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Abstract 

This review shows that relatively simple changes to diet and lifestyle can significantly, and rapidly, 

reduce the risks associated with coronavirus disease 2019 (COVID-19) in terms of infection risk, 

severity of disease, and even disease-related mortality. A wide range of interventions including 

regular exercise, adequate sleep, plant-based diets, maintenance of healthy weight, dietary 

supplementation, and time in nature have each been shown to have beneficial effects for supporting 

more positive health outcomes with COVID-19, in addition to promoting better overall health. This 

paper brings together literature from these areas and presents the argument that non-pharmaceutical 

approaches should not be overlooked in our response to COVID-19. It is noted that, in several 

cases, interventions discussed result in risk reductions equivalent to, or even greater than, those 

associated with currently available vaccines. Where the balance of evidence suggests benefits, and 

the risk is minimal to none, it is suggested that communicating the power of individual actions to 

the public becomes morally imperative. Further, many lives could be saved, and many harms from 

the vaccine mandates avoided, if we were willing to embrace this lifestyle-centred approach in our 

efforts to deal with COVID-19. 
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1. Introduction 
 

Since its initial report in November 2019, severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) has now been associated with over six million deaths worldwide [1]. With cases continuing 

to rise in many parts of the world despite public health efforts, the need for reducing the health risks 

associated with this disease is strong. This review attempts to bring together a diverse field of 

literature concerning diet and lifestyle interventions that can be used to reduce the risk of 

coronavirus disease 2019 (COVID-19) infection, severe disease symptoms, and even mortality. 

Previous authors have also drawn attention to the importance of this health-centred approach [2–5] 

and have covered some of the topics discussed here, albeit in a more limited manner. This paper 

builds on their important work and addresses the topic in a more comprehensive way, focussing on 

changes which can bring about rapid benefits. As such, with the exception of weight management, 

which will require a more sustained effort, all interventions can confer benefits within just hours to 

days. Accordingly, it is never too late to improve personal health and reduce the risks of COVID-

19. 

Given the wide-reaching nature of the topic, this review has been written for the use of both 

specialists and non-specialists with an interest in health. While many of the sections discussed 

deserve comprehensive reviews in their own right, this paper seeks to provide an overarching yet 
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detailed view, currently lacking from the literature, and provide a point of refence for best practice 

strategies that are beneficial to all, whether vaccinated or unvaccinated.  

 

2. Healthy weight maintenance  

 

It is clear from studies worldwide that maintaining a healthy weight (normal body mass index 

[BMI] between 18.5 and 24.9 kg/m2) reduces many aspects of COVID-19 risk, as compared to 

being underweight (BMI < 18.5 kg/m2), overweight (BMI between 25 and 30 kg/m2) or obese (BMI 

> 30 kg/m2) [6–14]. Given the high prevalence of obesity and overweight in much of the world, it 

would be negligent to exclude this from an article reviewing strategies for reducing COVID-19 risk. 

Indeed, the impact is so significant that the World Obesity Federation states that in 2020, COVID-

19 death rates were 10 times higher in countries where more than half of the adult population is 

classified as overweight or obese, with a linear correlation between a country’s COVID-19 

mortality and the proportion of adults that are overweight [15]. Working towards or maintaining a 

normal weight via a healthy diet and exercise should therefore be at the forefront of any plan to 

reduce COVID-19 risks. 

Obesity affects every aspect of COVID-19, from being more likely to test positive [16,17] to having 

more severe outcomes. In New York, in patients under 60 years old, those with a BMI over 30 

kg/m2 were almost twice as likely to be admitted to critical care, while those with BMI over 35 

kg/m2 were 3.6 times more likely to be admitted [12]. Additional studies have shown that younger 

patients admitted to hospital are more likely to be obese [7,18]. In a French study, the risk for 

mechanical ventilation in patients admitted to intensive care with severe COVID-19 was more than 

7-fold higher for those with BMI > 35 kg/m2 [10]. Mortality rate is also higher in obese patients, 

with Pettit et al. [18] reporting that for every increase from one BMI category to the next, there was 

a 70% increased risk of mortality. In an analysis of over 900,000 hospitalisations in the United 

States (US), O’Hearn et al. [13] suggest that 63.5% of all hospitalisations were attributed to just 

four conditions: obesity, hypertension, diabetes mellitus and heart failure, with obesity being the 

largest risk factor at 30.2%. This finding is corroborated by data from Mexico showing obesity to be 

the strongest predictor for severe COVID-19 [19]. Given the wealth of research already indicating 

obesity as a major risk factor for worsened outcomes with influenza A (H1N1) [20–26], this 

perhaps should not have been surprising.  

While not all studies find obesity to be an independent risk factor for severe disease when other 

comorbidities are accounted for [27], Hernández-Garduño [19] suggests that the significance of 

individual comorbidities will often be underestimated by studies including patients with two or 

more comorbidities. The correlation between comorbidities (such as diabetes and obesity) will 

impact results, as the assumption of no or little multicollinearity will not be met [19]. At a broader 

scale, the evidence that obesity is associated with worsened COVID-19 outcomes is nevertheless 

strong, with several meta-analyses now confirming the link. In data from 219,543 patients across 41 

studies, Yang et al. [17] found that the risk of infection, hospitalisation, intensive care unit (ICU) 

admission, ventilation and mortality were all elevated in obese patients. These findings were 

supported by meta-analyses of data from Europe, Asia and North America [28–30]. Recent studies 

have again confirmed these findings, with a 2022 meta-analysis of 57 studies finding a doubling of 

hospitalisation risk in Western countries and a three-fold increased risk of severe disease in Asian 

populations among obese individuals [31].  

Although this review does not have the scope to fully address the mechanisms by which obesity 

leads to worsened outcomes from COVID-19 and higher risk of infection, a brief discussion may be 

informative. A number of authors (e.g., Seidu et al. [28]) have suggested several plausible 

mechanisms, seven of which are listed here. Firstly, direct impact on lung function due to excess 

weight and pressure or, secondly, via metabolic anomalies and increased inflammation [32,33] that 

can ultimately lead to a cytokine storm. In the latter case, it is well established that obesity is 

characterised by a chronic state of low-grade inflammation with increased circulation of 

proinflammatory cytokines [34], even prior to viral infection. A third suggestion is that increased 



 3 / 32 

angiotensin-converting enzyme (ACE2) expression in adipose tissue of obese individuals could 

make it a vulnerable target for COVID-19 infection, especially given the higher expression of 

ACE2 in adipocytes, compared to lung tissue [34,35]. Evidence that SARS-CoV-2 can directly 

infect adipocytes [36] supports the hypothesis that adipose tissue represents an important viral 

reservoir for increased viral shedding [37,38]. This had previously been reported in studies on 

influenza, with elevated viral loads in exhaled breath, prolonged viral shedding, and obesogenic 

environments favouring the emergence of novel, more virulent virus strains [39–41]. Fourth, 

obesity is associated with thrombosis through several mechanisms [42] including increased 

endothelial dysfunction [34,38], which interacted with and worsened pro-thrombotic processes in 

severe COVID-19 [28]. Fifth, Chang et al. [30] suggest that B and T cell immunity may be impaired 

in obese individuals, with Hernández-Garduño [19] suggesting that obese individuals may also 

exhibit a less responsive immune system after vaccination. Aside from more frequent progression to 

severe disease, impaired immune responses in obese individuals could plausibly account for 

observed susceptibility to infection [34]. Again, previous research on influenza supports this 

finding, and documents the impaired and delayed response to infection and poor recovery in obese 

individuals [43–45]. Sixth, obese individuals are known to have lower levels of 25-hydroxy vitamin 

D [35]; the relevance of this, with respect to infection rate, is discussed further in section 6. Several 

of these mechanisms may be at work simultaneously, but what is clear is that there is no shortage of 

possible mechanisms by which disease outcomes can be worsened even before considering the links 

with other comorbidities. It is already well established that obesity (and excess fat mass) is causally 

linked to hypertension, diabetes mellitus, coronary heart disease, stroke, atrial fibrillation, renal 

disease and heart failure [8,46]. Many of these maladies are in turn risk factors associated with 

severe COVID-19 [8,13,17,19], leading to a seventh possible mechanism by which obesity could 

contribute to severe disease [28]. 

It is clear that addressing obesity is essential and that public health measures to facilitate healthy 

weight management have the potential to be extremely beneficial. Such benefits may extend beyond 

personal health and may also be relevant in discussions of transmission and evolution of the virus, 

as has been noted by others [2]. Unfortunately, given the weight gain that has been associated with 

lockdown measures [30,47], this issue has become even more significant. As noted by Sattar et al. 

