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Abstract
Purpose of Review This review is an assessment of the state of the science on nutrition disparities and their contribution to
disparities in cardiovascular health.
Recent Findings Nutrition disparities remain pervasive by race/ethnicity, sex/gender, socioeconomic status, and geography. They
are rooted in differences in social, cultural, and environmental determinants of health, behavioral and lifestyle factors, and the
impact of policy interventions. Systematic differences in diet quality, dietary patterns, and nutrient intakes contribute to cardio-
vascular disparities and are mediated by microbiota, and CVD risk factors including high levels of blood pressure, low density
lipoprotein cholesterol (LDL), and glucose; oxidative stress, pro-inflammatory cytokines, and endothelial dysfunction.
Summary Despite the progressmade in nutrition research, important gaps persist that signal the need formore effective interventions at
multiple levels to reduce cardiovascular disparities. Research opportunities include (1) exploring the gene-nutrient-environment
interactions in the context of ancestral diversity; (2) investigating the causal link between diet and gut microbiota and impact of social
determinants of health; (3) understanding resilience; (4) testing the effectiveness of multi-level interventions that address social and
environmental determinants; and (4) supporting intervention research informed by validated implementation science frameworks.

Keywords Nutrition disparities . Cardiovascular disease . Race . Ethnicity . Geography . Socioeconomic status . Social
determinants

Introduction

Nutrition and diet are central to the maintenance of cardiovas-
cular health (CVH). They also play a major role in the preven-
tion and control of cardiovascular diseases (CVD) and other
major chronic diseases. In 2017, dietary factors contributed to
11 million deaths and 255 million disability-adjusted life years

(DALYs) worldwide [1]. As shown in Fig. 1, the health effects
of nutritional and dietary factors are substantial [1]. Important
among these factors are high intake of sodium and low intakes
of whole grains, fruits, and vegetables in most countries [1]. In
the USA, poor diet constituted the leading risk factor for mor-
tality and contributed more than half a million deaths in 2016,
84% of which were cardiovascular deaths [2]. Marked differ-
ences in age-standardized intake of dietary factors among adults
have been documented at the global and regional levels (Fig. 2).
Importantly, these regional and even national level data often
mask important disparities that exist by race, ethnicity, sex,
socioeconomic status, and geography at the sub-national level.

Nutrition disparities are rooted in demonstrable differences
in social and environmental determinants of health, behavioral
and lifestyle factors, and policy interventions, all of which
influence the onset of major preventable cardiovascular risk
factors and cardiovascular morbidity and mortality. However,
the extent to which nutrition disparities contribute to cardio-
vascular disparities is incompletely understood. The goal is to
review recent literature on nutrition disparities, their contribu-
tion to disparities in CVH and disease, nutrition interventions
to address disparities, lessons learned from such interventions
to reduce or eliminate nutrition disparities, and highlight
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opportunities for future research. Because the current state of
CVH disparities is well described elsewhere [3], they are not
specifically addressed in this review.

For the purposes of this review, disparities are defined as
preventable differences in nutrition and diet by race, ethnic-
ity, sex/gender, geography, and indices of socioeconomic
status. Whenever possible, emphasis is placed on under-
served populations or population groups with a high and

disparate burden of CVD. The review begins with a synopsis
of the underlying scientific concepts that link or mediate the
role of nutrition disparities in CVH. It then provides selected
examples of the magnitude and trends of disparities in nutri-
tion and diet with emphasis on their relevance to CVH and
disease and reviews interventions designed to reduce or
eliminate disparities. The review concludes with an assess-
ment of research supported by the National Institutes of

Fig. 1 Age-standardized proportions of deaths and DALYs attributable to
individual dietary risks at the global and regional level in 2017 DALYs
(disability-adjusted life years). Reproduced from GBD 2017 Diet

Collaborators. Health effects of dietary risks in 195 countries, 1990–
2017: a systematic analysis for the Global Burden of Disease Study
2017. Lancet. 2019;393(10184):1958–1972
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Health (NIH) over the past decade in nutrition disparities and
highlights gaps, challenges, and opportunities for charting

the research agenda for the next decade with a special em-
phasis on the role of implementation research and strategies

Fig. 2 Age-standardized intake of dietary factors among adults aged
25 years or older at the global and regional level in 2017. Reproduced
from GBD 2017 Diet Collaborators. Health effects of dietary risks in 195

countries, 1990–2017: a systematic analysis for the Global Burden of
Disease Study 2017. Lancet. 2019;393(10184):1958–1972
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for research training and career development for the next
generation of researchers.

