
Geospatial analysis of Mediterranean diet adherence
in the United States

Meifang Chen1,* , Thomas Creger2, Virginia Howard3, Suzanne E Judd4,
Kathy F Harrington5 and Kevin R Fontaine5
1Division of Social Science, Duke Kunshan University, Suzhou, Jiangsu, China: 2Department of Medicine, University of
Alabama at Birmingham, Birmingham, AL, USA: 3Department of Epidemiology, University of Alabama at Birmingham,
Birmingham, AL, USA: 4Department of Biostatistics, University of Alabama at Birmingham, Birmingham, AL, USA:
5Department of Health Behavior, University of Alabama at Birmingham, Birmingham, AL, USA

Submitted 9 July 2019: Final revision received 11 March 2020: Accepted 25 March 2020: First published online 3 August 2020

Abstract
Objective: The current study aims to describe the Mediterranean diet (MD)
adherence across the US regions, and explore the predictive factors of MD adher-
ence among US adults.
Design: Cross-sectional secondary data analysis. MD adherence score (0–9) was
calculated using the Block 98 FFQ. Hot spot analysis was conducted to describe
the geospatial distribution of MD adherence across the US regions. Logistic regres-
sion explored predictors of MD adherence.
Setting: Nationwide community-dwelling residency in the USA.
Participants: Adults aged≥45 years (n 20 897) who participated in the REasons for
Geographic and Racial Differences in Stroke study and completed baseline assess-
ment during January 2003 and October 2007.
Results: The mean of MD adherence score was 4·36 (SD 1·70), and 46·5 % of the
sample had high MD adherence (score 5–9). Higher MD adherence clusters were
primarily located in thewestern and northeastern coastal areas of theUSA,whereas
lower MD adherence clusters were majorly observed in south and east-north-
central regions. Being older, black, not a current smoker, having a college degree
or above, an annual household income ≥ $US 75K, exercising ≥4 times/week and
watching TV/video <4 h/d were each associated with higher odds of high MD
adherence.
Conclusions: There were significant geospatial and population disparities in MD
adherence across the US regions. Future studies are needed to explore the causes
of MD adherence disparities and develop effective interventions for MDpromotion
in the USA.
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The Mediterranean diet (MD), a dietary pattern typical of
Crete, Greece and southern Italy in the early 1960s, has been
increasingly considered a healthy diet that promises to
protect against obesity and its related health problems(1–3).
Recently, MD has been recommended as a healthy diet
pattern for Americans by the US Department of Agriculture
and the US Department of Health and Human Services in
the Dietary Guidelines for Americans 2015–2020(4). MD is
a relatively newdietary pattern in theUSA, and little is known
about its adoption and adherence across the US regions
as well as the drivers of its adoption among the adult
population.

In the past two decades, the Geographic Information
System (GIS) techniques, combining digital mapping capa-
bilities with additional geographical databases and data
analysis tools, have been increasingly applied in the public
health arena(5,6). These provide opportunities to assess the
spatial distribution and patterns of health outcomes, and to
link individuals’ experiences and health with the features of
their local environment. For instance, hot spot analysis,
which identifies statistically significant hot spots and cold
spots using the Getis-Ord Gi* statistic, has been employed
in investigating patterns of sexually transmitted diseases in
Mexico and community-level overweight and obesity rates
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in Canada(7,8). The application of GIS techniques can
potentially provide opportunities to identify at-risk popula-
tions and places, promote a more robust understanding
of how local environment and contexts interact with
individual characteristics to produce variations in health
behaviour and outcomes, and improve decision-making
capabilities for public health efforts. Yet, few studies have
used GIS techniques to investigate the geospatial distribu-
tion and pattern of MD adherence across the USA.

The current study uses geospatial mapping as well as
logistic regression to describe the spatial distribution of
MD adherence across the US regions and explore predic-
tive factors for MD adherence among US adults. The results
may extend our understanding of the current status of MD
adoption and adherence among US adults, and provide
valuable information for future research and intervention
on MD promotion in the USA.