[8], communicating the risks while avoiding inducing unnecessary anxiety will be of the utmost 

importance. Reducing excess fat mass is not a rapid intervention like others discussed here, yet it is 

one that should not, and cannot be ignored.  

 

3. Exercise  

 

The benefits of exercise and being physically active are numerous, well established, and affect 

almost every facet of human health [48]. Regular exercise is associated with reduced inflammation, 

improved cardiovascular health, increased lung capacity and muscular strength, improved glucose 

and lipid metabolism over time, decreased adipose tissue, better mental health, increased 

lymphocyte circulation, a more diverse gut microbiota with more beneficial strains of bacteria, a 

40%–50% reduced susceptibility to respiratory infections and improved immunosurveillance [48–

52]. Of particular note, given the propensity of COVID-19 to be more severe in elderly populations, 

regular exercise can also decrease immunosenescence, with increased natural killer (NK) cell 

activity, improved T cell function, reduced rates of illness, and improved vaccination response in 

elderly individuals[50]. In contrast, lack of regular physical activity is an underlying risk factor for 

many chronic diseases, including those associated with severe COVID-19 [51] and, even prior to 

the pandemic, was responsible for around 9% of premature deaths globally [48]. Despite this, as 

noted by Sallis et al. [51], exercise has received little discussion during the pandemic and has 

decreased markedly in response to public health measures, such as lockdowns [53,54].  

Early data demonstrated the importance of activity, with a multisite study by Huang et al. [55] 

showing a 19-fold increase in the risk of contracting COVID-19 in sedentary individuals (defined as 

sitting for 9 hours or more on a workday) compared to their active counterparts. In individuals 
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exercising irregularly (less than three bouts of 30 min per week) the risk was almost three-fold that 

of regular exercisers [55]. Large scale studies confirmed these findings, albeit with a reduced effect 

size. In a study of 48,440 COVID-positive participants in the US, Sallis et al. [51] investigated the 

impact of meeting the US Physical Activity Guidelines for activity (over 150 min of moderate to 

vigorous exercise each week, including brisk walks) compared to being inactive (less than 10 min 

of activity each week). Being consistently inactive increased the odds of hospitalisation, admission 

to ICU and death, with inactive individuals more than twice as likely to be admitted to hospital and 

die than active individuals (odds ratio [OR], 2.26, 1.73 and 2.49, respectively) [51]. As in the study 

by Huang et al. [55], there was also a protective effect of being consistently active compared to 

inconsistently active. These effects were so strong that other than age and a history of organ 

transplant, being consistently inactive conferred the highest risk for hospitalisation with COVID-19 

(excluding COVID-positive women going into hospital to give birth). Further studies across the 

South Korean, Swedish and British populations have confirmed the importance of being active 

[48,56,57] and have additionally reported a protective effect in obese individuals [56], discussed 

further by others [52,58]. As such, physical activity may negate some of the additional risks faced 

by obese individuals and be even more critical in this sector of the population. Lee et al. [48] 

showed that a combination of both aerobic exercise and strength training was the most beneficial in 

reducing infection, severe disease and death and was more beneficial than either aerobic or strength 

training alone. The same study reported a particularly strong benefit in individuals over 60 years old 

with a 94% reduction in relative risk of severe disease in those regularly engaging in both aerobic 

and strength training. This latter finding cannot be overstated given the age-stratified mortality that 

has been observed in the pandemic; this is especially true since these findings are likely to be 

conservative given both the association of exercise with BMI and other comorbidities linked with 

severe COVID-19 (which were controlled for), and the tendency of individuals to inflate the 

amount of exercise when self-reporting [48,51]. Accordingly, regular (up to 60 min of vigorous 

exercise per session, repeated several days a week) but not excessive exercise (which can supress 

the immune system [50]) has been suggested by some to be the most important modifiable risk 

factor for severe COVID-19 [51].  

Despite the clear benefits of physical activity, lockdown measures and reduced access to gyms, 

parks and sports facilities have limited the ability of individuals, both healthy and those with 

chronic diseases to exercise [49,51,53]. The WHO recommends staying physically active during 

quarantine (over 150 min of moderate or over 75 min of vigorous exercise per week) [59] and 

makes several suggestions, including regularly standing up, playing with children, some simple 

exercises, and walking on the spot or around the house when taking phone calls. While these 

suggestions may help to reduce sedentary behaviour and support otherwise inactive portions of the 

population, they are a poor substitute for usually highly active individuals, particularly those who 

are used to exercising outdoors, running multiple kilometres out in nature or going for daily ocean 

swims, or indeed those accustomed to heavy weight training in a gym setting. Unfortunately, the 

current vaccine pass requirements in New Zealand and many other countries continue to restrict this 

access and make physical activity more difficult for many. Not surprisingly, therefore, while the 

average time spent sitting has increased from 5 to 8 h per day [54], physical activity has decreased 

in response to public health measures [53], while patterns of unhealthy eating have also increased 

[54]. Reductions in activity have not been uniform across the population, with Ammar et al. [54] 

reporting that 27% of the study population increased sitting time by more than 5 h per day. Adults 

who were consistently active prior to the pandemic have been hit the hardest with a 32% reduction 

in daily exercise [53]. Furthermore, children and adolescents aged 6–17 have reduced weekly 

physical activity by as much as 80% in some studies [60]. Worryingly, aside from the obvious 

implications from the discussion above, this reduction in activity was accompanied by increased 

depressive symptoms, stress and loneliness [53]. Increases in daily screen time had similar 

outcomes: less positive mental health, more depressive symptoms, and increased stress and 

loneliness [53]. Forced reduction in physical activity has previously been demonstrated to increase 

depressive symptoms and anxiety after just 1 week [61], with the largest effects occurring when 
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withdrawal lasted for more than 2 weeks [62]. The already significant burden of mental health 

issues has therefore likely grown considerably after long periods of reduced exercise in many 

populations around the world. This will be addressed further in section 9.  

Ultimately, increasing physical activity is of the utmost importance and has the potential to 

drastically reduce COVID-19 infection, hospitalisation and mortality, most notably in elderly and 

obese populations who are at high risk [48,56]. While the greatest benefits are likely to come from 

long-term physical fitness, with high cardio-respiratory fitness conferring a protective effect [63,64] 

even decades later [57], many benefits can also be almost immediate. Even one short (under an 

hour) bout of moderate to vigorous exercise can enhance cytotoxic T cell and NK cell activity and 

have an anti-inflammatory effect [50]. It is never too late, therefore, for people to become more 

active; further, addressing the global decrease in cardiovascular and immune system health that 

results from reduced participation in sports [49] is critical. Thus, public health measures to promote 

the benefits of exercise and facilitate participation rather than restrict it would be highly 

advantageous.   

 

4. Plant-based diets 

 

While a plant-based diet (PBD) is strictly defined as consisting of “all minimally processed fruits, 

vegetables, whole grains, legumes, nuts and seeds, herbs and spices, and excludes all animal 

products, including red meat, poultry, fish, eggs and dairy products,” [65] for the purpose of this 

review, a broader definition, often used both in research studies and in the public sphere, will be 

used. Here, PBDs will be defined as those which minimise consumption of animal products while 

prioritising plant-based foods, particularly fruits, vegetables, whole grains, legumes and nuts 

[66,67]. While not strictly a PBD, a Mediterranean diet additionally promotes many of the same 

plant foods, with a focus on fruits, vegetables, legumes, nuts and olive oil [68]. As such, 

Mediterranean diets will also be discussed within this section. 