The Science of Nutrition Disparities
and Cardiovascular Health

Recent research advances in nutrition science have shed light
on the crucial role of foods, nutrients, dietary patterns, and
overall diet quality in CVH and disease [4–11]. Systematic
and structural differences in access to nutrient-dense foods
and nutrition-related policies influence individual and popula-
tion differences in lifestyle behaviors that impact dietary pat-
terns and contribute to important disparities in CVH and dis-
ease. Diets high in fruit and vegetables, whole grains, omega-
3 fatty acids, nuts, seed, and legumes and low in sodium,
saturated and trans fat, processed meat, and sugar-sweetened
beverages (SSBs) are recommended for ideal CVH [12, 13].
Meanwhile, disparities in intakes of these diet components
and nutrients persist by race/ethnicity, socioeconomic status,
geography, and gender, thereby contributing to the high bur-
den of CVD among these groups. These disparities can occur
across the lifespan from the intrauterine environment through
early childhood to old age [14]. They are also heavily influ-
enced by social, cultural, and environmental determinants of
health as well as other drivers of food security and food sov-
ereignty [15, 16]. In this section of the review, we present
examples of recent contributions to the literature on the un-
derlying science and descriptive epidemiology of nutrition
disparities relevant to CVH.

A high diet quality, rich in fruits, vegetables, whole
grains, fiber, legumes, fatty fish, low-fat dairy, nuts, and
seeds, is associated with improved CVH and reduced risk
of morbidity and mortality. For example, the Dietary
Patterns Methods Project showed that high diet quality
was associated with 19–28% and 14–26% lower risk of
CVD mortality in women and men, respectively [17].
Proposed mechanisms underlying this benefit include a re-
duced production of pro-inflammatory cytokines, improved
endothelial function, reduced oxidative stress, as well as
overall reductions in high blood pressure, LDL cholesterol,
overweight/obesity, and high blood glucose levels leading
to an overall improvement of CVH [11–13]. Long-term
disparities in diet quality therefore can lead to disparities
in overall CVH, and especially, disparities in atherogenesis.
In fact, for the period of 1990–2016, adverse dietary risk
exposures, including suboptimal diet quality, contributed
the most to CVD burden in the USA, followed by high
systolic blood pressure, high body mass index, high total
cholesterol level, high fasting plasma glucose level, tobac-
co smoking, and low levels of physical activity [18].
Marked disparities in diet quality and dietary pattern are
well established by race and ethnicity [19–21], geography

[22], neighborhood characteristics [23], and socioeconomic
status [24–26] and likely contribute to existing cardiovas-
cular disparities [3]. There is also emerging evidence of
differences in diet quality by sex/gender [27].

Fruit and vegetable (F&V) intake plays an important role in
preventing CVD by providing nutrients such as dietary fiber,
vitamins, potassium and other minerals, antioxidants, and
phytochemicals [28, 29]. A recent meta-analysis and system-
atic review estimated that 5.6 and 7.8 million premature
deaths worldwide in 2013 may be attributable to a fruit and
vegetable intake below 500 and 800 g/day, respectively, if the
observed associations are causal. Research consistently shows
differences in fruit and vegetable intake by race/ethnicity, gen-
der, and geography. In the USA, men and non-Hispanic
Blacks generally have lower fruit intake and men and those
of lower SES demonstrate lower intakes of vegetables [30].
Some research has shown that Hispanics, however, have
higher intakes of cooked or canned beans and orange-
colored vegetables, compared with their non-Hispanic Black
and White counterparts [22].

