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Abstract

Socio-economic status (SES) has been associated with measures of diet quality; however, such measures have not directly captured overall

eating practices in individuals. Based on the factor analysis of fifty-six food groups from FFQ, associations between patterns of food con-

sumption and SES were examined in a nationwide sample of 17 062 black (34·6 %) and white participants (age .45 years) from the

REasons for Geographic And Racial Differences in Stroke (REGARDS) study. Logistic regression models adjusted for age, sex, racial

group and geographic region were used to examine adherence to five emergent dietary patterns (convenience, plant-based, sweets/

fats, southern and alcohol/salads) according to four levels each of individual education, household income and community-level SES.

Further models assessed adherence to these dietary patterns by racial group, and an overall model including both racial groups examined

whether the relationships between SES and adherence to these dietary patterns differed among black and white participants. For all the

three measures of SES, higher SES had been associated with greater adherence to plant-based and alcohol/salads patterns, but lower adher-

ence to sweets/fats and southern patterns. Statistically significant differences between black and white participants were observed in the

associations between household income and adherence to alcohol/salads, individual education and adherence to plant-based and sweets/

fats, and community SES and adherence to convenience patterns. As adherence to dietary patterns has been shown to be associated with

health outcomes in this population (e.g. stroke), the present study offers valuable insight into behavioural and environmental factors that

may contribute to health disparities in the diverse US population.
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Health disparities in the USA are notable among groups of

differing socio-economic status (SES) and race(1–4). While

various explanations have been given for these disparities, both

biological and non-biological(5–12), a recurring and aetiologically

relevant theme has been differences in diet(13–20). In order to

ameliorate diet-mediated health disparities, it is necessary to

identify diets that are associated with given health outcomes

(e.g.CVD)and to recognisewheredisparities exist in the selection

and adherence to the mentioned dietary patterns.

Previous studies investigating the associations between diet,

race and SES have assessed diet in various ways. Earlier work

has focused on examining individual nutrients, as well as group-

ings of nutrients, both macro and micro(13,14). While scientifically

and physiologically relevant, this approach does not reflect the

manner in which most individuals select and consume foods.

In order to assess dietary intake more holistically, other research-

ers have used hypothesis/investigator-driven (a priori) dietary

indices in their analyses, which take into consideration patterns

of foods consumed together(16,18,20). More recently, data-

driven/hypothesis neutral (a posteriori) dietary patterns have

been used to analyse these relationships, with dietary patterns

serving as a proxy for a variety of factors that influence how

individuals consume foods, including social, cultural and

financial contributors(15,17,19). However, limited research has

been conducted on how an individual’s racial group and SES

may affect adherence to dietary pattern, especially patterns

demonstrated to be related to health outcomes.

The present team of investigators have previously shown that

dietary pattern adherence is associated with the risk of incident

stroke, contributing to an excess risk in black Americans
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compared with white Americans(21). The present study seeks to

advance this investigation by using the dietary patterns from our

previous study to examine the relationships between SES and

food choice and how these relationships may differ according

to race. Although adherence to only some of the dietary patterns

has been significantly associated with the risk of incident stroke

(increased risk for southern and reduced risk for plant-based

and sweets/fats patterns), all previously derived patterns were

used in the present study as our team’s examinations of potential

associations between dietary patterns and CVD are ongoing,

and may yield further insights germane to the findings of the

present study. The population used for the present study is

especially well suited to this endeavour as it is quite large,

nationwide, includes persons of varying levels of SES (both

individual-level and community-level indicators) and includes

a percentage of black participants (34·6 %) large enough to

explore racial differences.