While experimental studies addressing the impact of PBDs are lacking, observational studies 

conclusively point to the benefits of a PBD for reducing the risk of COVID-19 infection and severe 

COVID-19. In a case-controlled study of healthcare workers across six countries, Kim et al. [69] 

found a 73% or 59% reduction in the risk of severe COVID-19 in those consuming either a PBD or 

PBD/pescatarian diet. Risk reduction was evident after controlling for health and lifestyle factors, 

indicating that diet has benefits that are independent of other health behaviours. The study 

employed rigorous participant screening criteria, only including healthcare workers that were at 

sufficiently high risk of exposure to COVID-19, and was not complicated by vaccine status, 

because it was conducted early in the pandemic. Similar magnitudes of reductions were reported by 

Perez-Araluce et al. [70] who found a 64% reduction in infection rate among individuals with high, 

rather than low, adherence to Mediterranean diets. There is also some suggestion that individuals 

belonging to regions with higher adherence to Mediterranean diets experienced lower COVID-19 

infection and mortality rates [71]. Another early study analysed data from the UK Biobank, 

addressing diet and lifestyle factors in over 37,000 people [72]. While the study did not specifically 

address PBDs, it nevertheless found positive associations between higher vegetable consumption 

and reduced risk of COVID-19 infection. The association remained significant after controlling for 

other health and social factors [72]. Low-carbohydrate/high-fat diets and high consumption of 

processed meat were additionally associated with higher risk of severe COVID-19 symptoms and 

COVID-19 infection, respectively [69,72]. These findings were corroborated by a fifth study that 

assessed the diets of over half a million people and found that participants eating high-quality diets 

that were rich in healthy plant-based foods (and low in less healthy animal products) were 40% less 

likely to have severe COVID-19 symptoms [73]. Most recently, Jagielski et al. [74] reported even 

greater benefits of healthy diet in a study on young (aged 25–45), non-obese, physically active 

individuals, when diet was assessed more rigorously. After controlling for other factors, individuals 

who consumed over 500 g of fruits and vegetables each day, along with at least 10 g of nuts, were 

86% less likely to develop COVID-19. Jagielski et al. [74] further reported that individuals who 
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contracted COVID-19 had lower intakes of water, plant protein, seeds, legumes, garlic, dietary 

fibre, and various vitamins and minerals, and had diets that were higher on the dietary inflammation 

index. Since previous research has shown that increased fruit and vegetable consumption in elderly 

cohorts evokes a greater specific antibody response to (Pneumovax) vaccination [75], this adds 

support to their role in immune function. High-fibre PBDs are also associated with more favourable 

gut microbiome composition [76] (discussed in section 8), and asthma is better controlled in 

individuals who consume greater amounts of fruits and vegetables [77].  

Although, to date, no studies have looked at the effect of PBD on long COVID-19, some have 

suggested that they may be beneficial given the abundance of data showing positive association of 

PBDs with improved immune function, neurotransmitter balance, pain and inflammation reduction, 

improved sleep, and mental health (see [78] for a comprehensive review). PBDs that are rich in 

fruits and vegetables are known to be high in vitamins, folate, fibre, and phytochemicals such as 

carotenoids, polyphenols and flavonoids [76,79]. Many of these bioactive substances are known to 

have anti-inflammatory, antibacterial, anti-thrombotic and antiviral properties; as such, their role in 

modulating the immune system has been widely discussed [68,75,78,80]. In the context of COVID-

19, where inflammation and pro-thrombotic predisposition can increase the risk of severe disease, 

the relevance is clear. Since a Mediterranean diet focuses on many of these same polyphenol-rich 

foods [68], many of these same benefits may be obtained without following a PBD rigorously, 

though there may still be benefits strict compliance with PBD. A meta-analysis by Craddock et al. 

[81] reported lower markers of inflammation in vegetarians than in meat eaters, hypothesising that 

increased consumption of phytochemicals may be a contributing factor, alongside the decreased 

intake of saturated fat (both of these factors are also typical of Mediterranean diets). Favourable 

concentrations of immune and inflammatory markers may further be promoted in PBD however, 

due to the absence/reduction of pro-inflammatory molecules such as trimethylamine N-oxide 

(TMAO), a molecule metabolised from choline and carnitine, compounds primarily found in meat 

[67]. In the latter case, this would point to benefits of a PBD over a Mediterranean diet, which 

allows small quantities of meat. Overall, however, when compared to a typical Western diet high in 

processed foods and saturated fats, either Mediterranean diets or those that are more strictly plant-

based would both be hugely beneficial. Additionally, there is some evidence that inclusion of 

particular foods common in Mediterranean diets, such as lupin, garlic, salvia, honey and extra virgin 

olive oil, has the capacity to confer additional protection against COVID-19 [82,83]. 

At present, the best available evidence suggests that PBDs are beneficial in directly reducing the 

risk of severe COVID-19 symptoms and the risk of infection, this reduction being independent of 

other health-related factors. Furthermore, many studies have now cited PBDs as being able to 

reduce the risk of coronary heart disease, reverse and prevent atherosclerosis, lower blood pressure, 

lower blood lipids, assist in weight management, and reduce the risk of developing type 2 diabetes 

[66,84]. Mediterranean diets have also shown benefits, helping in endothelial function, insulin 

resistance, weight loss and cardiovascular health [85,86]. Many of these conditions are leading risk 

factors for severe COVID-19 [8,17,19], suggesting that PBDs may also indirectly reduce COVID 

risk by mitigating these conditions. The ability of PBDs to further reduce risk, even after these 

factors are controlled for, strengthens the argument that increasing daily consumption of fruits, 

vegetables, legumes, nuts, seeds and whole grains, while decreasing consumption of animal 

products and processed foods, is beneficial. Benefits of PBD can begin to accrue within just 7 days 

[87]. Thus, potential protection against COVID-19 could be very rapid and time lag should not be a 

reason for delays in changing dietary habits. Since previous research has indicated that the most 

significant changes in nutrient profiles [88] and health [89] come from strict vegan diets rather than 

more broadly defined PBDs, the risk reduction in studies discussed above may even represent a 

conservative estimate. On this basis, questions have previously been asked about why the medical 

community is so slow to promote a switch in diet [90], with some now making the argument that it 

is time to demand such a switch [91].  

 

5. Sleep  
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While sleep remains somewhat of an enigma [92], sufficient sleep (7–9 h of good-quality sleep for 

adults) is essential for proper immune function, emotional stability, homeostasis, muscle 

restoration, metabolism, cognitive function including learning and memory, and neural plasticity 

[93–95]. Some have suggested that sleep is the single most important pillar of health [95], given 

that lack of it undermines other healthy choices such as being physically active and eating well [94]. 

Insufficient sleep affects almost every aspect of human health, increasing inflammation and risk of 

stroke, obesity, diabetes, cancer, osteoporosis and cardiovascular disease, in addition to many others 

[93]. Many of these diseases in turn increase the risk of COVID-19. Even small differences in sleep 

can be profound, with just one night of reduced sleep having significant negative effects, something 

we get a chance to study annually with daylight saving time in multiple countries around the world 

[95]. Despite the known benefits of sleep and the harms associated with sleep deprivation, it has 

however, rarely been addressed with respect to COVID-19.  

Prior to the COVID-19 pandemic, a substantial body of research already existed that elucidated the 

link between lack of good-quality sleep and infectious disease, including, notably, respiratory 

infections. A combination of challenge and population-based studies have shown that individuals 

sleeping fewer than 5 h per night had up to a 5-fold increase in the risk of developing the common 

cold and a 51% increased chance of developing other infections (e.g., influenza, pneumonia and ear 

infection) [96–98]. Individuals sleeping 5–6 h nightly, those perceiving inadequate sleep, and 

individuals with sleep disorders have also shown to be at risk, in the latter case with an 88% 

increased chance of developing an infection [97,99].  

With respect to COVID-19, the first major evidence to emerge was from a multicentre, 

retrospective study in China addressing sleep and exercise habitats in hospitalised patients. Huang 

et al. [55] reported that compared to those getting the recommended amount of sleep, patients 

reporting sleep that was “potentially appropriate” in the week prior to COVID-19 diagnosis had a 6-

fold increase in the risk of severe disease, while in those lacking sleep the risk was increased 8-fold 

[55]. These observations were corroborated by a case-controlled study on healthcare workers at 

high risk of exposure to SARS-CoV-2. After controlling for demographics and health data, Kim et 

al. [100] reported that healthcare workers who were infected were more likely to have reported 

fewer hours of sleep and more likely to have sleep problems. Just 1 h of additional sleep was 

associated with a 12% reduction in the risk of infection, while longer sleep duration also led to a 

17% reduction in the risk of moderate to severe COVID-19 [100]. Furthermore, in participants 

reporting three sleep problems (difficulty sleeping at night, poor sleep continuity and frequent 

sleeping pill use) there was almost a doubling in risk of moderate to severe COVID-19 (OR 1.88) 

[100].  