Methods

Data source and study participants
Data of individuals were drawn from the REasons for
Geographic And Racial Differences in Stroke (REGARDS)
study, a national, population-based longitudinal cohort
study of non-Hispanic black and white community-
dwelling residents aged ≥45 years, to investigate racial
and geographic disparities in stroke(9). Participants who
completed baseline assessment during January 2003 and
October 2007, with MD adherence score and geocoded
address, were eligible for the analysis. Individuals who did
not have MD adherence score (n 8927) or geocoded address
(n 11)were excluded from the analysis. Furthermore, partici-
pants whose geocoded address could not match with 2000
census tract (n 2) were excluded from analysis. Community
food environment data were retrieved from the Centers for
Disease Control and Prevention(10). Community data were
drawn from Food Environment Atlas (2011) and Census of
Population and Housing (2000)(11,12). The census tract
shapefiles (2000) were downloaded from the US Census
Bureau(13). Data retrieved from these sources were linked
and pooled using variables in common (e.g., the Federal
Information Processing Standard and participants’ ID).
Permission and approval were obtained from the REGARDS
study executive committee and the University of Alabama at
Birmingham’s Institutional ReviewBoard, respectively, to con-
duct the current study.

Variables

Mediterranean diet adherence
The MD score was used to indicate diet adherence. Food
intake data were collected using the Block 98 FFQ at
REGARDS study baseline assessment. The MD score was
derived according to previously published methods used
in REGARDS(14). In brief, food group contributors to the

MD score included those designated as ‘beneficial’ (vege-
tables, fruits, legumes, cereals, fish) and those designated
as ‘detrimental’ (meat, dairy). One point was assigned for
consumption that exceeded the median for the ‘beneficial’
groups, or was below the median for ‘detrimental’ food
groups. For fat intake (eighth food category), we used
the ratio of daily consumption (in grams) of monounsatu-
rated lipids to saturated lipids, and we calculated the
median separately for each sex. Individuals with ratios at
or above the sex-specific median were assigned a value
of 1, and those with ratios below the sex-specific median
were assigned a value of 0. Moderate alcohol (ninth food
category) consumption was defined as >0 and ≤7 drinks
per week for women, and >0 and ≤14 drinks per week
for men. More-than-moderate consumption was defined
as >7 drinks per week for women, and >14 drinks per
week for men. Individuals were assigned a score of 1 for
moderate consumption, and a score of 0 for the other
two categories (0 and more-than-moderate consumption).
Summing scores for the nine food groups resulted in a pos-
sible score of 0–9, with a higher score reflecting higher
adherence to MD. The MD adherence score was treated
as both a continuous and a binary variable in the analysis.
The binary score was created by assigning a value of 0 or 1
to each participant to indicate low or high MD adherence
using a median of 4 among the participants in analysis as a
cut-off. Participants with an MD score ≤4 were considered
to have low MD adherence, and participants with an MD
score >4 were considered to have high MD adherence.

Sociodemographics
The following variables were included: age (years), gender
(male v. female), race (non-Hispanic white v. non-Hispanic
black), health insurance (yes v. no), marital status (single,
married, divorced, widowed or other), education (less
than high school, high school graduate, some college, or
college graduate and above), annual household income
(<20K, 20–34K, 35–74K, ≥75K, or refused), employment
(employed for wages, self-employed, unemployed for
≥1 year, unemployed for <1 year, homemaker, students,
retired, unable to work, or refused) and time lived in the
current address (years).

Lifestyle
These factors included exercise (none, 1–3 times/week or
≥4 times/week), TV/video watching (none, 1–6 h/week,
1 h/d, 2 h/d, 3 h/d or ≥4 h/d) and smoking (never, past
or current). To measure smoking status, the participants
were asked two questions: (i) had they smoked at least
100 cigarettes in their lifetime, and (ii) did they smoke
cigarettes now, even occasionally? Participants who
answered ‘yes’ to both questions were considered as
‘current smokers’, while those answering ‘yes’ to the first
question and ‘no’ to the second question were coded as
‘past smokers’, and those answering ‘no’ to both were
classified as ‘never smokers’.
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Community features
Six factors were included: (i) percentage of county resi-
dents that was non-Hispanic white (2008), (ii) percentage
of county residents that was non-Hispanic black (2008),
(iii) county median household income (2008), (iv) county
poverty rate – percentage of county residents with
household incomes below the poverty threshold (2008),
(v) census tract population size (2000) and (vi) Rural–
Urban Commuting Area Code (RUCA) (2000). RUCA codes
were categorised and coded as 1= urban, 2= large rural
city/town, 3= small rural town, and 4= isolated small rural
town, according to Categorisation A by the University of
Washington Rural Health Research Center (see Appendix
in the online supplementary material for more details)(15).

