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ARTICLE INFO ABSTRACT
Keywords: Despite numerous advances in all areas of cardiovascular care, cardiovascular disease (CVD) is the leading cause
Nutrition of death in the United States (US). There is compelling evidence that interventions to improve diet are effective in

Cardiovascular disease prevention
Cardiovascular disease

Clinical trials

Social determinants of health

cardiovascular disease prevention. This clinical practice statement emphasizes the importance of evidence-based
dietary patterns in the prevention of atherosclerotic cardiovascular disease (ASCVD), and ASCVD risk factors,
including hyperlipidemia, hypertension, diabetes, and obesity. A diet consisting predominantly of fruits, vege-
tables, legumes, nuts, seeds, plant protein and fatty fish is optimal for the prevention of ASCVD. Consuming more
of these foods, while reducing consumption of foods with saturated fat, dietary cholesterol, salt, refined grain,
and ultra-processed food intake are the common components of a healthful dietary pattern. Dietary recom-
mendations for special populations including pediatrics, older persons, and nutrition and social determinants of
health for ASCVD prevention are discussed.

Acronyms: ACC, American college of cardiology; AHA, American heart association; ASCVD, atherosclerotic cardiovascular disease; CER, continuous energy re-
striction; CHD, coronary heart disease; CVD, cardiovascular disease; DASH, dietary approaches to stop hypertension; DHA, docosahexaenoic acid; EPA, eicosa-
pentanoic acid; EVOO, extra virgin olive oil; HDL-C, high density lipoprotein cholesterol; HR, hazards ratio; IER, intermittent energy restriction; LD, low density
lipoprotein cholesterol; MUFA, monounsaturated fatty acids; NHANES, national health and nutrition examination survey; OMT, optimal medical therapy; PUFA,
polyunsaturated fatty acids; PURE, prospective urban rural epidemiology; RCT, randomized controlled trial; SFA, saturated fatty acids; TER, timed energy restriction;
T2D, type 2 diabetes; US, United States; VD, vegetarian diet.
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1. Background

Cardiovascular disease (CVD) is the leading cause of death in the
United States (US), accounting for 868,662 deaths in 2018, with sub-
stantial health care costs, reaching 363.4 billion in 2016-2017 [1].
Concerningly, over the past decade, there has been plateau in the rate of
decline in CV mortality [1]. Despite numerous advances in all areas of
cardiovascular care, heart disease remained the leading cause of death,
even during the global viral SARS-CoV-2 pandemic [2]. Accordingly,
recent gains in control of risk factors such as smoking and lipids have
been outpaced by discouraging trends in obesity, diabetes and hyper-
tension. Estimates for US adults with obesity (body mass index > 30
kg/m?) increased from 30.5% in 1999-2000 to 42.4% in 2017-2018 [3].
Type 2 diabetes prevalence increased over this time period as well,
reaching 26 million (9.8%) US adults diagnosed, 9.4 million (3.7%)
undiagnosed, and 91.8 million (37.6%) classified as having prediabetes
in 2013-2016. Additionally, hypertension has increased from 31.8% in
1999-2000, peaking at 53.8% in 2013-2014, with a subsequent decline
to 43.7% in 2017-2018 [4]. Underlying these trends are stark disparities
in CVD incidence, mortality, and many of its risk factors, where those of
minority race/ethnicity and those with disadvantaged socioeconomic
status are disproportionately burdened [1,3,5].

Adverse lifestyle, including poor quality diet, are established risk
factors for CVD, and collectively contribute substantially to the cumu-
lative morbidity and life years lost from CVD [6]. Based on the
2013-2016 National health and nutrition examination survey
(NHANES) data, less than 10% of US adults meet the USDA dietary
guidelines for daily consumption of whole grains (>3 servings per day),
whole fruits (>2 cups per day) and non-starchy vegetables (>2.5 cups
per day) [1]. Unfortunately, the current food environment stacks the
deck against patients making and sustaining improvements in diet
quality, and various social and economic factors may strongly affect the
ability of individual patients to effectively make such lifestyle changes.
Nevertheless, there is compelling evidence that interventions to improve
diet quality and other lifestyle strategies are effective in cardiovascular
prevention. For example, the Dietary Approaches to Stop Hypertension
(DASH) -Sodium randomized feeding trial demonstrated the efficacy of
dose-response reduction in dietary sodium intake in the context of an
overall healthy diet for lowering blood pressure in adults with and
without baseline hypertension [7]. Meanwhile, poorer quality diets such
as the Southern dietary pattern — which is high in saturated fats, refined
carbohydrates and sodium, and low in potassium - underlies more
prevalent hypertension in Black adults compared to White adults and
also associated with coronary heart disease (CHD) [8].

The Diabetes Prevention Program trial randomized participants with
prediabetes to an intensive physical activity and diet weight loss pro-
gram vs. no intervention; lifestyle improvement reduced progression to
type 2 diabetes by 58% over 2.8 years follow-up [9]. Further, a ran-
domized trial among high risk Spanish older adults tested the effects of
Mediterranean vs. low-fat control diet advice and observed a 30%
reduction in atherosclerotic cardiovascular disease (ASCVD) risk [10].
Mechanisms for individual diet and lifestyle factors, or their collective
influence, on ASCVD risk are complex, including but not limited to
improvements in lipids, blood pressure, carbohydrate metabolism, body

American Journal of Preventive Cardiology 10 (2022) 100323

weight and composition, inflammation, oxidative stress, and endothelial
function. Although it is often difficult to disentangle the precise down-
stream mechanisms by which behaviors and environmental exposures
impact the development and progression of ASCVD, this does not pre-
clude the need for clinical recommendations and guidelines for adopting
optimal lifestyle factors for lifelong ASCVD prevention [11].

The purpose of this clinical practice statement is to provide an
overview of the nutritional approaches to ASCVD prevention. This paper
includes specific approaches targeting individual risk factors, consider-
ation for distinct approaches in children, and addresses potential patient
barriers to adherence related to cultural differences and social de-
terminants of health.