These findings suggest that, aside from the general health benefits, prioritizing high-quality sleep 

could significantly reduce the risks of COVID-19 infection and severe disease. Unfortunately, 

however, this has little been discussed during the pandemic, and evidence suggests that sleep has 

actually deteriorated during this time. Even prior to the pandemic, recent decades had seen a 

decrease in the mean amount of sleep reported each night [55], with sleep deficiencies and disorders 

now widespread [97]. The pandemic and measures put in place to reduce COVID-19 spread, such 

as social distancing and lockdowns have only heightened sleep issues, with high levels of anxiety, 

depression and stress contributing to frequent insomnia, frequent waking, early waking, nightmares 

and other sleep disorders [93,94,101–103]. Issues around increased stress, anxiety and depression 

are worthy of a review. However, there are many simple changes that can be made to encourage 

better sleep. Since longer screen time (and especially screen time just before bedtime) is associated 

with shorter sleep, reduced sleep efficiency and greater sleep onset latency [104], keeping screen 

time to a minimum, avoiding it before bedtime, and leaving electronic devices outside the bedroom 

are therefore encouraged to increase quality of sleep [95,105]. In no particular order, other 

scientifically backed ways to improve sleep include getting sunlight exposure in the morning to re-

calibrate circadian rhythms; avoiding or reducing the intake of caffeine, alcohol and nicotine; 

sticking to a regular bedtime routine; ensuring the bedroom is cool and dark; avoiding hard exercise 
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before bed (instead shifting hard workouts to earlier in the day); and avoiding heavy meals late at 

night [95,105]. Many of these interventions represent simple, cost-free and risk-free changes that 

individuals could make immediately to reduce their COVID-19 risk within just a few days.  

 

6. Individual nutrients and phytochemicals 

 

6.1. Phytochemicals 

Phytochemicals are defined as bioactive, non-nutrient chemicals found in fruits, vegetables, grains 

and other plants, which may provide desirable health benefits beyond basic nutrition [106]. 

Although most remain unknown, over 5000 individual phytochemicals have so far been isolated and 

identified [79], many with anti-inflammatory, antibacterial or antiviral properties [78,80]. Of 

particular relevance are phenols (present in foods such as wild blueberry, blackberry, pomegranate 

and spinach) and flavonoids, which are associated with a reduced risk for major chronic disease, 

when consumed regularly [106]. Consumption of a wide range of fruits and vegetables is the best 

way to gain the general health benefits from many of these compounds, since each particular plant 

will have its own unique phytochemical content [79]. Additionally, consuming whole foods is the 

safest way to access these benefits. In agreement with Liu [107], the delicate balance of these 

compounds in whole fruits and vegetables cannot be replicated in pill form. Aside from the benefits 

derived from eating a diet rich in all phytochemicals, two specific phytochemicals are of particular 

interest for reducing COVID-19 risk. 

6.1.1. Curcumin 

Curcumin, the bioactive ingredient in turmeric [108], has previously been shown to exhibit strong 

anti-inflammatory property and antiviral activity against several viruses, with capacity to block viral 

entry into host cells [109]. While larger clinical trials are urgently needed, results from published 

COVID-19 trials are extremely promising, with oral curcumin administration reducing mortality, 

recovery time, the need for oxygen, mechanical ventilation, length of hospitalisation, and the 

presence of several inflammatory markers [110–114]. Most notably, in three placebo-controlled 

trials, mortality in patients administered daily doses of either 160 mg of nano-curcumin [112,113] 

or 1050 mg of curcumin with piperine [114], was reduced by 80%, 50% and 82% respectively. A 

more recent meta-analysis suggests an overall 77% reduction in mortality in patients treated with 

curcumin [115]. Five of the six clinical trials so far conducted also found a significant reduction in 

symptom duration in patients with mild, moderate and severe COVID-19 [110–114,116]. In the 

single trial that failed to show a reduction in symptom duration, more positive lab indices were 

reported with the authors suggesting an important role for curcumin in immune modulation [116]. 

Additionally, support comes from a range of molecular modelling, immunological and in vitro 

studies, which elucidate the potential of curcumin, as well as from previous studies that show 

curcumin’s efficacy in other respiratory viruses [117–125]. While larger trials are needed, the data 

available suggest that curcumin is highly effective for reducing the severity of COVID-19. 

Given that almost all previous clinical trials have revealed curcumin supplements to be safe and 

well tolerated, even at doses as high as 8000 mg/d [122], a recommendation of 1000 mg daily at 

symptom onset, or upon the first positive test, would seem to be highly advisable. While 

supplements are the best way to reach equivalent doses to those used in trials, turmeric powder used 

in cooking contains around 3% curcumin [126]. One teaspoon (5 g) of turmeric powder, therefore, 

contains approximately 150 mg. Though low bioavailability of curcumin has been problematic, 

piperine (a compound found in black pepper) has been shown to increase bioavailability by 20 

times [127] and so any increase in consumption of turmeric with the intention of boosting dietary 

curcumin intake should be accompanied by black pepper.  

6.1.2. Quercetin 

Quercetin is a flavonoid (flavanol) present in many fruits and vegetables [128]. Particularly good 

vegetable sources include onions, asparagus, red leaf lettuce and, to a lesser extent, broccoli, green 

peppers, peas and tomatoes, while good fruit sources include apples, cherries and berries [129]. 

Quercetin is thought to be helpful in preventing severe COVID-19 symptoms, due to its known 
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anti-inflammatory, anti-oxidant and immune-modulating properties [129,130]. Molecular docking 

and in vitro studies have revealed strong antiviral potential via several mechanisms, including 

preventing attachment to ACE2 receptors and blocking viral replication ([129,131]).  

So far, results from clinical trials with quercetin are promising. In a randomised, open label trial Di 

Pierro et al. [132] tested the effectiveness of quercetin formulated with sunflower phospholipids to 

increase absorption. Compared to standard care, the quercetin group showed a 68.2% reduction in 

risk of hospitalisation, a 76.8% reduction in length of hospital stay, and a 93.3% reduction in the 

need for oxygen therapy [132]. Additionally, while no patients in the quercetin group were admitted 

to the ICU or died, 10.5% and 3.9% of the control group were admitted to ICU or died, respectively 

[132]. A further follow-up study by the same group confirmed that quercetin significantly improved 

viral clearance, reduced symptom length, and improved inflammatory markers [130], with 57% of 

the quercetin group having fully recovered after 7 days, compared to just 19% of the control group. 

These results were corroborated by a recent, small study by Shohan et al. [133]. Here, inflammatory 

markers and length of hospitalisation were significantly decreased in the quercetin group. 

Additionally, there were lower numbers of patients admitted to ICUs, fewer ICU days, and no 

deaths in the quercetin group, yet three deaths in the control group; in all cases these results were 

approaching significance but likely due to small sample size were not statistically significant [133]. 

While Onal et al. [134] failed to find benefits in patients treated with quercetin, they nevertheless 

report improved laboratory results and suggested that their study was limited by poor bioavailability 

of quercetin.  

At present, the available evidence suggests that quercetin may be beneficial against COVID-19. 

Whilst multiple reviews, in vitro experiments, and molecular docking studies espouse the benefits 

of quercetin and its ability to inhibit SARS-CoV-2 [135–137], large clinical trials are frustratingly 

lacking. Nevertheless, despite limitations, the studies discussed above have shown benefits in 

symptom reduction, progression to severe disease, and mortality. Given the excellent safety profile 

of quercetin when taken for short periods [132,134,135,138,139] in addition to its wide availability 

and multitude of other health benefits [140], it is suggested that the limitations of the existing trials 

should not stand in the way of a potentially life-saving supplement being discussed with patients.  

6.2. Vitamins and minerals 

6.2.1. Vitamin D 

Vitamin D is a fat-soluble vitamin and steroid hormone with important roles in enhancing cellular 

immunity and modulating physiological processes including bone metabolism, absorption of 

calcium and phosphorus, and zinc metabolism [128,141]. It is increasingly clear that vitamin D 

deficiency is associated with COVID-19 infection and severe cases of COVID-19. In a study of 

over 190,000 patients with information available on vitamin D status in the preceding 12 months, 

Kaufman et al. [142] found that patients who were deficient in vitamin D were more likely to be 

infected with COVID-19 (12.5% infection rate) compared to those with adequate (8.1% infection 

rate) or the highest (5.9% infection rate) levels. Similarly, Meltzer et al. [143] found patients who 

were vitamin D-deficient in the previous year had 77% increased risk of testing positive for 

COVID-19. The latter study had a higher overall infection pressure and was corroborated by 

Hernández et al. [136], who also found that the majority of patients with COVID-19 (but not 

controls) were vitamin D-deficient, and by Seal et al. [137], who further found a 29% increased risk 

of hospitalisation and an 82% increased risk of death in vitamin D-deficient patients [144]. Overall, 

a meta-analysis by Kazemi et al. [145] reported that vitamin D deficiency resulted in a 157% 

increased chance of severe disease, a tentative (due to limitations of the papers reviewed) 77% 

increased risk of infection and, using the Cox survival method, a seven-fold increase in risk of 

mortality. Accordingly, vitamin D supplementation has been proposed to be an effective means for 

reducing the risk of COVID-19 infection and severity [146] via its potential to decrease production 

of pro-inflammatory cytokines [128]. 