Methods

Study design

The REasons for Geographic And Racial Differences in Stroke

(REGARDS) study is observational in nature and comprised

a population-based random sample (n 30 239) of men and

women of black and white racial groups over the age of 45

years(22). The original intent of this study was to elucidate the fac-

tors that increase an individual’s risk of having a stroke. Recruit-

ment occurred between January 2003 and October 2007, and

the baseline data used in the present analyses were cross-sec-

tional in nature; however, the study is ongoing. A related list

from the same vendor used by the US Behavioral Risk Factor Sur-

veillance System was employed to recruit individuals. The study

intentionally oversampled both blacks and residents of the

stroke belt, a region of the southeastern USA where individuals

have a substantially increased risk for stroke (Alabama, Arkansas,

Georgia, Louisiana, Mississippi, North Carolina, Tennessee and

South Carolina). Initial contact with participants was conducted

via a mass mailing to inform participants that they would be con-

tacted via telephone to discuss about their participation. This call

lasted approximately 45min, and data on self-reported race, risk

factor characterisation, SES and medical history were collected.

An in-home visit by a trained health professional followed the

phone session, during which they obtained written consent and

blood and urine samples. The present study was conducted

according to the guidelines laid down in the Declaration of

Helsinki, and all procedures involving human subjects were

approved by the Institutional Review Board at all participating

institutions. Written informed consent was obtained from all

participants.

Analysis variables

Socio-economic status: measurements utilised. The present

study assessed SES using education, income and a commu-

nity-level index(23). Education is reasonably well stable into

adulthood(24) (matching the composition of the REGARDS

population), and has been shown to capture lifestyle/

behavioural practices(24). Income can influence access to

goods such as healthful foods(24), and has been shown to

affect diet independently of education(25). The community-

level index used in the present study included measures of

assets, home value and occupational prestige (in addition to

income and education)(23). These additional measures are

informative in that: (1) assets may help an individual success-

fully weather financial storms better than income alone(24); (2)

one’s home is typically the largest asset and its value has been

shown to be associated with health behaviours and out-

comes(26); (3) occupational prestige can be demonstrative of

an individual’s standing in society and allostatic load indepen-

dently of income(24,27). Including all these measures into a

composite index at the community level offers an additional

insight by revealing where characteristics of an individual’s

community may uniquely influence health behaviours vis-à-

vis an individual’s personal/family characteristics(28); further-

more, such indices are being increasingly used in attempts

to capture the polyfaceted nature of SES(29).

Assessment of individual education and household income.

The level of education achieved and annual household

income were self-reported during the initial phone interview

session. Annual income was categorised into four groups:

up to $20 000; $20 000–$34 999; $35 000–$74 999; $75 000þ .

The four levels of education response options were less

than high school (non-high school graduate), high school

graduate or equivalent certification, some college and college

graduate or above. Participants could refuse to provide infor-

mation on both income and education.

Assessment of community-level socio-economic status.

The geographical area used to assess community-level SES

was the US census block group (units averaging 1000 individ-

uals). Using the 2000 US census data, the method developed

by Diez-Roux et al.(23) was employed to assess community-

level SES through six representative measures of education,

wealth/income and occupational prestige. Two of these

measures are given as dollar values: Median household

income and median value of housing units. The other four

measures are given as percentages: households with interest,

dividend or rental income; adults who completed high school;

adults who completed college; and residents employed in

executive, managerial or professional occupations. z Scores

were calculated for each measure and then added together to

create a comprehensive score, with the lower number

representing lower SES. To reflect the structure of the individual-

level indicators of income and education, this variable was

transformed into a categorical variable with four quartiles.

Dietary assessment. The Block98 FFQ was given to the

participants during the in-home visit with detailed directions

on how to complete it and instructions to mail all forms

to the REGARDS Coordinating Center at the University of

Alabama at Birmingham. The Block98 FFQ (www.Nutrition-

Quest.com) is a well-validated instrument for measuring

a majority of nutrients(30), and other versions of the FFQ

have been further validated in diverse populations(31). The

Block98 FFQ used in REGARDS study was developed by

Block Dietary Data Systems and distributed by NutritionQuest.

The Block98 FFQ includes 150 multiple-choice questions to
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obtain information about the frequency and portion of food

consumed, as well as preparation of 107 food items. Forms

were collected, scanned and verified by at least two trained

personnel at the REGARDS Coordinating Center, the results

of which were sent to NutritionQuest for scoring and quanti-

fication of intake.