2. Primary and Secondary Prevention of ASCVD Using Dietary
Approaches

At a population level, 90% of the global CV risk is attributable to nine
modifiable factors: abnormal lipids, smoking, hypertension, diabetes,
abdominal obesity, psychosocial factors, low consumption of fruits,
vegetables, and alcohol, and regular physical activity) [9]. Thus, a
critical approach to prevent ASCVD is maintenance of a healthy lifestyle
throughout the life course [12]. The INTERHEART study identified low
fruit/vegetable consumption as one of the nine major modifiable factors
associated with myocardial infarction (MI) [13]. Similarly, the Pro-
spective Urban Rural Epidemiology (PURE) study observed that adults
with higher consumption of fruits, vegetables, and legumes had a lower
risk of all-cause mortality [14].

In 2019, the American college of cardiology (ACC) and American
heart association (AHA) Guideline on the primary prevention of CVD, as
well the 2021 European society of cardiology guidelines on cardiovas-
cular disease prevention in clinical practice, emphasized the consump-
tion of a plant predominant diet with a class [ recommendation [15,16].
Specifically, the guidelines also advised minimizing processed meats,
refined carbohydrates and sweetened beverages, reducing the amount of
dietary cholesterol and sodium, replacing saturated fat with mono-
unsaturated and polyunsaturated fats, and avoiding trans fats [16]. The
ACC/AHA recommendations can be met with a Mediterranean, DASH,
healthy vegetarian, and exclusively plant-based diets, as discussed
further below [17,18]. Furthermore, the 2021 Scientific Statement from
the AHA on dietary guidance to improve cardiovascular health was
consistent with previous recommendations emphasizing the importance
of a plant predominant dietary pattern, encouraging healthy sources of
protein and added a recommendation to choose minimally processed
foods instead of ultra-processed foods [19]. For both primary and sec-
ondary prevention, similar dietary patterns are recommended for
improving cardiovascular health.

2.1. Mediterranean Diet

The Mediterranean diet is inspired by the traditional eating habits of
countries such as Spain, Italy, and Southern Greece that border the
Mediterranean Sea. It emphasizes leafy green vegetables, fruits, nuts,
legumes, whole grains, extra virgin olive oil (EVOO), fish and seafood,
with only moderate consumption of poultry, eggs, and dairy, and limited
intake of red meats and sweets. It has demonstrated efficacy for both
primary and secondary CVD prevention, with a reduced risk of both
cardiovascular and all-cause mortality [10,20-22].

The Seven Countries Study was among the first to suggest car-
diometabolic benefits of the Mediterranean diet. The study recruited
men aged 40-59 years from Yugoslavia, Italy, Greece, Finland,
Netherlands, Japan, and United States, and found countries with a
Mediterranean diet style-pattern reported a lower incidence of CHD and
the highest survival rates compared with non-Mediterranean regions
[23]. This was bolstered by another large cohort study of 22,043 adults
in Greece who completed a validated, food frequency questionnaire.
Over an average 44 months of follow-up, a greater adherence to a
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traditional Mediterranean diet (per 2-point increment in Mediterranean
diet score) was associated with a 25% reduction in all-cause mortality
[Hazards Ratio (HR) 0.75 (0.64-0.87)], 33% reduction in CHD death
[HR 0.67 (0.47-0.94)], and also a 24% reduction in cancer death [HR
0.76 (0.59-0.98)] [20]. In a secondary prevention cohort of 15,482
patients with stable CHD followed for an average of 3.7 years, higher
adherence to a Mediterranean-style diet (per 1 unit increase in score
>12) was independently associated with a 5% reduction in cardiovas-
cular events in a multivariable-adjusted analysis [HR 0.95 (0.91-0.98)]
[22].

In addition to the aforementioned observational studies, there are
also randomized controlled trial (RCT) data supporting the favorable
benefits of the Mediterranean diet for CVD prevention. The Lyon Diet
Heart Study, was an RCT among a secondary prevention population that
evaluated whether the Mediterranean diet reduced the rates of recur-
rence after a first MI compared to a “prudent diet” [21]. Over a 4 year
period, post-MI patients who were randomized to the Mediterranean
diet experienced a 72% reduction in recurrent non-fatal MI and a 56%
decline in mortality compared to the control diet [21].

The Prevencién con Dieta Mediterranea (PREDIMED) study was a
primary prevention RCT that enrolled 7447 participants at high car-
diovascular risk, but with no CVD at enrollment [10]. Participants were
randomized to one of three diets, a Mediterranean diet enriched with
EVOO, a Mediterranean diet enriched with nuts, or a low fat diet and
were followed for 4.8 years. Compared to the low-fat diet, both Medi-
terranean diet patterns were associated with a reduced risk of composite
cardiovascular endpoint (MI, stroke, or CV death), with HR 0.69
(0.53-0.91) for the Mediterranean diet+EVOO and HR 0.72 (0.54-0.95)
for Mediterranean diet+nuts, predominantly driven by the reduction in
stroke [10].

2.2. The DASH Diet

The DASH diet consists of fruits, vegetables, lean protein, low-fat
dairy, and limits intake of sodium and saturated fats. It was original
proposed in the 1990’s by the National Institutes of Health as an inter-
vention to treat hypertension, and was subsequently shown to reduce
blood pressure among patients with and without hypertension. (See
section on Hypertension below for the evidence relating to the DASH
diet and its role on blood pressure).

In observational data, the DASH dietary pattern has also been asso-
ciated with decreased incidence of diabetes, CVD, and heart failure [24,
25]. In a recent RCT of 92 patients with non-obstructive coronary artery
disease identified by computed tomography angiography, participants
randomized to DASH diet plus optimal medical therapy (OMT) experi-
enced greater reduction in non-calcified plaque and less atherosclerosis
progression than those randomized to OMT alone [26].

2.3. Vegetarian and Plant-Based Diets

A healthy vegetarian diet also emphasizes intake of vegetables,
fruits, whole grains, legumes, nuts, and seeds, but substitutes meat,
seafood, and poultry with soy products or other plant-based protein
sources. Some vegetarian diets include dairy and/or eggs, while an
exclusively plant-based diet (PBD) eliminates all animal-based products.
A meta-analysis of 8 observational studies including 131,869 adults
concluded that a vegetarian diet was associated with a 30% reduction in
ischemic heart disease mortality [RR 0.70 (0.55-0.89)] compared to
non-vegetarian diet [27]. However, not all vegetarian diets are neces-
sarily beneficial and depend on what foods are chosen to replace
traditional protein sources (meat, poultry, and seafood).