Data analysis

Geographic Information System spatial analysis
Spatial mapping was implemented using ArcGIS 10·4 (ESRI
Inc.). Individual data and other community data were
integrated and imported into ArcMap for analysis. Hot spot
analysis (Getis-Ord Gi*) was conducted to describe MD
adherence distribution across the USA. Hot spot analysis
identifies statistically significant high- or low-value clusters
of a phenomenon of interest (e.g., MD adherence score)
by evaluating individuals’MD scores in the context of neigh-
bouring features and against all features in the dataset(16).
A hot spot is a feature with a high value surrounded by other
features with high values, and a cold spot is a feature with a
low value surrounded by other features with low values(17).
Euclidean distance (the straight-line distance between two
points) was chosen to measure the distance between two
individuals, and inverse distance was used to conceptualise
spatial relationship. False discovery rate correction was
applied to account for both multiple testing and spatial
dependence. Significance of local clustering was based on
a P-value <0·05.

Statistical analysis
Statistical analysis was implemented using SAS (version
9.4) for Windows (SAS Institute Inc.). Descriptive analyses
of individual and community features were conducted.
Means and standard deviations (for continuous variables)
and percentages (for categorical variables) were calcu-
lated. Multiple logistic regression (stepwise) models were
developed to examine factors that predict MD adherence
among the study participants. A significance level of 0·3
was required to allow a variable into the model, and a
significance level of 0·35 was required for a variable to stay
in the model(18). OR and 95 % CI were used to estimate
associations with MD adherence. Statistical significance
(alpha level) was set at 0·05, two-tailed. Missing data were
handled using listwise deletion. Supplementary analysis
was conducted to compare the characteristic differences
among MD score clustering groups (higher MD score clus-
ters, lower MD score clusters and non-clustering group).

Results

A total of 20 897 participants from forty-eight contiguous
states and Washington, DC constituted the analysis. The
major characteristics of participants and their community
are described in Table 1. Overall, the average age of partici-
pants was 65 years. Slightly less than half of the partici-
pants were retired. About half of the participants had an
annual household income ≥$US 35K. Slightly more than
half were female. The majority of participants were white
(66·7 %), married (61·7 %) and had a high school diploma
(64·9 %). Nearly all of the participants had health insurance.
The majority of participants were non-current smokers
(86 %), exercised≥1 time/week (67 %) and watched
TV/video <4 h/d (70 %). About four-fifths of participants
(77 %) were residing in urban areas, having lived for an
average of 29 years at their current address. On average,
the participants were living in neighbourhoods with 60 %
non-Hispanic white, 27 % non-Hispanic black residents,
median household income of $US 48 182, poverty rate of
16 % and tract population of 5082. The mean MD score
of the sample was 4·36 (SD 1·70), and 46·5 % of the sample
had high MD adherence (score 5–9).

Hot spot analysis
The results of local clustering analysis of MD adherence are
depicted in Fig. 1. About 67·5 % of participants were in the
non-clustering locations, which indicated that they were
not surrounded by other individuals who were either
having high MD scores or having low MD scores. Higher
MD adherence clusters (hot spot; black points) were
primarily located in, for instance, western coastal areas
of California, southeastern Tennessee, northern Georgia,
southern Florida, southeastern Pennsylvania, New Jersey,
New York City, Connecticut and Massachusetts. Lower
MD adherence clusters (cold spot; grey points) were
primarily located in the south (e.g., Arkansas, Louisiana,
northern Mississippi, north central Alabama, western
Tennessee, southwestern Georgia and eastern North
Carolina) and east-north-central regions (e.g., southern
Michigan and northern Indiana). The participants in higher
MD adherence clusters had significantly higher MD scores
than those in lower MD adherence clusters (4·73 v. 4·18,
P < 0·0001).