Dietary pattern derivation. Using the original 107 food

items, fifty-six food groups were constructed based on the

criteria such as nutrient similarities, culinary use and previous

studies(21). These fifty-six food groups were then used to

derive the dietary patterns in the REGARDS cohort with FFQ

data (n 21 636) obtained via a form of exploratory factor

analysis, i.e. principal component analysis (the detailed

description of the dietary pattern derivations in the REGARDS

study has been published(21)). A random split sample method

was used to validate the dietary patterns and ensure their abil-

ity to be replicated. The second half of the sample was used to

carry out confirmatory factor analysis to validate the principal

component analyses, and only food groups with absolute

value loadings exceeding 0·20 for a given factor were included

in the initial confirmatory factor analysis model. From these

analyses, five dietary patterns emerged: convenience, plant-

based, sweets/fats, southern and alcohol/salads (see Table 1

for the top ten factor loadings, see online Supplementary

Table S1 for a more comprehensive list). For each participant

in the study, the factor loading of each food group was multi-

plied by the average consumption of each food group in order

to calculate their factor scores for each dietary pattern. Adher-

ence to dietary pattern was determined by splitting individual

factor scores at the median. For a given dietary pattern, partici-

pants with a factor score above the median were categorised

as high adherers, whereas individuals with a factor score

below the median were categorised as low adherers. The

adherence of a participant to any given dietary pattern did

not preclude the participant from being a high or low adherer

to any other dietary pattern.

Analytic sample. The total sample size used in the ana-

lyses was 17 062 (Table 2). The total sample size of the original

REGARDS study (2003–7) was 30 183, but was reduced for our

analyses due to unavailable data on FFQ (n 8547), as well as

measures of SES (n 4574). When compared with the full

REGARDS cohort, the analytic sample was not significantly

different in terms of age, sex or region. Due primarily to lower

rates of return for FFQ among black participants, there was a

significantly lower percentage of black participants in the

analytic sample (34·6 %) than in the full REGARDS cohort

(41·5 %), but still enough to detect racial differences, and still

a percentage at least that of the general US population

(13·2 %)(32) (see online Supplementary Table S2). All results

(descriptive statistics and logistic regressions) presented in the

following section make use of the analytic sample.

Statistical analyses

Logistic regression was used to assess the associations between

adherence to dietary patterns and measures of individual

education, household income and community-level SES.

Analyses were run with only one dietary pattern per model T
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(the dependent variable in each model), and were first run in

the overall population sample, and then by racial group. In

the overall model, covariates included age, racial group, sex

and region (stroke belt, stroke buckle, defined as 153 counties

in the coastal plains of North Carolina, South Carolina and

Georgia, and non-stroke belt), whereas in the models analysed

by racial group, covariates included age, sex and region. Three

interaction variables were created to test for interactions

between racial group and socio-economic variables: race £

individual education; race £ household income; race £

community-level SES. When the interaction terms were statisti-

cally significant, analyses were stratified by racial group. A

significant interaction was considered to be P,0·05.

All assessments of the significance of associations were

taken from the Type III analysis of effects/Wald x 2 test, and

OR estimates were obtained from the point estimate and

95 % Wald confidence limits. The SAS version 9.3 (SAS

Institute, Inc.) was used for all analyses.

Results

The average age of the study sample was 64·7 years, with

54·4 % being females (Table 2). In the sample, 34·6 % of the

population was black, 38·4 % were in the highest bracket of

education and 19·4 % were in the highest bracket of income.

The associations between SES measures and adherence to

dietary patterns for the overall sample, i.e. both black and

white participants, are presented in Table 3 as OR with CI.

Those participants in the highest v. lowest tiers of all SES

measures – household income, individual education and

community-level SES – were significantly more likely to

adhere to plant-based and alcohol/salads dietary patterns

(OR . 1), but less likely to adhere to either sweets/fats or

southern dietary patterns (OR , 1). Additionally, participants

in the highest v. lowest tiers of both individual education

and community-level SES, but not household income, were

more likely to adhere to the convenience dietary pattern.

