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Purpose of Review: The relationship between cardiovascular health and diet is evolving. Lifestyle modifications including diet
changes are the primary approach in managing cardiometabolic risk factors. Thus, understanding different diets and their impact on
cardiovascular health is important in guiding primary and secondary prevention of cardiovascular disease (CVD). Yet, there are many
barriers and limitations to adopting a heart healthy diet.

Recent Findings: Diets rich in fruits, vegetables, legumes, whole grains, and lean protein sources, with minimization/avoidance of
processed foods, trans-fats, and sugar sweetened beverages, are recommended by prevention guidelines. The Mediterranean, DASH,
and plant-based diets have all proven cardioprotective in varying degrees and are endorsed by professional healthcare societies, while
other emerging diets such as the ketogenic diet and intermittent fasting require more long-term study. The effects of diet on the gut
microbiome and on cardiovascular health have opened a new path for precision medicine to improve cardiometabolic risk factors. The
effects of certain dietary metabolites, such as trimethylamine N-oxide, on cardiometabolic risk factors, along with the changes in the
gut microbiome diversity and gene pathways in relation to CVD management, are being explored.

Summary: In this review, we provide a comprehensive up-to-date overview on established and emerging diets in cardiovascular
health. We discuss the effectiveness of various diets and most importantly the approaches to nutritional counseling where traditional
and non-traditional approaches are being practiced, helping patients adopt heart healthy diets. We address the limitations to adopting
a heart healthy diet regarding food insecurity, poor access, and socioeconomic burden. Lastly, we discuss the need for
a multidisciplinary team-based approach, including the role of a nutrition specialist, in implementing culturally-tailored dietary
recommendations. Understanding the limitations and finding ways to overcome the barriers in implementing heart-healthy diets will
take us miles in the path to CVD prevention and management.
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Plain Language Summary

The Mediterranean, DASH, and plant-based diets remain the leading heart healthy diets that match cardiology professional society
recommendations. Emerging diets like the ketogenic diet and intermittent fasting are effective weight loss diets with unknown heart
protective benefits, and require further studies on whether the benefits outweigh the risks. Adopting a heart-healthy diet is
a foundational component for cardiovascular disease prevention, but barriers and limitations to adopting heart healthy diets exist
and need to be assessed as part of cardiovascular risk assessment.

Introduction

Despite the advances in medical management and evidence-supported dietary interventions for improved heart health,
cardiovascular disease (CVD) remains the leading cause of death in the United States.' Over time, various diets have
been studied for their effectiveness in CVD prevention.” One of the earliest epidemiological studies investigating the link
between diet and CVD was the Seven Countries Study led by Ancel Keys between 1958 and 1964, which demonstrated
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that the myocardial infarction (MI) rate was lower in countries where fruits, vegetables, grains, beans, and fish formed
the major part of the diet.>* The INTERHEART Study then showed that 90% of MIs were due to preventable factors,
with daily consumption of fruits and vegetables, along with regular physical activity, being associated with a 40%
reduction in MI [Odds Ratio (OR)=0.60 (95% CI=0.51-0.71)].> The Prospective Urban Rural Epidemiology (PURE)
study conducted in over 130,000 individuals from 18 countries demonstrated that diets rich in fruits, vegetables, and
legumes were associated with 19% lower risk of all-cause mortality [Hazard Ratio (HR)=0.81 (95% CI=0.68—0.96)] over
7-years of follow-up.®

Lifestyle changes, including a heart-healthy diet, are the foundation of all CVD prevention guidelines.” '® The main
cardiometabolic risk factors are diabetes, hypertension, dyslipidemia, and excess abdominal fat, which are all affected by
dietary changes.'' Unfortunately, there has been a worsening trend in CVD risk factors globally.'* In the United States,
the prevalence of type 2 diabetes (T2D) is 37 million adults, or 11% of the adult population, but an estimated 88 million
US adults have prediabetes.'® Globally, in 2021, 537 million individuals were affected by T2D, corresponding to 10.5%
of the world’s population.'* On a similar trend, the prevalence of controlled blood pressure, which had improved between
1999-2008, did not significantly change from 20072014, and then decreased after 2014."> Globally, between 1975 and
2016, the prevalence of obesity [defined in this study as a Body Mass Index (BMI) >25 kg/m?)] has tripled in adults.'® In
the US in 2017-2018, the age-adjusted prevalence of obesity (BMI >30 kg/m?) among adults was 42% and severe
obesity (BMI >40 kg/m?) was 9%.'” Increased visceral adiposity is a main driver of excess cardiometabolic risk, and
increased abdominal waist circumference has become a CVD risk marker by itself.'®

Lifestyle modifications from exercise and dietary interventions have been well studied and proven effective toward
CVD prevention and management. A healthy diet is one of the American Heart Association (AHA)’s “Life’s Essential 8”
cardiovascular health metrics, which also include favorable levels of physical activity, sleep, nicotine exposure, BMI,
blood lipids, blood glucose, and blood pressure.'® However, <1% of US adults met “ideal” criteria for the AHA’s healthy
diet metric in 2013-2014.%°

Diets rich in fruits, vegetables, legumes, whole grains, and lean protein sources, with minimization/avoidance of
processed foods, trans-fats, and sugar sweetened beverages, are recommended by prevention guidelines. The
Mediterranean, the Dietary Approaches to Stop Hypertension (DASH), and plant-based diets all have proven cardiopro-
tective in varying degrees and are endorsed by professional healthcare societies, while other emerging diets such as the
ketogenic diet and intermittent fasting require more long-term study. The effects of diet on the gut microbiome and on
cardiovascular health have opened a new path for precision medicine to improve cardiometabolic risk factors. The effects
of certain dietary metabolites, such as trimethylamine N-oxide (TMAO), on cardiometabolic risk factors, along with the
changes in the gut microbiome diversity and gene pathways in relation to CVD management, are being explored.