Logistic regression
Stepwise logistic regression was conducted to identify the
predictors of high MD adherence. The variables that
remained in the final model after the stepwise method
are presented in Table 2. Being older, black, not a current
smoker, having a college degree or above, an annual
household income ≥$US 75K, exercising ≥4 times/week
and watching TV/video <4 h/d were each associated with
higher odds of high MD adherence. The results of the
supplementary analysis, which compared the participants’
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characteristics among MD adherence clusters, were similar
to those of the logistic regression. Moreover, the results
of the supplementary analysis showed that higher MD
adherence clusters were more likely to appear in urban
neighbourhoods with higher median household incomes,
lower poverty rates and lower percentages of both non-
Hispanic white and black residents, whereas lower MD
adherence clusters weremore likely to be in rural commun-
ities with higher percentages of non-Hispanic black, lower
median household incomes, higher poverty rates and
smaller population sizes (Table 3).

Discussion

The MD adherence level detected in the current study –

mean MD score of 4·36 (SD 1·70) and 46·5 % with high
MD adherence (MD score >4) – aligns with those reported
from previous studies including a similar age group of
the US population. A study conducted among adults aged
45–75 years living in the Greater Boston area reported a
mean MD score of 4·37 (SD 1·61)(19). Another study using
data from elder participants (≥65 years) residing in
northern Manhattan reported a high MD adherence of
45·1 % (score 5–9)(20).

In addition to providing an initial insight into the current
adoption of and adherence to MD across the US regions,
the current study has identified the places and populations
of lower MD adherence. The results of local clustering
analysis showed that higher MD adherence clusters were
mainly located in the northeastern and southwestern

Table 1 Individual and community characteristics of the REasons
for Geographic and Racial Differences in Stroke study participants
(n 20 897)

REGARDS Participants

Characteristics % n

Sociodemographics
Age (year)
Mean 64·88
SD 9·26

Male 44·22 9241
White 66·71 13 941
Education
Less than high school 9·58 2002
High school graduate 25·52 5331
Some college 27·32 5707
College graduate or above 37·57 7849

Relationship
Single 5·11 1068
Married 61·74 12 901
Divorced 13·89 2902
Widowed 17·41 3638
Other 1·86 388

Income
<20K 15·63 3266
20–34K 24·09 5034
35–74K 31·39 6559
>75K 17·18 3590
Refused 11·71 2448

Employment
Employed for wages 27·09 3565
Self-employed 9·00 1184
Unemployed for ≥1 year 1·47 194
Unemployed for <1 year 1·48 195
Homemaker 6·08 800
Student .19 25
Retired 47·72 6279
Unable to work 6·95 914
Refused .02 3

Health insurance 93·95 19 620
Time lived in the current address
(years)
Mean 28·63
SD 20·62

MD score
Mean 4·36
SD 1·70

High MD adherence* 46·53 9723
Life style
Exercise
None 32·50 6701
1–3 times/week 36·91 7609
≥4 times/week 30·59 6307

Watch TV/video
None .76 156
1–6 h/week 12·69 2616
1 h/d 6·80 1401
2 h/d 22·55 4648
3 h/d 27·16 5599
≥4 h/d 30·05 6195

Smoking†
Never 45·23 9417
Past 41·12 8562
Current 13·65 2842

Community features
Percentage of non-Hispanic white‡
Mean 59·53
SD 18·95

Percentage of non-Hispanic black‡
Mean 26·62
SD 18·34

Table 1 Continued

REGARDS Participants

Characteristics % n

Median household income‡ ($US)
Mean 48 182·49
SD 11 932·72

Poverty rate‡
Mean 15·92
SD 5·41

Tract population§
Mean 5081·58
SD 2387·90

RUCA code§
Urban 76·99 16 089
Large rural 12·61 2635
Small rural 6·98 1459
Isolated small rural 3·42 714

