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Recent research has shown that there is a link between the trend of
cardiovascular disease (CVD), chronic symptoms of SARS-CoV-2 (COVID-19),
and medical nutrition therapy. Making positive changes to an individual's lifestyle
can help to reduce the symptoms that follow exposure to CVD and COVID-19.
Sustainable nutrition and lifestyle changes can positively impact an individual's
health. Studies have considered the risk factors associated with the disease,
medical history, the link between nutrition and peripheral vascular disease
(PVD), symptom management, and the interrelationship between nutrition,
COVID-19, and PVD. One study has demonstrated that Western Dietary intake
can boost the innate immune system while suppressing humoral response,
causing chronic inflammation and poor host defense against viruses. However,
further investigation is needed to confirm. Patients with PVD and COVID-19
have experienced a reduction in side effects when prescribed a regimen of
medical nutrition therapy, heart-healthy diets, and adequate physical activity
before and after symptoms of both diseases appear. This approach has proven
to be a protective factor during the combination of both illnesses. Our findings
indicate that balanced diet and lifestyle are essential in supporting an optimal
immune system that can reduce the risk of virus load in individuals at risk of
infection and symptoms from COVID-19 and PVD.

KEYWORDS

severe acute respiratory syndrome coronavirus 2, peripheral vascular disease, medical
nutrition therapy, Western Dietary, physical activity

What is cardiovascular disease?

Cardiovascular disease (CVD) is a class of diseases that involves the heart or blood vessels
and comprises many different types of conditions, i.e., heart disease, heart attack, stroke, heart
failure, arrhythmia, coronary artery disease, or heart valve problems. Some of these might
develop simultaneously or may lead to other physiological complications. It should be noted
that age is one of the major risk factors associated with this disease. Cardiovascular disease can
be related to changes in circulatory blood flow, causing narrowing of arterial/venous blood
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vessels and causing poor blood flow to the other part of the body,
known as a peripheral vascular disease (PVD) (1). Costantino et al. (1)
have discussed the attractive molecular targets in preventing PVD, an
age-related pathology in the vasculature and the heart. They observed
that environmental factors such as overnutrition, smoking, pollution,
sedentary lifestyles, and genetic factors are involved in premature
defects in mitochondrial functionality, insulin signaling, endothelial
homeostasis, and redox balance. Several studies demonstrated the
association of aging with the deterioration of cardiovascular
homeostasis and metabolic disturbances, specifically insulin resistance
(1). Furthermore, age plays an important role in the deterioration of
cardiovascular functionality, resulting in an increased risk of CVD,
such as hypertension, diabetes, and obesity (2-4). In addition, it has
been reported that the onset and prevalence of CVD are dependent on
sex differences, especially in older adults (3). Nonetheless, age is
shown to be independently associated with inflammation and risk for
CVD, which is reliant on health behaviors such as physical inactivity,
poor nutrition, drinking alcohol, sugary beverages, and smoking (5).
Given that CVD is continuously increasing in older patients, it is
critically necessary to uncover the impact of nutrition on CVD in
future clinical practice to improve outcomes in the older population.

Why do cardiovascular diseases and
SARS-CoV-2 have a significant
impact?

Cardiovascular disease (CVD) is a significant problem in developed
and developing countries (6). The increasing incidence of CVD in the past
25years has become a significant concern for public health. The majority
of underlying pathogenesis and progression associated with nearly all
CVDs are caused by predominantly underlying atherosclerotic origin
leading to conditions such as coronary artery disease, peripheral arterial
disease, cerebrovascular disease, and venous thromboembolism (6).
Many factors contribute to the development of cardiovascular diseases
(CVD), such as unhealthy eating habits, lack of exercise, obesity, aging,
gender, genetics, and smoking (6). A new viral infection called
Coronavirus disease 2019 (COVID-19) is causing illness. It is caused by a
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2; formerly
known as 2019-nCoV). In clinical settings, several pathological evidence
has been observed that strongly correlate with COVID-19 and peripheral
vascular disease (PVD) (7). PVD causes the occlusion of the blood vessels
outside the heart and brain. It is a well-established fact that nutrition and
variations in food play an essential role in the development of CVD in
COVID-19 patients (8, 9). Therefore, there is substantial evidence
supporting the prevention of CVD progression through nutrition.
Individuals who are at risk or have PVD with COVID-19 can develop an
array of side effects, but nutrition can have positive impacts on their
health, particularly from changes in their lifestyle (10). The present review
article examined how nutrition status affects PVD progression and the
severity of COVID-19- symptoms. Nutrition has been shown to affect the
prevention of PVD and COVID-19 positively.

Cardiovascular disease risk factors

Cardiovascular disease (CVD) is a major health concern
worldwide, and the number of deaths caused by heart attacks and
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strokes is increasing every year (11). According to current research,
over 70% of the population has multiple risk factors for developing
CVD. Some of these risk factors can be controlled, such as high blood
pressure, high blood cholesterol levels, smoking, diabetes, overweight
or obesity, lack of physical activity, unhealthy diet, and stress. However,
some risk factors cannot be controlled, such as age (risk increases with
age), sex (men are at greater risk), family history, and race. Modifiable
risk factors for CVD include preventing hypertension and abnormal
lipid levels (11). It is important to note that a small percentage of the
general population, ranging from two to 7 %, have no risk factors
associated with CVD. Typically, these risk factors do not occur alone.
Instead, having multiple risk factors increases the likelihood of
developing the disease significantly. With just one risk factor, the
probability of developing CVD is four-fold. However, if there are
multiple risk factors present, the likelihood of developing the disease
increases to 60-fold. Therefore, it is crucial to manage CVD risk
factors to prevent heart disease and address the significant public
health needs associated with this issue. Research indicates that there
is a correlation between sleep and cardiovascular disease. Sleeping too
little or too much can increase the risk of developing the disease. For
most adults, sleeping less than 6 h or more than 9h contributes to this
risk. Modifiable risk factors are responsible for greater than 90 % of all
cases of myocardial infarctions (11). Managing high-risk individuals
to prevent CVD-related mortality, stroke, heart failure, and other
adverse outcomes is crucial.

Studies suggest that treating multiple risk factors effectively is
more beneficial in preventing CVD than solely focusing on modifying
one risk factor (12, 13). This approach is particularly effective in
treating individuals who are at high risk of developing CVD (11).

The pathophysiological link between
nutrition and peripheral vascular
disease

Nutrition and food variations have been found to play a vital role
in developing PVD and plaque build-up. There is a significant link
between nutrition and PVD, which will be explored in this section.
Consuming poor-quality diets, high in refined grains, added sugars,
salt, unhealthy fats, and animal-source foods and low in whole grains,
fruits, vegetables, legumes, fish, and nuts, can lead to PVD. These diets
are often high in processed food products, which are typically
packaged and ready to consume, and low in whole foods and freshly
prepared dishes. Modern food environments contribute to unhealthy
diets, which is a problem that is likely to become more widespread as
food environments in low to middle-income countries shift to
resemble those of high-income countries (14). To this end, unhealthy
dietary patterns, such as the Western Diet, can lead to CVD by
damaging the arterial/venous blood vessels, causing impediments to
blood flow in the peripheral vascular system (15).

