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Abstract

The purpose of this scoping review by the American Society for Parenteral and Enteral Nutrition 

(ASPEN) Coronavirus Disease 2019 (COVID-19) Nutrition Task Force was to examine nutrition 

research applicable to the COVID-19 pandemic. The rapid pace of emerging scientific information 

has prompted this activity to discover research/knowledge gaps. This methodology adhered with 

recommendations from the Joanna Briggs Institute. There were 2301 citations imported. Of 

these, there were 439 articles fully abstracted, with 23 main topic areas identified across 24 

article types and sourced across 61 countries and 51 specialties in 8 settings and among 14 

populations. Epidemiological/mechanistic relationships between nutrition and COVID-19 were 

reviewed and results mapped to the Population, Intervention, Comparator, Outcome, and Time 

(PICO-T) questions. The aggregated data were analyzed by clinical stage: pre–COVID-19, 

acute COVID-19, and chronic/post–COVID-19. Research gaps were discovered for all PICO-T 

questions. Nutrition topics meriting urgent research included food insecurity/societal infrastructure 

and transcultural factors (pre–COVID-19); cardiometabolic-based chronic disease, pediatrics, 

nutrition support, and hospital infrastructure (acute COVID-19); registered dietitian nutritionist 

counseling (chronic/post–COVID-19); and malnutrition and management (all stages). The paucity 

of randomized controlled trials (RCTs) was particularly glaring. Knowledge gaps were discovered 

for PICO-T questions on pediatrics, micronutrients, bariatric surgery, and transcultural factors 

(pre–COVID-19); enteral nutrition, protein-energy requirements, and glycemic control with 

nutrition (acute COVID-19); and home enteral and parenteral nutrition support (chronic/post–

COVID-19). In conclusion, multiple critical areas for urgent nutrition research were identified, 

particularly using RCT design, to improve nutrition care for patients before, during, and after 

COVID-19.
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Introduction

The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection and related 

coronavirus disease 2019 (COVID-19) reached pandemic dimensions on March 11, 2020.1 

Based on the most recent epidemiological studies available, there are specific risk factors 

for severe COVID-19 (hospitalization, intensive care unit [ICU] admission, mechanical 

ventilation, or mortality) (Table 1).2–14 Each of these risk factors can be interpreted 

in terms of associational to causal relationships, depending on the nature of supporting 

scientific evidence (Table 2).15–19 By focusing on nutrition risk factors in COVID-19, 

specific clinically relevant Population, Intervention, Comparator, Outcome, and Time(PICO

T)–formatted questions can be formulated to identify gaps in the current literature. In this 

scoping review, 56 PICO-T questions were formulated as a group consensus (Table 3). 

Current evidence was mapped to these PICO-T questions to identify research and knowledge 

gaps (Table 4).

For this scoping review, the nutrition and COVID-19 space was considered as 3 stages: 

pre–, acute, and chronic/post–COVID-19. The pre–COVID-19 stage is the period prior 

to acute SARS-CoV-2 infection when both prevention strategies and considerations of 

COVID-19 risk factors are relevant. Key risk factors are directly nutrition-based20 or 

indirectly related to cardiometabolic drivers (eg, hypertension [HTN], type 2 diabetes 

[T2D], and obesity),21–23 sociodemographic factors (eg, minority communities—particularly 

counties in which the majority of residents are Black—with higher infection rates),24–26 or 

healthcare infrastructure (eg, food insecurity; stay-at-home unhealthy behaviors, particularly 

in children; global lockdowns; and interruption of supply chains).27–30 Hospitalization for 

COVID-19 was associated with adiposity-based (odds ratio [OR] 1.90; 95% CI, 1.10–3.30), 

dysglycemia-based (OR, 3.10; 95% CI, 1.70–5.90), and cardiometabolic-based (OR, 12.83; 

95% CI, 10.27–15.86) chronic disease, as well as HTN (OR, 2.00; 95% CI, 1.30–3.20).31 

The COVID-19 Impact Survey showed that about 34% of households (particularly in 

Black, Latino, and Native American households) in the US experience food insecurity, 

as compared with about 15% in 2018, and that, globally, about 265 million people could 

face a severe threat of food insecurity in 2020.30,31–33 The prevalence of malnutrition 

with COVID19 in Wuhan, China, was 52.7%,34 with detriment hypothesized to be due to 

nutrition deficiencies from abnormal eating patterns, leading to decreased immune function 