MD, Mediterranean diet; RUCA, Rural–Urban Commuting Area Code.
*Using a sex-specific median of 4 as cut-off, high MD adherence was defined as an
MD score >4 on a scale of 0–9.
†Never smoker was defined as an adult who smoked <100 cigarettes per lifetime
and not smoking at the time of interview; past smoker was defined as an adult
who smoked at least 100 cigarettes in his or her lifetime but who had quit
smoking at the time of interview; current smoker was defined as an adult who
smoked 100 cigarettes in his or her lifetime and who currently smokes cigarettes.
‡County-level data.
§Refer to Appendix in the online supplementary material for details on RUCA code
categories.
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coastal areas of the USA. Moreover, higher MD adherence
clusters were more likely to appear in urban neighbour-
hood with higher median household incomes, lower
poverty rates, lower percentages of both non-Hispanic
white and black residents. There are many potential
explanations for these findings. For instance, coastal areas
are usually more urbanised, affluent, have ethnically
diverse populations and provide sufficient food supplies.
These factors may influence local residents’ dietary behav-
iours by exposing them to cuisines of different cultures, and
thus expanding their palates beyond the Standard
American Diet. The recognition of higher and lower MD
adherence regions provides an opportunity to explore
the nature of MD adherence pattern, extending our knowl-
edge of geographical disparity of MD adherence in the
USA. Meanwhile, the study provides valuable information
and guidance for directing the allocation of efforts and
resources for future MD promotion in the USA. For in-
stance, according to our findings, more local efforts are
needed in those lower MD adherence regions, while lesser
efforts may be placed in higher MD adherence regions.
Future studies are needed to develop and examine specific
MD-promoting interventions in these regions of disparity.

Logistic regression modelling and supplementary analy-
sis illustrated that participants with higher MD adherence
had certain characteristics that significantly differed from
those with lower MD adherence. Being older, not a current
smoker, having higher education and income, and living
a more active lifestyle were associated with higher odds
of high MD adherence. These results generally align with
the findings of previous studies among the US populations,
providing guidance for the development of population-
tailored programmes to promote MD adoption in the

Fig. 1 Hot spot analysis (Getis-Ord Gi*) for Mediterranean diet (MD) score among the REGARDS (REasons for Geographic and Racial
Differences in Stroke) study participants (n 20 897). Black points (hot spots) indicate clusters of participants with significantly higher MD
scores compared with the overall study areas. Grey points (cold spots) indicate clusters of participants with significantly lower MD scores
compared with the overall study areas. The significance of local clustering was based on a P-value<0·05. , state name; , cold spot –
95% CI; , hot spot – 95% CI. Source: US Census Bureau. Cartographic Boundary Shapefiles – States, Census 2000

Table 2 Stepwise logistic regression of predictive factors for high
Mediterranean diet (MD) adherence among the REasons for
Geographic and Racial Differences in Stroke participants†

Variables OR 95% CI

Age 1·02* 1·02, 1·03
Race/white 0·71* 0·65, 0·78
Income
<20K 0·90 0·77, 1·05
20–34K 1·02 0·90, 1·17
35–74K 1·04 0·92, 1·18
>75K 1·31* 1·14, 1·52
Refused 1 Ref

Education
Less than high school 0·57* 0·48, 0·67
High school graduate 0·65* 0·59, 0·73
Some college 0·77* 0·70, 0·85
College graduate or above 1 Ref

Exercise
None 0·60* 0·55, 0·67
1–3 times/week 0·82* 0·75, 0·90
≥4 times/week 1 Ref

Watch TV/video
None 2·16* 1·44, 3·25
1–6 h/week 1·35* 1·19, 1·54
1 h/d 1·45* 1·24, 1·71
2 h/d 1·49* 1·34, 1·67
3 h/d 1·17* 1·06, 1·30
≥4 h/d 1 Ref

Smoking‡
Never 1·49* 1·32, 1·68
Past 1·61* 1·42, 1·83
Current 1 Ref

Percentage of non-Hispanic white 1·00* 0·99, 1·00

*P< 0·05.
†High MD adherence defined as an MD score >4; table only included significant
variables in the final model.
‡Never smoker was defined as an adult who smoked <100 cigarettes per
lifetime and not smoking at the time of interview; past smoker was defined as
an adult who smoked at least 100 cigarettes in his or her lifetime but who had
quit smoking at the time of interview; current smoker was defined as an adult
who smoked 100 cigarettes in his or her lifetime and who currently smokes
cigarettes.
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Table 3 Comparing individual and community characteristics among the Mediterranean diet (MD) adherence clusters (n 20 897)