Nutrients and the quality of protein, carbohydrates, and fat
play important roles in CVH. For example, the appropriate
consumption of dietary fiber improves CVH through multiple
mechanisms including a reduced production of inflammatory
cytokines, lowered lipid/lipoprotein and blood pressure (BP)
levels, regulated body weight, and improved glucose metabo-
lism [31]. Systematic differences in fiber intake occur by in-
come and race, with lower intakes observed in non-Hispanic
Blacks and Hispanics andMexican Americans and lower pov-
erty to income ratio categories [32]. This is particularly impor-
tant considering the link between fiber and microbiota com-
position and the accumulating evidence of the association of
the gut microbiota and their metabolites, and the development
and progression of cardiovascular disease [33]. One study in
fact suggested income inequality as an underlying factor for
the maladaptive changes (i.e., dysbiosis) seen in the microbi-
ota in certain populations and a major contributor to health
disparities [34••].

Many studies show that isocaloric replacement of saturated
fat with polyunsaturated fatty acids or whole grains in the
context of a healthy diet can lead to as much as a 25% reduc-
tion on coronary heart disease risk [35] through impact on
serum cholesterol fractions [36] and reduced atherogenesis
and arrhythmogenesis [37].

The evidence is consistent on the adverse impact of added
sugar intake from SSBs on CVH through its effect on calorie
balance, adiposity, and weight gain. As shown by Singh et al.,
marked global, regional, and national differences in intake and
related health impact exist with proportional mortality attrib-
utable to SSB that ranged from < 1% in Japanese > 65 years of
age to 30% inMexicans < 45 years of age [38].While research
suggests declines in SSB consumption since 2003 in the USA
[39] findings consistently demonstrate differences by
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education, race/ethnicity, and geography, with high intakes
among non-Hispanic blacks, those of lower educational back-
ground and those in rural settings [40–42]. These important
racial, ethnic, and socioeconomic disparities in nutrient and
SSB intake are well established and could contribute to car-
diovascular disparities [38, 43–46]. Policy changes such as
soda taxes, particularly in Mexico, are changing consumer
behavior and reducing intake of SSBs, with one study sug-
gesting a reduction in purchases of taxed beverages by 8.2%
over the 2 years of the study [47].

Among the micronutrients, disparities in dietary sodium
consumption and vitamin D [48] and their relationship to
CVH and disease are among the most studied. The adverse
cardiovascular impact of excess dietary sodium is through
sodium’s effect on elevating BP (especially in salt-sensitive
persons), vascular stiffening, enhanced inflammation, and oth-
er target organ damage [49, 50]. The landmark INTERSALT
study showed marked global differences in dietary sodium
intake manifesting as 24-h sodium excretion ranging from
0.2 mmol in Yanomamo Indians, Brazil, to 242 mmol in
Tianjin, north China [51]. In the USA, Dunford et al. recently
reported that important disparities are emerging in dietary so-
dium intake from snack sources in Non-Hispanic Blacks [52].
These differences likely impact cardiovascular disparities in-
cluding disparities in hypertension prevalence. Although sig-
nificant racial and ethnic differences in dietary calcium intake
and blood levels of vitamin D exist, the extent to which these
differences contribute to cardiovascular disparities remains
uncertain [24, 53].

An important recent challenge is whether racial, ethnic, and
geographic differences in population-related genetic and epi-
genetic differences in biosynthetic and metabolic pathways
contribute to disparities in CVD. For example, Chilton et al.
have argued that specific genetic variants in the fatty acid
desaturase gene (FADS) cluster observed more often in
African ancestry populations are associated with elevated
levels of arachidonic acid, cardiovascular biomarkers, and
disease endpoints and may play a role in cardiovascular dis-
parities [54]. Whether gene-nutrient interactions differentially
drive cardiovascular risk in diverse populations and contribute
to disparities remains an active area of research [54–56].

Trends in Nutrition Disparities

While trends in overall diet quality overtime by race/ethnicity
vary depending on the diet quality score used, overall diets
remain poor in the USA [57–59]. Nevertheless, there have
been notable differences by socioeconomic status that warrant
further investigation and targeted interventions to address dis-
parities. Particularly, gaps in diet quality between lower in-
come and higher-income individuals have worsened overtime.
A recent JAMA study, comparing diet quality between SNAP

participants and non-eligible SNAP participants, showed that
between 2003 and 2014, SNAP participants had less improve-
ment in AHA diet scores than both income-eligible nonpartic-
ipants and higher-income individuals and that disparities
persisted for most foods and nutrients and worsened for proc-
essed meats, added sugars, and nuts and seeds [26]. These
trends are paralleled by the disparities in cardiovascular risk
factor burden between low- and high-income groups, which
have similarly not improved during the last decade and, in
some cases, worsened [60].