In this review, we will provide a comprehensive up-to-date overview on established and emerging diets for
cardiovascular health and CVD prevention. We will address the limitations to adopting a heart healthy diet from food
insecurity, poor access, and socioeconomic burden. Lastly, we will discuss the need for additional nutritional education in
health professional schools, and the importance of a multidisciplinary team to partner with patients to improve their
nutritional knowledge and self-efficacy in adopting heart healthy diets.

Established Heart Healthy Diets
Three major dietary patterns (the Mediterranean diet, the DASH diet, and the healthy plant-based diet) (Figure 1) have
the most evidence for CVD prevention and are described below.

The Mediterranean Diet

The Mediterranean diet, which was inspired by the eating habits of countries that border the Mediterranean sea (ie, Spain,
Italy, and Southern Greece) is one that is rich in whole-grains, leafy green vegetables, fruits, legumes, unsalted nuts,
herbs, spices, and extra virgin olive oil (EVOO), with a moderate intake of lean proteins such as fish and poultry,
moderate alcohol consumption, and limited intake of red meat and sweets. By its very nature, the Mediterranean diet
limits or eliminates many of the culprits in the standard American diet that drive CVD — saturated fat, highly processed
refined grains and sugars, and red meat.>'*?' The Mediterranean diet differs from other dietary patterns as there is
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MEDITERRANEAN DIET

Poly and Mono-Unsaturated fats from
EVOO, nuts, and fish reduces
inflammation and are effective in
secondary prevention

DASH DIET

Emphasis on low
salt to help
reduce blood
pressure

PLANT-BASED DIET

avoids animal based
products which reduces
atherosclerosis and
improves microbiome
diversity

Figure | The Heart Healthy Dietary Patterns: Mediterranean Diet, DASH Diet, and Healthy Plant-Based Diet.

a greater emphasis on EVOO, nuts, reduced dairy consumption, and eating with family.”> The Mediterranean diet has
been found to be favorable as a food pattern, rather than single nutrient supplementation, as it inherently provides anti-
oxidants, reduces inflammation of the vascular wall, modulates pro-atherogenic genes, alters gut microbiome, and
improves lipid panels by decreasing low density lipoprotein cholesterol (LDL-C) and raising high density lipoprotein
cholesterol (HDL-C).?'*7%

Nutritional genomic studies show that greater adherence to a Mediterranean diet blunt the development of an adverse
cardiometabolic phenotype in genetically susceptible individuals, with interactions between the Mediterranean diet and
polymorphisms of the cyclooxygenase-2, interleukin-6, apolipoprotein A2, cholesteryl ester transfer protein plasma, and
transcription factor 7-like 2 genes.”® One study found that the Mediterranean diet plus EVOO prevented increases in
levels of pro-atherothrombotic genes such as Cox-2, low-density lipoprotein receptor-related protein, and monocyte
chemoattractant protein 1 expression compared to a control diet.?’

As mentioned above, the benefits of the Mediterranean diet were first appreciated in the Seven Countries Study
(Yugoslavia, Italy, Greece, Finland, the Netherlands, Japan, and the US), led by Ancel Keys in 1958, who found there
was a higher rate of mortality from coronary heart disease (CHD) in men from the US and Northern Europe in
comparison to regions in Southern Europe.’?® The countries in southern Europe had higher consumption of olive oil,
fruits, vegetables and fish, and lower consumption of meat and animal fats, in comparison to populations in the US and
Northern Europe. These populations were also found to be leaner and had active lifestyles, a stark contrast from the US
and Northern Europe populations who were mainly sedentary.”® Prospective observational studies also found similar
correlations, where persons living in Greece who reported higher adherence to the Mediterranean dietary pattern (per 2
point increment in Mediterranean diet score) were found to have a significantly lower risk of CHD death with an adjusted
HR of 0.67 (95% CI=0.47-0.94) over an average of 44 months.?’ In another cohort of 15,482 patients who had stable
CHD, higher adherence to a Mediterranean-style diet (per 1 unit increase in scores above 12) was independently
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associated with a 5% reduction in cardiovascular events over 3.7 years (HR=0.95; 95% CI=0.91-0.98).>° Closer
adherence to a Mediterranean-style diet has also been shown to be associated with a lower risk of preeclampsia.*!