Variables

Clusters

P

Low MD adherence
(n 3339)

High MD adherence
(n 3444)

Non-clustering
(n 14 114)

% n % n % n

Sociodemographics
Age (years) <0·0001
Mean 64·35 65·77 64·78
SD 9·17 9·58 9·19

Male 43·28 1445 44·28 1525 44·43 6271 0·4807
White 65·38 2183 58·59 2018 69·01 9740 <0·0001
Education <0·0001
Less than high school 11·50 384 5·92 204 10·02 1414
High school graduate 29·96 1000 19·45 670 25·95 3661
Some college 26·36 880 26·77 922 27·68 3905
College graduate or above 32·17 1074 47·85 1648 36·34 5127

Relationship <0·0001
Single 4·31 144 8·77 302 4·41 622
Married 62·83 2098 53·86 1855 63·40 8948
Divorced 435 16·43 566 13·47 1901
Widowed 18·00 601 18·23 628 17·07 2409
Other 1·83 61 2·70 93 1·66 234

Income <0·0001
<20K 19·47 650 11·03 380 15·84 2236
20–34K 25·07 837 21·34 735 24·53 3462
35–74K 30·22 1009 32·03 1103 31·51 4447
>75K 13·96 466 24·25 835 16·22 2289
Refused 11·29 377 11·35 391 11·90 1680

Employment <0·0001
Employed for wages 26·62 578 27·23 608 27·17 2379
Self-employed 7·60 165 10·66 238 8·92 781
Unemployed for ≥1 year 1·29 28 1·93 43 1·40 123
Unemployed for <1 year 1·38 30 1·75 39 1·44 126
Homemaker 7·28 158 3·36 75 6·48 567
Student 0·14 3 0·40 9 0·15 13
Retired 46·61 1012 50·11 1119 47·38 4148
Unable to work 9·07 197 4·52 101 7·04 616
Refused 0·00 0 0·04 1 0·02 2

Health insurance 92·38 3081 95·96 3303 93·83 13 236 <0·0001
Time in the current address (years) <0·0001
Mean 30·70 27·96 28·31
SD 20·56 19·75 20·81

MD score 0·0005
Mean 4·18 4·73 4·32
SD 1·66 1·75 1·68

Life style
Exercise 0·0272
None 34·80 1148 31·95 1088 32·09 4465
1–3 times/week 36·25 1196 37·59 1280 36·89 5133
≥4 times/week 28·95 955 30·46 1037 31·01 4315

Watch TV/video 0·0319
None 0·58 19 1·03 35 0·73 102
1–6 h/week 12·15 401 13·23 449 12·69 1766
1 h/d 6·24 206 6·89 234 6·90 961
2 h/d 21·52 710 23·16 786 22·64 3152
3 h/d 26·97 890 26·99 916 27·25 3793
≥4 h/d 32·55 1074 28·70 974 29·79 4147

Smoking* 0·0008
Never 46·23 1537 45·47 1561 44·93 6319
Past 38·74 1288 42·53 1460 41·34 5814
Current 15·04 500 12·00 412 13·72 1930

Community features
Percentage of non-Hispanic white† <0·0001
Mean 59·03 48·11 62·43
SD 15·59 20·86 18·11

Percentage of non-Hispanic black† <0·0001
Mean 34·11 18·20 26·91
SD 16·16 18·08 18·05
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USA(21–23). Interestingly, the current study found that being
black is related to higher MD adherence, while Koyama
et al.’s study(21) reported that being white is more likely
related to higher MD adherence. Further examination
found that compared with white participants, black
participants in the current study were more likely to be
younger (63·7 v. 65·5, P < 0·0001), female (65·9 v. 50·7 %,
P< 0·0001), not married (45·5 v. 69·8 %, P< 0·0001) and
living in urban communities (86·3 v. 72·4 %, P< 0·0001).
Future studies investigating how race influencesMD adher-
ence among the US population are needed to confirm the
findings of the current study.