(innate and adaptive) and impaired resistance to infection.35–38 Further, obesity-associated 

insulin resistance interacts with aSARS-CoV-2–induced decrease in angiotensin-converting 

enzyme-2 and its resulting decrease in pancreatic β-cell reserve and counterregulatory 

renin-angiotensin system cardioprotective pathway, resulting in severe hyperglycemia, 

cardiovascular complications, and adverse outcomes.18,39
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Acute COVID-19 can be nonsevere and initially managed at home in quarantine or severe 

(shortness of breath with hypoxemia) and initially managed in the hospital, with possible 

ICU admission for critical disease (respiratory failure, shock, or multiple organ dysfunction) 

and a higher likelihood of chronic/post–COVID-19 complications or mortality. Infrastructure 

is required for the effective care of patients with acute COVID-19 in the home setting or 

in the hospital and is challenged by social distancing, resource shortages, and the urgent 

need for adaptive protocols and policies. A formal nutrition assessment is recommended 

for all patients with COVID-19,40 with nutrition support needed in many cases. Older 

age, preexisting comorbidities, and adverse social/environmental factors increase the risk 

of malnutrition and refeeding syndrome.41 Among hospitalized patients with COVID-19, 

acquired malnutrition and sarcopenia can result from a protracted hospitalization, marred 

by immobility and prolonged mechanical ventilation.42 The role and dose of exogenous 

protein on muscle anabolism in critically ill patients with COVID-19 is unclear.43 Patients 

with COVID-19, pneumonia, and hypoxemic respiratory failure managed with awake prone 

positioning or extracorporeal membrane oxygenation are at increased risk for acquired 

malnutrition because these therapies can limit nutrient delivery. The value of early enteral 

nutrition (EN), ω−3 fatty acids, specialized proresolving mediators, and micronutrient 

supplementation on maintaining gut epithelial barrier and optimizing immune function has 

been demonstrated in non–COVID-19 patients but not clearly in COVID-19 patients with 

critical illness.44–51 Gastrointestinal symptoms related to COVID-19 and/or related therapies 

can impair nutrient delivery, digestion, and absorption, raising important questions about the 

specific use of parenteral nutrition (PN).

Chronic/Post–COVID-19 refers to a disease trajectory lasting ≥3 months and may lead 

to an increase in chronic medical conditions (eg, depression, stroke, cardiac injury, 

chronicrenaldisease,andT2D),which could be exacerbated by unhealthy diets in vulnerable 

populations.52–54 This condition is now referred to as a myalgic encephalomyelitis–like 

illness55 and resembles chronic fatigue syndrome.56 Central sensitization occurs and is 

characterized by exaggerated hypersensitivity to stimuli, with variable gastrointestinal 

symptoms that can limit food intake and induce nutrition problems.57,58 This chronic 

inflammatory process can exacerbate catabolism and anorexia, aggravating malnutrition, 

impeding recovery, and leading to loss of independence, to disability, and to reduced quality 

of life.59 In an Italian series of 143 adults after acute COVID-19, the following conditions 

persisted, which have potential nutrition implications: HTN (35%), diabetes (7%), chronic 

heart disease (4.9%), and renal failure (2.1%).60 Children account for about 1%–5% of all 

diagnosed COVID-19 cases and often have mild or no symptoms but are at risk for chronic/

post– COVID-19.61–63 One complication in those individuals aged <21 years is multisystem 

inflammatory syndrome in children, which occurs roughly 2–4 weeks after COVID-19 

infection.61–63 Even though SARS-CoV-2 has not been isolated from human milk to date, 

and breastfeeding is encouraged for mothers with confirmed or suspected COVID-19, 

misinformation and disrupted health education may lead to discontinuation of breastfeeding 

and human milk usage.64 Infrastructure, screening protocols, and functional status tools 

for chronic care clinics and private healthcare settings will need to be modified to provide 

access to nutrition care as part of comprehensive healthcare services.65,66 Nutrition-related 

risk factors are aggravated by quarantine and lockdown (limiting access to nutritious, safe, 
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and affordable foods), interruptions in nutrition support services, increased unemployment 

with limited financial resources, inaccessible school meals for vulnerable children, more 

sedentary lifestyles, and higher consumption of unhealthy foods.30,67 Patients with chronic/

post–COVID-19 may require long-term EN or PN in skilled facilities or the home setting.68 

