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Abstract: The expansive and rapid spread of the SARS-CoV-2 virus has resulted in a global pandemic
of COVID-19 infection and disease. Though initially perceived to be acute in nature, many patients
report persistent and recurrent symptoms beyond the infectious period. Emerging as a new epidemic,
“long-COVID”, or post-acute sequelae of coronavirus disease (PASC), has substantially altered the
lives of millions of people globally. Symptoms of both COVID-19 and PASC are individual, but
share commonality to established respiratory viruses, which include but are not limited to chest pain,
shortness of breath, fatigue, along with adverse metabolic and pulmonary health effects. Nutrition
plays a critical role in immune function and metabolic health and thus is implicated in reducing risk
or severity of symptoms for both COVID-19 and PASC. However, despite the impact of nutrition
on these key physiological functions related to COVID-19 and PASC, the precise role of nutrition in
COVID-19 infection and PASC onset or severity remains to be elucidated. This narrative review will
discuss established and emerging nutrition approaches that may play a role in COVID-19 and PASC,
with references to the established nutrition and clinical practice guidelines that should remain the
primary resources for patients and practitioners.

Keywords: COVID-19; PASC; long COVID; dietary patterns; nutrition; insulin resistance; immunity;
inflammation

1. Introduction & Background

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a novel coronavirus
first identified in 2019. The virus quickly spread throughout the world, causing a global
pandemic of respiratory illness, known now as COVID-19. As of late 2022, the COVID-19
pandemic has resulted in over 636 million confirmed cases and more than 6.6 million deaths
worldwide [1]. COVID-19 causes severe acute respiratory syndrome, a potentially fatal
condition, and spreads through contact with respiratory secretions such as saliva, mucus,
or blood. A person can also contract the virus by inhaling droplets from an infected person
while coughing or sneezing. The severity of COVID-19 symptoms vary from asymptomatic
presentation [2], non-emergent symptoms such as mild fever, congestion, cough, and/or
fatigue, and emergent symptoms such as difficulty breathing, chest pain, confusion, and
lack of wakefulness necessitating hospitalization and critical care management. Many
factors impact the severity of COVID-19 symptoms, including comorbidities, compromised
immunity, advancing age, and even geographic location and air pollution [3].

Post-acute sequelae of COVID-19 (PASC) describes the condition of patients who
continue to experience symptoms related to COVID-19 that persist for more than 3 months
after initial infection [4]. The symptoms were initially documented in a case series of
Italian patients, which found that nearly one-third of patients were still experiencing
symptoms such as fatigue, muscle aches and pains, and cognitive difficulties 3 months post-
infection [5]. While the long-term effects of COVID-19 are still not fully understood, PASC
has emerged as a debilitating condition that requires both preventative and therapeutic
approaches. More research is needed to better understand the causes and effects of PASC,
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and to develop effective prevention and treatment strategies. In the meantime, patients who
are struggling with COVID-19 and PASC symptoms should seek medical help if they are
having difficulty managing their symptoms. Current medical approaches to both COVID-19
and PASC are effective and undergoing continuous updates to improve patient outcomes.

Nutritional intervention, in combination with medical therapy, is a powerful tool
to prevent and treat disease and disease-related symptoms. Emerging data from direct
research on COVID-19 and PASC along with indirect research from similar respiratory
virus infections and post-infection symptoms suggest potential roles for nutrition in clinical
outcomes and symptoms management. Nutritional intake may play an indirect role on the
risk of infection of COVID-19 through its effects on both innate and adaptive immunity.
For example, being over- or under-nourished is related to more severe clinical outcomes
and increased mortality in COVID-19 infection [6]. This holds true whether the over- or
under-nutrition is chronic (i.e., high or low body weight, insulin resistance) or acute (i.e.,
hospitalized feeding). In addition, nutritional intake of key micronutrients and probiotics
not only optimize immune function, it also plays a role in preventing viral infection and
reducing the severity and length of viral infection symptoms. Finally, emerging nutritional
approaches show positive effects on metabolic and pulmonary health, which may underlie
COVID-19 and PASC pathology. This narrative review will cover emerging insights on the
role of nutrition on COVID-19 and PASC in parallel with ongoing and established work
related to viral infections along with metabolic and pulmonary health. In this way, we offer
insight into the potential therapeutic impact of nutrition for both COVID-19 and PASC,
from the risk for initial viral infection through the prolongation of symptoms.

