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ABSTRACT
The cumulative exposures of an individual during their lifetime, known as the exposome, 
encompass environmental exposures and lifestyle factors that significantly impact 
cardiovascular health. The exposome concept aims to provide a comprehensive 
framework for understanding how various exposures combine to influence disease risk 
and health outcomes over a lifetime. Diet is a well-studied aspect of the exposome, 
recognized as a critical contributor to cardiovascular health and influencing various other 
health metrics and behaviors. Furthermore, understanding agricultural food systems and 
their interrelationships with dietary choice and impacts on environmental and human 
health requires a systems approach. Through a review of the literature, this publication 
will (1) elucidate the interconnections between the exposome and cardiovascular 
diseases through the lens of agricultural systems and environmental health; (2) examine 
the effect of diet on cardiovascular health; (3) examine the influence of socioeconomic 
and cultural factors on the agricultural food system and dietary choices; and (4) highlight 
the importance of adopting a systems approach that integrates dietary interventions 
with sustainable agricultural practices, emphasizing the need for holistic strategies to 
address the root causes of cardiovascular health issues through balanced human and 
environmental health interventions.
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INTRODUCTION

Over the years, recommendations for cardiovascular 
health have evolved from focusing solely on reducing the 
death rate from cardiovascular disease and the prevalence 
of risk factors to a broader emphasis on improving overall 
cardiovascular system health and disease prevention.1,2 
Additionally, there has been growing emphasis on the 
importance of cardiovascular health from an early age 
and throughout all populations, even those not yet 
considered at risk for cardiovascular disease.1 In 2010, the 
American Heart Association (AHA) presented a definition of 
cardiovascular health that included seven health behaviors 
and factors critical to ideal cardiovascular health, including 
frequency of cigarette smoking, body mass index, physical 
activity, diet, total cholesterol, blood pressure, and fasting 
plasma glucose.2 In 2022, the definition was revised to 
include sleep quality as a new factor (and subsequently re-
termed “Life’s Essential 8”) and to highlight the importance 
of psychological health and well-being.1

In the United States (US), the prevalence of ideal 
cardiovascular health is low, with less than 1% of all 
age groups studied meeting ideal levels for all metrics. 
Only 45% of adolescents, 32% of adults 20 to 39 years 
of age, and 11% of adults 40 to 59 years of age had five 
or more metrics at ideal levels.3 A 2022 analysis found 
that the average cardiovascular health score among 
adults was 64.7 out of 100, with the lowest mean scores 
observed in diet, physical activity, and body mass index 
metrics.4 The low level of cardiovascular health throughout 
the US, especially in metrics that are most affected by 
lifestyle and behavioral factors, has led to a new focus on 
environmental factors, promoting heart-healthy behaviors, 
and early prevention to support cardiovascular health in all 
populations throughout their lifespans.5-7 

The “exposome concept” is highly relevant in the 
context of the new focus on environmental and behavioral 
components that affect cardiovascular health. The 
exposome was first introduced in 2005 to complement 
the genome; while the genome focuses on genetic factors, 
the exposome encompasses the environmental exposures 
and lifestyle factors that an individual experiences over the 
course of their life.3 The exposome describes the changes 
in physiology and pathophysiology that occur as a result of 
environmental exposures and stressors, including chemical, 
physical, and socioeconomic factors such as air pollution, 
noise, ultraviolet radiation, mental health, and psychosocial 
stress.4,8 In addition to exposures, the exposome also 
encompasses lifestyle and behavioral factors, including 
smoking and alcohol habits, diet, physical activity, and 
others.4 Many of the factors considered within the exposome 
concept align with “Life’s Essential 8” cardiovascular health 

factors, making it highly relevant to better understanding 
the integrated systems that affect cardiovascular health.4,8 
Diet is an especially important aspect of the exposome 
and its contributing role to cardiovascular health; food and 
dietary consumption habits can affect almost all of the 
behaviors set out by Life’s Essential 8.5-7