Previous research has shown the ability of vitamin D to reduce the risk of upper respiratory 

infection [147]. Since vitamin D deficiency, mainly due to lack of sunlight, is a widespread public 

health problem affecting more than a billion people (especially individuals with darker skin and to a 
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lesser extent, obese individuals), the significance is clear [35,141,143,148]. In previous studies, 

even those not deficient have still benefited from vitamin D supplementation [147]. This finding is 

corroborated by the observations of Kaufman et al. [142] and Seal et al. [137] who found that risks 

of infection and severe disease (respectively) were reduced in individuals with the highest levels of 

vitamin D as compared to those with intermediate (but adequate) levels. In the case of Seal et al. 

[137], a dose-dependent, inverse relationship was observed between hospitalisation and mortality 

risk and levels of vitamin D, after adjusting for socio-demographics and comorbidities. 

There is growing evidence that vitamin D supplementation may reduce COVID-associated risks 

[149]. In a study of 445,850 participants, Louca et al. [150] found women were between 9% and 

24% (depending on country of residence) less likely to be infected if taking vitamin D supplements 

(of any strength). More broadly, in a meta-analysis of 13 studies, Pal et al. [146] calculated the risk 

of severe disease to be reduced by 73% in those supplementing with vitamin D. The most notable 

reduction in risk was seen in studies addressing supplementing after the onset of COVID-19 (88% 

reduction, OR 0.12). Overall, Pal et al. [146] indicated that supplementation is safe and has the 

potential to significantly improve various clinical outcomes, including length of time in hospital and 

recovery time. Accordingly, given the low cost and safety profile of vitamin D, some have 

suggested the benefits of population-wide supplementation, particularly aimed at groups likely to be 

deficient [143]. Shah Alam et al [141] suggests that adults take a dose of 8000 IU daily, higher than 

many other recommendations, in order to ensure sufficient circulating levels. Previous research on 

supplementation revealed that daily doses rather than bolus have greater benefits against upper 

respiratory infections [147], but more work is required to confidently address appropriate doses, 

delivery method, and timing of supplementation. 

6.2.2. Vitamin C  

Among many physiological roles, vitamin C is important in immune function and wound healing, 

and has antioxidant, antiviral and anti-inflammatory properties [128,151–153]. In their analysis of 

circulating levels of vitamin C within 24 h of ICU admission, Tomasa‑Irriguible and 

Bielsa‑Berrocal [151] found up to 82% of COVID-19 patients were deficient, with many showing 

levels of only 0.1 mg/dL (normal values are 0.4–2 mg/dL), and 18% having undetectable levels of 

vitamin C (below 0.1 mg/dL). Although the study was small, these findings have nevertheless been 

replicated by other groups [154,155], including Chiscano-Camón et al. [153] who found vitamin C 

levels to be undetectable in over 90% of patients admitted to ICUs with COVID-19. It is well 

established that several severe respiratory infections can lead to a high requirement (increased by a 

factor of ten) for vitamin C, which then must be replenished [156]. It is therefore uncertain whether 

patients are vulnerable to infection due to existing vitamin C deficiencies or whether deficiencies 

are the result of severe disease. In either case, vitamin C has been proposed as a potential treatment 

for severe disease and also as a prophylactic to reduce risk of infection, due to its ability to 

modulate immune cell activity and reduce inflammation [157].  

Results from studies conducted so far have been very mixed and confounded by small sample sizes, 

premature termination of trials, inadequate doses, inconsistencies in the timing of treatment, and 

statistical errors [156,158]. Despite this, evidence suggests there is still reason to be optimistic 

about the use of vitamin C at appropriate doses. In their pilot study on the use of high-dose 

intravenous (IV) vitamin C, Zhang et al. [159] did not detect any significant reduction in 

mechanical ventilation-free days, yet they did observe improved oxygen saturation and a 78% 

reduction in ICU mortality among patients with severe cases, with baseline sequential organ failure 

assessment > 3. This finding agreed with earlier research that showed IV vitamin C to be effective 

for reducing inflammation and incidence of multiple organ failure in patients with sepsis, in a dose-

dependent manner [160]. Similarly, Gao et al. [161] reported reduced mortality risk, oxygen support 

status, and inflammatory markers in patients receiving high-dose IV vitamin C, while Kumari et al. 

[162] failed to find any effect on mortality but did report shorter hospital stays and more rapid 

cessation of symptoms in the vitamin C group. This agreed with observations that vitamin C was 

beneficial in preventing moderate cases of COVID-19 from progressing to severe cases [163]. 
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While Louca et al. [150] did not find oral vitamin C to be effective in preventing COVID-19 

infection, there was no standardisation of dose; as such, a participant taking a supplement with 125 

mg would contribute to statistics equally with someone taking a dose of 1000 mg or more daily.  

Previous studies on the common cold have however indicated that, while vitamin C is not able to 

prevent infection (aside from in physically active individuals), regular supplementation is beneficial 

in reducing symptom duration [164]. There is some evidence that effects are similar in COVID-19 

cases, with high-dose (8000 mg/d) oral vitamin supplements increasing COVID-19 recovery rate by 

as much as 70% [158]. Lower oral doses (1000 mg) in hospitalised patients have had more mixed 

results [165] but, although not reducing mortality, were nevertheless found to be effective in 

reducing risk of thrombosis [166]. 

Overall, when used appropriately, many benefits of vitamin C have emerged, whether in the form of 

IV administration or high-dose oral supplements. While larger, rigorously conducted trials are 

needed, vitamin C may have a role in reducing COVID-19 risks. Positive outcomes are most likely 

to occur with early administration [163], where vitamin C may be helpful in preventing mild 

COVID from progressing to more severe disease [156]. Since vitamin C is cheap, widely available 

and safe in doses up to several gram per day [164], it currently would seem to be another 

supplement in the toolbox of things that may be taken regularly to improve COVID-19 outcomes.  

6.2.3. Zinc 

In addition to having important roles in cell growth and differentiation, bone formation, wound 

healing, brain development and structural integrity, zinc is also integral for heathy immune function 

[128,152]. Since the body has no storage system for zinc, a steady supply is essential [152]. As with 

vitamins C and D, zinc levels have been found to be lower in COVID-19 patients than in healthy 

controls [155]; similarly, among hospitalized COVID-19 patients, zinc levels were lower among 

patients who died, compared to those who survived [144]. Further, Jothimani et al. [167] reported 

that low levels of zinc were associated both with COVID-19 infection and worse outcomes, with 

zinc-deficient patients being more than five times more likely to develop complications (OR 5.54). 

Accordingly, zinc may be beneficial against COVID-19 (see [168] for a review of potential 

mechanisms).  

Despite many suggestions that zinc may be beneficial, direct evidence for its role in COVID-19 is 

lacking. Louca et al. [150] found no evidence for zinc supplementation being able to prevent 

infection, as with vitamin C; however, this study did not control dose and, further, does not supply 

information on which form of zinc was taken by participants. Eby [169] has previously discussed 

the effect of differing forms of zinc in treatment of the common cold, claiming that while ionic zinc 

is highly effective in shortening cold duration, many zinc products on the market provide 

inadequate levels of ionic zinc and are unlikely to be beneficial. Further, Hemilä [170] pointed out 

that while zinc tablets and syrups have systemic effects, zinc lozenges show local effects which may 

work to reduce symptoms in the mouth, throat and nose. Accordingly, the form and dose of zinc are 

critical. In previous research, zinc acetate and zinc gluconate lozenges have been shown to reduce 

duration of the common cold by 40% and 28%, respectively, when administered at doses of around 

80–92 mg/d; however, higher doses provided no additional benefit [171]. Further, in a meta-

analysis of respiratory tract infections by Hunter et al. [172], prophylactic administration of zinc 

reduced the risk of moderately severe symptoms (fever/influenza-like symptoms) by 87%. 

With respect to COVID-19, at the time of writing, the majority of clinical trials and observational 

studies have addressed the benefit of zinc in combination with other medications or supplements but 

have not investigated the effect of zinc in isolation. Thomas et al. [173] assessed the effect of 

vitamin C in combination with zinc in clinical trials and found no benefit, but this study has been 

severely criticised for inadequate dosing ([158] supplementary material). Yao et al. [174] also found 

no effect of zinc in reducing negative outcomes, yet the majority of patients in this observational 

study had severe to critical disease and were being administered a wide variety of other 

medications. In advanced stages of disease, it is unclear to what extend blocking viral replication 

would be beneficial, yet subgroup analysis on the milder cases is not presented. In contrast, Carlucci 

et al. [175] reported that among non-ICU patients, zinc was effective for increasing the frequency of 
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patients being released (OR 1.53) and reducing mortality and transfer to hospice (OR 0.449). In the 

latter study, hydroxychloroquine was used as an ionophore for zinc and was given in combination 

with azithromycin (controls had hydroxychloroquine and azithromycin). This result was not 

supported by a clinical trial looking at zinc and hydroxychloroquine with no difference in mortality 

or recovery compared with hydroxychloroquine [176]. 