2. Over/Undernutrition Effects on COVID-19 and PASC
2.1. Chronic Over/Undernutrition

Chronic over- or under-nourishment manifests in a BMI (Body Mass Index) of over-
weight (BMI ≥ 25 kg/m2)/obesity (BMI ≥ 30 kg/m2) or underweight (BMI ≤ 18.5 kg/m2),
respectively. Both overweight and underweight BMI categories are associated with an
increased risk of COVID-19/viral infections [7] and may exacerbate symptoms common to
both acute COVID-19 infection and the chronic symptoms of PASC. In an analysis of nearly
150,000 U.S. adults infected with COVID-19, a nonlinear relationship with bodyweight
and COVID-19 severity was revealed, whereby having a BMI in either the underweight or
obesity categories increased risk, while having a BMI in the normal weight range or on the
threshold between normal weight and overweight had the lowest risk [6]. Additionally,
obesity per se has been linked to COVID-19 mortality and risk for intubation in multiple
cohorts [8–10]. Tartof et al. assessed the relationship between obesity and COVID-19
related mortality in 6916 patients in southern California (US). Using a healthy BMI as a
reference (18.5–24 kg/m2), individuals with a BMI between 40–44 kg/m2 had a relative
risk of mortality of 2.68 and individuals with a BMI greater than 45 kg/m2 had relative risk
of 4.18. Further, mortality risk with obesity was most apparent in males and individuals
that were younger, while race, ethnicity, and other sociodemographic factors did not have
an effect. Anderson et al. assessed the relationship between COVID-19 severity (using a
composite of the clinical need for intubation and mortality) and obesity in 2466 adults in
New York City, New York (US). Using individuals with an overweight BMI (25–30 kg/m2)
as the reference, individuals with obesity had a greater risk of intubation or death, with
the highest risk (hazard ratio of 1.6) in individuals with a BMI greater than 40 kg/m2; the
hazard ratio was adjusted for age, sex, race/ethnicity, hypertension, asthma or chronic
obstructive pulmonary disease, chronic kidney disease, pulmonary hypertension, smoking,
cancer, and diabetes. A separate analysis was not presented for individuals with a BMI
greater than 45 kg/m2. Similar to Tartof et al., this relationship between COVID-19 severity
and obesity was more prominent in younger cohorts, i.e., age less than 65 years. In agree-
ment with the Tartof and Anderson reports, Bennett et al., utilized data in the National
COVID Cohort Collaborative and used machine learning to calculate the effect of obesity on
COVID-19 severity while controlling for a large number of confounding variables. A total
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of 174,568 adults with COVID-19 were included and obesity was independently associated
with higher clinical severity of COVID-19 (odds ratio 1.36). It is worthwhile to mention
a conflicting report from a multi-center trial conducted across Brazil, which did not find
a relationship between BMI and COVID-19 infection severity [11]. One explanation for
this could be the relatively insensitive regression model used, which did not account for
admission month, hospital urbanicity, insurance/payer type, or other previously identified
confounding factors [12].

Multiple physiological mechanisms may explain the observed relationships between
obesity and COVID-19 infection risk and severity. Chronic over-nutrition leads to obesity,
which is independently associated with impaired metabolic function [13], pulmonary
function [14], and inflammation [15]—risk factors for increased severity of disease. Obesity
is also an independent risk factor for the diagnosis of PASC, as recently reported by the
NIH RECOVER program [16]. Obesity also leads to impaired metabolic health, which
has been reported to exacerbate both COVID-19 and PASC symptoms [17]. Though it is
notable that in a recent systematic review, no relationship between overall metabolic health
and risk of COVID-19 infection was observed. However, obesity per se and inflammation
remained risk factors for COVID-19 infection and severity [7]. In another systematic
review, COVID-19 infection and PASC were associated with increased risk of developing
metabolic disease [18], suggesting a bi-directional relationship between COVID-19/PASC
and metabolic health.