The extreme events and impacts brought about by 
climate change encompass the variety of ways that 
environmental health can directly and indirectly affect 
the exposome and cardiovascular health. A review of 492 
studies evaluating the association between events related 
to climate change and cardiovascular outcomes found 
that there is high-quality evidence indicating a connection 
between cardiovascular disease and extreme temperatures, 
hurricanes, and dust storms and moderate evidence for a 
connection between cardiovascular disease and ozone and 
wildfire smoke.9 Other research highlights more indirect 
methods through which climate change could affect 
cardiovascular health, including mental health and ocean 
health.10,11 These studies highlight that the environment 
has significant direct impacts on the exposome and 
on cardiovascular health. Environmental determinants 
also have considerable indirect impacts on the food 
and agricultural system that contributes to shaping our 
dietary choices. Additionally, the agricultural food system 
impacts the environment substantially. Understanding the 
relationship between environmental health, socioeconomic 
factors, and lifestyle and dietary choices can lead to more 
effective interventions to promote cardiovascular health.

Understanding the relationship between cardiovascular 
disease risk and the exposome, and specifically the roles 
that diet and agricultural systems play, requires a holistic 
system understanding. Through a review of the literature, 
this manuscript will (1) elucidate the interconnections 
between the exposome and cardiovascular diseases 
through the lens of agricultural systems and environmental 
health; (2) examine the effect of diet on cardiovascular 
health; (3) examine the influence of socioeconomic and 
cultural factors on the agricultural food system and dietary 
choices; and (4) highlight the importance of adopting a 
systems approach that integrates dietary interventions 
with sustainable agricultural practices, emphasizing the 
need for holistic strategies to address the root causes of 
cardiovascular health issues through balanced human and 
environmental health interventions.

AGRICULTURAL PRACTICES AND 
ENVIRONMENTAL DETERMINANTS

Agricultural practices and environmental health are deeply 
interdependent. Environmental factors such as soil quality, 
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water availability, and climate conditions significantly 
influence the productivity and sustainability of agricultural 
systems.12-15 Conversely, agricultural practices impact 
various aspects of the environment, including soil erosion, 
water usage, pesticide and fertilizer runoff, and greenhouse 
gas emissions.

The effects of agricultural food systems and the 
environment on cardiovascular health are extensive. 
Improving cardiovascular health requires a comprehensive 
understanding of our food system and its numerous 
impacts. The food and agriculture system influences 
individual health directly through diet and dietary choices 
and indirectly through its effects on the environment.

Current agricultural practices in the US primarily prioritize 
large-scale monocropping with intensive tillage, fertilizer, 
and pesticides to ensure high productivity.12 These methods 
have major impacts on the environment. Monocropping 
degrades soil by repeatedly depleting the same nutrients.13 
This eventually leads to decreases in yields unless 
fertilizers are consistently applied to provide the necessary 
nutrients.13 Similarly, pesticides are necessary to combat 
pests that target monocultures; without crop diversity, 
whole harvests can be overcome by fungi, diseases, and 
pests that spread quickly. Fertilizers and pesticides create 
environmental issues when agricultural water runoff leads 
to water pollution. Overuse of pesticides and fertilizers and 
poor irrigation practices increase water contamination.14 
Furthermore, over-tillage releases greenhouse gasses 
trapped in the soil, increasing emissions and contributing 
to climate change.15

Land degradation and soil erosion are environmental 
impacts caused by intensive tillage, water runoff, and over-
extraction of groundwater for irrigation as well as weather 
events such as high winds and desertification.15 Land and 
soil degradation occur when topsoil is eroded and the 
quality of agricultural soil is decreased. Soil salinity, acidity, 
and heavy metal contamination are also side effects of 
poor agricultural practices. Land degradation eventually 
leads to lowered yields and decreased biodiversity.15

The current agricultural system in the US prioritizes 
large-scale versatile crops; for example, over half of the 
US’s crop cash receipts in 2022 came from corn and 
soybeans, with both crops accounting for twice as much 
as the next-largest categories.16 Both corn and soy are 
primarily made into livestock and poultry feed; more corn 
is used to make ethanol, high-fructose corn syrup, glucose, 
dextrose, and starch that is used for cereals and food.17,18 
These trends reflect the Western diet’s high consumption of 
animal proteins.19 When comparing the US food supply to 
the Healthy Eating Index, the only category where supply 
was consistently sufficient was Total Protein Foods (which 

includes meat, poultry, and eggs). The same study found 
that US supply consistently did not meet recommended 
proportions for fruit, vegetables, and whole grains, among 
others.20