Paralleling these trends are disparities in obesity, a risk
factor for CVD and a major contributor of disparities in
CVD morbidity and mortality, also directly linked to diet
and nutrition. Over the past two decades, the prevalence of
obesity (BMI ≥ 30 kg/m2) has increased globally and has dou-
bled in more than 70 countries [61, 62]. In the USA, the
prevalence of obesity is about 37% in men and women but
marked racial and ethnic disparities exist with non-Hispanic
Blacks and Hispanic women having the highest prevalence
(54% and 51%, respectively) compared with whites (38%)
in 2015–2016 [63–65]. Pervasive racial, ethnic, socioeconom-
ic, and geographic disparities in obesity exist. Poor nutrition
and dietary factors and high BMI remain major contributors to
suboptimal ideal CVH metrics [66, 67]. Minority populations
and those living in poor neighborhoods or rural communities
exhibit the lowest overall prevalence of ideal CVH, and die-
tary and BMI components of the ideal CVH metrics [66, 68].

Trends in the relationship between obesity and socioeco-
nomic status are also complex and differ by sex and
race/ethnicity group, however [69, 70]. For many racial/
ethnic groups in the USA, obesity is most prevalent among
those of lower socioeconomic status and education levels
[71–73]. Among children, in particular, socioeconomic dis-
parities in obesity are widening [72]. Another noteworthy
consideration is the variation in obesity rates within racial/
ethnic groups within the USA (e.g., Cubans have an average
BMI of 29.5, Puerto Ricans have an average BMI of 30.6, and
Mexicans have an average BMI of 31.1), which has implica-
tions in intervention development and design [74].
Interventions designed to have maximum reach, affordability,
and acceptability, especially among the most at-risk groups
remain a priority.

Interventions to Address Nutrition Disparities
and Cardiovascular Health

Interventions to address nutrition disparities and improve
CVH include (a) dietary approaches to reduce disease risks;
(b) policy interventions; and (c) multi-component, multi-level,
community-based interventions. Kris-Etherton and colleagues
recently reviewed the barriers, opportunities, and challenges
involved in changing population behaviors towards healthy
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dietary practices, especially in underserved populations where
healthy options are often limited and nutrition disparities most
manifest [75]. We build on this work by reviewing below
several examples of evidence-based intervention approaches
and strategies for addressing nutrition disparities, improving
CVH, and reducing cardiovascular disparities.

Dietary Interventions to Reduce Disease Risks

Ideal CVH metrics include three health factors—BP, blood
cholesterol, and blood glucose—all modifiable by dietary in-
terventions [13]. The Dietary Approaches to Stop
Hypertension (DASH) diet demonstrated unequivocally that
diets rich in F&V, low-fat dairy and whole grains, and low in
saturated fats, cholesterol, and refined grains reduced BP in
most people including hypertensive blacks [76]. The DASH
diet and low levels of dietary sodium (50 mmol/day compared
with the usual US diet of 150 mmol/day) lowered systolic BP
more in blacks than in others. BP reductions averaged
11.5 mmHg in participants with hypertension and
7.1 mmHg in participants without hypertension. The reduc-
tion was also greater in women (10.5 mmHg) than in men
(6.8 mmHg) (p < 0.001 in all subgroups) [76]. A
Mediterranean diet intervention in a predominantly black pop-
ulation in Southeastern US also improved systolic BP for up to
24-month follow-up [77].

In a systematic review andmeta-analysis of the DASH diet,
Siervo et al. [78] reported improved total cholesterol, LDL
cholesterol, and systolic BP resulting in a predicted reduction
of ~ 13% in the 10-year Framingham CVD risk score. Greater
beneficial effects in cardiometabolic risk were observed in
those at high risk, including blacks and other minorities [78].
Clinical trials using the Diabetes Prevention Programmodules
have demonstrated reductions in BMI and blood glucose in
minority populations [79]. These findings suggest the poten-
tial to improve nutrition and ideal CVH factors to reduce CVD
disparities. However, major gaps remain on how to stimulate
lifetime adherence to these dietary modifications.