It is important to note that Western diets are usually high in
saturated fats, added sugars, and sodium. Such diets can cause
cholesterol and blood pressure levels to rise, leading to fatty acid
build-up in arteries and veins. Conversely, Mediterranean diets can
lower the risk of CVD by improving blood lipid profile (especially
low-density lipoprotein cholesterol and triglycerides), reducing
oxidation of lipids, and decreasing the risk of thrombosis (i.e.,
fibrinogen levels) (16). These diets contain plant-based foods, whole
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grains, nuts, seeds, essential fatty acids, fish oil, herbs, and spices (17).
Additionally, they are rich in micronutrients like vitamins C, E, and D
and significant minerals (18). Certain dietary patterns can either
increase the risk of developing CVD or have protective effects in
preventing and treating CVD and potentially PVD (Table 1) (6,
19, 20).

Although the link between CVD and nutritional factors has
received a lot of attention in recent years, the relationship between
nutrition and PVD has been overlooked. Recent studies have shed
light on how food can improve the condition of PVD and have
identified the significant nutrients that can promote good health in
people with PVD. Results show that Omega-6, olive oil, and vitamin
C interact at a biochemical level to lower risk factors (21), while fish
oil, carnitine, and vitamin E are dietary therapies that have
demonstrated clinical benefits for PVD patients (21).

In regard to PVD, the potential effect of fiber, folates, or vitamin
B6 is only supported by epidemiological evidence (22). However, the
available data is limited, and there is no convincing evidence to
support the therapeutic efficacy of dietary therapies aimed at
improving symptoms and reducing risk factors in PVD patients.
Therefore, more research is undoubtedly necessary to improve the
health conditions of individuals with PVD.

Management of peripheral vascular
disease via nutrition pathway

Peripheral vascular disease in those under 60years old is
considered premature. This condition is associated with increased
cardiovascular morbidity, limb loss, and death (23). People with PVD
require special attention to their diet and nutrition due to their
advanced age, poor diet habits, and immobility that are associated
with the disease process and co-morbid conditions. Because medical
nutrition therapy is cost-effective, it is important to prioritize dietetics
care in managing PVD. However, there is still much to be learned
about how to optimize dietetic care for PVD. It is possible that the
problem lies in the lack of nutritional education provided at medical
schools (24). This is considered a failure of current medical education
strategies. It is also concerning that fully trained dietitians display
variations in practice and associated clinical impact due to lack of
evidence base when treating patients with PVD. In conclusion,
medical professionals should be aware of which high-risk factors lead
to the development of premature PVD in patients less than 60 years.

TABLE 1 Healthy eating plan (Myplate, 76).

Foods Examples Amount
Fruits and vegetables Apple, orange, banana, 2 cups
mango
Whole grains Whole grain breads, pasta 60z
Low fat and non-fat proteins Nuts, legumes, fish, seafood, 50z
lean poultry and meat
Polyunsaturated fat Avocado, coconut oil, olive 11-22 gm
oil, sunflower seed
Low sodium, little to no added | Any processed/fried food Not
sugar, limit alcohol intake recommended
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Improving disease detection rates and conducting routine screening
of the Ankle-brachial Index should be practiced in high-risk
patients (25).

The interrelationship between
nutrition, COVID-19, and peripheral
vascular disease

The typical symptoms of COVID-19 commonly manifest with
symptoms such as fever, dry cough, and fatigue, often concomitant
with pulmonary involvement. In instances of severe manifestation,
there is an observed elevation in levels of specific cytokines (e.g., IL-2,
IL-7, IL-10), granulocyte colony-stimulating factor (G-CSF),
monocyte chemotactic protein (MCP), and TNF-a. This inflammatory
cascade and cytokine storm are pivotal in the development of severe
acute respiratory syndrome and multi-organ failure, emphasizing the
significance of the immune system in the disease progression (26, 27).
Certain demographic groups with underlying conditions like obesity,
hypertension, type 2 diabetes, ischemic heart disease, and chronic
obstructive pulmonary disease are at greater risk of severe
manifestations of COVID-19 (28-30). It is noteworthy that many of
these chronic non-communicable diseases are intricately linked to
dietary patterns and lifestyle characteristics. Moreover, high
carbohydrate, saturated fat, and refined sugar diets can increase the
risk of obesity. Abdominal obesity has been linked with the presence
of oxidative stress and inflammation, which has been associated with
decreased lung function (31). Therefore, a well-structured and
nutritious diet is crucial for the efficient production of antibodies, as
well as for the mitigation of oxidative stress and inflammatory
conditions. This emphasizes the pivotal role of adequate protein,
vitamins, minerals and omega-3 fatty acids intake in promoting a
robust immune response (32).

The Mediterranean diet is known as one of the healthiest dietary
patterns globally. It has been shown to have a preventive effect on
cardiovascular diseases and type-2 diabetes in various trials (33). The
diet primarily consists of plant-based foods such as fruits, vegetables,
legumes, nuts, and olive oil, which are significant sources of bioactive
polyphenols. Particularly, polyphenols help alleviate the immune
response, increase antioxidant defenses, improve vascular reactivity,
and decrease tissue inflammation and cell infiltration, thereby
promoting metabolic and cardiovascular health (34). In summary,
adhering to the Mediterranean diet has a positive impact on
cardiovascular diseases and cardiometabolic disorders, such as
diabetes, which can increase the risk of COVID-19 infection and
related outcomes.

The U.S. Dietary Guidelines Advisory Committee has created
three dietary patterns for better health and nutrition. These patterns
are the Healthy-US type Pattern, the Healthy Mediterranean style
Pattern, and the Healthy Vegetarian Pattern. All three components are
associated with health benefits (35). Additionally, the Dietary
Approaches to Stop Hypertension (DASH) diet has also been shown
to improve cardiovascular risk factors. It emphasizes fruits, vegetables,
whole grains, and low-fat dairy products while discouraging sugar-
sweetened foods, beverages, red meat, and added sugars (36). The
DASH diet has been linked to lower systolic blood pressure, diastolic
blood pressure, and cholesterol (37). If individuals make healthier
choices, the food systems will have a greater incentive to produce
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healthier options. On the other hand, a more nutritious food supply
enables individuals to make healthier choices.

Developing food systems that promote healthier dietary patterns
involves enhancing the food supply by producing more heart-healthy
foods and fewer foods associated with CVD. This involves growing and
raising these foods and ensuring that they are accessible and acceptable
to everyone, including those with lower socioeconomic status.
Furthermore, it is difficult to maintain a healthy diet in the modern
global food system due to several reasons, such as the extensive distance
between production and consumption, multiple and complex
transformations in ingredients, and many other factors that discourage
diversity and freshness. Additionally, there are political, economic, and
environmental challenges to transforming the food system.
Governments may not have the capacity to implement change (38, 39).
However, it is possible to bring about change by educating people about
how the modern food system shapes dietary patterns and eating
behaviors. It is necessary to understand the relationship between food
systems, food environments, diets, adverse public health, and
environmental outcomes (40, 41). Better diets can lead to significant
improvements in public health and environmental sustainability.

Impact of dietary supplements and
nutrition on risk of C?(gVID—19

A recent study showed that those taking probiotics, omega-3 fatty
acids, multivitamins, or vitamin D had a lower risk of SARS-CoV-2
infection (42). A randomized double-blinded control trial study on
zinc supplementation showed that patients treated with zinc had a
lower mortality rate than those not treated with zinc (43). Another
randomized placebo-controlled study showed that taking vitamin C
(500 mg twice daily) may reduce inflammation in hypertensive and/
or diabetic obese patients by lowering IL-6 and C-reactive protein
levels. The study suggests that vitamin C could be beneficial in treating
severe cases of COVID-19 (44). Moreover, another systematic review
has shown that vitamin D supplementation can be used as adjuvant
therapy for COVID-19, as it effectively reduces its severity. However,
further studies are needed to confirm these findings (45).