The current food system, designed to maximize yield 
and profits with limited consideration of nutritional 
outcomes and environmental impacts, results in the 
overuse of pesticides and fertilizers as well as preservatives 
and additives to increase longevity, flavor, and affordability 
in processed foods.21 It is challenging to study the effects 
of additives and chemicals, especially in cases where 
such exposure only occurs in low levels; however, there is 
evidence that neo-formed substances in processed foods 
and trace quantities of pesticides have negative effects on 
cardiovascular health.21 Soil and water pollution are also 
effects of agriculture and industry that have been shown to 
negatively impact cardiovascular health.22 Some pollutants, 
such as fertilizers, can be directly tied back to agriculture, 
while others, such as heavy metals, micro- and nano-
plastics, and chemical pollutants can come from other 
origins.22

DIET AND CARDIOVASCULAR HEALTH

Maintaining a healthy diet is one of the most impactful 
strategies for supporting cardiovascular health and has 
consistently been shown to lower the risk of cardiovascular 
disease.6,7,23 Furthermore, diet has effects on various other 
aspects of the exposome, including chemical exposures, 
mental health, and physical activity.24-26

Diet affects cardiovascular disease through different 
mechanisms. Increased low-density lipoprotein (LDL), 
commonly known as “bad” cholesterol, is a strong risk 
factor for cardiovascular disease. LDL increases triglycerides 
in the bloodstream and promotes systemic inflammation, 
which ultimately contributes to atheromatous plaque in 
the arteries bringing oxygen to the heart.27,28 Other factors 
also increase plaque, such as diabetes and increased BMI.28 
These factors are strongly influenced by diet.

The AHA’s dietary recommendations specifically 
encourage the consumption of minimally processed or 
whole foods, fruits, vegetables, and whole grains, which 
have been proven to support cardiovascular health.29 
Other recommendations also support the consumption 
of whole foods, including recommendations to consume 
healthy sources of protein (plant proteins, fish and seafood, 
low-fat dairy, or lean unprocessed meats).5 The evidence 
supporting the benefits of whole foods is strong: Whole 
foods often contain more fiber and nutrients and less fat 
than processed alternatives. There is substantial research 
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connecting the consumption of ultra-processed food and 
cardiovascular disease as well as other related conditions 
such as obesity, hypertension, and dyslipidaemia.30 A 10% 
increase in ultra-processed food consumption is associated 
with a ≥ 10% increase in the rates of overall cardiovascular, 
coronary heart, and cerebrovascular diseases.31 The 
possible mechanisms through which processed food 
affects the body are many; some research suggests that 
the degraded physical structure, food additives, and neo-
formed contaminants in ultra-processed foods may have a 
variety of effects on absorption kinetics, glycemic response, 
and gut microbiota.32

The research on dietary components that negatively 
affect cardiovascular health is thorough. Saturated fats 
and trans fats are well known to have negative effects on 
cardiovascular health, and trans fats in particular are well 
known to have highly negative effects on cardiovascular 
health. The World Health Organization recommends 
that trans fats make up less than 1% of total energy 
intake.6 Saturated fats are primarily found in palm kernel 
oil, coconut oil, butter, peanut oil, animal fats and other 
sources, while trans fats are found in low levels in milk and 
meat products.27,33 More frequently, trans fats are created 
in industrial processes and are commonly used to increase 
the shelf life of processed foods.28

Unsaturated fats are considered better for cardiovascular 
health; studies where saturated fat was replaced with 
unsaturated fats consistently show a lowered risk of 
cardiovascular disease.33 Polyunsaturated fats usually 
come in the form of liquid plant oils, such as soybean, 
corn, safflower, sunflower oils, walnuts, or flax seeds. 
Monounsaturated fats are found in canola and olive oils 
and nuts. The AHA’s recommendation simplifies this list 
by suggesting that consumers replace saturated and trans 
fats with nontropical liquid plant oils.33

Another component of cardiovascular disease risk is 
oxidative stress, which refers to the overproduction of 
reactive oxygen species (ROS). ROS, more commonly known 
as free radicals, have harmful effects on lipids, proteins, 
and DNA. ROS can also result in cell inflammatory signal 
activation and programmed cell death.34,35 Myocardial 
ischemia-reperfusion injury, heart failure, atherosclerosis, 
hypertension, and atrial fibrillation are all either caused by, 
worsened by, or the cause of ROS overproduction.34,35