Others are likely to require medical nutrition therapy to address underlying malnutrition 

and/or manage preexisting or newly developed comorbidities.36 Exercise programs and 

nutrition may increase the functional capacity of COVID-19 survivors and should start 

prior to discharge.69 Over the long term, weight gain during COVID-19–associated social 

distancing or quarantine can result from increased energy consumption and decreased 

physical activity.70

The purpose of this scoping review is to examine and analyze the terrain of scientific data 

across these COVID-19 stages and, further, to identify relevant and actionable research and 

knowledge gaps in clinical nutrition applicable to the COVID-19 pandemic.

Methods

General Comments

The American Society for Parenteral and Enteral Nutrition (ASPEN) President and Board 

of Directors mandated a scoping review on nutrition research applicable to the COVID-19 

pandemic in Spring 2020. After appointing the Chair (J.M.), a diverse ASPEN COVID-19 

Nutrition Task Force was assembled, including physician, nurse, dietitian, pharmacist, 

and scientific research experts in pediatric and adult clinical nutrition. A public health 

expert (T.E.P.) in food policy was also included to consult on issues of food infrastructure 

and patient advocacy, and a clinical nutrition epidemiologist (L.M.) was included as the 

methodologist. This task force was then divided into 3 teams, each corresponding to 

clinical stages: pre–, acute, and chronic/post–COVID-19. Weekly video conferencing was 

conducted for each team and the entire task force during the development of this document 

for training, troubleshooting, brainstorming, administrative logistics, and other discussions. 

Prior to submission to the Journal of Parenteral and Enteral Nutrition, the document was 

reviewed by additional ASPEN members and non-ASPEN experts and then approved by the 

ASPEN Board of Directors.

Search Strategy

The central scoping review question was “What is the current terrain of available knowledge 

to guide nutrition practice in patients with COVID-19?”PubMed was searched up to June 1, 

2020, for Medical Subject Headings [of the US National Library of Medicine] and text terms 

relevant to nutrition in COVID-19. To be included, a citation had to contain ≥1 term from 

group 1 and be cross-referenced with ≥1 term from group 2 (Figure 1). Analogous search 

strategies were created for EMBASE, CINAHL, and Cochrane Central databases, as well as 

the following gray literature (identified through nonconventional/noncommercial publication 

channels) databases: Web of Science, Scopus, Opengrey, Wonder, and ClinicalTrials.gov.

This scoping review methodology was performed in congruence with the recommendations 

from the Joanna BriggsInstitute.71 Specifically, the search strategy proceeded in 2 phases. 
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Phase 1 included a preliminary citation search of PubMed and EMBASE. Phase 2 scanned 

the titles, abstracts, and keywords of articles culled from PubMed and EMBASE to identify 

those missing from the phase 1 search strategy. This was done to construct a more 

comprehensive search strategy that would span PubMed, EMBASE, CINAHL, Cochrane 

Central, and gray literature sources. Bias assessment is not standard practice in a scoping 

review72 and was not performed.

Article Inclusion and Exclusion

For an article to be included in the scoping review, 2 broad criteria needed to be met: 

(1) COVID-19 was directly discussed, and (2) there was some nutrition context in the 

discussion. This context may have involved nutrition assessment, nutrition requirements, 

forms of exogenous nutrition, nutrition practice recommendations, effects on nutrition 

physiology, and infrastructure directly related to nutrition. Articles were excluded if their 

discussion of COVID-19 was entirely inferential based on non–COVID-19 conditions. The 

nutrition and COVID-19 populations included in the search spanned pediatrics to adults to 

geriatrics and domestic (US) to global venues.

Screening Process

Two reviewers from the task force screened all citation titles and abstracts in duplicate 

based on inclusion criteria. Articles were downloaded if there was any indication that 

inclusion criteria may be met. Any article not meeting inclusion criteria was removed and 

the reason for removal recorded. The remaining (included) articles were then moved into 

the data extraction phase. A pilot screening process was conducted to ensure consensus 

understanding of the review criteria. Twenty-five random citations were given to the entire 

task force for screening. After screening, discrepancies were noted and discussed. If the 

agreement with inclusion criteria was <75%, then another 25 citations were given to the task 

force for repeat pilot screening, training, and discussion. Once the task force achieved 75% 

agreement, then full-citation screenings ensued.