Most of the studies suggest that making simple changes to diet and
lifestyle can significantly and rapidly reduce the risks associated with
COVID-19 (46, 47). These changes include regular exercise, getting
enough sleep, eating a plant-based diet with more fruits and
vegetables, reducing the intake of sodium and red/processed meat,
maintaining a healthy weight, taking dietary supplements, and
spending time in nature (48-52). These interventions have been
shown to benefit COVID-19 outcomes and overall health. It is
important to communicate the power of these individual lifestyle
changes to the public, especially when the benefits outweigh the risks.
Embracing the lifestyle-centered approach could save many lives and
prevent the need for vaccine mandates.

During the COVID-19 lockdown,
changes in dietary habits influenced
the risk of CVD

The COVID-19 pandemic has had a varied impact on CVD risk
and management. While some populations have improved their diet
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quality due to the shift toward home-cooked meals and reduced
dining-out options, others have experienced poorer diet patterns. In
general, government-imposed quarantines and the move toward a
more private lifestyle have led to an increase in the consumption of
home-cooked meals, which has moderately improved diet quality.
However, this shift has also worsened food insecurity and stress-
related unhealthy eating behavior, leading to higher intake of snacks
and sweets (53, 54). A recent study conducted during the first wave of
COVID-19 lockdown revealed that individuals in Canada, Mexico,
Mediterranean countries, and Europe, with the exception of France,
consumed more fruits and vegetables, and were more likely to adhere
to the Mediterranean diet (53, 54). These findings suggest that regions
with more diverse and healthy eating patterns may have lower
COVID-19 and CVD risk. On the other hand, Latin and South
American countries have shown an overall shift toward unhealthy
eating (53, 54).

Furthermore, several worldwide studies have observed a universal
increase in meal frequency, snacking, and overeating in addition to
the improved adherence to Mediterranean-style diet principles (53,
54). During the lockdown, several studies were conducted to examine
the impact of quarantine on people’s eating habits (53, 54). These
studies suggest that although dietary choices may be healthier, there
were more irregular eating patterns and a surplus of energy intake
associated with quarantine. This may have been due to more sedentary
behavior among both children and adults, which created an
“obesogenic” environment that increases the risk for CVD and other
metabolic disorders (55, 56).

It may also be possible that irregular eating patterns, such as
increased snacking and alcohol consumption during the pandemic,
stemmed from heightened stress, boredom, and loneliness caused
by isolation. A study on obesity risk factors during the pandemic
found a significant increase in depressive symptoms and mental
illness globally, which can lead people to eat high sugar foods to
improve and boost their mood and manage stress (57, 58).
Particularly, people already living with mental illness, obesity, and
experiencing loneliness during the pandemic are vulnerable to
unhealthy eating habits that can lower diet quality and increase the
risk of CVD (57, 58).

During the pandemic, food insecurity
is a social determinant for COVID-19
and CVD risk

The COVID-19 pandemic has exacerbated the pre-existing issue
of food insecurity in communities across the USA, particularly
affecting those with low socioeconomic status (59). Unemployment,
panic buying, price inflation of staple foods, and interruptions in the
food supply chain all contributed to a 32% increase in food insecurity
during the initial months of the pandemic (60). Those who faced food
insecurity were more likely to consume fewer fresh fruits and
vegetables and more fast food, which is typically ultra-processed and
of poor dietary quality. This can have a detrimental effect on the
immune system and increase the risk of CVD (58). Fluctuating food
availability can lead to irregular eating patterns and periods of
deprivation, leading to insulin resistance, elevated blood glucose
levels, increased blood pressure, and fat accumulation, all of which are
known risk factors for CVD (59).
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Nutritional therapy and COVID-19

According to World Health Organization (WHO), it is estimated
that more than 700 million people worldwide have contracted the
SARS-CoV-2 virus (61). Although only a small fraction of those
infected required admission to the intensive care unit, many needed
nutritional therapy to support their recovery (61). Since the virus is
highly contagious, it is crucial to provide excellent nutrition care to
healthcare providers while minimizing exposure.

The American Society for Parenteral and Enteral Nutrition
(ASPEN) has issued recommendations for optimizing nutritional
therapy in critically ill COVID-19 patients. COVID-19 can trigger an
extreme hyperinflammatory response known as cytokine storm
syndrome (62). To manage inflammation, there are specific
recommendations for nutritional therapy based on critical care
nutrition intervention principles, adjusted for the limitations of the
contagious SARS-CoV-2 disease. It is important to note that a
registered dietitian should be responsible for ensuring nutrition safety
while administering supplemental care to improve the patient’s health.

According to a study conducted by Patel et al. (61), positive health
outcomes have been observed in patients who switch from enteral
nutrition (EN) to parenteral nutrition (PN) at a lower threshold (61).
This recommendation helps the gut function as a promoter in
counteracting dysbiosis, regulating immune responses, and restoring
anti-inflammatory processes (63-67). Furthermore, the study suggests
that critically ill COVID-19 patients benefit from EN as the preferred
method of nutrition delivery, as it improves the health of their gut.

In summary, EN is preferred over PN. Additionally, it is also
recommended to supplement with protein, prebiotic fiber, and
probiotics daily, while following the Mediterranean diet principles.
This approach may be a strategic way to address both short- and
long-term conditions associated with COVID-19 infection and to
improve mortality rates and the overall well-being of affected
populations (61).

Impact of COVID-19 and PVD

It has been observed in clinical settings that COVID-19 can
trigger a coagulation response which leads to deep vein thrombosis
(DVT) and pulmonary embolism (PE) as well as thrombosis of
microcirculation and disseminated intravascular coagulation
(DIC). A study has reported an increase in pro-coagulant profile,
such as IL-6, which induces tissue factor expression, high levels of
fibrinogen, and d-dimer, which are markers of the severity of
COVID-19, as well as prolongation of activated partial
thromboplastin time (aPTT) (68). The mechanisms by which the
COVID-19 virus induces/complicates thromboembolic events are
still under investigation.