Lifestyle [19], pharmacological [20], and surgical [21] approaches are successful ther-
apies to normalize nutritional intake and body weight, reducing the risk for impaired
metabolic and pulmonary health and inflammation [22]. Given the profound positive
effect of these weight-normalizing strategies on key risk factors related to COVID-19 and
PASC, a prudent approach should involve improving bodyweight and chronic nutritional
status. These successful approaches to weight management should be implemented with
expert clinical supervision [23] and utilized in the context of an overall healthy dietary
pattern as recommended by national dietary guidelines, such as the Dietary Guidelines
for Americans [24], which broadly includes consuming a variety of fruits, vegetables,
whole-grains, lean meats, fish, legumes, low-fat dairy, and nuts while limiting foods and
beverages higher in added sugars, saturated fat, and sodium, and alcohol. In agreement, a
systematic review in chronic pulmonary disease found that increasing fruit and vegetable
intake improves pulmonary function with some evidence that it may improve systemic
inflammation as well—potentially relevant to COVID-19 and PASC symptoms due to the
effect on the pulmonary system [25].

In contrast to over-nutrition, chronic under-nutrition leads to malnutrition of not only
insufficient calories (inadequate energy intake), but also key micronutrients that impact
immune cell function. Expert consensus statements for individuals with malnutrition
include both caloric and micronutrient provision, with a focus on vitamins A and D in
malnourished patients with COVID-19 [26,27]. Given the availability of evidence, it is
prudent to conclude that maintaining a healthy body weight and consuming a diet in
accordance with national dietary guideline recommendations provides protection against
COVID-19 and PASC onset and severity of symptoms.

2.2. A Critical Note on the Conversation Surrounding Obesity and COVID-19/PASC

The topic of chronic over-nutrition and COVID-19 requires careful consideration of
the representation of persons with obesity by medical and lay communities. To this end,
it is increasingly important to recognize that (1) obesity is a disease with clearly defined
causative biological underpinnings and not a disorder of choice, laziness, or lack of personal
motivation for self-care and (2) social stigmatization is harmful to individuals impacted
by the disease and perpetuated by bias in medical care. To provide optimal patient care,
researchers, clinicians, and the lay populous need to actively work together to combat the
bias and stigma associated with obesity—minimally, by focusing on the use of person-



Nutrients 2023, 15, 866 4 of 14

first language along with other recommendations detailed in a recent joint international
consensus statement [28] and patient-centered care report [29].

2.3. Acute over/undernutrition

While chronic over/undernutrition plays a role in COVID-19 and PASC risk, acute
nutritional status also has an impact, specifically in severe symptoms of COVID-19 in-
volving critical care or intensive care unit (ICU) admission. A literature review recently
analyzed 10 clinical practice guidelines from across the globe to establish consensus practice
recommendations for critically ill patients after COVID-19 infection [30]. Key nutrition
concepts to optimizing patient care include assessing nutritional risk upon admission,
estimating calorie needs (potentially through the utilization of indirect calorimetry), a slow
and progressive provision of both energy and protein over the first 5–7 days of COVID-19
illness culminating in the provision of 20–30 kcal/kg/day with 1.2–2.0 g protein/day, and
the use of oral or enteral nutrition within 48 h of admission. There was no agreement
among the clinical practice guidelines regarding the use of low-carbohydrate formulas or
omega-3 enriched formulas. It is noteworthy that over or underfeeding in critical care is
associated with increased risk of morbidity and mortality [31–33]. This issue is compli-
cated by the inherent difficulty calculating energy needs in COVID-19 patients, as during
COVID-19 infection or even after resolution of infection, energy needs are variable and
not well estimated by energy expenditure predictive equations [34]. Underfeeding has
also been investigated in COVID-19-related admissions, where similar negative effects on
health outcomes were observed [35]. It is critically important to improve our understanding
of the changes in nutritional needs during COVID-19 and post-COVID-19 intensive care
admission, as the timing of nutritional provision to align with patient needs has been
established as a key factor in patient outcomes [36].