Randomized controlled trials (RCTs) followed these epidemiological studies and have demonstrated the cardiovas-
cular benefits of the Mediterranean style diet. The Lyon Diet Heart Study was a RCT that assessed whether the
Mediterranean diet was beneficial in the secondary prevention of CVD among patients after a first MI.>? The authors
found a greater than 70% reduction in recurrent non-fatal MI and greater than 50% reduction in mortality in the group
adhering to the Mediterranean diet, compared to a prudent diet control group, over a 4-year period.>*

The Prevencion con Dieta Mediterranea (PREDIMED) trial was a RCT that aimed to assess the role of the
Mediterranean diet for the primary prevention of CVD among 7,447 patients at elevated cardiovascular risk.>*
Participants were randomized to one of three diets: the Mediterranean diet with higher amounts of EVOO, the
Mediterranean diet with higher amounts of nuts, or a standard diet that was low in fat, with dietary guidance.** After
4.8 years, there was approximately a 30% reduction in MI, stroke, or CVD death among those consuming the
Mediterranean diet with EVOO (HR=0.69; 95% CI=0.53-0.91) as well as in the group consuming the Mediterranean
diet with nuts (HR=0.72; 95% CI=0.54-0.95), compared to the low-fat diet.** Risk factors for CVD were also shown to
benefit with Mediterranean diet intervention, with the incidence of diabetes being 52% lower (95% CI=27-86%) in the
two pooled Mediterranean diet groups compared to controls.*® In a biomarkers subgroup analysis, patients following the
Mediterranean diet had reduction in N-terminal pro-B-type natriuretic peptide, and those on the Mediterranean diet with
EVOO were found to have a reduction in oxidized LDL and lipoprotein(a) plasma concentrations, in comparison to those
on the low fat diet.*® Overall the PREDIMED study was one of the groundbreaking trials to show that a Mediterranean
diet rich in unsaturated fats and polyphenols can be useful for primary CVD prevention.

Further research has been done to understand why the Mediterranean diet is so valuable in reducing CVD risk. One
meta-analysis of observational epidemiologic studies evaluated whether EVOO itself shows benefit in CVD.?’
Researchers found that a higher consumption of fats from EVOO had a reduced relative risk (RR) of 0.85 (95%
CI=0.77-0.93) for CVD and of 0.83 (95% CI=0.77-0.90) for all-cause mortality. The researchers believed that the anti-
inflammatory and antioxidant effects play a role through its abundance of phenolic compounds and vitamin E with the
addition of substituting saturated fats from the diet with monounsaturated and polyunsaturated fats.>’ Additionally, the
anti-inflammatory properties of EVOO play a role in reducing platelet aggregation.>' The emphasis of high fiber foods,
such as whole grains and vegetables, in the Mediterranean-style diet provides benefit in the gut microbiome.*® With
improvement in the biodiversity of the gut microbiome (as discussed further later in this review), beneficial effects of
blood pressure control, reduction in metabolic syndrome and diabetes, lower levels of pro-atherogenic compounds, and
ultimately lower rates of CVD have been demonstrated.’® Red meat, which is minimized in the traditional Mediterranean
diet, contains the nutrient L-Carnitine, which produces the pro-atherogenic compound y-butyrobetaine (yBB) as it gets
converted to trimethylamine and TMAO by the gut microbes, both of which accelerate atherosclerosis.*® These favorable
elements of the Mediterranean dietary pattern are further enhanced by the emphasis of physical activity, which has shown
to improve cardiometabolic health and reduce CVD.?!

The DASH Diet

The DASH diet was created in 1997 by the National Heart Lung and Blood Institute to prevent and treat hypertension,
a known risk factor for CVD.*' The DASH diet is rich in fruits and vegetables, low-fat dairy, whole grain, poultry, fish,
nuts, and seeds, while limiting fatty meats, sweets, sugar sweetened beverages, and full-fat dairy plroducts.42 The standard
DASH diet restricts salt consumption to 2,300 mg per day. It meets the Dietary Guidelines for Americans’ recommenda-
tion of limiting daily salt consumption to less than 2,300 mg. A reduced-sodium version of DASH limits sodium intake to
1,500 mg per day. Significant reduction in cardiometabolic risk is seen with the DASH diet by lowering blood pressure,
total cholesterol, and LDL-C, all of which are significant risk factors which are accounted for in the atherosclerotic CVD
(ASCVD) risk score and eventually leads to improvement in cardiac function and decreased incidence of diabetes.** ¢
One of the main key elements of the DASH diet in lowering blood pressure is the sodium restriction in comparison to

other diets.*!4>4¢
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A DASH diet has been shown to reduce blood pressure in persons with or without hypertension, where in an RCT, the
DASH diet reduced blood pressure by 5-6 mmHg systolic and 3 mmHg diastolic, while also lowering LDL-C by 11 mg/
dL.*' In observational data, a DASH-style dietary pattern has also been associated with a lower risk of CVD, heart
failure, and diabetes.*’*® In the Dietary Intervention to Stop Coronary Atherosclerosis in Computed Tomography
(DISCO) RCT, 92 individuals, 41% women, with non-obstructive coronary atherosclerosis were randomized to either
DASH diet with optimal medical therapy or control group of just optimal medical treatment.*’ At a mean of just 67
weeks, a significant reduction in noncalcified plaque in the DASH diet intervention group was found in comparison to the

medical treatment alone group.*’

The Healthy Plant-Based Diet

A healthy plant-based diet has been shown to be associated with lower cardiovascular risk.’® > Plant-based diets, a diet
consistently of predominantly plants, can be diverse in content, patterns, and even have subsets. The subsets branch into
vegetarian (which excludes meat, poultry, seafood, and fish) and vegan (in which all animal food and their products are
eliminated from the diet). Other plant-based diet subsets include lacto-vegetarians, who consume dairy products, lacto-ovo-
vegetarians, who consume dairy and eggs, pesco-vegetarians or pescatarians, who consume fish, dairy, and eggs, and lastly,
semi-vegetarians, who exclude red meats, possibly poultry as well.