In a large meta-analysis of 209,298 people eating PBD, Satija et al
compared diets made up of healthier foods (fruits, vegetables, nuts, le-
gumes, whole grains, and vegetable oils) versus less healthy foods (jui-
ces, sugar-sweetened beverages, refined grains, potatoes, and sweets)
[28]. Higher adherence to a more healthful PBD was associated with a
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25% reduction in incident CHD [HR 0.75 (0.68-0.83)]; conversely, PBD
consisting more of the unhealthy foods was associated with a 32%
increased CHD risk [HR 1.32 (1.20-1.46)] [28]. In a cross-over RCT, a
low-fat PBD lead to a greater calorie deficit and subsequently improved
body weight, lipids, and insulin sensitivity more than a Mediterranean
diet, although Mediterranean had slightly greater blood pressure
reduction [29].

2.4. Low Carbohydrate and Ketogenic Diets

Low carbohydrate diets are defined as having net dietary carbohy-
drates contribute ~10-25% of total energy intake, whereas very low
carbohydrate, ketogenic diets restrict net carbohydrate consumption to
<10% of energy intake and may also limit protein consumption because
amino acids stimulate insulin secretion and gluconeogenesis [30].
Within these macronutrient constraints, there are a wide variety of
possible dietary patterns such as different relative contributions of plant
versus animal products, non-starchy vegetables, nuts, low carbohydrate
fruit, and degree of processing. Such dietary patterns are advocated for
both potential weight loss and improved diabetes control versus higher
carbohydrate dietary patterns [31]. Nevertheless, longitudinal cohort
data indicate that the healthfulness of relatively lower carbohydrate
intake with long-term CVD risk depended on the plant vs animal sources
of non-carbohydrate calories. In other words, diets generally higher in
vegetable sources of protein and fat were related to lower CVD risk while
diets higher in animal sources were associated with higher risk [32-35].
Furthermore, some studies raise concerns about the safety of an
animal-based ketogenic diet [30,36] including occasional marked in-
creases in LDL-C [30,37]. In addition, lower carbohydrate dietary pat-
terns may limit the consumption of healthful foods, such as fruits,
unrefined whole grains, and legumes [30,36,38]. While a high-fiber
plant-predominant low carbohydrate dietary pattern with a low satu-
rated fat content may hypothetically be of benefit, further investigation
is needed. Thus, we do not suggest encouraging patients to adopt a high
saturated fat, animal-based ketogenic diet-pattern for primary preven-
tion of CVD.

2.5. Intermittent Energy Restriction

Intermittent energy restriction (IER), includes intermittent fasting (i.
e. fasting for 16-48 h) and time restricted eating (TRE) (i.e. restricting
feeding to specific windows of time each day, such as for 8-10 or fewer
hours) [39]. IER has been advocated as a weight loss/maintenance
strategy and to improve cardiometabolic health. These feeding strate-
gies may be useful for the primary prevention of CVD. However, while
supported by promising animal data and preclinical human data, IER has
largely shown no to minimal benefit above continuous energy restriction
(CER) for weight loss and for cardiometabolic health in humans,
although poor compliance in long-term trials undermines quality and
interpretation of prior studies [39-42].

In an analysis of eleven randomized studies comparing intermittent
fasting to CER, while weight loss was seen in both groups, no difference
in weight loss and minimal to no differences in a variety of car-
diometabolic parameters were found between the groups [39]. In an
RCT of TRE vs CER in 116 individuals, no difference in weight loss or
cardiometabolic parameters were found [41]. However, in a smaller
RCT with only 8 men, a 6-hour TRE period ending by 3pm versusa 12 h
feeding period was associated with improved cardiometabolic health
without a difference in weight loss [43].

While IER may be helpful for modest weight loss, IER does not
appear to have clear incremental benefit above CER for either weight
loss or for cardiometabolic health. Furthermore, we are not aware of IER
studies with hard cardiovascular outcomes.
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2.6. Challenges in Nutritional Studies for CVD Prevention

Although RCTs provide the best evidence base to shape guidelines,
RCTs are difficult to do for dietary interventions as participants are not
blinded, may not adhere to their assigned diet, and require long term
follow-up for hard ASCVD outcomes. Most of the RCTs on dietary in-
terventions have been short-term studies with surrogate endpoints such
as blood pressure, lipids, and weight change, with a few exceptions as
noted above for the Mediterranean diet. Thus, data from observational
studies with long-term follow-up for ASCVD outcomes play an important
role in informing health promotion and prevention recommendations.
Nevertheless, a methodological challenges of observational studies
include valid ascertainment of habitual long-term diet and confounding
from social and other behavioral/lifestyle determinants of CVD, poten-
tially biasing diet/outcome associations; [44-46] thus, recommenda-
tions should be based on the accumulation of evidence across a number
of research domains, incorporating their consistency, quality, validity,
and certainty of individual studies and the body of evidence overall.

3. Addressing ASCVD Risk Factors: Nutritional Approaches
3.1. Hyperlipidemia

The intake of major macronutrient groupings on serum lipid and li-
poprotein levels have been substantially investigated in controlled,
metabolic feeding trials in inpatients and in diet assignment trials in
free-living settings [47,48]. Macronutrients are typically grouped as: (1)
carbohydrate; (2) saturated fatty acids (SFAs); (3) cis monounsaturated
fatty acids (MUFAs), rich in oleic acid; (4) cis polyunsaturated fatty acids
(PUFAs), with high omega 6 linoleic acid and often accompanying
omega 3 alpha-linolenic acid; (5) protein; (6) marine source omega 3s,
rich in eicosapentanoic acid (EPA) and docosahexaenoic acid (DHA). In
addition to the macronutrients, a sizable body of randomized trial evi-
dence evaluating the relationship of other food components, including
dietary cholesterol, dietary fibers, phytosterols/stanols, and polyphenol
subclasses (e.g. isoflavones), and lipids/lipoproteins exists.