2.4. Dietary Factors That Affect Innate and Adaptive Immunity

The immune system is the body’s central defense network against infection and
disease. The immunological responses to antigens or foreign molecules, such as viruses,
involve the innate and adaptive immune cells [37]. Innate immunity is the body’s general
first line of defense against pathogens. It includes physical barriers, such as the skin and
mucous membranes, as well as chemical defenses, including acids and enzymes. Innate
immunity also includes cells, such as natural killer cells, which can recognize and destroy
pathogens. Adaptive immunity is the body’s second line of defense. It develops after
exposure to a pathogen and confers long-lasting protection against that specific pathogen.
Adaptive immunity is mediated primarily by B- and T-cells, which produce antibodies that
bind to and neutralize pathogens. Innate and adaptive immunity are supported by dietary
factors such as micronutrients and minerals. Adequate dietary intake of the micronutrients
and minerals is achievable through consuming a healthy diet in accordance with national
dietary guidelines [24]. However, supplementation may provide additional benefit to the
immune system or combat viral infections and thus are implicated in COVID-19 and PASC
therapy. Dietary factors of interest include vitamins C and D, zinc, iron, and probiotics and
are discussed in further detail below.

2.5. Vitamin C

Ascorbic acid or vitamin C is a water-soluble vitamin and antioxidant that plays
critical roles in both innate and adaptive immunity, including B and T-cell function, the
extent to which has been reviewed previously [38]. Vitamin C deficiency, though increas-
ingly rare in developed countries, impairs immune function and increases susceptibil-
ity to viral infection [39]. Supplementation of vitamin C protects against viral respira-
tory infection and even the common cold in individuals exposed to harsh environments
(e.g., cold, intense exercise) or stressful conditions, with evidence remaining inconclusive
under routine conditions [40,41]. Whether the positive effects in stressful conditions trans-
late to COVID-19 or PASC is unclear and requires direct research. The available research on
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vitamin C for COVID-19 is largely limited to observational reports including findings from
a retrospective chart review on patients treated in COVID-19 intensive care units [42] and
self-reported supplement use in international populations [43], neither of which suggest a
benefit. Further, the COVID A to Z multicenter randomized clinical trial showed no benefit
to vitamin C, zinc, or a combination on the duration of COVID-19 symptoms in ambulatory
patients [44]. Vitamin C supplementation in combination with COVID-19 therapy in criti-
cally ill patients did not lower mortality but did decrease the incidence of thrombosis [45].
Currently, there is insufficient evidence to support vitamin C supplementation for the
prevention or treatment of COVID-19 or PASC [46].

2.6. Vitamin D

Vitamin D encompasses a class of fat-soluble secosteroids responsible for increasing
calcium absorption and bone resorption. In addition, vitamin D also contributes to innate
and adaptive immune function through production of metabolites and activation of vitamin
D responsive elements. Although only present in a few foods naturally (e.g., fatty fish),
vitamin D is fortified in foods and can be obtained from direct sunlight. Vitamin D
status has been associated with COVID-19 infection and severity in some reports, but
not others. However, subsequent meta-analyses and systematic reviews have revealed
that both COVID-19 disease severity and mortality risk are increased with low vitamin D
status [47]. Regarding vitamin D supplementation, a meta-analysis and systematic review of
randomized controlled trials concludes a clear benefit for the prevention of viral respiratory
infections [48]. Although there is a theoretical connection between data on viral respiratory
infections and COVID-19, direct data on vitamin D supplementation from randomized
clinical trials in COVID-19 is scarce and limits the ability to draw strong conclusions on the
role of vitamin D in treating COVID-19. A systematic review and meta-analysis of primarily
cohort studies, however, did conclude that there is a benefit for vitamin D supplementation
in the reduction of COVID-19 severity, including mortality [49]. Despite this promising
research, there is insufficient evidence to support vitamin D supplementation for the
prevention or treatment of COVID-19 or PASC in healthy individuals [50], but there may be
benefit for patients that present with diagnosed malnutrition, vitamin D deficiency [26,27],
or poor vitamin D status [47].

2.7. Zinc

Zinc is a trace mineral obtained in the diet primarily through meat, fish, and other
seafood along with fortified foods, like grain cereals [51]. Zinc is required for many
enzymatic reactions related to innate and adaptive immunity, including antiviral defense
mechanisms [52]. Accordingly, zinc deficiency results in a compromised immune system,
with direct ramifications for immune cell function (B-cell, T-cell, and natural killer cell) [53].
Regarding COVID-19, serum zinc levels are lower in infected children [54] and adults [55]
compared to non-infected individuals. Despite this research, zinc supplementation beyond
recommended intakes has potential negative side effects such as causing copper deficiency
and decreasing medication absorption [56]. Clinical trials using supplemental zinc to treat
COVID-19 have been ineffective [44]. Thus, there is insufficient evidence to support zinc
supplementation for the prevention or treatment of COVID-19 or PASC, and due to the
potential negative long-term effects or interactions with medications, zinc supplementation
is not recommended [57].