Data Extraction

Data extraction was also performed in duplicate by 2 extractors and included the following 

attributes: author(s); year of publication; country of origin for the corresponding author 

or publication; specialty and subspecialty of the publication source; aims, purpose, or 

objective; population characteristics; sample size; methodology or methods; intervention 

type and description; comparator type and description; duration of intervention and/or study; 

outcomes and description of how they were measured; key findings that relate to the scoping 

review question; and COVID-19 stage.

Analysis

The analysis focused on comparing information from articles (frequencies stratified by topic, 

study design, population, setting, country/geography, and specialty) with PICO-T questions. 

PICO-T questions were formulated by task force members prior to article analysis to frame 

the most urgent issues related to safe and effective practice of clinical and community 

nutrition in patients with COVID-19. Hence, PICO-T questions reflected the experience of 
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credentialed experts in the task force. Each PICO-T question in Table 4 was labeled with a 

numerical designation for mapping to nutrition topics.

The studies were separated into 2 groups: those that contained original data and those that 

did not. Studies that contained original data were deemed to fill a research gap for their 

respective topics. Studies that did not present original data were deemed to fill a knowledge 

gap; these studies made mention of both COVID-19 and some aspect of nutrition but 

exclusively drew their content from either clinical experience or a nonsystematic synthesis 

of the available literature. Nutrition topics in the COVID-19 literature were mapped to 

critical a priori PICO-T questions, and then research and knowledge gaps were identified in 

terms of critical PICO-T questions, nutrition topics, and other descriptors (ie, population and 

settings).

Results

General

The combined search strategies yielded 2301 citations. After removal of duplicates, 1734 

remained for title and abstract screening. Of these, 546 were moved forward for full-article 

screening. One-hundred seven were excluded for lacking information relevant either to 

nutrition (100 articles) or to COVID-19 (7 articles), leaving 439 articles for full-data 

abstraction (Figure 2).

This review of the literature identified 23 main topic areas across 24 different article types, 

with editorial pieces and review papers accounting for the most mentions (Figure 3A). These 

articles were sourced across 61 countries and 51 specialties, with the US (88 [20.0%]), 

Italy (71 [16.2%]), and China (54 [12.3%]) and diabetes (56 [12.8%]), general medicine (56 

[12.8%]), and nutrition (44 [10.1%]) accounting for the greatest representation, respectively. 

Eight different settings and 14 populations were identified and represented as heat maps for 

research and knowledge gaps (Figures 3B and 3C). Fifty-seven articles presented original 

data to satisfy a research gap. The remaining articles attempted to satisfy knowledge gaps by 

providing insights and advice based on clinical experience and/or prior literature. Relevance 

to clinical practice for research and knowledge gaps is conferred by the PICO-T questions 

that map to specific nutrition topics (y-axes of heat maps) and is presented in Table 4. 

PICO-T questions that do not map to nutrition topics found in the literature automatically 

correspond to research and knowledge gaps. A summary listing of research and knowledge 

gaps for aggregated and individual COVID-19 stages are given in Table 5. A detailed 

analysis by individual COVID-19 stage is provided below.

Stage 1: Pre–COVID-19

Research Gaps.—Eleven pre–COVID-19 nutritionally relevant topic areas were explored 

through original research. Food insecurity/societal infrastructure was explored in 21 articles; 

diet advice for COVID-19 prevention in 16 articles; diabetes nutrition/glycemic control in 

17 articles; obesity as a risk factor in 10 articles; and malnutrition in 9 articles. It should 

be noted that the term “malnutrition,” here and in the rest of this document, conflates 

usage of the term as an official diagnosis with the looser definitions of malnutrition 
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found in the gray literature. There were 21 studies in pediatrics, and 17 in geriatrics, 

on infection mitigation (mask wearing, safe hand hygiene, and breastfeeding practices). 

There were 14 studies, 3 studies, and 1 study addressing Asian, Black, and Latino/Hispanic 

populations, respectively, whereas 7 addressed socioeconomic status (SES), encompassing 

lifestyle constraints and access to food. Regardless of age, ethnicity, or SES, few original 

studies addressed identification and recognition of cultural practices, values, and belief 

systems that predispose underserved populations to noncommunicable conditions, increasing 

the risk and severity of COVID-19. Although there were some nutrition topics examined by 

observational studies, all a priori PICO-T questions were unanswered with original evidence.