At present more research on the role of zinc is urgently needed as, despite the clear benefits of 

prophylactic zinc [172], and particularly zinc lozenges [171] in upper respiratory infections, this has 

not been sufficiently studied with respect to COVID-19. It is nevertheless clear that zinc 

deficiencies are associated with more severe outcomes, so promoting the consumption of adequate 

amounts of dietary zinc may have a strong role in risk reduction, particularly in those more at risk 

of deficiencies, such as elderly individuals and women taking the contraceptive pill [168,177–179]. 

Good plant-based sources of zinc include wholegrains, legumes, soy products, nuts and seeds, as 

well as fortified cereals [180].  

6.3. Other beneficial dietary interventions 

Many other micro-nutrients may be beneficial; for a full discussion, readers are directed towards 

more specialised reviews such as Calder [157] and Iddir et al. [76]. Discussion here is limited to 

multivitamins, omega-3 fatty acids, vitamin B12 and vitamin E.  

Louca et al. [150] reported that, after controlling for all other health factors and comorbidities, 

participants in the UK, US and Sweden were, respectively, 13%, 12% and 22% less likely to be 

infected with COVID-19 if they were taking multivitamins. In the same study, a similar reduction in 

infection risk (12%–21%) was associated with omega-3 fatty acid supplements [150]. A trend 

towards lower COVID-19 mortality with increased omega-3 index was additionally indicated [181]. 

While the recommended ratio of omega-6 to omega-3 fatty acids is between 1:1 and 4:1, many 

people eating standard Western diets have ratios in the region of 10:1 [76]. Supplementing with 

omega-3 or eating high-quality plant sources such as brussels sprouts, flax, chia and hemp seeds, 

and walnuts may therefore aid in rebalancing this ratio and accessing the numerous anti-

inflammatory and immune modulating benefits that omega 3 confer [76]. 

While more research is needed, several authors have hypothesized mechanisms by which vitamin 

B12 may be beneficial given the similarity in symptoms of vitamin B12 deficiency and COVID-19, 

including elevated oxidative stress and lactate dehydrogenase, renal and pulmonary vasculopathy, 

elevated blood homocysteine levels, and coagulation cascade activation [182,183]. Until more 

research becomes available, ensuring adequate intake of vitamin B12 via nori, shiitake mushrooms 

[184], fortified whole grain cereals, plant milks and nutritional yeast, or via supplements may be 

prudent. 

Vitamin E is known to have important roles in immune function and to exhibit strong antioxidant 

properties [128]. In animal studies, deficiency leads to increased susceptibility to pathogens [157], a 

finding potentially supported by the observation that vitamin E levels were lower in COVID-19 

patients compared to healthy controls [155]. Vitamin E supplementation has previously been shown 

to increase immune activity, in particular T cell proliferation, improve response to vaccination in 

elderly patients, and to reduce the risk of rehospitalisation in elderly pneumonia patients by 63% 

[76,157]. Incidence of pneumonia in smokers receiving 50 mg/d for 5–8 years was additionally 69% 

lower than in controls [76]. While evidence that vitamin E can reduce susceptibility to COVID-19 is 

lacking, its benefits, particularly in elderly patients, may warrant increasing intake via either 

supplements or consumption of rich sources such as wheat germ, sunflower seeds, almonds, 

hazelnuts, pine nuts, avocado and sweet red peppers.  

 

7. Time in nature 
 

The practice of “shinrin-yoku,” or forest bathing, is common in Japan and involves spending time 

among the trees for relaxation and recreation [185]. Although in some countries (e.g., Japan, 

Norway and China) forest bathing is prescribed as preventative and curative medicine for a variety 

of ailments, outside of these areas it has received relatively little attention [49] and has rarely been 
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discussed with respect to COVID-19. In a pioneering series of experiments, Li and colleagues [186] 

demonstrated that an overnight trip with several forest walks, was able to reduce the concentration 

of stress hormones in urine, while increasing both the number and activity of NK cells in both male 

[186] and female [187] participants. Elevated NK cell activity was maintained for 7 days, with 

detectable increases still evident after 30 days. Further experiments showed that spending the same 

amount of time away on a city break was not able to induce equivalent changes [188]. In the context 

of COVID-19, these findings are particularly significant, given that the primary role of NK cells is 

to kill cells infected by viruses [189].  

While the previous experiments focussed on overnight trips to the forest, a suite of other studies 

have now shown benefits from short (as little as 2 h long) walks among trees. Benefits include 

reduced stress and cortisol levels, lower blood pressure and pulse rate, reduced inflammatory 

markers, improved mood, lower anxiety scores, and increased antioxidant activity [190–195]. 

Indeed, during the pandemic many people reported that spending time in nature “helped them to 

cope” with the situation [196]. While few of these studies directly addressed COVID-19, stress and 

inflammation are known to be detrimental to immune function, inhibiting innate and adaptive 

immune responses [189]. It has therefore been hypothesised that reductions in adrenaline and 

noradrenalin may explain the observed boost in NK cell activity [185]. The implications for 

COVID-19 are clear: a well-functioning immune system is vital in fighting infectious disease. 

On the basis of the evidence above, it has been suggested that forests may offer protection against 

the worst effects of COVID-19, with Roviello et al. [49] describing a double benefit of forests in 

potentially reducing mortality. Firstly, trees are able to intercept the fine particulate matter which is 

common in areas with high levels of pollution [49] and is linked to worsened respiratory outcomes 

[197,198]. Secondly, many trees release immune-strengthening volatile organic compounds, 

including phytoncides (wood essential oils) [49,185,199]. These secondary plant metabolites are 

used by plants to protect against herbivores and pathogenic micro-organisms, but they have also 

been shown to exhibit strong anti-inflammatory and antioxidant properties, and can stimulate 

autophagy [199]. Indeed, an early experiment by Li et al. [200] demonstrated that phytoncides are 

independently able to influence immune cell function in vitro, therefore suggesting that one benefit 

of forest bathing may be exposure to beneficial volatile organic compounds often found in relatively 

higher concentrations in forests [186]. 

Tentative evidence for the role of forests in fighting COVID-19 comes from Italy where lower 

mortality rates were observed in areas with greater forest cover per capita (normalised for total 

population) [201]. These findings were corroborated by similar work in Poland and the US, 

indicating the importance of green and blue spaces [202,203]. Of course, it is not possible for 

everyone to live in areas with greater forest cover; however, green spaces in the form of urban parks 

and gardens are generally available to even those living in the densest of cities. As such, advising 

people to get out into nature may be highly beneficial. This is especially true given that individuals 

spending increased amounts of time indoors due to lockdown measures are exposed to more indoor 

aerosols and ultrafine particles, which have been linked to respiratory disorders and increasing 

susceptibility to COVID-19 [204]. Since previous work has shown the benefits of forest walks to 

persist for several days, even a weekly walk in a wooded area has the potential to immediately boost 

the immune system and reduce risks from COVID-19.  

While most research has centred around forests, there is evidence that other natural settings may 

also confer benefits. Frequent exposure to blue spaces (rivers, lakes and the sea), for example, is 

known to be beneficial in reducing stress, improving mental health and wellbeing, promoting 

physical activity, and potentially improving general health [205–211]. While these studies have not 

directly addressed COVID-19, the benefits of exercise for COVID-19 have already been discussed 

at length, and reductions in stress are likely to directly improve immune function. Roviello et al. 

[212] further suggest that swimming in or walking along (clean) rivers may be directly beneficial in 

a similar way to forest bathing, given the occurrence of many secondary plant metabolites in rivers. 

In addition to the already known benefits of rivers, such as sights and sounds, and gentle exercise, 

the compounds from riparian vegetation may act in a similar way to the forest phytoncides [212]. 
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More broadly, interaction with nature of all types, from walking in the mountains to watching 

wildlife in grass meadows, has been suggested to improve health outcomes through a myriad of 

mechanisms: these are discussed at length by Kuo [213]. To conclude this section, spending time in 

nature is a free and relatively easy way for most people to immediately improve their immune 

function and reduce risks associated with COVID-19. 