2.8. Vitamin C, D and Zinc Supplementation Summary

Taken together, maintaining a healthy diet with adequate vitamin C and D and zinc
may support both innate and adaptive immunity to combat COVID-19, PASC, and related
symptoms. Nutritional approaches to obtain C and D include consuming brightly colored
fruits and vegetables (vitamin C), fortified milk and fatty fish (vitamin D), along with meats,
other seafood, and fortified whole-grain cereals (zinc)—all parts of a healthy dietary pattern
as described in national guideline recommendations. Supplementation of these nutrients
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in non-deficient individuals appears promising, but evidence is too limited currently to
recommend supplementation as a preventative or therapeutic approach.

2.9. Iron

Iron is a mineral common in the diet and is obtained primarily through beef, chicken,
fish, beans, and fortified grains, such as cereals. Iron is required for critical enzyme function
of immune cells, such as neutrophils and lymphocytes [58]. As such, severe iron deficiency
is associated with an increased risk of infection [59]. In contrast, excess iron levels also
increase the risk of infection [60]. Notably, COVID-19 impacts iron homeostasis [61], and at
least one report showed that iron levels were associated with COVID-19 severity [62]. In
opposition to supplementation for COVID-19, some have instead proposed iron depletion
therapy as a potential treatment strategy for COVID-19 due to its antiviral effect, although
empirical data remains to be reported. Given the role of excess iron in infection risk and
proposition for iron depletion therapy in COVID-19 treatment, iron supplementation for
COVID-19 in otherwise healthy individuals is not warranted.

2.10. Probiotics and the Gut Microbiome

Apart from micronutrients and minerals, the gut microbiome plays an independent
role in immune function. The gut microbiome consists of billions of living microorganisms,
the composition of which is highly variable between individuals and responsive to diverse
stimuli. These stimuli include, but are not limited to, the gastrointestinal environment,
dietary patterns, pre-existing disease, genetics, and lifestyle factors. Probiotics are a mix-
ture of living bacteria and/or yeast products that are obtained exogenously through the
consumption of fermented foods, medications, or dietary supplements. Probiotics help to
maintain floral diversity and gastrointestinal integrity. Probiotics improve immune func-
tion through multiple mechanisms and are directly impactful for reducing viral infections,
including respiratory viruses [63,64]. Notably, emerging research suggests a connection
between the gut microbiome and lung diseases [65], relevant to COVID-19 and PASC
pathology. This two-way crosstalk includes altered gut microbiome (dysbiosis) in lung
diseases and a potential therapeutic effect of resolving dysbiosis [66]. A recent systematic
review incorporating 58 reports (49 preclinical studies, nine randomized clinical trials)
concluded that manipulating the gut microbiota may benefit both innate and adaptive im-
munity [67]. Specific to COVID-19, probiotic supplementation in mild COVID-19 infection
reduced fatigue [68]. Probiotic supplementation has also been tested as an adjuvant therapy
to severe COVID-19 infection, reducing gastrointestinal and pulmonary symptoms along
with reduced risk of transfer to an intensive care unit and mortality [69]. Further evidence
regarding the importance of the gut microbiome is provided by a recent report that gut
microbiome dysbiosis plays a causative role in COVID-19 severity [70]. In the case of
PASC, a prospective cohort study analyzed fecal microbiome with shotgun metagenomics
sequencing in 174 individuals with and without PASC and found that the composition of
the gut microbiome was associated with the persistence of PASC [71]. Although it remains
to be determined if nutritional alteration of the gut microbiome can be used in the preven-
tion or treatment of PASC, a recent case report describes a 2-month nutrition intervention
targeting the gut microbiome alleviated patient-specific PASC symptoms which included
loss of appetite, nausea, anxiety, and heart palpitations [72].