Interactions between racial group and socio-economic

variables were tested in the overall sample using the

following interaction terms in the logistic regression models:

race £ individual education; race £ household income; race £

community-level SES. As denoted by asterisks in Table 3,

statistically significant differences between black and white

participants were observed in the associations between house-

hold income and adherence to alcohol/salads, individual

education and adherence to plant-based and sweets/fats,

and community SES and adherence to convenience patterns.

Given the significant racial differences in the associations

between measures of SES and adherence to dietary patterns,

these associations were analysed for each racial group.

Although the magnitude of adherence differed significantly

by racial group for some dietary patterns and measures of

SES, the direction of adherence was the same for both black

and white participants (Table 4).

When further including lifestyle/demographic variables

such as smoking, physical inactivity and BMI (online Sup-

plementary Tables S3 and S4), all of these associations were

maintained except that those participants in the highest v.

lowest tiers of income (overall sample only) were now more

likely to adhere to the convenience pattern, but no longer

or less likely to adhere to the plant-based dietary pattern.

These shifts are not surprising given the close proximity of

the previous CI to 1, and the fact that health behaviours

tend to be related to one another(33,34).

Discussion

Although a number of studies have investigated the associ-

ations between diet, race and SES, the majority of research

has assessed diet either according to its component

nutrients(35–37), or using prescribed, a priori dietary

indices(16,18,20,38). These assessments, while informative in

their own right, may not entirely incorporate or reflect under-

lying patterns of food choice. By using a posteriori dietary

patterns, researchers are able to see how foods group together

in the diet and which foods make up a large portion of the

diet(39), allowing for more effective behavioural and policy-

based interventions. Using a large nationwide sample and a

posteriori dietary patterns, some of which have previously

been demonstrated to be associated with the risk of

incident stroke(21), the present study examined how SES,

Table 2. Descriptive statistics of the REasons for Geographic And
Racial Differences in Stroke

(REGARDS) study population (2003–7)*†

Whole
sample

(n 17 062)
Black

(n 5911)
White

(n 11 151)

Age
Mean 64·7 63·5 65·3
SD 9·3 8·9 9·4

Race
Black 34·6

Sex
Female 54·4 65·0 48·8

Region
Stroke belt 33·9 32·4 34·7
Buckle 21·3 18·2 22·9
Non-stroke belt 44·8 49·4 42·4

Personal education
,High school 9·1 14·8 6·0
High school 24·9 26·8 23·8
Some college 27·7 29·3 26·9
Collegeþ 38·4 29·1 43·3

Personal income
$20K 17·9 28·0 12·5
$20K–$34K 27·1 30·3 25·5
$35K–$74K 35·6 31·3 37·8
$75kþ 19·4 10·5 24·1

Community-level SES index
Quartile 1 25·0 45·0 14·4
Quartile 2 25·0 27·8 23·5
Quartile 3 25·0 18·7 28·3
Quartile 4 25·0 8·5 33·7

Current smoker 14·0 17·5 12·2
Obese (BMI $30 kg/m2) 37·0 48·8 30·7
Sedentary

($4þh/d of screen time)
30·4 43·3 23·6

SES, socio-economic status.
* Values were significantly different between both races for all variables shown

(P,0·05; x 2 tests were performed for all categorical variables, and Student’s
t test for continuous variables).

† Unless otherwise indicated, values given are percentages.
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both individual and community level, as well as racial group,

may be associated with the dietary patterns that individuals

choose to follow.

All measures of SES were positively associated with adher-

ence to a plant-based dietary pattern; however, household

income showed the weakest association with adherence

to this pattern, leading to the conjecture that education may

be a more important determinant of what could be described

as a ‘healthy’ diet than income alone. This finding is echoed

by recent work in children demonstrating maternal education

to be a more consistent predictor of diet than household

income(40).