Knowledge Gaps.—Among mentions without original evidence, 84 addressed 

malnutrition and 66 addressed cardiometabolic conditions in community/outpatient settings. 

Among just the reviews and editorials, 80 mentioned malnutrition, 188 mentioned obesity, 

76 mentioned cardiometabolic issues, and 236 mentioned diabetes, many with discussions 

of potential mechanisms that may increase the risk of severe COVID-19. Breastfeeding, 

formula feeding, safe handling and administration of expressed human milk, and risk 

mitigation for infection transmission during breastfeeding accounted for 80 of the 103 

obstetrics mentions. Obesity mentions were prominent, with 84 papers describing relevance 

to inflammation, food insecurity, and impact on healthcare (eg, postponed bariatric surgeries, 

poor glycemic control, quarantine-related unhealthy food choices, and mental health). 

Glycemic control mentions in the context of nutrition were also prominent, with 106 papers 

describing T2D in community/outpatient settings. Among papers addressing the impact of 

lower SES (a proxy for the effects of lifestyle and race/ethnicity on the disproportionate 

rate of severe COVID-19), 41 were in community/outpatient settings, with 7 in Latino/

Hispanic, 11 in Black, and 17 in Asian populations. Mentions were distributed across the 

lifespan, with 92 for pediatrics, 317 for adults, and 106 for geriatrics in the community/

outpatient setting. Mentions in editorials and reviews covered all the nutrition topics in the 

pre–COVID-19 stage, but this still left PICO-T questions 1, 2, 11, and 16 not mapping to 

nutrition topics and, therefore, representing knowledge gaps.

Stage 2: Acute COVID-19

Research Gaps.—Nineteen studies addressed breastfeeding, including 13 case studies, 2 

case series, 2 cross-sectional studies, 1 retrospective cohort study, and 1 meta-analysis. All 

were limited to the assessment of vertical transmission of COVID-19 from mother to child. 

There were 14 studies that addressed dietary advice, including 5 systematic reviews, 4 case 

studies, 1 case series, 1 retrospective cohort study, 1 discovery science study, and 1 meta

analysis. Original research reports were primarily on adults, of whom 30 were critically ill, 

56 were inpatient, 29 were outpatient, 38 were in the community, and 5 were in academic 

settings. There were 2 papers with original evidence on patients with obesity and acute 

COVID-19 in a hospital setting but none specifically in the ICU, outpatient, community, or 

academic settings. The most common study designs were case studies, with 33 mentions, 

17 systematic reviews, and 8 discovery science studies, with only 1 randomized controlled 

trial (RCT). There were 14 original research studies specifically on nutrition support: 5 case 

studies, 3 systematic reviews, 2 cross-sectional studies, 1 case series, 1 discovery science 

study, 1 post hoc analysis or observational data, and 1 meta-analysis. Systematic reviews 
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recommended nutrition support for those hospitalized, critically ill, and undergoing prone 

positioning. Healthcare infrastructure was a component of 2 of the 23 PICO-T questions 

dedicated to acute COVID-19. Five original data papers were on hospital infrastructure, 

of which 3 were case studies and 2 were cross-sectional studies. There was no original 

research on nutrition assessment, effects of prehospitalization weight loss, or the risk for 

refeeding syndrome for patients with acute COVID-19. Various case studies and series 

reported on gastrostomy feeding; the use of glutathione, α lipoic acid, zinc, and vitamin C; 

the timing of PN with respect to cholestasis prevention; and utilizing the geriatric nutrition 

risk index. A discovery science study recommended vitamin D supplementation because 

of an association of mortality with severe vitamin D deficiency. The need for adequate 

healthcare infrastructure was supported by 1 case study and 1 cross-sectional study. There 

was no evidence pertaining to the 18 nutrition support PICO-T questions. Overall, the 23 

PICO-T questions for acute COVID-19 were unanswered with original evidence.