Older adults, minorities (Hispanic and African Americans), those
over the age of 50, overweight, with abnormal cholesterol, history of
cerebrovascular disease and stroke, diabetes, family history of high
blood pressure, and kidney disease are at risk for PVD (69, 70). Diet
can play a role in why minorities over 50 fall into the at-risk category.
For instance, the traditional Hispanic diet is heavily influenced by the
community and traditional dietary patterns of their countries and
locations. Despite their diverse ancestral histories, traditional Hispanic
cuisines depend on grains, carbohydrates, and beans with the
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incorporation of fresh fruits and vegetables in their diet. However,
according to the U.S. Department of Agriculture (USDA),
acculturation integration and the changing nature of Hispanic cuisine
have significant consequences on Hispanic health (71). Hispanic
Americans consume more saturated fats, refined sugars, and grains,
and meals away from home than traditional family-cooked meals.
Nutrition education programs designed to improve the quality of the
Hispanic diet are presently driven by a combination of preserving
healthy traditional Hispanic diet elements, such as reliance on beans,
rice, and tortillas, fresh fruits and vegetables, and changing other
eating habits, such as lessening fast food consumption, reduced
consumption of high-fat dairy products and less use of fat in cooking
(72). All older adults should use the MyPlate plan, a government-
funded customizable food plan based on age, sex, height, weight, and
physical activity level. According to MyPlate, older adults should
consume an individualized caloric plan to maintain a healthy lifestyle
and follow a heart-healthy diet, refer to (Table 2). For a 2000 calorie
diet, individuals should consume 2 cups of fruit, 2 % cups of
vegetables, 6 ounces of whole grains, 5 ounces of protein foods, and 3
cups of low-fat dairy while incorporating healthy fats. Polyunsaturated
fats like omega-3 have anti-inflammatory properties, and omega-6,
which can regulate metabolism, are fats healthy for the heart
(Tables 2-4) (73). It has been found that lifestyle choices such as
physical inactivity, smoking, and drug use (7), when combined with
poor diet, can increase the risk of PVD. According to a study, “The
Role of Physical Activity and Sedentary Behaviors in Explaining the
Association between Acculturation and Obesity among Mexican
American Adults,” physical activity related to work and transportation
decreases as foreign-born Hispanics become more acculturated to
U.S. culture, leading to a more sedentary lifestyle. This may explain
why obesity outcomes are worse among more acculturated people.
However, it is not yet clear how different forms of physical activity and
sedentary habits affect the relationship between acculturation
and obesity.

The risk of severe illness from COVID-19 is higher among
minorities, especially Hispanics and African Americans; older
individuals come under a more significant risk of infection (CDC,
2020). It has been reported that more clinical studies are being
conducted on the development of arterial complications in severely ill
COVID-19 patients. There is increasing anecdotal evidence that
COVID-19 patients are experiencing a more significant burden of
coronary thrombosis. Additionally, case reports have shown
occurrences of acute aortic and limb arterial thrombosis in COVID-19
patients, with varying outcomes (74). This provides further support
for the increased thrombotic risk of SARS-CoV-2 infection. Patients
who are severely ill with COVID-19 may require intensive care or a
ventilator to assist them with breathing (CDC, 2020) (75).
Additionally, individuals with certain underlying medical conditions,
regardless of risk, are at a greater risk of developing severe disease
from SARS-CoV-2 infection (CDC, 2020) (75). Studies have shown

TABLE 2 Nutrition examples of heart healthy eating plan (Myplate 76).

Fruits

Vegetables

Whole Protein Low- Healthy
grains fat fat
dairy

3 cups

2 cups 2 Y cups 60z 50z

Omega-3
Omega-6
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TABLE 3 Physical activity essential to healthy aging (CDC 75).

Duration Type Activity

150 min/week Aerobics Moderate intensity activity (Brisk
walking: 30 min/day; 5X week)

2days/week Strengthen muscles Weightlifting

3 days/week Improve balance Standing on one foot

TABLE 4 Specific heart healthy micronutrients (per day).

RDA for
women

Plant
food
sources

Animal
food
sources

Micronutrients

Vitamin C (Ascorbic Eggs, raw Lime, 75mg 90 mg
acid) liver, fish, mandarin,
fish roe orange, kiwi,
kale,
blackcurrants
Vitamin D (1, 25 Dairy, meat, =~ Mushrooms 15 pg 15 ug
Dihydroxy eggs
cholecalciferol)
Vitamin E (alpha NA Almonds, 15mg 15mg
tocopherol) sunflower,
peanuts,
hazelnut,
soybeans
Zinc Opyster,red | Lentils, 10mg 15mg
meat, beans,
poultry chickpeas,
whole grains
Flavonoids NA Citrus fruits, = 250-400 mg 250-
berries, 400mg
apples, onion,
leafy
vegetables,
green tea,
wines

that those who are elderly, critically ill, underrepresented minorities,
or have underlying medical conditions are at the highest risk of
contracting the virus and experiencing worsened symptoms.

The impacts of nutrition on susceptibility to COVID-19 and PVD
have long-term consequences. Recent studies have shown that the
Western Diet (rich in saturated fats, sweets, and refined
carbohydrates) contributes to the global prevalence of obesity,
cardiovascular disease, type 2 diabetes, and the risk of COVID-19
infection (10). Additionally, consumption of the Western diet
weakens the adaptive immune response while strengthening the
innate immune system, resulting in endothelial dysfunction and an
uncontrolled inflammatory cascade (10). Furthermore, COVID-19
triggers peripheral inflammation, leading to long-term consequences
in individuals who have already been exposed to the virus and cannot
return to a healthy baseline. Poor management of nutrition
exacerbates the condition, making it crucial to prioritize the
availability of nutritious foods for individuals at risk of PVD and
COVID-19 (10, 77-80).
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COVID-19 association with underlying
conditions of PVD

A recent study has shown that COVID-19 can severely impact
individuals with underlying health conditions such as diabetes and
hypertension, especially in relation to peripheral arterial
complications (81). Previous studies have identified several risk
factors for COVID-19, such as age, diabetes, smoking, obesity, and
hypertension, which are also associated with atherosclerosis.
However, a note of the studies have implicated pre-existing PVD
in the severity of the COVID-19 infection or outcome, except for
cerebrovascular disease (7) This leads us to hypothesize that
COVID-19 may worsen pre-existing PVD and limb ischemia by
directly targeting the endothelium or increasing blood viscosity
and expression of coagulation factors such as von Willebrand
Factor (vWF), fibrinogen, and d-dimers. Additionally, the cytokine
storms evoked by the viral infection may lead to the rupture of
atherosclerotic plaque, which can attract circulating platelets and
form a thrombus, further worsening PVD (82). This leads to the
rupture of plaque and the ability to attract circulating platelets at
the site of the injury and form the thrombus (83). Regarding
chronic venous diseases, particularly pre-existing PVD, COVID-19
infection may worsen clinical symptoms or even create new
thrombosis. Therefore, finding optimal therapeutic agents to
manage COVID-19 disease is urgently needed.

Conclusion and future directions

The ongoing research on the SARS-CoV-2 and subsequent
COVID-19 pandemic continues to yield new findings regarding their
impact on human well-being and their implications for the
forthcoming years. The global focus efforts have been directed not
only at improving and enhancing vaccines against the virus but also
at crafting increasingly targeted and specific medical therapies. It is
evident that comprehending the mechanisms of the virus’s action,
particularly the excipients or supplements that can modulate the viral
inflammatory process, constitutes a fundamental cornerstone in the
fight against COVID-19. In this context, dietary interventions,
achieved through the consumption of essential macronutrients and
micronutrients, serve as the primary fortification in both preventing
and combating the virus and its correlated symptoms, irrespective of
hospitalization. Furthermore, nutrition assumes the role of
personalized medicine contingent upon the patients specific
condition. Based on these assessments, the attributes and requisites of
the immune system undergo modification, commensurate with the
capacity to respond to the infection and modulate its propagation at a
multi-organ level. This underscores the adaptability and reshaping of
dietary regimens as necessitated by personalized assessments and
directives predicated on the state of health of COVID-19-
positive patients.

Author contributions

ZK: Conceptualization, Formal analysis, Investigation,
Methodology, Project administration, Software, Supervision,
Validation, Writing - review & editing. RR: Data curation,

frontiersin.org


https://doi.org/10.3389/fnut.2024.1418028
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Karim et al.