ROS can be neutralized by antioxidants; consequently, 
an antioxidant-rich diet has been shown to have an impact 
on both cardiovascular health and existing cardiovascular 
disease.33,36 Additionally, antioxidant intake can reduce 
blood pressure, improve lipid profiles, lower inflammation, 
and support gut microbiota. Antioxidants include vitamin 
C, vitamin E, polyphenols, and terpenoid groups, which are 

found most often in fruits, vegetables, teas, cereals, and 
nuts.37,38

Other food components also have strong associations 
with dietary health. Dietary fiber has positive effects on 
blood pressure, gut microbiota, and cholesterol and has 
been shown to lower the risk of cardiovascular disease.39,40 
Fruits and vegetables, especially in their whole, unprocessed 
form, whole grains, and nuts are all rich sources of dietary 
fiber.

Omega-3 fatty acids have anti-inflammatory properties 
and have been shown to reduce cardiovascular disease 
risk through a variety of mechanisms.36,41 Although 
omega-3 fatty acids have much potential, the practical 
food sources are complex to recommend. Omega-3 fatty 
acids are found in fatty fish (depending largely on diet and 
capture or farming location of the fish), krill, walnuts, flax 
and chia seeds, and some algaes.42-44 However, omega-3 
fatty acid supplements are not a consistent source; many 
nonprescription supplements have only a small percentage 
of omega-3 fatty acids or are oxidized by the time they can 
be purchased.42 These concerns make whole food sources 
of omega-3 preferable.

Sodium is known to cause high blood pressure, which 
is a known factor of cardiovascular disease risk, and 
a low-sodium diet is consistently recommended for 
cardiovascular health.37,45 Sugar consumption has also 
been linked to increased cardiovascular disease, although 
the mechanisms are indirect. Sugars affect cardiovascular 
disease risk by increasing the risk for other precursors 
such as obesity and type two diabetes.38 As a high-calorie 
component of the diet, consumption of sugar can easily 
lead to overconsumption of calories compared to energy 
expenditure. Research on artificial sugars also indicates 
that high consumption of artificial sugars may also increase 
cardiovascular disease risk.38,39

The dietary guidelines set out for cardiovascular health 
are intended not to be food-specific, but nonetheless 
specific diets have been popularized that follow heart-
healthy eating patterns and make cardiovascular health 
accessible. The most prime example is the Mediterranean 
diet, modeled after the diet of populations in the 
Mediterranean basin during the 1950s and 60s. This diet 
generally includes a variety of fruits and vegetables, 
nuts, whole grains, fish, and extra virgin olive oil. The 
Mediterranean diet has been studied extensively and is 
recognized as having positive effects on cardiovascular 
health.40,46-48 Although other heart-healthy diets have also 
been popularized, the Mediterranean diet is one of the 
most well-studied and adaptable to different individual 
preferences and settings.47 The Mediterranean diet’s 
popularity is a strong argument that heart-healthy diets 
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can be consistently implemented. Similar diets are found 
in “blue zones,” areas with high average life expectancies. 
These areas typically practice heart-healthy diets and 
are considered an example population of healthy aging. 
One study of blue zones found that CAC (coronary artery 
calcium) was significantly better in California’s beach 
city blue zones, and the prevalence of a number of 
cardiovascular risk factors had actually decreased in the 
past few years in the blue zone cities.49

The direct influences of diet on cardiovascular health 
are clear, and there are many guidelines, examples, and 
popular diets that highlight the applicability of heart-
healthy lifestyles. Given this context, it is imperative to 
understand the additional factors influencing dietary 
choices, such as socioeconomic status, cultural preferences, 
food availability, and marketing practices, to effectively 
promote and sustain heart-healthy eating patterns across 
diverse populations.