Knowledge Gaps.—There were 895 mentions without original evidence but related to 

nutrition and acute COVID-19: 501 were in review articles and 353 were in editorial/opinion 

pieces. There were 90 editorials and 98 review articles that addressed obesity as a risk factor 

for acute COVID-19, and 70 editorials, 79 review articles, 4 study proposals, 4 letters to 

the editor, and 3 web articles that addressed dietary advice. For adult vs pediatric patients, 

95 vs 11 mentions were about the ICU and 162 vs 53 were about general hospital settings, 

respectively. There were 119 mentions related to nutrition support, of which 67 were in 

reviews and 44 in editorials. Other reviews recommended nutrition assessment and nutrition 

support in patients who were hospitalized. Another review discussed the role of diet on gut 

microbiota. Various reviews and editorials recommended a protocol to standardize nutrition 

approaches in patients in the ICU, and another recommended that all hospitalized patients 

receive nutrition support as early as possible, including the use of vitamin D, fish oil, 

whey proteins, and/or immunonutrients. Another review recommended early EN but not PN. 

For patients with diabetes, various editorials and reviews discussed glycemic control and 

worsening insulin resistance and then recommended fiber-rich, carbohydrate-based foods 

with a low glycemic index. Among the 85 mentions related to hospital infrastructure, 

47 reviews, 37 editorial/opinion pieces, and 1 letter to the editor discussed self-care for 

members of the healthcare team. Some review papers discussed telehealth implementation to 

optimize nutrition status. The following PICO-T questions had no or just trivial mentions in 

the literature and, therefore, represented knowledge gaps: 20, 21, 24, 27, 31, 33, and 37.

Stage 3: Chronic/Post–COVID-19

Research Gaps.—No original research was found for nutrition risk assessment during 

outpatient follow-up; weight management (loss, maintenance, or gain) to improve 

recovery; the effect of targeted protein-energy goals on reducing risk of post–COVID-19 

complications; the impact of registered dietitian nutritionist (RDN) counseling; energy 

expenditure and goal-directed nutrition therapy with prolonged critical illness and post-ICU 

care; access to and management of home EN and PN; caregiver routines and schedules 

for children on home nutrition support; and home care and nursing home settings. There 

was 1 report of a clinical trial underway in Greece to evaluate the impact of telehealth and 

telerehabilitation on the physical and psychological status of 19 patients following hospital 
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discharge for COVID-19 and on how to cope with fatigue, muscle weakness, and eating 

difficulties. There were also significant gaps in higher-quality nutrition research, such as 

retrospective cohort studies, prospective cohort studies, RCTs, or meta-analyses, particularly 

on dietary advice, nutrition supplements, nutrition support, phytomedicine, food insecurity, 

quarantine-related behavior, and dietary and weight changes in children and adults with 

or without diabetes. There were 2 cross-sectional studies on quarantine weight gain, 4 on 

unhealthy diets, and 4 on eating patterns, with data predominantly based on self-reported 

survey responses. Five studies addressed food security and societal infrastructure. Among 

non-ICU populations, there were 15 studies in hospitalized patients, 12 in diabetic patients, 

4 in cardiometabolic patients, and 5 in obese patients. The Asian population was the 

most studied, with 9 articles. This was followed by White, Black, and Latino/Hispanic 

populations with 1, 2, and 0 articles, respectively. Overall, there was inadequate original 

evidence for each of PICO-T questions for the chronic/post–COVID-19 stage.

Knowledge Gaps.—Although several studies mentioned food security, societal 

infrastructure, and nutrition concerns associated with quarantine (including depression, 

stress eating, unhealthy choices, and weight gain), no original evidence was presented on 

these topics. The quarantine topics included 7 study proposals that are currently being 

conducted or considered for future research. Of the articles that did not present original 

evidence, the topic of food security and societal infrastructure was the most prolific, with 

204 mentions. Most of these were reviews or editorial reviews or editorials. The long-term 

nutrition effects of COVID-19 are generally unknown. The impact of COVID-19 on home 

EN and PN patients (PICO-T questions 52 and 53) represented a critical knowledge gap in 

the literature.

Discussion

This ASPEN scoping review has discovered gaping research and knowledge gaps in 

the clinical nutrition research literature applicable to COVID-19. The research gaps 

corresponded to all the a priori PICO-T questions. Some of the nutrition topics were 

of particular interest: food insecurity/societal infrastructure and transcultural factors 

(pre–COVID-19); obesity and cardiometabolic-based chronic disease, pediatrics, nutrition 

support, and hospital infrastructure (acute COVID-19); RDN counseling (chronic/post–

COVID-19); and malnutrition and management (all stages). The knowledge gaps 

corresponded to a specific subset of PICO-T questions on pediatrics, micronutrients, 

bariatric surgery, and transcultural factors (pre–COVID-19); EN, protein-energy 

requirements, and glycemic control with nutrition (acute COVID-19); and home EN and 

PN support (chronic/post–COVID-19).