 

8. Gut health  
 

Understanding of the role of the gut microbiome has dramatically increased over the last decade, 

with many recent studies now showing it to exert a large influence on multiple aspects of health, 

including chronic inflammation, disease, and both the innate and adaptive immune systems 

[214,215]. Thus, the potential to impact COVID-19 outcomes through immune modulation warrants 

discussion. Some bacterial species may be especially relevant here, particularly those that are able 

to produce butyrate (one of three short-chain-fatty acids produced from undigested food) [215]. 

Butyrate is the preferred energy source of colonic cells and has many important roles: maintenance 

of the gut barrier, regulation of mucus production, reducing anxiety and depression, protecting 

against metabolic diseases, and, significantly, promoting differentiation of naïve T cells into 

regulatory T cells (Tregs) [216,217]. Since Tregs dampen excessive immune and inflammatory 

responses and given that under and over-active immune responses are both problematic [214], the 

significance in relation to COVID-19 is clear. 

Although not all studies conducted have found associations between microbiota and COVID-19 

[74], there are clear mechanisms through which disease outcomes could be influenced. It was 

already known that gut microbes could affect pulmonary health via cross talk between microbiota, 

with the balance of microbes directly affecting lung immunity [214]. Many patients with COVID-

19 additionally experience gastrointestinal upset, with SARS-CoV-2 present in the stool samples of 

some patients [214,218]. The SARS-CoV-2 virus uses ACE2 receptors for entry into host cells; 

ACE2 receptors are found in the lungs, kidneys and heart, but also in the gastrointestinal tract 

[214,219,220]. This suggests a role of the gut-lung axis [214] which may be of particular 

significance for individuals with poor gut health, as unbalanced or reduced microbiota (dysbiosis) 

and “leaky gut” may contribute to more severe disease [219]. In individuals with dysbiosis (such as 

the elderly and those with chronic disease), impaired gut barrier integrity and reduced mucus may 

allow SARS-CoV-2 to not only bind to ACE2 on the intestinal cells, but also to exit the 

gastrointestinal tract and enter the bloodstream, allowing access to various organs expressing ACE2 

throughout the body [220]. It is clear how this could lead to more severe disease. Accordingly, Gu 

et al. [221] reported significantly lower bacterial diversity in samples collected from hospitalised 

patients compared to those obtained from healthy controls. This was accompanied by enrichment of 

opportunistic pathogens and reduced abundance of beneficial bacteria, a finding corroborated by 

Zuo et al. [218]. In particular, 23 taxa, mostly Firmicutes, were associated with disease severity, 8 

had positive correlations and 7 had negative correlations [218]. Firmicutes have previously been 

shown to either up- or down-regulate ACE2 expression; here, one of the species found to most 

strongly correlate with severe disease is known to greatly up-regulate colonic ACE2 expression in 

mice [218]. Further work by Al Kassaa et al. [219] addressed the gut health in COVID-19-positive 

individuals with severity ranging from asymptomatic to severe disease. Recording gut health as a 

score between one and five (based on healthy food, unhealthy food, overweight/obesity, chronic 

medication, and gut symptoms), they found a strong association between gut health and the severity 

of COVID-19 symptoms, with the likelihood of worse symptoms being reduced by 33% for each 

level increase in gut health. The authors report that intake of unhealthy food and excessive 

consumption of both sugar and fast food were additionally associated with more severe disease. 

Since diet is highly influential in microbiota composition, this is not surprising. 

While probiotics (live microorganisms), which, when administered in adequate amounts, confer a 

health benefit to the host [214], have received much attention in recent years, a full discussion is 

beyond the scope of this review. There is, however, some evidence for their benefit against COVID-
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19, with Louca et al. [150] reporting a 14%–37% reduction in infection rate in those taking 

probiotic supplements (depending on country). Previous research has also suggested that probiotics 

can improve or alleviate lung disease and improve immune response to the common cold, while 

outcomes are less clear with respect to influenza [214,222]. Other probiotic foods, such as kefir, 

have additionally been suggested to have potential preventative and curative benefits for COVID-19 

[223]. At present there is, however, little consensus around the duration, dose and type of probiotics 

supplementation that are most beneficial, and any changes in gut microbiota unfortunately appear to 

be transient [222,224], possibly because poor diet may inhibit the survival of any probiotics 

consumed. Accordingly, here the focus will be on ways in which the diversity of gut microbiota can 

be increased in general, without particular focus on individual strains. 

The benefits of a PBD have already been discussed at length, but additionally, a plant-centred, high-

fibre diet may lead to better gut health. Previous research shows that diets rich in plants, and low in 

fat and animal products tend to promote symbiosis, a balanced gut, and high abundance of 

beneficial microorganism, while those that are low in fibre and high in fat and meat, tend to 

promote opportunistic pathobionts and a reduction in beneficial bacteria [89,217,225–227]. There 

appears to be a continuum of human gut microbiota, on which vegans and meat eaters have the most 

divergent gut biology, with vegans showing the highest ratios of anti-inflammatory bacteria and 

lowest pathobionts, and vegetarians being intermediate [89]. These differences can have stark 

effects on harmful metabolites and therefore inflammation; while TMAO levels dramatically 

increase hours after an omnivore eats meat, the same does not occur when a vegan is experimentally 

given meat, since vegans lack the microbiota responsible for converting carnitine to TMAO 

[217,228]. These differences are likely to be, in part, due to the higher amounts of fibre consumed 

by vegans, which is essential for many microorganisms and is used directly to produce butyrate 

[89,220]. A change to a high-fibre diet can, in fact, not only alter the intestinal microbiota, but also 

affect the lung microbiota [229], leading some to suggest that increasing fibre may be the easiest 

and most effective method that can be implemented immediately to prevent severe COVID-19 

[220]. Aside from increasing fibre consumption in general, increasing the diversity of plants in the 

diet has been linked with both a more stable and diverse gut microbiome, along with increases in 

several butyrate producers [230,231]. Since different types of fibre are present in different foods 

[226], a variety of foods, and ideally over 30 different plant foods each week [231], are important to 

nourish a wide range of microorganisms. 

As noted with many of the other interventions reviewed here, the benefits of a change in diet can be 

extremely rapid. Stella et al. [232] demonstrated that metabolic phenotypes were distinct within less 

than two weeks of initiating a new diet, when individuals were rotated between vegetarian, high-

meat and low-meat diets for 14 days. More recently, David et al. [225] reported that changes in 

microbiota were detectable after just one day, when diets were switched from animal-based to 

plant-based. Although a complete shift in microbiota is unlikely to occur rapidly, significant 

changes can be brought about in very short periods of time, and these changes may be highly 

beneficial with respect to protection against COVID-19. A diet high in fibre with a large variety of 

plant foods, including fruits, vegetables, whole grains, legumes, nuts and seeds, is therefore likely to 

be beneficial. 

Aside from diet, probiotics, and avoiding antibiotic use, gut health can additionally be influenced by 

interactions with microbes in the environment. Linking back to section 7, spending time in 

biodiverse environments and particularly around vegetation and soil with diverse microbial 

populations, can have significant effects on both skin and gut microbiota [213,233,234]. In a study 

on young children in day care centres, Roslund et al. [235] demonstrated significant changes in the 

microbiota after 28 days of a nature intervention. Children in the experimental group were 

encouraged to interact with diverse vegetation and soil placed in the yard, compared to bare control 

yards with little green vegetation. Changes in the microbial composition included relative increases 

in butyrate-producing species and decreases in pathobionts; these changes were accompanied by a 

higher ratio of anti- to pro-inflammatory cytokines [235]. These findings were later corroborated in 

a similar experiment by Sobko et al. [236]. Selway et al. [234] further expands the idea that 



 16 / 32 

exposure to vegetated ecosystems could restore microbial diversity and balance in humans and 

therefore help with reducing disease burden, an idea supported by several other authors who 

research green spaces and microbiota [237–239]. Benefits may be extremely rapid with increases in 

skin microbiota and alterations in gut microbiota observed after just 15–30 min spent in urban green 

spaces [234]. Aside from the already discussed benefits of time spent in forests, exposure to green 

spaces could therefore be beneficial for gut health. More broadly, having indoor plants, interacting 

with a dog who plays outside, and eating from home or community gardens are all expected to also 

be beneficial for gut health [234].   

 

9. Other lifestyle factors  

 

9.1. Smoking and alcohol 

While this review has attempted to cover major ways in which risks associated with COVID-19 can 

be reduced via diet and lifestyle measures, there are undoubtedly many more strategies which could 

have been discussed here. The negative effects of smoking on heath, and specifically respiratory 

health, are well understood and not controversial. Thus, a detailed review of this literature was not 

deemed necessary. Notwithstanding, smoking, or history of smoking has been found in multiple 

meta-analyses to increase the risk of severe COVID-19 and death from the disease [240–242].  