Consistent evidence across numerous meta-analyses allow for pair-
wise macronutrient comparisons and the general conclusions [48] that:
(1) SFA sources, predominantly feeding tropical oils like coconut oil,
eggs, meats, and dairy fats, increase total, and LDL-C, relative to all other
macronutrient classes; and (2) carbohydrates have relatively neutral
effects on LDL-C, though effect modification by concomitant intakes of
viscous fiber have relevant effects in decreasing LDL-C. MUFAs exhibit
similar, or slightly greater, total and LDL-C lowering effects than car-
bohydrate. Linoleic-acid-rich PUFAs exhibit the largest reductions in
total and LDL-C, with the greatest reduction in total and LDL-C resulting
when these replace SFA sources. A regression analysis of 69 metabolic
ward trials demonstrated a positive linear relationship between pre-
dicted and observed apoB based on saturated fat intake, a linear rela-
tionship between SFA intake apoB, and a consistent effect on serum
lipids and lipoproteins across the entire range of SFA intakes observed
[49]. Both MUFA and PUFA modestly lower triglycerides when replac-
ing SFA, and to a greater extent when replacing carbohydrate. Thus, the
net apoB lowering when carbohydrates replace SFA is modest, relative
to more significant decreases observed when SFA is replaced by MUFA
and PUFA.

Marine source omega 3 fatty acids found in fatty fish exhibit small
effects on serum lipids when consumed at typical nutritional doses [50,
51]. Dietary cholesterol’s effect on LDL-C is smaller in magnitude rela-
tive to changes induced by fatty acid composition and are likely
non-linear [52]. While the most robust and repeatable evidence of diet’s
effects on lipoproteins relate to the influence of macronutrient, other
components of the food matrix, as well as their supplemental forms, can
influence LDL-C. Phytosterols/stanols (~2 g/day) can lower LDL-C
significantly [53,54]. Modest effects of viscous soluble fibers on total
and LDL-C have been consistently reported with larger effects reported
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for more viscous fiber types (e.g. konjac root; psyllium) [55-57]. Dietary
polyphenols may lower LDL-C as well, though the impact of this het-
erogeneous class of chemicals has not been repeatedly investigated in
controlled studies broadly; a body of evidence exists for soy, both
enriched versus depleted for isoflavones, and soy protein replacement
studies (most commonly replacing dairy/milk proteins), point towards
modest, and heterogeneous, LDL-C lowering effects [57-59].

3.2. Hypertension

Despite pathophysiologic and therapeutic advances, hypertension
remains a leading modifiable risk factor for CVD mortality and disability
adjusted life-years in the US and worldwide [60]. In the US, the esti-
mated lifetime risk of developing hypertension after age 45 is 84-93%
[61]. This trajectory, however, may not be immutable, as dietary
modification is important or beneficial to both prevent and treat hy-
pertension [61]. In a case series from the mid-20th century, Dr. Walter
Kempner showed that hypertension could be improved with dietary
change, specifically when consuming a low sodium plant-based diet
comprised largely of fruits and whole grains [62]. Subsequently, in
1986, a small RCT found that a vegetarian diet lowered blood pressure
significantly more than an omnivorous diet and in 1988, Dr. Frank Sacks
and colleagues showed that vegetarians tended to have lower blood
pressure compared to the general population [63,64]. As such, the DASH
diet was created to have the blood pressure lowering benefits of a
vegetarian diet, yet contain enough animal products to make them
palatable to non-vegetarian [65].

The DASH diet is described above (see Dietary Approaches). Relative
to a traditional American “western diet”, the DASH diet includes more
vegetables, fruits, legumes, nuts, fiber, fish, and low-fat dairy, and less
processed and red meat, saturated fat, and sweets. In a pivotal 8-week
RCT comparing a Western diet to a DASH diet, the DASH diet lowered
systolic and diastolic blood pressure, by 5.5 mmHg and 3.0 mmHg,
more, respectively, than did the Western diet. In study participants with
hypertension, the impact of the DASH diet was greater, as systolic and
diastolic blood pressure fell by 11.4 mmHg and 5.5 mmHg, respectively
[66]. The blood pressure lowering effect of the DASH dietary pattern
was further supported by an umbrella review of systematic reviews and
meta-analyses of controlled trials, where a DASH dietary pattern led to
lower blood pressure [24].

Dietary sodium also appears to impact blood pressure [67]. Over the
course of human evolution, naturally occurring sodium was the only
dietary source, leading to an intake of ~0.5 gm/d [68,69]. Currently
however, the mean intake in the US is around 3.6 gm/d and the global
average is ~3.6gm/d to 4gm/d, with some countries nearing 10 gm/d
[70]. In 2017, a systematic analysis of the Global Burden of Disease
study noted that 3 million deaths were attributed to excess sodium
intake annually [71]. In a recent Mendelian Randomization analysis,
dietary sodium was causally associated with salt-sensitive hypertension
[72]. Furthermore, observational studies, meta-analyses, and systematic
reviews have shown a direct association between dietary sodium intake
and blood pressure [73-76]. Given this concern regarding dietary so-
dium and blood pressure, the impact of differing amounts of sodium
(low, intermediate, and high) within a DASH dietary pattern was studied
in a RCT. The lowest sodium DASH dietary group achieved the greatest
reductions in blood pressure, supporting lowering sodium intake to
achieve lower blood pressure [77]. In 2021, the U.S. Food and Drug
Administration released guidance for the food industry regarding salt
content, encouraging voluntary salt reduction goals over the next 2.5
years, with the goal to improve the health of the nation [78].

In further support of a DASH dietary pattern, large prospective
cohort studies reinforce the beneficial impact of fruit and vegetable
consumption on blood pressure, while also demonstrating an association
between greater red and processed meat consumption and higher blood
pressure [79-83]. In a recent meta-analysis of 36 randomized controlled
trails and seven crossover studies, a plant based dietary pattern
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significantly lowered systolic and diastolic blood pressure [84]. This
beneficial association of fruit and vegetable consumption on blood
pressure may be mediated, in part, by their anti-inflammatory and
antioxidant effects, vasodilation, and changes in the renin-angiotensin
and sympathetic nervous systems [85]. In addition, dietary nitrate
load appears to play a role. In a recent analysis of 53,150 participants
with 23-year follow up in the Danish Diet, Cancer, and Health Study it
was noted that the highest quintile of vegetable nitrate intake was
associated with lower systolic and diastolic blood pressure. In addition,
a moderate vegetable nitrate of ~60 mg/day (one cup of green leafy
vegetables) was associated with 15% lower risk of CVD [86]. In a recent
open-label large cluster RCT that enrolled 20,995 individuals over 60
with prior history of stroke, salt substitute high in potassium, compared
to regular salt was shown to significantly lower the rates of stroke, major
cardiovascular events, and death at a median follow up duration of 4.7
years [87]. Based on the totality of evidence and in alignment with the
ACC, the AHA and the International Society of Hypertension, the
American society for preventive cardiology (ASPC) recommends a low
sodium DASH dietary pattern, rich in fruits and vegetables, for the
prevention and treatment of hypertension [88,89].