The PICO-T questions assembled for this review lie at the heart of an imperative to 

conduct high-quality and meaningful research. These a priori questions represent what 

a panel of experts on the COVID-19 front lines deemed to be critical to the safe and 

effective administration of nutrition in this population. These unanswered PICO-T questions 

must urgently guide updated recommendations for future nutrition and COVID-19–related 

research, especially strong study designs, such as large epidemiological studies, prospective 
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cohort studies, clinical trials, and systematic reviews/meta-analyses. These recommendations 

are best considered according to COVID-19 stage.

In the pre–COVID-19 stage, critical, unanswered PICO-T questions 1–17 covered biological 

and social determinants of health that impact the risk for severe COVID-19 and, therefore, 

require scientific evidence on the following:

• Specific foods, macronutrients, and micronutrients to avoid or incorporate to 

reduce overall risk for severe COVID-19;

• The use of dietary supplements and nutraceuticals in patients with diabetes to 

prevent severe hyperglycemia with acute COVID-19;

• Nutrition interventions in patients aged >65 years, or with frailty, to prevent 

severe COVID-19;

• All aspects of breastfeeding during the COVID-19 pandemic to prevent SARS

CoV-2 transmission and infection;

• The interaction of nutrition and cardiometabolic risk on the severity and 

outcomes of COVID-19;

• The effect of food insecurity on COVID-19 severity in adults and children; and

• The effect of malnutrition and role of nutrition assessment on COVID-19 in 

different ethnic minorities.

In the acute COVID-19 stage, critical, unanswered PICO-T questions 18–41 covered 

nutrition management issues, primarily in the hospital, that impact clinical outcomes for 

severe COVID-19 and, therefore, require scientific evidence on the following:

• The impact of routine nutrition assessment, counseling, intervention, and team 

approaches (eg, MDRDN-RN-PharmD) on the clinical course of nonsevere 

COVID-19;

• The impact of prehospitalization weight loss on decision-making for nutrition 

support;

• The impact of high-flow nasal cannula, nonrebreather mask, continuous/bilevel 

positive airway pressure, proning, vasopressor, and mechanical circulatory 

support/extracorporeal membrane oxygenation on decision-making for EN 

and/or PN support;

• The optimization of EN/PN support timing and delivery, protocols, and 

management of complications;

• Nutrition support for patients with obesity and severe COVID-19;

• Specific uses of micronutrient supplements, probiotics, and other nutrition 

pharmacological agents as part of standard nutrition or nutrition support, 

specifically intravenous chromium for very severe insulin resistance and 

hyperglycemia, fish oils, and antioxidants in the ICU, to improve clinical 

outcomes;
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• Optimal protein-energy doses in nutrition support to avoid refeeding syndrome, 

overfeeding, or prolonged underfeeding;

• Optimal nutrition in patients with very severe hyperglycemia, especially 

judicious, hypocaloric (especially low-carbohydrate), high-protein feeding; and

• The impact of infrastructural changes in hospital nutrition policies and protocols 

on logistical ease, patient and personnel safety, economics, and clinical 

outcomes.

In the chronic/post–COVID-19 stage, critical, unanswered PICO-T questions 42–56 covered 

nutrition management issues in the outpatient and inpatient setting and, therefore, require 

scientific evidence on the following:

• The role of nutrition risk assessment, medical nutrition therapy (under RDN 

supervision), and/or nutrition delivery protocols after acute COVID-19 on 

clinical course;

• The mechanisms behind and interactions of frailty, physical activity and/or 

rehabilitation, and nutrition (eg, standard, supplemental, and/or enteral) on 

recovery and functional outcomes after COVID-19;

• The effect of quarantine models and routines on body weight and composition, 

and nutrition-related comorbidities;

• The effects of weight change (increase, none, decrease) in patients with obesity 

on recovery after COVID-19;

• The effects of nutrition interventions beyond an ad lib dietary pattern on growth 

(height and weight) in children after COVID-19;

• The effects of nutrition interventions, including micronutrients and 

other supplements, on the clinical course of COVID-19–related myalgic 

encephalomyelitis–like illness;

• Protein-energy prescriptions to optimize clinical outcomes and minimize 

complications after COVID-19;

• The impact of care management teams, RDN involvement, and caregiver routines 

on clinical course afterCOVID-19inpediatricandadultpatientsreceiving home EN 

and/or PN support therapy; and

• Specialized nutrition care for patients with chronic critical illness (tracheostomy 

and mechanical ventilation) on clinical course after acute COVID-19.