2.11. Probiotics and the Gut Microbiome Summary

Taken together, maintaining a healthy gut microbiome may support both innate
and adaptive immunity to combat COVID-19, PASC, and related symptoms. Nutritional
approaches to support a healthy gut microbiome in humans includes eating a wide variety
of foods across food groups [73] with a focus on fermented foods, such as yogurts and
sauerkrauts [74]. The direct effect of probiotic supplementation on preventing COVID-19
and PASC onset or mitigating symptoms remains promising. Still, caution is required
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due to the limited evidence, which needs to be replicated in large, diverse populations for
strong conclusions to be drawn.

3. Emerging Nutritional Approaches Relevant to COVID-19 and PASC

Impaired metabolic health is implicated in the increasing severity of both COVID-
19 and PASC symptoms [17]. One emerging nutritional approach that may improve
metabolic health is intermittent fasting [75]. Intermittent fasting does not dictate the
amount or types of foods consumed, but rather establishes a stringent time frame for
when food can be consumed. It is implicated in multiple metabolic pathways relevant to
health and disease [76]. Intermittent fasting may also cause a spontaneous reduction in
total caloric intake and help address issues with chronic over-nutrition/obesity. In these
ways, through positive benefits on metabolic health and obesity, intermittent fasting is
an intriguing nutritional approach with theoretical applications to both COVID-19 and
PASC. Additional insight can be garnered from metabolic research in the pulmonary field,
as reduced pulmonary function and respiratory failure are core components of severe
COVID-19 and PASC symptoms. Recently asthma, which is a pulmonary disease that
has many symptoms in common with COVID-19 and is also a comorbid condition related
to elevated risk of COVID-19 and PASC severity, has been shown to have a metabolic
underpinning [77]. The unique metabolic underpinning in asthma has yet to be fully
elucidated but may involve a shift in fuel preference (i.e., nutrient utilization), away from
carbohydrates towards lipids or ketones [78,79]. In agreement with the shift away from
carbohydrate metabolism, ketosis shows a therapeutic benefit in murine asthma models by
reducing bronchoconstriction in the airway smooth muscle; bronchoconstriction being the
primary airway symptoms leading to wheezing and difficulty breathing [80]. A ketogenic
diet formula has been investigated in clinical settings and has been shown to improve
lung function by shifting nutrient utilization towards lipids and ketones [81]. Further, in
more severe pulmonary diseases, a shift in fuel utilization towards lipids and ketones is
associated with better clinical outcomes [82,83]. Given the importance of pulmonary health
in COVID-19 and PASC pathology, ketogenic approaches represent a unique nutritional
strategy that may theoretically combat COVID-19 and PASC. Notably, intermittent fasting
increases the length of time and magnitude that ketones are used as fuel [84] and the
combination of intermittent fasting-ketogenic protocols are used in medical practices that
focus on low-carbohydrate approaches to improve metabolic health and body weight [85].
Despite these promising data, it is noteworthy that currently there is no direct evidence to
support the use of intermittent fasting or ketogenic protocols for the prevention, treatment,
and/or management of COVID-19 or PASC.

A Brief Note on Current Medical Interventions for COVID-19 and PASC

Major limitations to drawing strong conclusions on novel nutrition therapies for
COVID-19 and PASC are related to the paucity of data and discordant findings. These
limitations are not unique to the nutrition field, as even pharmacological approaches in
the prevention and treatment of COVID-19 and PASC are difficult to interpret currently.
For example, compared to other diseases, the lack of large, placebo-controlled clinical
trials hampers the evaluation of pharmacologic interventions for COVID-19 and PASC.
Although many COVID-19 vaccine trials have been large and robust, COVID-19 medi-
cation trials are limited by relatively small sample sizes or a lack of randomization (e.g.,
open label), reducing the strength of the evidence. Despite these limitations, some pat-
terns have emerged from the available data that are worth mentioning in a discussion
surrounding potential therapeutic approaches for COVID-19 and PASC. Remdesivir, a
broad-spectrum antiviral agent, reduces time to recovery from and severity of COVID-19
infection in hospitalized patients [86]. Dexamethazone, a glucocorticoid medication used
to treat inflammatory reactions, reduced mortality in patients hospitalized with COVID-
19, except for those receiving respiratory support [87]. In addition, the combination of
baricitinib, a janus kinase inhibitor, and remdesivir produced the greatest clinical bene-
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fit related to time and severity of infection [88]. To this end, baricitinib plus remdesivir
and dexamethasone plus remdesivir similarly improve survival in hospitalized patients
with COVID-19, but dexamethasone increases the rate and severity of adverse events [89].
Other agents, such as hydroxychloroquine and chloroquine, are not effective in treating
COVID-19 and may even be harmful [90]. PASC, though progressively diagnosable, lacks
a clear biological and symptomatic presentation, making conceptualization and testing
of pharmacotherapies difficult. A comprehensive overview of COVID-19/PASC pharma-
cologic treatments is beyond the scope of this review and interested readers are directed
to the most recent clinical practice guidelines [91–94]. The importance of mentioning this
is two-fold: (1) discussion about nutritional approaches should always been taken in the
context of supporting established pharmacologic treatment models, not as a replacement
for established clinical care approaches, and (2) it is critical to keep in mind that research on
COVID-19 and PASC is limited due to the rapid and recent onset (c.a. 2020–2022) and was
conducted in a volatile environment that included changes in viral prevalence, variations
in the dominant viral strain, and constantly changing clinical treatment models. It can be
anticipated that both pharmacological and nutritional approaches to COVID-19 and PASC
will continue to evolve as larger, longer, and more rigorous studies are completed.