3.3. Type 2 Diabetes and Obesity

The prevalence of obesity, defined as body mass index > 30 kg/m?
has escalated in recent decades, reaching 42.4% of US adults [90].
Globally, the incidence of diabetes increased from 11.3 million in 1990
to 22.9 million in 2017 [91], and annual US healthcare expenditures for
34 million Americans with the disease exceed $325 billion. Both obesity
and type 2 diabetes (T2D) are risk factors in the development and pro-
gression of CVD. Thus, the integration of effective and sustainable di-
etary recommendations for prevention and treatment of obesity and
diabetes is a top public health priority.

The importance of diet for prevention of both obesity and T2D is
well-demonstrated. Weight gain in adulthood is primarily due to gains in
fat mass, and accumulates gradually peaking after midlife about 1 1b/
year [92]. Modest increases in body weight, often imperceptible in the
short-term, have been associated with a number of dietary changes in
longitudinal observational studies, including increased intakes of potato
chips, fries, refined grains, processed meats, unprocessed red meats, and
sugar-sweetened beverages [92-94]. While diets high in calorically
dense ultra-processed food can cause excess energy intake and weight
gain [95]. it is important to differentiate healthful “smartly processed”
foods such as fortified plant milks, grains, and plant protein based meat
and egg substitutes, which can add nutrition value in a well-planned
dietary pattern. “Smartly processed” foods are those low in saturated
fat, refined carbohydrates and dietary cholesterol, consistent with our
guideline recommendations for reducing ASCVD risk. Increasing intake
of yogurt, fruits (not fruit juices), whole grains, legumes, fish, and nuts
have been associated with less weight gain and lower risk of developing
obesity. Other foods including cheese, milk, and artificially sweetened
beverages may not be related to gradual long-term weight change. The
macronutrient composition of the diet may also play a role in long-term
weight gain, although the role of total fat, carbohydrates, and protein
per se independent of food sources or overall diet quality, is less clear.
For example, long-term modest increases in calories from fat from ani-
mal sources, but not vegetable sources, has been associated with weight
gain [96,97]. Increasing trans fat and saturated fat at the expense of
calories from carbohydrates is also related to long-term gradual weight
gain [96,97].

In addition to weight gain prevention, diet plays a critical role in
weight loss for treatment of overweight and obesity. Experimental evi-
dence supports long-term weight loss (>12 months) is achievable with
interventions that emphasize a variety of diets and eating patterns, with
or without explicit guidance for calorie restriction [98-100].

Globally, 24.7% of deaths and 34.9% of disability-adjusted life years
due to diabetes are estimated to be attributable to poor diet [90].
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Epidemiologic studies and short-term RCTs of T2D-related intermediate
traits collectively suggest a number of dietary factors and eating patterns
are related to lower T2D risk [101]. For example, using the Alternative
Healthy Eating Index, an overall diet quality score reflecting the USDA
dietary guideline recommendations, is associated with lower T2D risk in
general cohort populations [102], as well as among high risk women
with a history of gestational diabetes mellitus [103]. Other dietary
patterns that similarly emphasize vegetables, fruits, whole grains, le-
gumes, nuts, and lean meats, while discouraging sugar-sweetened bev-
erages and red and processed meats, are also consistently associated
with lower T2D risk in observational cohorts [104].

The PREDIMED trial randomized participants to a Mediterranean
dietary pattern or low-fat control group for primary prevention of CVD
in high-risk older adults in Spain [105]. In a subgroup analysis of n =
418 participants without T2D at baseline, those randomized to the
Mediterranean diets vs. the low-fat diet had >50% reduction in T2D risk
over ~4 years follow-up. Accumulating evidence also supports
low-carbohydrate plant-based diet [34], and other food and nutrient
patterns for T2D prevention [106]. The Diabetes Prevention Program is
a landmark randomized trial that observed a 58% reduction in T2D risk
among participants receiving an intensive lifestyle program, compared
with control group receiving usual care [9]. As a result of its demon-
strated effectiveness, this curriculum has been implemented nationally
and world-wide, adapted to several languages, and is even covered by
some healthcare insurances for T2D prevention.

Despite advances in understanding and appreciation for the role of
diet in obesity and diabetes, trends in prevalence continue to escalate.
We therefore emphasize the need to maintain dedicated research efforts
to identify optimal dietary interventions and effective strategies for their
implementation

4. Vitamin Supplementation

Dietary supplement use is widespread in the general population, and
patients are frequently interested in the potential for dietary supple-
ments (e.g. vitamins, minerals, herbs, other bioactives) to modify CVD
risk [107-109]. The broad variety of dietary supplements, lack of a
structured clinical research program to study their safety profiles or
efficacy for clinical endpoints in well-powered trials, as well as the lack
of a broader regulatory system to ensure product quality and limit
contamination [110], have led nearly all professional societies, guide-
line panels and clinicians to not recommend specific dietary supple-
ments for general prevention/treatment of CVD. Practitioners should be
prepared to have patient-centered conversations with regard to dietary
supplement use, and be able to communicate the uncertainty in clinical
effects of dietary supplements with regard to both disease prevention
and risks of supplements. Practitioners may benefit from utilizing
available educational resources, such as the Supplement Fact Sheets
from the NIH’s Office of Dietary Supplements [111], as well as infor-
mation on supplements provided by the National Center for Comple-
mentary and Integrative Health [112]. Referral to practitioners with
subject matter expertise and allotted time for patient counseling (e.g.
registered dietitians; outpatient pharmacists) may be considered for
patients who are interested in additional discussion about dietary sup-
plements, or are suspected of dietary inadequacy that may require
supplementation.

