrition education
and address the physical and economic accessibility of
culturally acceptable fruits and vegetables.
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