4. Additional Considerations: Nutrition across the Lifecycle

Nutrition recommendations for COVID-19 and PASC that apply to the adult popula-
tion do not necessarily translate to other periods throughout the lifecycle. Even beginning
prior to conception, nutrition needs of women of childbearing age are unique and impact
both the mother and the fetus. Considerations continue beyond childbirth, where multiple
factors, including breastfeeding status, affect nutritional needs of the mother and child.
Detailed nutrition guidance is available through professional organizations, such as the
American College of Obstetricians and Gynecologists (ACOG) [95] and the U.S. Department
of Health and Human Services Office of Disease Prevention and Health Promotion, which
publishes summary information relevant to pregnancy from multiple government sources,
such as the Food and Drug Administration, U.S. Preventative Task Force, and the USDA’s
Dietary Guidelines [96]. Other nutrition modifications may be required during the growth
and adolescence of youth along with the other end of the lifecycle spectrum, advancing age
and senescence [97]. Any nutrition modifications towards addressing COVID-19 and PASC
should be made within the context of these individual lifecycle needs and in consultation
with a primary care physician and dietitian.

5. Summary

Numerous biological and environmental factors play a role in a person’s susceptibility
to COVID-19 and PASC. Nutrition also plays a role in both COVID-19 infection and PASC,
though the specific mechanisms are not yet fully understood (as shown in Figure 1). Indi-
viduals with chronic or acute over- and under-nutrition are at increased risk of contracting
viral infections, and once infected, are at greater risk for developing more severe symptoms.
In addition, many of the underlying health conditions that increase the risk for severe
COVID-19/PASC symptoms, such as obesity, weakened immunity, and impaired metabolic
health, are closely linked with suboptimal nutrition. Maintaining a healthy weight and a nu-
tritious diet with adequate micronutrients, minerals and probiotics may potentially reduce
COVID-19 and PASC symptoms. However, additional dietary supplementation beyond
an adequate nutritional intake to combat COVID-19 or PASC is not currently supported.
Emerging research on the effect of intermittent fasting or shifting nutrient utilization from
carbohydrates towards lipids and ketones (e.g., ketogenic approaches) provide promising
areas for future research. Importantly, given the paucity of data on the topic and volatile
research environment, national dietary guidelines and professional practice guidelines
should remain the key point of reference for both patients and practitioners.
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Figure 1. Overview of nutritional therapies in the treatment and management of COVID-19 and
PASC. Nutrition plays a critical role in human health and the prevention and treatment of disease.
Core body functions pertinent to COVID-19 and PASC onset and symptom severity include immune
function, body weight regulation, metabolic health, and respiratory function. Effective nutritional
strategies to support each of these functions include consuming a dietary pattern consisting of a
variety of nutrient-dense foods (outer circle). Some foods provide essential vitamins, minerals,
and probiotics, which are under investigation for their roles in COVID-19 and PASC (inner circle).
Consuming foods from both the outer and inner circles as dietary staples aligns with a healthy dietary
pattern as recommended by national dietary guidelines and the World Health Organization [98,99].
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