Several other scoping reviews have been published on nutrition and COVID-19. Infusino et 

al73 surveyed PubMed for articles on dietary supplements, probiotics, and nutraceuticals but 

were unable to find any specific data, especially clinical trials. Rozga et al74 performed a 

scoping review through a literature search of the MEDLINE database and hand search of 

the Cochrane Database of systematic reviews and were unable to find any direct evidence 

supporting a role for specific micronutrients or conditional amino acids in patients with 

COVID-19. With the paucity of evidence on nutrition and COVID-19 that can guide 
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clinical practice,41 representing distinct and pervasive research gaps, the role for education 

and dissemination of extant information becomes paramount, especially during a global 

crisis. Thus, knowledge gaps are addressed with articles based on theory, experience, prior 

evidence for extrapolation, and judgment, especially white papers and those in the gray 

literature. ASPEN20,75 and the European Society for Clinical Nutrition and Metabolism76 

have already published reports on nutrition management with COVID-19, with a follow-up 

review by Minnelli et al,77 but it is the strategic planning of nutrition studies to generate 

original, high-quality data to close research gaps, which can efficiently advance knowledge 

and promote optimal, evidence-based, comprehensive care.

The strengths of this scoping review are strict adherence with an accepted and rigorous 

methodology (under the leadership of a dedicated methodologist [L.M.]), interpretation 

of identified articles by experts in clinical nutrition from high-volume centers caring 

for patients with COVID-19, successfully meeting an ambitious expedited timeline (3 

months), and the inclusion of both Chinese and Italian translators. Limitations include the 

exclusion of certain databases and gray literature due to foreign language restrictions and 

the continued explosion of literature, which made true currency of the literature search an 

impossibility.

In conclusion, research gaps exposed by this scoping review need to inform revision of 

relevant PICO-T questions for a subsequent systematic review, as well as exploration 

by academic and clinical scientists in the clinical nutrition space for the urgent design 

and execution of clinical investigations. The knowledge gaps must be closed with 

effective educational programs in medical institutions, professional medical societies, and 

other settings to achieve prompt and uniform distribution of critical information for all 

stakeholders caring for patients before, during, and after COVID-19. These mandates for 

nutrition researchers and educators must be facilitated and implemented to keep pace with 

the rapid, and at times unpredictable, tempo and trajectory of the ongoing COVID-19 

pandemic and future viral pandemics.
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Figure 1. 
Final PubMED/MEDLINE search terms. To be included in the scoping review search, a 

citation must contain ≥1 term from group 1 and be cross-referenced with ≥1 term from 

group 2. COVID-19, coronavirus disease 2019; MeSH, Medical Subject Headings.
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Figure 2. 
PRISMA flow chart for study selection. See http://www.prisma-statement.org/ (accessed on 

August 15, 2020) for the PRISMA. PRISMA, Preferred Reporting Items for Systematic 

Reviews and Meta-analyses.
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Figure 3. 
Heat maps for clinical nutrition in patients during pre-, acute, and chronic/post- stages of 

COVID-19. (A) To the right of the vertical line are studies with original evidence (increasing 

strength left to right) exposing research gaps, and to the left are studies with nonoriginal 

evidence, referred to as mentions, exposing knowledge gaps; above the horizontal line are 

nutrition topics (that can be mapped to specific PICO-T questions for relevance) pertinent 

for the acute stage of COVID-19, and below are nutrition topics pertinent for the pre- and 

chronic/post-stages of COVID-19. (B) Setting by population to address research gaps. (C) 
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Setting by population to address knowledge gaps. COVID-19, coronavirus disease 2019. 

ICU, intensive care unit. PICO-T, Population, Intervention, Comparator, Outcome, and 

Time.
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