Formal analysis, Validation, Writing - original draft, Writing -
review & editing. AS: Data curation, Formal analysis, Validation,
Writing - original draft, Writing - review & editing. MB: Data
curation, Formal analysis, Validation, Writing - original draft,
Writing - review & editing. VA: Formal analysis, Validation,
Writing - review & editing. NM: Formal analysis, Validation,
Writing - review & editing. EJ: Formal analysis, Validation,
Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

References

1. Costantino S, Paneni F, Luscher TF, Cosentino E Pinl inhibitor Juglone prevents
diabetic vascular dysfunction. Int J Cardiol. (2016) 203:702-7. doi: 10.1016/j.
ijcard.2015.10.221

2. Curtis AB, Karki R, Hattoum A, Sharma UC. Arrhythmias in patients >/=80 years
of age: pathophysiology, management, and outcomes. ] Am Coll Cardiol. (2018)
71:2041-57. doi: 10.1016/j.jacc.2018.03.019

3. Garcia M, Mulvagh SL, Merz CN, Buring JE, Manson JE. Cardiovascular disease in
women: clinical perspectives. Circ Res. (2016) 118:1273-93. doi: 10.1161/
CIRCRESAHA.116.307547

4. Yazdanyar A, Newman AB. The burden of cardiovascular disease in the elderly:
morbidity, mortality, and costs. Clin Geriatr Med. (2009) 25:563-77. doi: 10.1016/j.
cger.2009.07.007

5. Huynh-Hohnbaum AL, Marshall L, Villa VM, Lee G. Self-management of heart
disease in older adults. Home Health Care Serv Q. (2015) 34:159-72. doi:
10.1080/01621424.2015.1092909

6. Casas R, Castro-Barquero S, Estruch R, Sacanella E. Nutrition and cardiovascular
health. Int ] Mol Sci. (2018) 19:3988. doi: 10.3390/ijms19123988

7. Rastogi A, Dogra H, Jude EB. COVID-19 and peripheral arterial complications in
people with diabetes and hypertension: a systematic review. Diabetes Metab Syndr.
(2021) 15:102204. doi: 10.1016/j.dsx.2021.102204

8. Pal ], Sethi D, Taywade M, Pal R. Role of nutrition and diet during COVID-19
pandemic: a narrative review. ] Family Med Prim Care. (2022) 11:4942-8. doi: 10.4103/
jfmpc.jfmpc_1311_21

9. Rust P, Ekmekcioglu C. The role of diet and specific nutrients during the COVID-19
pandemic: what have we learned over the last three years? Int ] Environ Res Public
Health. (2023) 20:5400. doi: 10.3390/ijerph20075400

10. Butler MJ, Barrientos RM. The impact of nutrition on COVID-19 susceptibility
and long-term consequences. Brain Behav Immun. (2020) 87:53-4. doi: 10.1016/j.
bbi.2020.04.040

11. Dahlof B. Cardiovascular disease risk factors: epidemiology and risk assessment.
Am J Cardiol. (2010) 105:3A-9A. doi: 10.1016/j.amjcard.2009.10.007

12. Ebrahim S, Beswick A, Burke M, Davey Smith G. Multiple risk factor interventions
for primary prevention of coronary heart disease. Cochrane Database Syst Rev.
(2006):CD001561. doi: 10.1002/14651858.CD001561.pub3

13. Rippe JM. Lifestyle strategies for risk factor reduction, prevention, and treatment of
cardiovascular disease. Am J Lifestyle Med. (2019) 13:204-12. doi: 10.1177/1559827618812395

14. Popkin BM, Adair LS, Ng SW. Global nutrition transition and the pandemic of obesity
in developing countries. Nutr Rev. (2012) 70:3-21. doi: 10.1111/j.1753-4887.2011.00456.x

15.Chiu JJ, Chien S. Effects of disturbed flow on vascular endothelium:
pathophysiological basis and clinical perspectives. Physiol Rev. (2011) 91:327-87. doi:
10.1152/physrev.00047.2009

16. Cantoni C, Dorsett Y, Fontana L, Zhou Y, Piccio L. Effects of dietary restriction on
gut microbiota and CNS autoimmunity. Clin Immunol. (2022) 235:108575. doi:
10.1016/j.clim.2020.108575

17. Mclaren-Hedwards T, D'cunha K, Elder-Robinson E, Smith C, Jennings C, Marsh
A, et al. Effect of communal dining and dining room enhancement interventions on
nutritional, clinical and functional outcomes of patients in acute and sub-acute hospital,
rehabilitation and aged-care settings: a systematic review. Nutr Diet. (2022) 79:140-68.
doi: 10.1111/1747-0080.12650

18. Bassolino L, Petroni K, Polito A, Marinelli A, Azzini E, Ferrari M, et al. Does plant
breeding for antioxidant-rich foods have an impact on human health? Antioxidants.
(2022) 11:794. doi: 10.3390/antiox11040794

Frontiers in Nutrition

10.3389/fnut.2024.1418028

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

19. Kerver JM, Yang EJ, Bianchi L, Song WO. Dietary patterns associated with risk
factors for cardiovascular disease in healthy US adults. Am J Clin Nutr. (2003)
78:1103-10. doi: 10.1093/ajcn/78.6.1103

20. Persson CE, Rothenberg E, Hansson PO, Welin C, Strandhagen E. Cardiovascular
risk factors in relation to dietary patterns in 50-year-old men and women: a feasibility
study of a short FFQ. Public Health Nutr. (2019) 22:645-53. doi: 10.1017/
$1368980018002264

21. Carrero JJ, Grimble RE Does nutrition have a role in peripheral vascular disease?
Br ] Nutr. (2006) 95:217-29. doi: 10.1079/BJN20051616

22.Qin B, Xun P, Jacobs DR Jr, Zhu N, Daviglus ML, Reis JP, et al. Intake of niacin,
folate, vitamin B-6, and vitamin B-12 through young adulthood and cognitive function
in midlife: the coronary artery risk development in Young adults (CARDIA) study. Am
J Clin Nutr. (2017) 106:1032-40. doi: 10.3945/ajcn.117.157834

23. Adams KM, Lindell KC, Kohlmeier M, Zeisel SH. Status of nutrition education in
medical schools. Am J Clin Nutr. (2006) 83:941S-4S. doi: 10.1093/ajcn/83.4.941S

24. Adams KM, Kohlmeier M, Zeisel SH. Nutrition education in U.S. medical schools:
latest update of a national survey. Acad Med. (2010) 85:1537-42. doi: 10.1097/
ACM.0b013e3181eab71b

25. Lindell KC, Adams KM, Kohlmeier M, Zeisel SH. The evolution of nutrition in
medicine, a computer-assisted nutrition curriculum. Am J Clin Nutr. (2006) 83:956S-
628. doi: 10.1093/ajcn/83.4.956S

26. Cormier SA, Yamamoto A, Short KR, Vu L, Suk WA. Environmental impacts on
COVID-19: mechanisms of increased susceptibility. Ann Glob Health. (2022) 88:94. doi:
10.5334/a0gh.3907

27.Ladds E, Rushforth A, Wieringa S, Taylor S, Rayner C, Husain L, et al. Persistent
symptoms after Covid-19: qualitative study of 114 "long Covid" patients and draft quality
principles for services. BMC Health Serv Res. (2020) 20:1144. doi: 10.1186/
§12913-020-06001-y