SOCIOECONOMIC AND CULTURAL 
INFLUENCES ON DIETARY CHOICES

In parallel to environmental factors, socioeconomic 
determinants also directly and indirectly affect diets and 
cardiovascular health. One of the major factors directly 
affecting dietary patterns is the simple price of food. The 
cost of groceries has risen by 19% in the last 3 years, driven 
in large part by the pandemic.50 Notably, however, grocery 
prices have risen faster than the rate of inflation so that 
families are now paying 25% more than they were before 
the pandemic. Twenty percent of grocery inflation has 
been driven by three categories: beef/veal, poultry, and 
fresh fruits and vegetables, with fresh produce accounting 
for the most inflation of any category at 7.8%.50

Much of grocery inflation can be attributed to supply 
shocks, such as diseases affecting poultry and fruit, 
lowered production due to natural disasters and extreme 
weather, and international supply chain disruptions. An 
additional factor is corporate profiteering and monopolistic 
ownership: between 55% and 85% of the US meat market is 
controlled by only four companies, and a proposed merger 
between Kroger and Albertsons grocery stores could lead 
to their ownership of nearly 17%.50,51 If combined with 
Walmart’s 21% share, those two entities would account for 
almost 40% of the total grocery market.52

Outside of food prices, access to food presents additional 
challenges. It is estimated that 17.4% of Americans live in 
a place that has low access to supermarkets or grocery 
stores (more than 1 mile in urban areas or 10 miles in rural 
areas) and have low income. This percentage has grown 

slightly since 2015.53 These numbers highlight a reality 
of the food options available to many: fresh produce and 
whole foods are not equitably accessible to nearly one-fifth 
of the population. Additionally, time poverty and available 
preparation is another challenge. Many who cannot 
afford healthy pre-made foods also do not have the time, 
knowledge, and resources required to be able to purchase, 
prepare, and store fresh and whole food ingredients.54,55

Proper communication and education about food and 
diet can help consumers make healthy decisions. Research 
suggests that clear and visible nutrition information can 
educate consumers on nutritional quality and encourage 
healthy choices.56 In particular, front-of-package 
nutrition labeling has been promoted by the World Heart 
Federation.57

The indirect effects of cultural values affect the US 
agricultural system on a much larger scale. The US Farm 
Bill heavily subsidizes corn, soybeans, wheat, rice, sorghum, 
dairy, and livestock feed. Higher consumption of these 
subsidized commodities has been associated with high 
cholesterol, obesity, and dysglycemia.58 Furthermore, 
the longstanding subsidies for major food categories, 
combined with lobbying and publicity campaigns, have 
made foods such as dairy and meat cultural staples in the 
American diet.59

Given the clear and ample understanding of the impact 
of diet on cardiovascular health factors, the real costs of 
our current food system to human health, and to society, 
are stark. The most affordable and most easily produced 
foods are often ultra-processed and nutritionally poor; as 
a result, the most affordable diets are also the diets most 
lacking in the key components supporting cardiovascular 
health.48 These diets lack whole foods, antioxidants, healthy 
proteins, and fiber while being high in salt, unhealthy fat, 
and calories.48 The result is an epidemic of obesity, high 
blood pressure, and cardiovascular disease.1

In addition to the actual cost of health care to treat 
cardiovascular disease, there are costs through society 
from lost productivity during recovery, premature 
deaths, and overall quality of life decreases. One analysis 
estimated that the costs related to human health due to 
diet-related illness and health issues in the US were equal 
to the cost of the food system itself.47 The US food system 
in 2021 cost $1.1 trillion annually, while annual healthcare 
costs related to obesity cost $359 billion, costs related to 
other noncommunicable diseases (such as cardiovascular 
disease, hypertension, cancer, and diabetes) were $604 
billion, and food insecurity and the impact of pollution cost 
another $182 billion.47 In a literal sense, a food system that 
does not support health is a costly system, both medically 
and economically.
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RECOGNIZING THE 
INTERCONNECTEDNESS OF DIET, 
AGRICULTURE, AND CARDIOVASCULAR 
HEALTH: SYSTEMS APPROACH TO 
ADDRESSING CARDIOVASCULAR HEALTH

There is strong evidence supporting the need to broaden 
the perspective of public health interventions aimed at 
addressing cardiovascular diseases. By understanding 
the many interconnections between the environment, 
agricultural systems, and dietary choices, we can better 
identify critical root causes of cardiovascular disease 
and take advantage of new opportunities to improve 
cardiovascular health.