These diets are assessed based on the vegetable content of the diet, but do not necessarily account for the sugar, fat,
and sodium content, which can decrease the cardioprotective nature of a plant-based diet.”' Indeed, unhealthy plant-based
diets (such as those higher in refined grains, potatoes/fries, juices/sweetened beverages, sweets) may have similar CVD
risk as animal-based diets.’' The main foundation of a healthy plant-based diet is the whole grains, fruits, vegetables,
nuts, and legumes with the low frequency and content of animal food. It has low energy density, with low saturated fats
and high fiber content, which triggers early satiety cues and helps with digestion by delaying gastric emptying, with
moderate insulinemic and glycemic responses.’®>’ Furthermore, studies have shown improved lipid profiles in indivi-
duals who follow a plant-based diet due to increased fiber intake, as fat absorption decreases overall.”®

Many studies examined this type of diet from different aspects using a pro-vegetarian diet score, which assigns higher
scores to plant foods and negative scores to animal foods, or a similar plant-based diet index. In the PREDIMED trial in
Spain, vegetarian diets were associated with lower cardiovascular mortality (HR=0.47; 95% CI=0.21-1.04 for highest
quintile compared to lowest; p-trend=0.039 across quintiles).”® In two combined observational cohorts of more than
200,000 male and female health professionals in the US, a higher plant-based diet index was inversely associated with
incidence of CVD (HR comparing extreme deciles: 0.92; 95% CI=0.83—-1.01; p-trend=0.003 across deciles),
a relationship which was stronger for a healthy plant-based diet index (HR 0.75; 95% CI=0.68-0.83; p-trend<0.001).>"!
In another cohort of young and middle-aged adults from the Coronary Artery Risk Development in Young Adults
(CARDIA) cohort followed for nearly 32 years, the highest vs lowest quintile of plant-based diet score (time-averaged)
was associated with a 52% reduction in incident CVD (HR=0.48; 95% CI=0.28-0.81).%°

Furthermore, plant-based diets have low processed meat content or none. Preservatives found in processed meats such as
nitrates and sodium contribute to blood pressure elevation, impaired insulin response, and endothelial dysfunction.®! Substantial
reductions in cardiometabolic modifiable risk factors, such as blood pressure, LDL-C, blood glucose levels, inflammatory
markers, and unhealthy weight patterns, even with similar caloric intake, were seen in plant-based diets in comparison to
omnivorous diets.>*'®* Thus, this type of diet has a great potential in CVD prevention. However, this diet tends to have lower
vitamin B12, vitamin D, calcium, zinc, protein, and retinol in comparison to omnivorous diets; for example, those following

a vegan diet may require additional supplementation with vitamin B12.%

Reconciling the Healthy Diet Patterns and the Importance of Minimally Processed
Food

The Mediterranean, DASH, and healthy plant-based diets have more similarities than differences. Each of these diets
emphasize fruits, vegetables, legumes, nuts, and whole grains. Diets rich in fruits and vegetables have been shown to be
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associated with lower risk of CVD and mortality.*®> Increased whole grain consumption is also associated with lower
risk of CVD and mortality.®® Higher consumption of nuts has also been shown to be associated with lower CVD risk.®”

Eating minimally processed whole foods is an important component to all healthy diets, as consuming poor diet
quality is one of the leading contributors to cardiometabolic disease globally.®®®® Ultra-processed foods are high in
refined carbohydrates, added sugars, saturated and trans fats, sodium, and possibly artificial colors, flavors, and
preservatives, and have high energy density and glycemic load, which all contribute to increased cardiometabolic risk
factors. They also tend to be highly palatable so that individuals eat more calories in total.”® Furthermore, eating more
ultra-processed foods can result in displacement of cardioprotective foods such as fruits and vegetables. In the
Framingham Offspring Study, each additional serving a day of ultra-processed foods was associated with a 7% increased
risk of incident CVD (HR=1.07; 95% CI=1.03-1.12).”° Similarly, in another cohort from Spain, each additional serving/
day of ultra-processed food was associated with 18% higher mortality (HR=1.18; 95% CI=1.05-1.33).”" In controlled
feeding trials comparing diets that were matched for total calories, sugar, fat, fiber, and macronutrients, participants
allowed ad libitum food intake ate ~500 kcal/day on the ultra-processed diet vs an unprocessed diet, and body weight
changes were correlated with dietary differences in energy intake.”