While enthusiasm for many dietary supplements relies on proposed
mechanisms of action with limited clinical data, some supplements have
been the subject of significant investigation and are the subject of
common queries by patients. A large body of RCT and prospective cohort
evidence demonstrates that multivitamin-multimineral supplementa-
tion does not confer CVD benefits in the general population [113-115].
Some supplements (e.g. phytosterols/stanols; viscous fibers) have a
significant body of evidence to support risk factor lowering (e.g. LDL-C
lowering) [116-119]; however, their utilization in clinical practice re-
mains limited, likely due to unclear net benefits, cost and practicality of
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continued, long-term use. While enthusiasm for some botanical/herbal
supplements abounds (e.g. green tea; turmeric), it should be noted that
formulations are not standardized, vary substantially in bioactives
across batches and products, can interact with medications, and can
contribute to acute liver injury [120,121].

Many patients assume dietary supplements, which can be purchased
without a prescription, are benign and harmless. However, some sup-
plements have been associated with increased cardiovascular risk such
as antioxidant mixtures and niacin [122]. Calcium supplements,
particularly in higher doses and when taken without vitamin D, have
also been associated with increased risk of vascular events in some (but
not all) studies; [115,123-125] whereas no such risk has been seen with
calcium intake from food sources. Nevertheless, patients are frequently
not counseled on potential risks of dietary supplements. Potential risks
and benefits of supplement use should be discussed as part of
clinician-patient risk discussion.

5. Special Considerations in Nutritional Approaches in Pediatric
Populations for ASCVD Prevention

Primary prevention of ASCVD should begin as early as possible.
Although adverse (what about other vascular disease which appears
earlier-ED) cardiovascular outcomes are typically not seen until middle
age, ASCVD risk factors can occur during childhood and adolescence
[126-130]. Identifying modifiable early-life risk factors (e.g. weight,
lipid levels, blood pressure, dietary patterns) is necessary to address the
high morbidity and mortality from cardiovascular events [131].

Evidence suggests that childhood risk factors can lead to clinical
manifestations of CVD [118]. Familial hypercholesterolemia, which
causes high LDL levels in children, increases the risk of midlife coronary
events and reduces life expectancy [131]. Similarly, the Pathobiological
Determinants of Atherosclerosis in Youth (PDAY) study found strong
associations between atherosclerosis and non-HDL-C and hyperglycemia
in young individuals [132].

Of the risk factors identified, weight correlates most strongly from
childhood to adulthood [131]. According to the Centers for Disease
Control and Prevention (CDC), the prevalence of obesity among children
and adolescents is 18.5%, equating to about 13.7 million youth. The
Bogalusa Heart Study, which followed >2000 children, found that most
participants with a BMI in the 95th to 99th percentile and all those with
a BMI >99th percentile developed obesity later in life [133]. Children
and adolescents with elevated blood pressure and cholesterol levels
were more likely to carry these risk factors into adulthood, especially if
weight was a risk factor [133].

ASCVD prevention in pediatric populations requires compassionate,
effective, and individualized approaches to address modifiable risk
factors. The recommendations outlined in Table 1 provide practical
guidance related to clinical assessment and healthcare delivery in pe-
diatric populations. Recommendations for macronutrients in children by
age are outlined in Table 2.

6. Special Considerations in Nutritional Approaches in Older
Adult Populations for ASCVD Prevention

While all nutrition recommendations for ASCVD prevention should
ideally be individualized, special considerations for older adult pop-
ulations are worth highlighting. Evidence from experimental studies
indicate similar or greater effects of medical nutrition therapy targeting
risk factors (i.e. blood pressure, blood lipids) in the older adult popu-
lation (>65 year olds). Implementation of specific cardioprotective di-
etary changes should consider and accommodate the unique metabolic
and practical aspects of nutrition that arise as individuals age, as well as
the increasing prevalence of comorbidities. For example, older adults
are at increased risk of protein-energy malnutrition, as well as micro-
nutrient deficiencies (e.g. Vitamin B12). As individuals age, changes in
oral and dental health, as well as neurological function, can influence
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Table 1
Dietary recommendations in pediatric populations.

Dietary Recommendations in Pediatric Populations

Focus on clinical indicators of ASCVD risk (e.g. lipids, blood pressure, glucose) rather
than weight.

Discussing or prescribing weight loss in pediatric populations may increase the risk
of disordered eating and eating disorders [164]. Providers should focus on clinical
indicators that provide a more comprehensive assessment of cardiometabolic risk.

Focus on nutrient-dense foods and beverages as recommended in the 2020-2025
Dietary Guidelines for Americans.

Consistent evidence suggests that nutrition-dense dietary patterns can decrease
future CVD risk [131]. Dietary recommendations should emphasize fruits,
vegetables, whole grains, and varied protein foods (e.g. legumes, nuts, seeds,
seafood) [165]. Acceptable macronutrient composition for age for children are
shown in Table 2.

Emphasize small changes in eating behaviors to promote nutrient-dense dietary
patterns.

Providers should work collaboratively with pediatric patients to establish nutrition-
related SMART goals that are focused, feasible, and measurable [166]. Remember to
acknowledge and celebrate all forms of progress.

Tailor nutrition recommendations based on cultural and personal food preferences
and support children’s ability to self-regulate intake.

Clinicians should be aware of cultural dynamics and food practices when working
with pediatric patients and their families [167]. Encourage caregivers to foster
positive eating environments and introduce nutrient-dense foods but trust children
to determine how much and whether to eat these foods [168].

Provide support for navigating food choices at care centers, schools, and afterschool
programs.

School meals and child care programs can provide a significant proportion of
children’s daily nutritional needs and are an important resource for low-income
families [169]. Clinicians should encourage consumption of nutrient-dense options
(e.g. whole fruits, fruit cups, steamed or roasted vegetables, salads) when available
in school and child care settings.

Involve pediatric patients in discussions about their health status and care plans [170].
Providers should consider patients’ age, ability to comprehend information, and
food choice autonomy during clinical visits. Use accessible language and emphasize
positive, weight-neutral outcomes of health behavior changes (e.g. increased
energy, improved learning ability).

Table 2.
Acceptable macronutrient distribution ranges for children aged 2-18 years.
Macronutrient 2t03 4t08 9to 13 14 to 18
years years years years
Carbohydrate (% 45-65% 45-65% 45-65% 45-65%
kcal)
Fat (% kcal) 30-40% 25-35% 25-35% 25-35%
Protein (% kcal) 5-20% 10-30% 10-30% 10-30%

*Based on the 2020-2025 Dietary Guidelines for Americans.

mastication and oral control, swallowing and taste perception that may
impair the ability to readily and safely implement ASCVD prevention
recommendations. Where appropriate, individualized recommendations
to include fortified and/or medical foods and supplements, as well as to
modify food texture, form and gustatory/olfactory profiles may be
required to facilitate the intake of cardioprotective dietary patterns
[134].