There are many benefits to integrating support for 
food consumption behaviors and sustainable agricultural 
practices. Many healthy dietary patterns, such as eating 
whole unprocessed foods, eating primarily plant-based 
or healthy proteins, and eating a variety of foods align 
with sustainable agriculture practices. Transitioning to 
an agriculture system that prioritizes diverse, quality, 

and affordable food can have synchronous returns on 
supporting healthy food consumption behaviors.

Policy interventions and public health initiatives 
can promote dietary and food system changes. Policy 
interventions could range from food labeling and 
transparency regulations to taxes or subsidies to 
encourage the consumption of healthy foods and 
discourage the consumption of unhealthy foods.60 More 
broadly, education and food-assistance programs can 
support communities to have more freedom and agency 
as they make their dietary choices.61 More large-scale 
policy interventions could work with food industry entities 
to collaborate toward other types of agricultural and food  
production.

Research and collaboration across the agricultural and 
health sectors are necessary to better understand and 
take advantage of the many interconnections. Although 
it is clear that many of the goals of cardiovascular health 
and sustainable agriculture overlap, as depicted in Figure 1, 
additional research could elucidate the most efficient and 
effective ways to promote change and facilitate healthier 
agricultural and food systems.

Figure 1 Interconnections between the exposome and cardiovascular disease.
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CONCLUSIONS

The exposome concept, with its emphasis on the totality of 
environmental exposures and lifestyle factors, provides a 
valuable framework for understanding how these diverse 
elements interact to influence health over a lifetime. 
The intricate relationships between diet, agricultural 
practices, environmental health, and cardiovascular 
health underscore the need for a comprehensive and 
systemic approach to improving cardiovascular outcomes. 
Current agricultural practices in the US, dominated by 
monocropping and heavy use of fertilizers and pesticides, 
have significant environmental repercussions that 
indirectly affect cardiovascular health. Transitioning to 
more sustainable agricultural practices that prioritize 
soil health, biodiversity, and reduced chemical inputs is 
critical for both environmental sustainability and public 
health. Moreover, dietary choices, deeply influenced by 
socioeconomic and cultural factors, play a direct role in 
cardiovascular health. There is evidence that diets rich in 
whole unprocessed foods, fruits, vegetables, whole grains, 
and healthy fats are beneficial for cardiovascular health, 
while diets high in ultra-processed foods, unhealthy fats, 
and sugars increase the risk of cardiovascular diseases. 

Addressing these dietary challenges requires policy 
interventions that make healthy foods more accessible 
and affordable, educational programs that inform the 
public about healthy eating, and systemic changes in food 
production and distribution. Cross-sectoral collaboration 
is critical for the development of interventions that are 
consistent with the complexity and level of interdependency 
of interconnected systems. Research that integrates the 
goals of cardiovascular health and sustainable agriculture 
can help identify effective strategies and interventions. 
By adopting a systems approach that considers the 
interdependencies between environmental health, 
agricultural practices, and dietary choices, we can develop 
holistic solutions that promote both human health and 
environmental sustainability. Such integrative strategies 
and policies can pave the way for improved cardiovascular 
health outcomes and a healthier, more sustainable food 
system for future generations.

KEY POINTS

•	 Maintaining a healthy diet is considered one of the 
most impactful strategies for supporting cardiovascular 
health and has consistently shown to lower the risk of 
cardiovascular disease. Furthermore, popular diets such 
as the Mediterranean diet highlight that heart-healthy 
eating has the potential to be popular and widely 

adopted. Nonetheless there are low mean scores of 
cardiovascular health diets throughout the US.

•	 Agricultural practices of monocropping, intensive 
tillage, fertilizer, and pesticides ensure high productivity 
and profitable crops but also lead to soil depletion, 
water pollution, and increased greenhouse gas 
emissions. Furthermore, the US agricultural subsidies 
are not necessarily aligned with health outcomes. 

•	 Environmental determinants affect cardiovascular 
health; air pollution, chemical and pesticide exposure, 
and climate change events can all have negative 
effects on cardiovascular health.

•	 Socioeconomic and cultural influences affect dietary 
choices. The cost, availability, and convenience of food 
influences what people eat, and the education and 
transparency around food and nutrition information 
affects their decision making.

•	 It is imperative to adopt a systems approach to 
cardiovascular health by holistically understanding 
the influences and determinants of the exposome. 
Stakeholders from the medical, policy, and agricultural 
spheres must collaborate to effectively leverage shared 
priorities.
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