While both racial groups demonstrated positive associations

between individual education and adherence to the plant-

based dietary pattern, education in whites was more strongly

associated with adherence to this pattern compared with

blacks. This finding brings to mind existing racial disparities

in educational attainment, namely that the percentage of

persons educated at the collegiate level and beyond is

higher among whites than blacks(41,42). The racial disparity

in plant-based diet adherence, compounded by disparities in

educational attainment, may contribute to racial health dispar-

ities since consumption of fruits, vegetables and legumes

appears similarly beneficial for both black and white Ameri-

cans(43,44). Although initiatives to close the higher education

gap are currently in place, our research evidences the import-

ance of implementing such initiatives as a potential tool to

prevent diet-mediated racial disparities in health.

A unique pattern that emerged from the factor analyses was

the alcohol/salads pattern. Adherence to this pattern was

positively associated with all indicators of SES. The race by

household income interaction was significant in this pattern,

with greater adherence seen in whites in the highest income

category than blacks in the same income category. This

racial difference is not entirely surprising given the fact that

the percentage of the white population who are current

drinkers exceeds that of the black population by 15 %(45).

Furthermore, heavy alcohol consumption such as binge drink-

ing has been shown to increase relative to income more in

whites than blacks(46,47). Although green salads are a positive

component of the alcohol/salads pattern, the results of these

analyses, taken in the aforementioned context, reveal the

potential need for public health initiatives to encourage

responsible consumption of alcohol among higher-earning

white Americans.

Our data show that adherence to dietary patterns in both

blacks and whites was in the same direction in all significant

relationships, but that the magnitude of adherence between

the racial groups was different in some instances. This

demonstrates that while an individual’s racial group may be

an influential factor in determining food choice, stark

dichotomies are not observed merely due to race.

An important message that can be gleaned from the results

of the present study is that SES may supersede culinary tra-

ditions in some instances. This is most clearly demonstrated

when looking at the southern dietary pattern. In a previous

study examining black and white older adults in the southeast,

education has been negatively associated with a preference

for typical southern foods(48). Our findings support this

study, since in every indicator of SES used in the present

study, and in both racial groups (no race £ SES indicator inter-

actions were significant), SES was negatively associated with

adherence to the southern dietary pattern. The ability of

education, income and/or SES to overcome the ties of cultural

Table 3. Logistic regression of dietary patterns v. socio-economic status (SES) indicators in the REasons for Geographic And Racial Differences in
Stroke (REGARDS) study population (2003–7)

(Odds ratios and 95 % confidence intervals, n 17 062)

Convenience Plant-based Sweets/fats Southern Alcohol/salads

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

Household income†
#$20K Ref Ref Ref Ref Ref
$20K–$34K 0·96 0·87, 1·06 1·00 0·90, 1·10 0·94 0·86, 1·04 0·74 0·66, 0·82 1·31 1·19, 1·45
$35K–$74K 1·00 0·90, 1·10 1·09 0·99, 1·20 0·92 0·84, 1·02 0·60 0·53, 0·66 1·68 1·52, 1·86
$75kþ 1·09 0·96, 1·22 1·16 1·03, 1·30 0·65 0·58, 0·73 0·44 0·39, 0·51 2·35 2·08, 2·66*

Personal education†
,High school Ref Ref Ref Ref Ref
High school 1·10 0·97, 1·24 1·11 0·99, 1·26 0·95 0·84, 1·07 0·76 0·66, 0·87 1·17 1·03, 1·34
Some college 1·12 0·99, 1·27 1·25 1·11, 1·42 0·89 0·79, 1·01 0·62 0·54, 0·71 1·35 1·19, 1·54
Collegeþ 1·23 1·08, 1·40 1·82 1·60, 2·06* 0·76 0·67, 0·86* 0·43 0·37, 0·50 1·50 1·31, 1·71

Community-level SES†‡
Quartile 1 Ref Ref Ref Ref Ref
Quartile 2 1·09 1·00, 1·20 1·13 1·03, 1·23 0·94 0·86, 1·03 0·74 0·67, 0·82 1·27 1·16, 1·39
Quartile 3 1·19 1·08, 1·31 1·22 1·12, 1·34 0·83 0·76, 0·91 0·52 0·47, 0·57 1·46 1·33, 1·60
Quartile 4 1·23 1·11, 1·36* 1·56 1·42, 1·72 0·60 0·54, 0·66 0·35 0·31, 0·38 2·05 1·86, 2·26