Emerging or Controversial Diets

Additional emerging diet patterns have been studied for their impact on cardiometabolic risk; these are more contro-
versial due to conflicting data regarding their net cardiovascular health benefits or insufficient data to determine their
long-term cardiovascular benefits. Two of the more promising ones, the Keto Diet and Time-Restricted Eating (TRE), are
discussed below.

The Keto and Other Very Low Carb Diets

The ketogenic (or “keto”) diet is generally characterized by intake of very-low carbohydrate (VLC), high fat, and moderate
protein. The class ketogenic diet divided total daily energy intake to be 90% from fat, 7% from protein, and only 3% from
carbohydrates. Since that time, other formulations of the ketogenic diet have been proposed to improve compliance, as well as
other low or very low carbohydrate diets that generally follow similar patterns of high fat low carbs, but do not generate
ketosis. VLC diets have been promoted for their effects on weight loss, improvement in insulin resistance, and glycemic
control; however, the high fat diet can promote increases in LDL-C, particularly in the subset of individuals who are LDL
hyper-responders, suggestive of latent genetic dyslipidemias.”””’> This has limited the enthusiasm of many professional
medical societies from endorsing its use.”*”>

The ketogenic diet emerged in the early 1920s as an anti-seizure intervention, but with medical innovation and the
development of effective anti-seizure medication, the ketogenic diet is no longer used for management of epilepsy.’®
Throughout time the ketogenic diet has been revisited by many nutritionists and scientists to explore the ketosis state of the
body. It has been found that antioxidants and anti-inflammatory functions of genes were activated by the beta-hydroxybutyrate
(BHB) metabolite product of ketosis.”” BHB has been found to reduce reactive oxygen species production mainly by
activating the nuclear factor erythroid-derived 2-related factor 2 (Nrf2) which is the major inducer of detoxification genes.
Furthermore, it is an endogenous inhibitor of class I and class Ila histone deacetylases which upregulates the transcription of
detoxifying genes including catalase, mitochondrial superoxide dismutase and metallothionein 2.”” In an open label non-
randomized control study of the nutritional ketosis state of patients with T2D, reductions in diabetes medication use,
hemoglobin Alc (HbAlc), and overall weight were seen after 1 year, while patients were being supported in a continuous
care model.”® Individuals with insulin resistance or diabetes cannot properly metabolize glucose in the blood, which makes
excess carbohydrates intake unfavorable in terms of glycemic control, and as such, following a VLC diet helps improve
glycemic control and HbA lc.””*® Other studies evaluating VLC diets in the management of obesity found it more effective
than low fat diets in improvement in cardiometabolic risk factors.**** Furthermore, increased satiety due to the high fat and
protein content and possible effects of the ketones on the appetite was found in individuals following a ketogenic diet.**

On the other hand, some of the adverse effects that limit adoption of the ketogenic diet are the increase in total
cholesterol, LDL-C, non-HDL cholesterol, triglycerides, and total apoB, all of which increase the risk of CVD.73:74:82.85.86
The effect of a ketogenic diet on LDL-C is inconsistent,*® but some patients can have a very dramatic increase in LDL-C in
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response. This dramatic increase in LDL-C levels can possibly exacerbate development of hyperlipidemia if an underlying
genetic predisposition is present.®” Furthermore,a recent meta-analysis found the ketogenic diet conferred unfavorable
effects on LDL-C, apoB, and total cholesterol in normal weight adults.*® The potential deleterious effect on lipids needs to
be considered carefully before initiating a ketogenic diet, especially for individuals at elevated CVD risk such as those with
T2D, and lipid levels should be monitored in patients following a ketogenic diet. Theoretically, a plant-based, ketogenic diet
that is low in saturated fats may limit these adverse consequences, but there are no trials examining this. Long-term data of
the efficacy and safety of ketogenic diets are still lacking.

Intermittent Fasting/Intermittent Energy Restrictions

Intermittent fasting (IF) (also known as intermittent energy restriction) diets have different forms and patterns with three
general goals: prolonged periods of fasting prompting a state of ketosis, decreasing oxidative stress, and feeding and
circadian rhythm synchronization.® The IF strategy holds promise for cardiovascular health, but the evidence is still
limited, and lacking long-term studies.’®® A recent systematic review of RCTs studied the cardiovascular health
benefits of IF in comparison to continuous calories restriction; although IF was found to be more effective in weight
loss, it was not clinically significant in reduction of cardiometabolic risk factors.”® Benefits on the molecular and cellular
level of improved mitochondrial health, DNA repair, autophagy, and promotion of stem cell-based regeneration were
found in laboratory mice.”* Reducing oxidative stress is thought to decrease mitochondrial energy production and in
return free radical production leading to reduced overall inflammation.”® Alternatively, the reduction in weight and,
hence, cardiometabolic risk factors with IF type diets may simply be the result of fewer total calories consumed given the
reduced/restricted hours of feeding.