7. Nutrition and Social Determinants of Health for ASCVD
Prevention

Despite advances in ASCVD treatment and prevention, demographic
and socioeconomic disparities persist. Black Americans are more likely
to die from ASCVD than any other racial/ethnic group [135]. The
prevalence of heart disease is highest among some Native American
populations and Black adults have the highest hypertension rates,
although awareness and treatment among Black women has recently
declined [135,136].

It is important to acknowledge that race/ethnicity are social con-
structs and not reflective of genetic or biological differences in health
status. However, race/ethnicity are potential indicators of structural
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racism and adverse social, economic, and environmental conditions (i.e.
social determinants of health) that lead to health inequities [137]. The
social determinants of health affecting ASCVD outcomes include inad-
equate housing, exposure to adversity (e.g. violence, safety concerns),
suboptimal health literacy, and food insecurity (lack of access to suffi-
cient, affordable and nutritious food) [138]. Therefore, addressing social
determinants of health is critical to primary and secondary ASCVD
prevention.

Nutrient-dense dietary patterns emphasizing intake of vegetables,
fruits, legumes, nuts, whole grains, and fatty fish are recommended to
decrease ASCVD risk factors (Table 3) [138]. The REGARDS (REasons
for Geographic and Racial Differences in Stroke) trial linked the
Southern dietary pattern higher in refined grains, fried foods, and
sweetened beverages with elevated ASCVD risk.[8] An emerging area of
research is the causal relationship between the gut microbiota, increased
consumption of sodium and cooked meats, and hypertension and ASCVD
among Black adults [139].

However, notable disparities in dietary behaviors exist among US
racial/ethnic groups. Black and Mexican American adults have a higher
prevalence of poor heart healthy diet scores as compared with White
adults [135]. Culturally relevant nutrition resources should be provided
when appropriate (Table 4). Fueled by inequities in food access and
socioeconomic resources, racial/ethnic disparities in food insecurity
have persisted for decades and been further exacerbated by the
COVID-19 pandemic [140,141]. Overall, living in food deserts is asso-
ciated with increased cardiovascular risk factors and preclinical ASCVD,
mainly driven by social determinants of health such as income and ac-
cess to nutritious food [142].

8. Practical Tips/Implementations for Clinicians and Patients

While diet-related risk continues to be one of the leading causes of
CVD, there is an urgent and an unmet need for nutrition related edu-
cation at all levels of medical education and clinical practice [143,144].
Most physicians receive minimal or no training in evidence based clin-
ical nutrition and this frequently results in physicians not actively
engaging in educating their patients. This has direct and profound effect
on disease prevention and clinical outcomes [144]. In a survey of 930
cardiovascular specialists, 90% admitted to receiving minimal or no
training in nutrition and 95% believed that it is their personal re-
sponsibility to teach nutrition to their patients. However, only 20% of
cardiologists admitted to eating > 5 servings of fruits and vegetables a
day [145].

Most of the current CVD-related conferences in the US offer minimal
nutrition related continuing medical education (CME) programming
[146]. In an effort fill this gap, in 2018, the AHA has issued a Scientific

Table 3.
Recommendations for practice in all patients.

Recommendations for practice in all patients

Screen all patients for food insecurity and refer to food assistance programs and other
community food resources.

The Hunger Vital Sign is a two-question screening tool to assess food insecurity in
clinical settings [171].

[Routine screening for food insecurity can be integrated into the Electronic Medical
Record as part of standard patient intake procedures [171,172]. Patients identified
as food insecure should be referred to food resources such as the Supplemental
Nutrition Assistance Program (formerly known as food stamps), food pantries, and
home-delivered meals.

Tailor dietary recommendations to reflect cultural food habits and budgetary
considerations. Cardioprotective dietary patterns can incorporate foods from
diverse cultures and food choices . Clinicians should be aware of cultural dynamics,
patient food preferences, and access to resources when providing nutritional
recommendations.

Utilize literacy-level appropriate, culturally-relevant educational materials.
Clinicians should refer to existing resources from health-focused organizations and
seek patient feedback in developing culturally-relevant nutrition education
materials. (Table 4)
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Table 4
Examples of culturally relevant nutrition resources for ASCVD prevention.

Organization Resource(s) Resource Link

Association of Cooking for your Heart and
Black Soul (heart-healthy plant-
Cardiologists based recipes)

Doras Table Easy and Delicious Mexican

Vegan Recipes

https://abcardio.org/wp-co
ntent/uploads/2020/06/
ABC_Cookbook.pdf
https://dorastable.com

Oldways Traditional food pyramids Food pyramids: https://ol
(African, Latin American, dwayspt.org/traditional
Asian) and recipes -diets
Recipes: https://oldwayspt.
org/recipes

Advisory of Medical Nutrition, Training, and Competencies to Advance
Guidelines-Based Counselling by Physicians [147]. In a recent article
tilted, A Clinicians Guide to Healthy Eating for Cardiovascular Disease
Prevention, the authors outline practical tips to take evidence based
clinical nutrition to day-to-day practice of preventive cardiology [148].
In addition, the two-part series on Trending Cardiovascular Nutrition
Controversies is a useful resource for cardiovascular trainees and prac-
titioners [149,150].

Currently, there is an increasing trend and demand to include formal
culinary training programs at US medical schools [151]. Recently in
2020, the American college of lifestyle medicine has published the first,
comprehensive, open-source culinary medicine curriculum for health
professional training programs: a global reach [152]. Over the course of
the past 10-15 years, the percentage of Americans cooking at home has
gradually increased [153]. However, according to the 2021 AHA sta-
tistics, the number of adults meeting the Healthy Diet Index for ages
12-19 is 0.0% and for age >19 is 0.3% [154]. This trend provides an
opportunity to empower the general population with the information
needed to eat healthy, in accordance with the USDA and ACC/AHA
guidelines [155]. The American journal of preventive cardiology recently
published a practical and implementable outline of 10 dietary strategies
for cardiovascular risk reduction [156]. The American society for pre-
ventive cardiology (ASPC) supports these recommendations.