Ref, reference.
* Values were significantly different by race (P,0·05); see Table 4.
† Covariates for income models include age, sex, race, region and education; covariates for education models include age, sex, race, region and income; covariates for

community SES models include age, sex, race and region.
‡ Community SES z scores were obtained using the six-component method developed by Diez-Roux et al.(23), and then stratified into quartiles. Components included median

household income, median value of housing units, percentage of households with interest, dividend, or rental income, percentage of adults who completed high school,
percentage of adults who completed college and percentage of residents employed in executive, managerial or professional occupations.
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lifestyle observances, especially when those observances

could be deleterious to an individual’s health, may prove

hopeful in public health campaigns (e.g. encouraging those

individuals in the lower tiers of SES who are strongly adherent

to this pattern to reduce their consumption of fried and

processed meats, as well as sugar-sweetened beverages).

However, in order for increasing an individual’s education to

have an independent effect on diet choice, education itself

must be the driving force behind this association, perhaps

exerting its effect by increasing an individual’s health literacy.

This relationship, however, remains to be conclusively known,

and perhaps educational attainment may be, to some extent, a

marker for familial characteristics, or even greater self-efficacy.

The present study was unique due to a confluence of

elements. By using dietary patterns previously shown to be

associated with the risk of incident stroke(21), the present

study was able to address how SES and/or an individual’s

racial group relate to diet selection, and sheds light on how

such disparities in diet may affect disparities in health out-

comes observed among such groups. The use of a nationwide

data set allows for generalisability beyond the southeastern

USA, a region with increased cardiometabolic risk and the

original impetus for the REGARDS study. Furthermore, the

population included individuals of varying levels of SES

(both individual-level and community-level indicators) as

well as a substantial number of minority participants (34·6 %

black), especially compared with previous studies in this

arena. The large number of black participants strengthened

the study by providing the power to detect significant inter-

actions between variables within racial groups.

Despite the many strengths of the study, a number of limi-

tations persist. While the FFQ used has been validated in

a population similar to that of the present study(31), no self-

reported diet measures can perfectly represent actual food

consumption, especially when the recall period is an entire

year. Self-report was also utilised in the collection of measures

of household income and education. Since data on household

size were not available, it was not possible to ensure that

household income was assessed homogenously across all

study participants, and this may have introduced some uncer-

tainty in the analyses using household income. However,

given that the relationships between household income and

adherence to the dietary patterns mirrored the relationships

between the other measures of SES and adherence to the diet-

ary patterns (except for the convenience pattern, which

approached significance), this does not appear to be of

great concern. Although diet cost has been associated with

diet quality in the literature(49–52), data pertaining to food

purchases were not available in this sample. As a result, the

putative impact of income on food accessibility, and therefore

dietary pattern selection, unfortunately could not be directly

assessed in this population. Although the sample size for the

present study was quite large (n 17 062), almost half of the

REGARDS cohort did not have sufficient SES or nutrition

data for inclusion in the study (see online Supplementary

Table S1). Additional research needs to be conducted in

order to more fully understand the underlying reasons

behind the associations revealed in the present study, suchT
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as accessibility to food outlets, time constraints in food prep-

aration, taste preferences, and among others.

The present study provides insight into how groups differ-

ing by SES and/or race currently consume food, and serves

as a springboard for further elucidation of diet-mediated

health disparities. Given the complex nature of diet selection,

intervention studies should be designed to more fully isolate

the effects of specific SES components. Based on the know-

ledge gleaned from the present study, as well as future

studies, interventions can be more effectively designed to

shift individuals’ dietary patterns and practices towards those

that are healthier. Such interventions may not only ameliorate

observed health disparities among groups, but also raise the

overall level of health for the general population.
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To view supplementary material for this article, please visit
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