There are two main patterns of IF: alternate day fasting (ADF) and time restricted eating (TRE). TRE limits consumption
of calories to a certain window of time each day, usually a 6-10 hour period. The ADF pattern is having a fast day followed by
a feast day. A systemic review and meta-analysis on whether ADF helps with weight loss found the cumulative evidence
suggests that ADF does reduce weight, BMI, and total cholesterol.”® However, the studies were of short duration (<6 months
long). In an RCT studying the effects of ADF in comparison to a calorie restricted diet or control diet on cardiometabolic risk
factors, during a 1 year follow-up period of 6 months weight loss and 6 months maintenance, it was found that ADF was not
superior to calories restriction in weight loss, weight maintenance, and reduction of cardiometabolic risk factors.”’

Regarding TRE, in a study of 139 individuals with unhealthy weight, no significant weight loss difference was found between
individuals who adopted TRE with calorie restriction of 1,500 to 1,900 calories in comparison to calorie restriction alone (net
difference=—1.8 kg; 95% CI=4.0 to 0.4; P=0.1 1).98 On the other hand, several studies have shown that TRE from a 6 to 10 hours
window was effective in weight loss, cardiometabolic health enhancement, while maintaining muscle mass.””'°" In one recent
study of firefighters who have a shift-work occupation, researchers demonstrated that a 10-hour/day TRE window was feasible
with improvement in cardiometabolic risk factors over 12 weeks compared to a standard feeding pattern.'%?

Another pattern of TRE is one that is focused on aligning diet with the circadian rhythm with the aim to improve insulin
sensitivity and weight loss.'” Having feeding in sync with the circadian rhythm is hypothesized to optimize energy
metabolism with the active and inactive phases of the circadian rhythm. Studies have shown that when the circadian rhythm
is set (whether it be nocturnal or diurnal), TRE during the active phase has more health benefits and improved glucose
tolerance with lower insulin levels needed.'® For example, for a nocturnal rhythm, the active phase would be the dark time.

The Gut Microbiome and Heart Health

Lifestyle modifications of diet and exercise have been discussed extensively, but the relationship between cardiometa-
bolic risk factors and the gut microbiome (the heart—gut axis) (Figure 2) is an emerging area of study.’”'® The gut
microbiome is affected by dietary intake, antimicrobials, pre-and pro-biotics, and fecal microbial transplant, with
potential impact on cardiovascular risk factors. For example, probiotics use has shown benefits in mild reduction in
blood pressure, blood glucose, and TMAO levels.'* Higher fiber intake is associated with increased diversity of the gut
microbiota,®® and a higher fiber diet is associated with lower risk of hypertension and CVD.'"’

Individuals with hypertension were found to have altered microbial gut structure, function, and interaction.'®® While the
autonomic nervous system plays a key role in regulating blood pressure, derangements in the gut microbiome triggers the
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Figure 2 The Heart—Gut axis (the role of the Gut Microbiome in Cardiovascular Health).

release of inflammatory mediators and metabolites leading to neuroinflammation and increased blood pressure in return.'®
Furthermore, in resistant hypertension, researchers have found altered microbial pathways and metabolites that may drive the
increase in blood pressure and be potential targets for new therapeutic approaches in hypertension management.''
Additionally, certain dietary metabolites, such as TMAQ, that are found in red meat, poultry, and fish, have been associated
with increased risk of CVD.""! TMAO have been linked to kidney fibrosis and loss of function, heart failure, atherosclerosis,
and vascular inflammation, as well as thrombosis through platelet hyper-responsiveness.*"!'!'? One of the dietary protein
metabolites of the gut microbiota is phenylacetic acid, which is metabolized by the liver and converted to phenylacetylglu-
tamine that activates adrenergic receptors and in return increases platelets responsiveness and aggregation.''> Understanding
the pathways and interactions of the gut microbiome with diet and medication will help direct precision medicine in CVD

management to have specific dietary recommendations, and possibly microbiome targeted therapies.

Cardiology Professional Society Recommendations

The AHA dietary guidance statement to promote cardiometabolic health was most recently released in 202 Diet recommen-
dations were also included in the 2019 American College of Cardiology (ACC)/AHA Primary Prevention of CVD Guideline.’
These guidelines recognize that sedentary lifestyle and increased caloric intake has led to increased excess body weight, which is

1.113

a modifiable cardiometabolic risk factor. Thus, adjusting energy intake and expenditure to achieve and maintain a healthy body

weight was the first recommendation in the dietary guidance.'"® These guidelines recognize the importance of healthy dietary

patterns, rather than focusing on individual foods or nutrients, and recommend healthy nutrition to begin early in life.'"?

Additionally the AHA statement recommends eating plenty and a variety of colorful fruits and vegetables;''” «

eating
the rainbow” is one such approach.''* Leafy green vegetables, other vegetables, whole fruits rather than juice, and

legumes can be consumed in all forms such as fresh, frozen, or dried, although canned fruit which often contains added
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syrups should be avoided.''> The guidelines also recommend choosing whole grain foods and products over refined
grains. Whole grains, or products made with 51% whole grains, are rich in fiber which help support healthy weight
patterns, improve digestion, and decrease absorption of cholesterol and associated with lower CVD risk.””'%’

The AHA statement also recommends eating healthy sources of protein, predominantly plant-based such as legumes
and nuts.''® Non-fried fish and seafood intake is recommended given the high omega-3 fatty acid content, especially
when it substitutes animal sources of red and processed meat or full-fat dairy products, with ~2 to 3 servings per week of
fish being associated with lower CVD incidences.''*"''® Other sources of protein include the low-fat or fat-free dairy

products which have been shown to have neutral or beneficial effects on CVD risk.''*"!"’