9. Referral to Registered Dietitians

Implementation of a cardioprotective dietary pattern and associated
reductions in ASCVD risk factors can be facilitated by nutritional
counseling; a substantial body of evidence supports counseling by
Registered Dietitians (RDs) as effectively improving diet quality, facili-
tating intentional weight loss, improving blood glucose, HbAlc, blood
lipids and blood pressure. However, insurance and Medicare coverage of
dietetic consultations remains variable and often with a limited scope;
Medicare Part B coverage for medical nutrition therapy extends only to
type 2 diabetes and renal conditions. Providers should be encouraged to
refer patients to RDs for medical nutrition interventions when appro-
priate, and advocate for expanded coverage of medical nutrition ther-
apy. Existing proposed legislation aims to broadly expand medical
nutrition therapy coverage for various ASCVD risk factors including
obesity, prediabetes, hypertension, dyslipidemia and other cardiovas-
cular diseases, and stands to broadly expand access to preventive
nutrition services [19,157-162].

10. Precision/Gaps/Future research

While the current evidence for diet’s relationship to ASCVD risk is
actionable, important questions remain. Firstly, areas of uncertainty
should be resolved with rigorous and valid research approaches. Rela-
tive to the traditional medical paradigm, diet represents a complex
exposure, and advancing nutrition science faces both inherent and
pragmatic limitations to conducting rigorous double-blind placebo-
controlled trials. It is imperative to develop and validate novel analytic
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tools and study designs to accommodate the complexities of relating
habitual intakes of foods/nutrients with long-term CVD outcomes.

Also paramount is the funding and investment in domiciled facilities
that allow for tightly controlled experimental manipulation of specific
dietary exposures for significant durations [163]. Such efforts would
have a substantial impact on nutrition science, advancing our under-
standing of diet, metabolism, and their effects on traditional and
emerging risk factors (e.g. novel metabolites; imaging modalities).
Controlled feeding experiments also facilitate the discovery of objective
biomarkers of diet, which may be subsequently leveraged in free-living
populations to monitor adherence and complement self-reported diet in
large-scale observational studies. Precision nutrition initiatives, which
seek to tailor diet for populations or individuals to optimize impact, also
readily benefit from such controlled research environments.

As actionable evidence for dietary interventions accumulates, better
strategies for dissemination are needed. Currently, interventions to
modify diet in free-living populations are difficult to achieve, signifi-
cantly impairing the feasibility of long-term dietary modification trials.
Scaling up of implementation research is urgently needed to identify
barriers of long-term adherence and strategies to foster sustainable
changes in diet.

Finally, descriptive evidence highlighting disparities in prevalence
and incidence of ASCVD and its risk factors must be urgently addressed.
Improving nutrition should remain a priority across all populations.
Thus, it is imperative that advances in nutrition science and imple-
mentation are made in the context of reducing, not exacerbating, dis-
parities. This may include, but is not limited to, ensuring equity in the
access to food product development and dietary counseling informed by
‘precision’ nutrition approaches, and removing systemic barriers to
adopting meaningful dietary changes.

Clinical Recommendations

1 Primary and Secondary Prevention of ASCVD: A diet consisting
predominantly of fruits, vegetables, legumes, nuts, seeds, plant
protein, and fatty fish is optimal for the prevention of ASCVD.

2 Hyperlipidemia: Replacing saturated fat with polyunsaturated and
monounsaturated fat, reducing dietary cholesterol intake, and
increasing intake of fiber rich foods, can all lead to a reduction in
LDL-C and apoB.

3 Hypertension: Eating a low sodium DASH dietary pattern, rich in
dietary potassium from fruits and vegetables, is recommended for
the prevention and treatment of hypertension.

4 Type 2 Diabetes: Preventing weight gain and obesity is pivotal for
diabetes prevention. Thus, effective strategies for weight loss and
management are likely beneficial for mitigating diabetes
progression.

5 Obesity: The importance of diet for prevention of weight gain and
obesity is well demonstrated, with poor nutritional habits playing a
role in gradual midlife weight gain.

6 Vitamin Supplementation: Vitamin supplementation is not routinely
recommended for the prevention of ASCVD; supplementation should
be individualized and recommended in those where it is necessary to
meet nutrient requirements or as otherwise medically indicated.

7. Children: Primary prevention of ASCVD should begin as early as
possible, emphasizing small changes in eating behaviors to promote
nutrient-dense dietary patterns to establish nutrition-related goals
that are focused, feasible, and measurable.

7 8. Older Adults:: Nutrition therapy can have substantial benefits for
individuals across the life span, including older adults with existing
disease burden. Dietary recommendations to reduce cardiovascular
risk should be counseled, tailored to the unique nutrient re-
quirements and challenges associated with achieving adequate
nutrition encountered by older adults.

9. Social Determinants of Health: Healthcare providers should
evaluate patients for inequities in food access and socioeconomic
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resources, while providing culturally relevant nutrition resources
when appropriate.

10. Multidisciplinary approach: Medical nutrition therapy, in
collaboration with registered dietitians, results in greater improvements
in cardiovascular disease risk factors and referral should be encouraged.
Greater advocacy by allied health providers is necessary to ensure
adequate coverage and reimbursement for the provision of nutrition
counseling services.

11. Conclusion

Although often there is debate in popular media about which dietary
pattern is best, the nutrition science is clear regarding which dietary
patterns reduce risk for CVD: A diet consisting predominantly of fruits,
vegetables, legumes, nuts, seeds, plant protein and fatty fish is optimal
for the prevention of ASCVD (Central Figure). Consuming more of these
foods, while reducing consumption of foods with saturated fat, dietary
cholesterol, salt, refined grains, and ultra-processed food intake are the
common components of a healthful dietary pattern.

While there is clear evidence that diet impacts ASCVD risk and risk
factors, adherence to a healthy dietary pattern remains difficult to
achieve. As a result, the incidence of CVD continues to increase in our
population, increasingly impacting the younger population. Under-
standing the effects of different dietary approaches on cardiovascular
health will help us partner with our patients on choosing a nutritional
strategy that should be part of every patient’s lifestyle prescription.
Consideration of barriers to obtaining healthy foods, including food
insecurity should be a component of any cardiovascular risk assessment.
Cultural competence related to food is essential as we care for diverse
patient populations. In addition, providing education on both clinical
nutrition and culinary training to all healthcare professionals involved
in ASCVD prevention must be a priority within the medical community.
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