28. Barros-Neto JA, Mello CS, Vasconcelos SML, Bddue G, Ferreira RC, Andrade MIS,
et al. Association between being underweight and excess body weight before SARS
coronavirus type 2 infection and clinical outcomes of coronavirus disease 2019:
multicenter study. Nutrition. (2022) 101:111677. doi: 10.1016/j.nut.2022.111677

29. Kompaniyets L, Goodman AB, Belay B, Freedman DS, Sucosky MS, Lange SJ, et al.
Body mass index and risk for COVID-19-related hospitalization, intensive care unit
admission, invasive mechanical ventilation, and death - United States, march-December
2020. MMWR Morb Mortal Wkly Rep. (2021) 70:355-61. doi: 10.15585/mmwr.mm7010e4

30. Tartof SY, Qian L, Hong V, Wei R, Nadjafi RE, Fischer H, et al. Obesity and
mortality among patients diagnosed with COVID-19: results from an integrated health
care organization. Ann Intern Med. (2020) 173:773-81. doi: 10.7326/M20-3742

31. Molani Gol R, Rafraf M. Association between abdominal obesity and pulmonary
function in apparently healthy adults: a systematic review. Obes Res Clin Pract. (2021)
15:415-24. doi: 10.1016/j.0rcp.2021.06.011

32. Bourbour F, Mirzaei Dahka S, Gholamalizadeh M, Akbari ME, Shadnoush M,
Haghighi M, et al. Nutrients in prevention, treatment, and management of viral
infections; special focus on coronavirus. Arch Physiol Biochem. (2023) 129:16-25. doi:
10.11909/j.issn.1671-5411.2017.05.008

33. Estruch R, Ros E, Salas-Salvado J, Covas MI, Corella D, Aros E et al. Primary
prevention of cardiovascular disease with a Mediterranean diet supplemented with
extra-virgin olive oil or nuts. N Engl ] Med. (2018) 378:e34. doi: 10.1056/NEJMoa1800389

34. Da Silva APG. Fighting coronaviruses with natural polyphenols. Biocatal Agric
Biotechnol. (2021) 37:102179. doi: 10.1016/j.bcab.2021.102179

35. Cobre AF, Surek M, Vilhena RO, Boger B, Fachi MM, Momade DR, et al. Influence
of foods and nutrients on COVID-19 recovery: a multivariate analysis of data from 170

frontiersin.org


https://doi.org/10.3389/fnut.2024.1418028
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/j.ijcard.2015.10.221
https://doi.org/10.1016/j.ijcard.2015.10.221
https://doi.org/10.1016/j.jacc.2018.03.019
https://doi.org/10.1161/CIRCRESAHA.116.307547
https://doi.org/10.1161/CIRCRESAHA.116.307547
https://doi.org/10.1016/j.cger.2009.07.007
https://doi.org/10.1016/j.cger.2009.07.007
https://doi.org/10.1080/01621424.2015.1092909
https://doi.org/10.3390/ijms19123988
https://doi.org/10.1016/j.dsx.2021.102204
https://doi.org/10.4103/jfmpc.jfmpc_1311_21
https://doi.org/10.4103/jfmpc.jfmpc_1311_21
https://doi.org/10.3390/ijerph20075400
https://doi.org/10.1016/j.bbi.2020.04.040
https://doi.org/10.1016/j.bbi.2020.04.040
https://doi.org/10.1016/j.amjcard.2009.10.007
https://doi.org/10.1002/14651858.CD001561.pub3
https://doi.org/10.1177/1559827618812395
https://doi.org/10.1111/j.1753-4887.2011.00456.x
https://doi.org/10.1152/physrev.00047.2009
https://doi.org/10.1016/j.clim.2020.108575
https://doi.org/10.1111/1747-0080.12650
https://doi.org/10.3390/antiox11040794
https://doi.org/10.1093/ajcn/78.6.1103
https://doi.org/10.1017/S1368980018002264
https://doi.org/10.1017/S1368980018002264
https://doi.org/10.1079/BJN20051616
https://doi.org/10.3945/ajcn.117.157834
https://doi.org/10.1093/ajcn/83.4.941S
https://doi.org/10.1097/ACM.0b013e3181eab71b
https://doi.org/10.1097/ACM.0b013e3181eab71b
https://doi.org/10.1093/ajcn/83.4.956S
https://doi.org/10.5334/aogh.3907
https://doi.org/10.1186/s12913-020-06001-y
https://doi.org/10.1186/s12913-020-06001-y
https://doi.org/10.1016/j.nut.2022.111677
https://doi.org/10.15585/mmwr.mm7010e4
https://doi.org/10.7326/M20-3742
https://doi.org/10.1016/j.orcp.2021.06.011
https://doi.org/10.11909/j.issn.1671-5411.2017.05.008
https://doi.org/10.1056/NEJMoa1800389
https://doi.org/10.1016/j.bcab.2021.102179

Karim et al.

countries using a generalized linear model. Clin Nutr. (2022) 41:3077-84. doi: 10.1016/j.
clnu.2021.03.018

36. Anand SS, Hawkes C, De Souza RJ, Mente A, Dehghan M, Nugent R, et al. Food
consumption and its impact on cardiovascular disease: importance of solutions focused
on the globalized food system: a report from the workshop convened by the world heart
federation. ] Am Coll Cardiol. (2015) 66:1590-614. doi: 10.1016/j.jacc.2015.07.050

37. Belanger MJ, Kovell LC, Turkson-Ocran RA, Mukamal KJ, Liu X, Appel L], et al.
Effects of the dietary approaches to stop hypertension diet on change in cardiac
biomarkers over time: results from the DASH-sodium trial. ] Am Heart Assoc. (2023)
12:€026684. doi: 10.1161/JAHA.122.026684

38.Raheem D, Raposo A, Oluwole OB, Nieuwland M, Saraiva A, Carrascosa C.
Entomophagy: nutritional, ecological, safety and legislation aspects. Food Res Int. (2019)
126:108672. doi: 10.1016/j.foodres.2019.108672

39.Raposo A, Ramos F, Raheem D, Saraiva A, Carrascosa C. Food safety, security,
sustainability and nutrition as priority objectives of the food sector. Int ] Environ Res
Public Health. (2021) 18:18. doi: 10.3390/ijerph18158073

40. Fanzo ], Bellows AL, Spiker ML, Thorne-Lyman AL, Bloem MW. The importance
of food systems and the environment for nutrition. Am J Clin Nutr. (2021) 113:7-16.
doi: 10.1093/ajcn/nqaa313

41. Fanzo J, Rudie C, Sigman I, Grinspoon S, Benton TG, Brown ME, et al. Sustainable
food systems and nutrition in the 21st century: a report from the 22nd annual Harvard
nutrition obesity symposium. Am J Clin Nutr. (2022) 115:18-33. doi: 10.1093/ajcn/
nqab315

42. Louca P, Murray B, Klaser K, Graham MS, Mazidi M, Leeming ER, et al. Modest
effects of dietary supplements during the COVID-19 pandemic: insights from 445 850
users of the COVID-19 symptom study app. BMJ Nutr Prev Health. (2021) 4:149-57.
doi: 10.1136/bmjnph-2021-000250

43.Ben S, Mhalla Y, Trabelsi I, Sekma A, Youssef R, Bel K, et al. Twice-daily Oral
zinc in the treatment of patients with coronavirus disease 2019: a randomized double-
blind controlled trial. Clin Infect Dis. (2023) 76:185-91. doi: 10.1093/cid/ciac807

44. Hernandez A, Papadakos PJ, Torres A, Gonzalez DA, Vives M, Ferrando C, et al.
Two known therapies could be useful as adjuvant therapy in critical patients infected by
COVID-19. Rev Esp Anestesiol Reanim. (2020) 67:245-52. doi: 10.1016/j.
redar.2020.03.004

45. Shah K, Varna VP, Sharma U, Mavalankar D. Does vitamin D supplementation
reduce COVID-19 severity? A systematic review. Q/M. (2022) 115:665-72. doi: 10.1093/
gjmed/hcac040

46. Musa S, Dergaa I, Bachiller V, Saad HB. Global implications of COVID-19
pandemic on Adults' lifestyle behavior: the invisible pandemic of noncommunicable
disease. Int ] Prev Med. (2023) 14:15. doi: 10.4103/ijpvm.ijpvm_157_21

47.Zhao Z, Li L, Sang Y. The COVID-19 pandemic increased poor lifestyles and
worsen mental health: a systematic review. Am ] Transl Res. (2023) 15:3060-6.