If poultry or meat is desired, the
AHA guidelines recommend eating lean and unprocessed forms. Several studies showed increased CVD and mortality
incidence with increased intake of red meats.!'® 2! Increased saturated fats, heme iron content, and l-carnitine
metabolites such as TMAO from red meat contribute to atherosclerosis.'*!-'**

The AHA statement recommends using liquid plant oils instead of tropical oils or partially hydrogenated fats.''*> The
benefits of EVOO, which is high in monounsaturated fat, was reviewed in the Mediterranean diet section. Dietary
unsaturated fats, that are found in liquid plant oils such as soybean, corn, safflower and sunflower oils, walnuts, and flax
seeds have shown cardiovascular health benefits of reducing LDL-C and total cholesterol levels.'** On the other hand,
tropical oils like coconut and palm oils, animal fats like butter and lard, as well as hydrogenated fats raise LDL-C and
total cholesterol levels.'?*'*> Another source of healthy fats is intake of fish that is rich in omega-3 fatty acids, which
may have benefits on triglycerides and overall CVD risk, although little effect on LDL-C.'*

There had been some conflicting studies about whether linoleic acid (LA), which is found in vegetable oils such as corn,
sunflower, and soybean oils, has a harmful effect on cancer and cardiovascular risk. However the purported pro-inflammatory
effects of LA and other omega-6 fatty acids have not been conclusively confirmed, with even some studies showing
a reduction in inflammation.'*® Furthermore, a meta-analysis found higher intakes of LA to be associated with lower (not
higher) risk of CVD'?” and, along with other evidence, an author of a review concluded that LA intake within the range
recommended by AHA has no harms associated with it.'*® Another more recent systematic review confirmed the reduction in
CHD, CVD, and all-cause mortality with LA, but a slight increased risk in cancer mortality was noted (RR=1.06; 95%
CI=1.02-1.11)."%° Other meta-analyses have not confirmed an excess cancer risk with higher LA intake.'*° Laboratory studies
suggest, at higher thresholds, LA does not have tumor-promoting effects and may even be beneficial.'*'*'*? Although a small
increase risk in cancer cannot be definitely excluded, there is not sufficient evidence that higher intake of LA substantially

increases risk for breast, colorectal, or prostate cancer risk and, thus, should not be specifically avoided.'*?

The ACC/AHA prevention guidelines discussed reducing added sugars and minimizing sugar-sweetened beverages,”''?
as added sugars have been associated with increased risk of T2D, obesity, and CVD.'**'** Additionally, the AHA guidance is
to choose or prepare foods with little or no added salt, and to choose minimally processed foods instead of ultra-processed
foods.”!"* As for alcohol intake, the guidelines do not support initiation of alcohol intake for cardio-protection, and to limit

113

alcohol if one does choose to drink.” "~ Although moderate alcohol intake of 1-2 glasses per day has been associated with low

risk of CHD and ischemic stroke,'*® the evidence behind this is not strong,'*> and some data suggest any alcohol intake, even

one glass, is associated with increased risk of atrial fibrillation.'*

Approaches to Nutrition Counseling in CV Health

With the vast number of dietary behaviors proven to benefit cardiovascular health, implementation of these patterns can
be cumbersome. Studies show that, despite ~80% of CVDs being preventable by adopting a healthier lifestyle, healthy
eating behaviors are low, and there are numerous barriers to implementing these recommendations. Healthcare profes-
sionals have adopted multiple methods, such as nutrition counseling, culinary medicine, food pharmacies, and inpatient
nutrition, all of which have been evaluated as effective means to implement dietary changes to patients.'>’'*° Nutrition
counseling through cognitive or behavioral theory has been shown to be most effective in dietary behaviors, weight, and
cardiovascular risk factors as it is a supportive process that helps set priorities, establish goals, and create an
individualized plan."*®'*® Motivational interviews modeled through behavioral theory, with self-monitoring, meal
replacements, and/or meal plans help create a method of self-care. Client-centered counseling techniques in the long-
term have been shown to be beneficial in effective chronic disease prevention where one study showed improvement in
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blood pressure and salt intake.'**'** As nutrition counseling by a dietitian is shown to be beneficial, group counseling is
a modality that takes the elements of individual nutrition counseling into a larger population through group therapy or
culinary medicine.'*”'%®

Culinary medicine is an evidence-based approach to healthy eating where there is an emphasis on health promotion
and illness management through dietary regimens.'*! Food pharmacies are designed to increase public access to fruits
and vegetables and fully integrate the concept of “food is medicine” into health care systems.'** These centers address
financial barriers, knowledge gaps regarding healthy eating, and cooking skills by prescribing fruits and vegetables to
patients. Community outreach programs have been successful in dietary changes through education, group counseling,
and culinary medicine."*® One such outreach program, “Shop With Your Doc”, has been shown to help implement
positive dietary changes by patients gaining knowledge on how to read nutrition labels, read ingredients, and how to
choose fresh produce.'** Using surveys, one study found that there was an improvement in fresh vegetable consumption
and less waste after produce allocation and educational intervention in low income populations.'** Using the skills from
nutrition counseling and applying them to an interactive community model, where patients can gain skills and apply them
to their daily routines, may help implement larger scale changes.'*!:14144