Few studies to date have reported community socio-
demographic features that relate to MD adherence clustering
in the USA. The findings of the current study showed that
higher MD adherence is more likely in urban neighbour-
hoodswithhighermedianhousehold incomes,whereas lower
adherence is more likely in rural communities with higher
poverty rates and smaller population sizes. Observations from
European countries, especially Mediterranean countries,
showed contrary conditions; that is, as incomes and urbanisa-
tion in theneighbourhood increased, adherence toMD tended
to wane among the population as dietary pattern shifted
towards a higher consumption of animal products and
energy-dense foods(24). Replication among theUSpopulations
is required to confirm the findings of the current study. Future
studies also can examine other local individual and contextual
factors, such as food-related culture, zoning policy and public
transportation, which could uncover useful information to
better understand the geospatial clustering of MD adherence.

The current study has several strengths. First, this nation-
wide study explored an otherwise neglected topic – the
geospatial distribution and disparity of MD adherence

across the US regions. Second, the use of a well-established
MD adherence measure offers several advantages, includ-
ing data reduction and allowing comparisons across
studies. Third, the analysis used a geographically diverse
and large sample size of >20 000 from the national
REGARDS study, enabling the ability to yield precise
estimates.

Several limitations of the current study should be noted.
First, the MD score was calculated based on self-reported
dietary intake data, which could introduce potential bias
into the study. For instance, participants might misreport
their dietary intake due to inaccuracy in recalls or a social
desirability or tendency among individuals to overreport
healthy food intake and underreport unhealthy food
intake. Moreover, the dietary intake data was only assessed
once at baseline. Therefore, the stability of a dietary pattern
among the participants is unknown. However, a longi-
tudinal study among an older adult cohort in northern
Manhattan showed that MD adherence was stable during
a 7–8-year follow-up, supporting the relative stability of
diet patterns among elder populations(25). Second, caution
is required when interpreting and generalising the findings,
due to sampling concerns of the parent study. Most of the
participants were residing in urban and southern regions of
the country; so the findings of the current study may not
well estimate the experience among residents in rural areas
or other regions of the country. Moreover, the current study
only included two racial groups (non-Hispanic white and
black) and mid- to old-age populations; so the generalis-
ability of its findings to younger generations and other
racial groups is limited. Third, although the results of geo-
spatial analysis showed a statistically significant difference
in MD scores between higher and lower MD adherence

Table 3 Continued

Variables

Clusters

P

Low MD adherence
(n 3339)

High MD adherence
(n 3444)

Non-clustering
(n 14 114)

% n % n % n

Median household income† ($US) <0·0001
Mean 42 036·17 61 307·64 46 433·84
SD 7965·88 14 344·41 9569·99

Poverty rate† <0·0001
Mean 18·26 12·60 16·17
SD 5·30 5·00 5·16

Tract population‡ <0·0001
Mean 4924·68 4934·03 5154·70
SD 2033·70 2259·58 2490·45

RUCA code‡ <0·0001
Urban 65·65 2192 96·46 3322 74·93 10 575
Large rural 14·97 500 1·97 68 14·65 2067
Small rural 15·18 507 0·73 25 6·57 927
Isolated small rural 4·19 140 0·84 29 3·86 545

RUCA, Rural–Urban Commuting Area Code.
*Never smoker was defined as an adult who smoked<100 cigarettes per lifetime and not smoking at the time of interview; past smoker was defined as an adult who smoked at
least 100 cigarettes in his or her lifetime but who had quit smoking at the time of interview; current smoker was defined an adult who smoked 100 cigarettes in his or her lifetime
and who currently smokes cigarettes.
†County-level data.
‡Census tract-level data; refer to Appendix in the online supplementary material for details on RUCA code categories.
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locations, the clinical implication of this difference is an
open question. Future studies are needed to confirm the
findings of the current study and determine their clinical
significance. Lastly, the community features explored in
the current study may not represent an individual’s actual
experience in the community they live, and caution is
needed when interpreting the results.

Conclusion

This nationwide study used geospatial analysis to investi-
gate the little studied aspect of MD adherence, namely
the geospatial distribution and disparity of MD adherence
across the regions of the USA. The major findings of the
current study suggest that there were significant disparities
in MD adherence among US adults at both geospatial
and population levels. Future research is needed to explore
the causes of such disparities and develop effective MD-
promoting interventions in the USA.
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