48. Calder PC. Nutrition, immunity and COVID-19. BMJ Nutr Prev Health. (2020)
3:74-92. doi: 10.1136/bmjnph-2020-000085

49. Huang B, Niu Y, Zhao W, Bao P, Li D. Reduced sleep in the week prior to diagnosis
of COVID-19 is associated with the severity of COVID-19. Nat Sci Sleep. (2020)
12:999-1007. doi: 10.2147/NSS.S263488

50. Lee SW, Lee J, Moon SY, Jin HY, Yang JM, Ogino S, et al. Physical activity and the
risk of SARS-CoV-2 infection, severe COVID-19 illness and COVID-19 related
mortality in South Korea: a nationwide cohort study. Br ] Sports Med. (2022) 56:901-12.
doi: 10.1136/bjsports-2021-104203

51. Mello MT, Silva A, Guerreiro RC, Da-Silva FR, Esteves AM, Poyares D, et al. Sleep
and COVID-19: considerations about immunity, pathophysiology, and treatment. Sleep
Sci. (2020) 13:199-209. doi: 10.5935/1984-0063.20200062

52. Wise J. Covid-19: highest death rates seen in countries with most overweight
populations. BMJ. (2021) 372:n623. doi: 10.1136/bmj.n623

53. Duran-Aguero S, Ortiz A, Perez-Armijo P, Vinueza-Veloz ME, Rios-Castillo I,
Camacho-Lopez S, et al. Quality of the diet during the COVID-19 pandemic in 11 Latin-
American countries. ] Health Popul Nutr. (2022) 41:33. doi: 10.1186/541043-022-00316-8

54. Mignogna C, Costanzo S, Ghulam A, Cerletti C, Donati MB, De Gaetano G, et al.
Impact of Nationwide lockdowns resulting from the first wave of the COVID-19
pandemic on food intake, eating behaviors, and diet quality: a systematic review. Adv
Nutr. (2022) 13:388-423. doi: 10.1093/advances/nmab130

55. Heinonen I, Helajarvi H, Pahkala K, Heinonen OJ, Hirvensalo M, Palve K, et al.
Sedentary behaviours and obesity in adults: the cardiovascular risk in Young Finns study.
BM]J Open. (2013) 3:¢002901. doi: 10.1136/bmjopen-2013-002901

56. Tremblay MS, Leblanc AG, Kho ME, Saunders TJ, Larouche R, Colley RC, et al.
Systematic review of sedentary behaviour and health indicators in school-aged children
and youth. Int ] Behav Nutr Phys Act. (2011) 8:98. doi: 10.1186/1479-5868-8-98

57. Daniels NF, Burrin C, Chan T, Fusco E A systematic review of the impact of the
first year of COVID-19 on obesity risk factors: a pandemic fueling a pandemic? Curr
Dev Nutr. (2022) 6:nzac011. doi: 10.1093/cdn/nzac011

58. Mattioli AV, Sciomer S, Cocchi C, Maffei S, Gallina S. Quarantine during
COVID-19 outbreak: changes in diet and physical activity increase the risk of
cardiovascular disease. Nutr Metab Cardiovasc Dis. (2020) 30:1409-17. doi: 10.1016/j.
numecd.2020.05.020

Frontiers in Nutrition

10.3389/fnut.2024.1418028

59. Crowder SL, Beckie T, Stern M. A review of food insecurity and chronic
cardiovascular disease: implications during the COVID-19 pandemic. Ecol Food Nutr.
(2021) 60:596-611. doi: 10.1080/03670244.2021.1956485

60. Niles MT, Bertmann E Belarmino EH, Wentworth T, Biehl E, Neff R. The early
food insecurity impacts of COVID-19. Nutrients. (2020) 12:2096. doi: 10.3390/
nul2072096

61. Patel JJ, Martindale RG, Mcclave SA. Relevant nutrition therapy in COVID-19 and
the constraints on its delivery by a unique disease process. Nutr Clin Pract. (2020)
35:792-9. doi: 10.1002/ncp.10566

62. Liu H, Zhou L, Wang H, Wang X, Qu G, Cai J, et al. Malnutrition is associated with
hyperinflammation and immunosuppression in COVID-19 patients: a prospective
observational study. Nutr Clin Pract. (2021) 36:863-71. doi: 10.1002/ncp.10679

63. Graham DB, Xavier R]. Conditioning of the immune system by the microbiome.
Trends Immunol. (2023) 44:499-511. doi: 10.1016/j.it.2023.05.002

64. Mcclave SA, Martindale RG. Why do current strategies for optimal nutritional
therapy neglect the microbiome? Nutrition. (2019) 60:100-5. doi: 10.1016/j.
nut.2018.09.024

65. Toor D, Wsson MK, Kumar P, Karthikeyan G, Kaushik NK, Goel C, et al. Dysbiosis
disrupts gut immune homeostasis and promotes gastric diseases. Int ] Mol Sci. (2019)
20:2432. doi: 10.3390/ijms20102432

66. Yoo JY, Groer M, Dutra SVO, Sarkar A, Mcskimming DI. Gut microbiota and
immune system interactions. Microorganisms. (2020) 8:1587. doi: 10.3390/
microorganisms8101587

67. Zheng D, Liwinski T, Elinav E. Interaction between microbiota and immunity in
health and disease. Cell Res. (2020) 30:492-506. doi: 10.1038/s41422-020-0332-7

68. Ranucci M, Ballotta A, Di Dedda U, Baryshnikova E, Dei Poli M, Resta M, et al.
The procoagulant pattern of patients with COVID-19 acute respiratory distress
syndrome. ] Thromb Haemost. (2020) 18:1747-51. doi: 10.1111/jth.14854

69. Manca R, De Marco M, Venneri A. The impact of COVID-19 infection and
enforced prolonged social isolation on neuropsychiatric symptoms in older adults with
and without dementia: a review. Front Psych. (2020) 11:585540. doi: 10.3389/
fpsyt.2020.585540

70. Sliz D, Wiecha S, Gasior JS, Kasiak PS, Ulaszewska K, Lewandowski M, et al. Impact of
COVID-19 infection on cardiorespiratory fitness, sleep, and psychology of endurance athletes-
CAESAR study. J Clin Med. (2023) 12:3002. doi: 10.3390/jcm12083002

71. Ayala GX, Baquero B, Klinger S. A systematic review of the relationship between
acculturation and diet among Latinos in the United States: implications for future
research. ] Am Diet Assoc. (2008) 108:1330-44. doi: 10.1016/j.jada.2008.05.009