The outpatient and community programs may offer guidance from a physician, dietitian, and a health coach to assist in not
only improved diet, but also improve lifestyle with exercise programs with stress management techniques. Similarly, inpatient
dietary guidance can be a method to implement the importance of nutrition when patients may be amenable to lifestyle
changes."**'* Studies support that patients are most vulnerable to lifestyle changes after a life altering event, such as an
ML "¢ In response to the data supporting the importance of nutrition in treating and preventing CVD, there has been greater
pressure from hospital institutions in providing nutritious meals to inpatients.">® Public policies, such as the Healthy Food in
Health Care initiative, have been placed to assist hospitals in obtaining local produce and reducing meat products on the menu to
improve patient nutrition and decrease environmental impact.'*’

dietary behaviors needs to be further studied.

Despite these efforts to improve hospital menus, the effect on

Limitations and Disparities to Implementing Dietary Changes
There are many challenges, but also many opportunities, to implementing healthy heart eating patterns (Figure 3).

Some of the main challenges and barriers to behavior or diet change have to do with the compatibility of regimen with
patient lifestyles, including social and cultural factors of socioeconomic status, lack of social support, and certain cultural
values, all of which have to be taken into consideration when recommending dietary changes. All diet recommendations need
to be considered in the context of social determinants of health and societal barriers that drive health inequities.'** "'
Underserved populations, ethnic minorities, gender, and sexual minorities have been found to have a higher incidence of CVD
and suffer from greater mortality.'*'*'>* These same groups are also faced with social barriers that make it difficult to adhere to
preferable dietary patterns to improve their cardiovascular health. Additionally, individuals of lower income have been shown
to be less likely counseled on diet modifications for CVD prevention in a representative US sample.'>

“Food deserts” (or grocery areas that lack fresh produce), “food swamps” (with excess of ultra-processed poor quality foods),
and food insecurity all are contributors to obesity and chronic disease.'**'>*!>> Recent studies have shown that food insecurity is
a growing problem in the United States.'>® As a result of the COVID-19 pandemic, food insecurity has tripled, with an even
higher prevalence among US adults with an income below the poverty level.'>® In comparison to high and middle income
families, persons of low socioeconomic class are more likely to under consume fruits, vegetables, and whole grains and instead
consume highly processed meats and beverages.'*® The fluctuating nature of eating food insecurity causes has been found to
increase insulin resistance, increase blood pressure, and lead to poor weight management, which ultimately increase CVD
risk.'>*'% These groups of patients may also not be able to access health care or seek treatment, which could lead to undiagnosed
cardiovascular risk factors; this trend has been seen in gender and sexual minorities.'>* Food insecurity thus may pose as a strong
barrier to adhering to lifestyle interventions, thus social and political support to provide access is needed.

Opportunities remain for improvement. Community engagement, such as through faith-based organizations, has been
demonstrated to be successful at promoting fruit and vegetable consumption, along with other preventive strategies.'”’
Culturally relevant and language appropriate resources are needed to assist patients from diverse backgrounds in making

healthier choices. Family meals eaten together can be an important factor for cardiovascular health promotion, especially
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Figure 3 Challenges and Opportunities for Implementing a Heart Healthy Diet.

with parental modeling of healthy behaviors such as intake of vegetables and fruits; companionship at mealtimes that
establishes a positive atmosphere around meals has been associated with improved dietary quality.'®

Physicians and other healthcare professionals can be the greatest advocates for their patients and can help provide
counseling and information to access foods. However, medical schools are lacking in nutrition education and on average
provide 20 hours of nutrition education to medical students.'”® Additionally, there is little emphasis on counseling and
teaching patients about diet and how to make foods on a budget while maintaining cultural appropriateness. In recent years,
programs have been placed where students engage in community outreach and culinary medicine practices.'>’” These
programs help to improve confidence in the knowledge of nutrition and their ability to provide counseling. Improving the
nutritional education of physicians and other healthcare professionals, working as part of interdisciplinary teams, can help

improve partnerships with their patients in improving nutritional quality and dietary behaviors with the aim to reduce CVD."’

Conclusions

The AHA highlights diet as one of “Life’s Essential Eight” to help promote cardiovascular health and avoid disease. The
Mediterranean diet remains one of the most effective and recommended balanced diets for cardiovascular health
promotion, followed by the DASH diet for hypertension prevention and management, and healthy plant-based diet
with careful consideration to its sugar and salt content as well as nutrient deficiencies. Other emerging diets that are
widely adopted for weight loss like the keto or VLC diets remain controversial on whether the benefits of weight loss
outweigh potential adverse changes to the lipid profile for example, and whether IF patterns have additional
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cardiometabolic benefits beyond simply the reduction of total calorie intake. The effects of diet on the gut microbiome
and the importance of the gut-heart axis may be the future of our cardiovascular dietary recommendations where
precision nutrition guides precision prevention.
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