Policy Interventions

Fiscal strategies targeting diet might substantially reduce
CVD burden and disparities. In their modeling analysis to
examine dietary policy impacts, Pearson-Stuttard et al. [80]
concluded that a national 10% fruit and vegetable (F&V) sub-
sidy would prevent CVD deaths the most and a 30% F&V
subsidy targeting SNAP recipients would reduce socioeco-
nomic disparities the most [80]. A combined policy (10%
F&V plus 30% subsidy) would have the greatest overall im-
pact on both mortality and socioeconomic disparities.

Others suggest point-of-purchase food labeling, incen-
tives and disincentives, and food assistance to reduce
nutrition disparities [81]. Some studies have postulated

that reducing socioeconomic and nutrition disparities re-
quires improvement in diet quality beginning at the
child-care and school nutrition program levels by, for
example, taxing unhealthy foods (e.g., sugar-sweetened
beverages [SSB]) while incentivizing healthy foods
(e.g., F&V) [82]. An example of this is the USDA’s
Healthy Incentive Pilot, in which SNAP participants re-
ceived an incentive of 30 cents for every SNAP dollar
spent on fruits and vegetables at participating retailers
[83]. Evaluation of the pilot (which has since been im-
plemented as the Gus Schumacher Nutrition Incentive
Program in the 2014 Farm Bill) found an increase of
almost a quarter of a cup (26%) more targeted fruits
and vegetables per day [83]. In a study on the associa-
tion of workplace sales ban on SSB and employee con-
sumption of SSB, Epel and colleagues reported a reduc-
tion in SSB intake and waist circumference after
10 months of the sales ban [84]. More implementation
research is needed on evidence-based policy interven-
tions to improve diet quality and reduce nutrition
disparities.

Multi-Component, Multi-Level Community-Based
Interventions

Multi-component interventions that included two or more of
the ideal CVH behavioral metrics improved 2–3 CVD risk
factors and Life Simple 7 (LSS) scores in African American
women [85••]. Cultural tailoring and adaptation of interven-
tions are needed in low-income, low-resource communities
[85••]. Promotora or community health worker–led multi-
level interventions that promoted the use of community re-
sources substantially improved LSS health behaviors and
CVD risk factors in Mexican Americans [86]. Other strategies
such as church-based interventions, and e-Health and m-
Health approaches enhanced dietary behaviors, resulted in
weight reduction and improved CVD risk factors in minority,
low-income and rural populations [87].

Obesity is a risk factor for CVD and a major con-
tributor to disparities in CVH. Effective interventions
for tackling obesity include multi-component approaches
of diet and physical activity behavior modification [88].
In a systematic review of obesity disparities research,
Pratt et al. [89] reported pooled intervention effect of
BMI–1.31, but trials were of short duration, had mod-
erate to high attrition and few American Indians/Alaska
Native or rural populations, and were limited in the
number of family-based trials. The authors called for a
de-emphasis on one-size-fits-all interventions and a fo-
cus on multi-level, clinic-home-community-linked inter-
ventions that address obesity disparities to promote car-
diovascular health [89].
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Conclusions

Nutrition disparities are complex and they are rooted in dif-
ferences in social, cultural, and environmental determinants of
health, behavioral and lifestyle factors, and the varied impacts
of policy interventions. Strategic intervention approaches that
address nutrition disparities have a unique opportunity to also
reduce cardiovascular health disparities. As part of its strategic
vision objectives, the National Heart, Lung, and Blood
Institute remains committed to a program of research, training,
and education to address factors that account for differences in
health among populations [90, 91]. Although substantial prog-
ress has been made in the last decade, there remain opportu-
nities for multi-component, multi-level, community-based in-
tervention research to inform action. Additionally, emphasis
on exploring factors that underpin resilience in the setting of
nutrition disparities will be crucial. As we enter a new decade,
targeting the root causes of nutrition disparities and social
determinants of health will be critical to forging a future of
better CVH and reducing CVD disparities at the individual,
community, and population levels.
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