72. Overcash E, Reicks M. Diet quality and eating practices among Hispanic/Latino
men and women: NHANES 2011-2016. Int ] Environ Res Public Health. (2021) 18:1302.
doi: 10.3390/ijerph18031302

73. Valerino-Perea S, Lara-Castor L, Armstrong MEG, Papadaki A. Definition of the
traditional Mexican diet and its role in health: a systematic review. Nutrients. (2019)
11:2803. doi: 10.3390/nul1112803

74. Woehl B, Lawson B, Jambert L, Tousch J, Ghassani A, Hamade A. 4 cases of aortic
thrombosis in patients with COVID-19. JACC Case Rep. (2020) 2:1397-401. doi:
10.1016/j.jaccas.2020.06.003

75. Pfortmueller CA, Spinetti T, Urman RD, Luedi MM, Schefold JC. COVID-19-
associated acute respiratory distress syndrome (CARDS): current knowledge on
pathophysiology and ICU treatment - a narrative review. Best Pract Res Clin Anaesthesiol.
(2021) 35:351-68. doi: 10.1016/j.bpa.2020.12.011

76.US Department of Agriculture and US Department of Health and Human
Services. Dietary Guidelines for Americans, 2020-2025. 9th ed. Washington, DC: US
Government Publishing Office (2020). DietaryGuidelines.gov

77. Fernandez-Quintela A, Milton-Laskibar I, Trepiana J, Gomez-Zorita S, Kajarabille
N, Leniz A, et al. Key aspects in nutritional management of COVID-19 patients. ] Clin
Med. (2020) 9:2589. doi: 10.3390/jcm9082589

78.Kurtz A, Grant K, Marano R, Arrieta A, Grant K Jr, Feaster W, et al. Long-term
effects of malnutrition on severity of COVID-19. Sci Rep. (2021) 11:14974. doi: 10.1038/
541598-021-94138-z

79. Mehta S. Nutritional status and COVID-19: an opportunity for lasting change?
Clin Med. (2020) 20:270-3. doi: 10.7861/clinmed.2020-0187

80. Thibault R, Coeffier M, Joly E Bohe ], Schneider SM, Dechelotte P. How the
Covid-19 epidemic is challenging our practice in clinical nutrition-feedback from the
field. Eur J Clin Nutr. (2021) 75:407-16. doi: 10.1038/s41430-020-00757-6

81. Gao YD, Ding M, Dong X, Zhang JJ, Kursat Azkur A, Azkur D, et al. Risk factors
for severe and critically ill COVID-19 patients: a review. Allergy. (2021) 76:428-55. doi:
10.1111/all.14657

82.Guzik TJ, Mohiddin SA, Dimarco A, Patel V, Savvatis K, Marelli-Berg FM,
et al. COVID-19 and the cardiovascular system: implications for risk assessment,
diagnosis, and treatment options. Cardiovasc Res. (2020) 116:1666-87. doi:
10.1093/cvr/cvaal06

83. Fiotti N, Moretti ME, Bussani R, Altamura N, Zamolo E Gerloni R, et al. Features
of vulnerable plaques and clinical outcome of UA/NSTEMI: relationship with matrix
metalloproteinase functional polymorphisms. Atherosclerosis. (2011) 215:153-9. doi:
10.1016/j.atherosclerosis.2010.12.010

frontiersin.org


https://doi.org/10.3389/fnut.2024.1418028
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/j.clnu.2021.03.018
https://doi.org/10.1016/j.clnu.2021.03.018
https://doi.org/10.1016/j.jacc.2015.07.050
https://doi.org/10.1161/JAHA.122.026684
https://doi.org/10.1016/j.foodres.2019.108672
https://doi.org/10.3390/ijerph18158073
https://doi.org/10.1093/ajcn/nqaa313
https://doi.org/10.1093/ajcn/nqab315
https://doi.org/10.1093/ajcn/nqab315
https://doi.org/10.1136/bmjnph-2021-000250
https://doi.org/10.1093/cid/ciac807
https://doi.org/10.1016/j.redar.2020.03.004
https://doi.org/10.1016/j.redar.2020.03.004
https://doi.org/10.1093/qjmed/hcac040
https://doi.org/10.1093/qjmed/hcac040
https://doi.org/10.4103/ijpvm.ijpvm_157_21
https://doi.org/10.1136/bmjnph-2020-000085
https://doi.org/10.2147/NSS.S263488
https://doi.org/10.1136/bjsports-2021-104203
https://doi.org/10.5935/1984-0063.20200062
https://doi.org/10.1136/bmj.n623
https://doi.org/10.1186/s41043-022-00316-8
https://doi.org/10.1093/advances/nmab130
https://doi.org/10.1136/bmjopen-2013-002901
https://doi.org/10.1186/1479-5868-8-98
https://doi.org/10.1093/cdn/nzac011
https://doi.org/10.1016/j.numecd.2020.05.020
https://doi.org/10.1016/j.numecd.2020.05.020
https://doi.org/10.1080/03670244.2021.1956485
https://doi.org/10.3390/nu12072096
https://doi.org/10.3390/nu12072096
https://doi.org/10.1002/ncp.10566
https://doi.org/10.1002/ncp.10679
https://doi.org/10.1016/j.it.2023.05.002
https://doi.org/10.1016/j.nut.2018.09.024
https://doi.org/10.1016/j.nut.2018.09.024
https://doi.org/10.3390/ijms20102432
https://doi.org/10.3390/microorganisms8101587
https://doi.org/10.3390/microorganisms8101587
https://doi.org/10.1038/s41422-020-0332-7
https://doi.org/10.1111/jth.14854
https://doi.org/10.3389/fpsyt.2020.585540
https://doi.org/10.3389/fpsyt.2020.585540
https://doi.org/10.3390/jcm12083002
https://doi.org/10.1016/j.jada.2008.05.009
https://doi.org/10.3390/ijerph18031302
https://doi.org/10.3390/nu11112803
https://doi.org/10.1016/j.jaccas.2020.06.003
https://doi.org/10.1016/j.bpa.2020.12.011
https://doi.org/10.3390/jcm9082589
https://doi.org/10.1038/s41598-021-94138-z
https://doi.org/10.1038/s41598-021-94138-z
https://doi.org/10.7861/clinmed.2020-0187
https://doi.org/10.1038/s41430-020-00757-6
https://doi.org/10.1111/all.14657
https://doi.org/10.1093/cvr/cvaa106
https://doi.org/10.1016/j.atherosclerosis.2010.12.010

	Positive impact of nutrition in the prevention of peripheral vascular disease and severe acute respiratory syndrome coronavirus 2: review
	What is cardiovascular disease?
	Why do cardiovascular diseases and SARS-CoV-2 have a significant impact?
	Cardiovascular disease risk factors
	The pathophysiological link between nutrition and peripheral vascular disease
	Management of peripheral vascular disease via nutrition pathway
	The interrelationship between nutrition, COVID-19, and peripheral vascular disease
	Impact of dietary supplements and nutrition on risk of COVID-19
	During the COVID-19 lockdown, changes in dietary habits influenced the risk of CVD
	During the pandemic, food insecurity is a social determinant for COVID-19 and CVD risk
	Nutritional therapy and COVID-19
	Impact of COVID-19 and PVD
	COVID-19 association with underlying conditions of PVD
	Conclusion and future directions

	References