A large body of literature on the harms of alcohol already existed prior to the pandemic, with 

alcohol misuse accounting for around 3 million, largely preventable deaths each year [243]. Despite 

this, many governments around the world took steps to ensure continued, easy access to alcohol 

during lockdown [244], keeping “essential” alcohol stores open, while many health care providers 

remained closed. Unfortunately, but perhaps not surprisingly, lockdown measures and social 

isolation only served to worsen existing problems; many people increased their alcohol 

consumption, particularly those suffering with anxiety and depression, and problematic drinking 

became a concern [245,246]. Given the effects of alcohol misuse on every aspect of lung health 

[247], the ramifications for severe outcomes with COVID-19 are clear. While beyond the scope of 

this review, it is notable that in many areas, hospitalisations due to alcohol are likely comparable to 

those from COVID-19 [244], reductions in alcohol consumption are therefore beneficial for both 

individuals and for the health service.  

9.2. Stress 
As noted previously, increased levels of stress hormones supress the immune system and may 

therefore increase the risks associated with COVID-19; indeed, anxiety and fear disorders have 

been identified as major risk factors [14]. Unfortunately, the incidence of stress, anxiety, depression 

and life dissatisfaction has been common throughout the pandemic [102,248–252] and has 

increased in response to social distancing and isolation measures, beyond levels explained by 

increased screen time and reduced exercise [54]. Perhaps not surprisingly, alongside these mental 

health issues, antidepressant prescriptions have also risen [253]. Such increases were, unfortunately, 

highly predictable, given what was already known about the psychological effects of quarantine, 

even short (less than two weeks) periods of quarantine having previously been associated with 

anxiety, post-traumatic stress disorder, depressive symptoms, and alcohol abuse and dependency 

[254–258]. In the latter two cases, symptoms of depression and alcohol dependency have been 

shown to be long lasting, still being prevalent three years after quarantine [254,255]. Aside from 

directly impairing the immune response, high levels of chronic stress have previously been linked 

with overeating and increased consumption of high-energy and high-sugar foods; this then 

potentially leads to obesity (see [259] for a full review). Indeed, during the pandemic, unhealthy 

eating patterns increased the intake of “comfort food” and, additionally, poor sleep quality (known 

to impact food choices) has been widely reported [54,252,253]. As such, impacts may be wide-

reaching and extend beyond the immediate effects, potentially encompassing elevated COVID-19 

risks, due to several independent mechanisms, and also lead to a long-term erosion of health, as 

noted by Mattioli et al. [253]. Some of these effects may have asymmetrically affected different 

genders, with women being more likely to have suffered distress during lockdown as well as to 
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have experienced food cravings that influence unhealthy dietary choices [252,253]. In contrast, the 

effects of unemployment, either due to business closures (following lockdown measures) or due to 

later vaccine mandates, may have disproportionately affected men. In a meta-analysis of over 20 

million people, unemployment resulted in a 73% increase in mortality among individuals under 40 

years of age and a 77% increase in 40–50-year-olds with men being hit the hardest [260]. Risks are 

known to be multifaceted with, for example, increases in alcohol consumption and binge drinking 

as coping mechanisms after job loss, and decreases in personal expenditure (i.e., spending on 

food/self-care), this often leading to reduced diet quality which can result in either obesity or, in 

some cases, unhealthy weight loss [260,261]. Unfortunately, increased risk of mortality remains 

high for several years after a period of unemployment [260]. As such, taking steps to mitigate some 

of the stress associated with the pandemic may be essential to health, in addition to focussing on 

positive health behaviours reviewed in sections 1–8. While not attempting to fully address these 

issues here, it is noted that efforts to avoid excessive viewing of fear-based television media, 

reducing screen time, participating in mindfulness, meditation and yoga, or spending time with 

companion animals or in nature [262–265] are reported to be beneficial. Given the previous 

discussion on exercise, ensuring adequate physical activity may also improve mental health and 

reduce depressive symptoms. 

 

10. Conclusions 

 

This review has provided evidence that PBDs, adequate sleep, regular exercise, maintaining healthy 

weight, attention to micronutrients and phytochemicals, gut health, and time in nature all help to 

reduce the risks associated with COVID-19. Some of these risk reductions are summarised in Table 

1. As noted by Di Pierro et al. [132], despite vaccination efforts, herd immunity appears to be a 

“distant mirage,” and therapeutic interventions, to date, have not stopped the tidal wave of COVID-

19-associated mortality. While there is unlikely to be a “magic bullet” for COVID-19, a 

combination of strategies is more likely to be effective, especially against an ever-evolving virus. 

All of the strategies and interventions discussed in this review confer health benefits beyond those 

related directly to COVID-19 and are, in almost all cases, backed by a large body of evidence. In 

many cases the resulting risk reductions are equivalent to, or even greater than, those associated 

with currently available vaccines [266,267]. It is suggested that, where the balance of evidence 

suggests benefits and the risk is extremely minimal to none, it is morally imperative that these 

interventions are not ignored. It is the view of this author that many lives could be saved if we were 

willing to embrace lifestyle-centred approaches in our strategies for dealing with COVID-19. 

Additionally, many of the harms resulting from vaccine mandates could be avoided. Unfortunately, 

however, most of this research remains largely unknown to the general public, and indeed to many 

physicians. Even though it could be argued therefore, that people have the ability to take any of the 

steps discussed here, many of them lack the knowledge and few fully understand the implications of 

doing so.   

Although much has been learned in the previous two years, many of the interventions discussed in 

this review were already extremely well researched prior to the emergence of SARS-CoV-2, and it 

was already abundantly clear that the health of populations around the globe needed to improve in 

order to reduce the disease burden in general. Further, there were signs very early in 2020 that many 

of the interventions discussed were highly effective in reducing COVID-19 risks. Despite this, none 

of these strategies have received sufficient attention or been widely employed in public health 

settings. While vaccine mandates and draconian lockdowns have caused untold amounts of harm 

and failed to control the pandemic, questions must be asked about why governments have been so 

unwilling to embrace measures which could have rapidly and inexpensively simultaneously 

improved the health of nations and bolstered their defences against COVID-19. Even relatively 

simple steps to present some of the science discussed here alongside other public health measures 

could have caused enormous change. Notwithstanding the difficulties of getting people to adopt 

healthier habits, it is suggested that if real effort had gone into encouraging and incentivising 
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healthier diets and lifestyles, we would not only have saved many more lives from COVID-19, but 

we would also reduce future mortality from all major causes of death.  We are still in a position to 

make that choice.  

 
Table 1. Summary of relative risk reductions corresponding to interventions discussed. 

Intervention/strategy Risk reduction Reference 

Infection Severe disease Mortality 

Vegan/vegetarian diet  73%  [69] 

High diet quality, largely 

plant-based 

10% 40%  [73] 

High fruit, vegetable & nut 

consumption (OR for low) 

86% (OR 12.22)   [74] 

Normal BMI (compared to 

obese, OR is for obese) 

63% (OR 2.73) 74% (OR 3.81) 38% (OR 1.61) [29] 

 51.9% (OR 2.08)a 

68.2% (OR 3.14) b 

29.6% (OR 1.42) [31] 

Active/regular exercise 

(compared to sedentary, 

OR/aRR for sedentary) 

15% (aRR 0.85) 58% (aRR 0.42) 76% (aRR 0.24) 

94% (aRR 0.16) c 

[48] 

 55.8% (OR 2.26) 59.8% (OR 2.49) [51] 

Sufficient sleep (compared 

to insufficient sleep) 

 88.4% (OR 8.61)  [55] 

One extra hour of sleep 12% (OR 0.88) 17% (OR 0.83)  [100] 

Vitamin D supplements  88% (OR 0.12) d  [146] 

9%–24% e   [150] 

Sufficient vitamin D 

(compared to deficiency, 

OR for deficiency) 

43.5% (OR 1.77) 61.1% (OR 2.57) 77.1% (OR 4.36) f [145] 

  45.1% [143] 

Curcumin (turmeric)   80% g and 50% g 

82% h 

[112,113] 

[114] 

Increased gut health  

 

33%  [219] 

Multivitamins 12%–22% d    [150] 

Omega-3 fatty acid 

supplements 

12%–21% d   [150] 

aRR; adjusted relative risk; BMI: body mass index; OR: odds ratio. (a) hospitalisation in Western countries; (b) 

severe disease in Asian populations; (c) over 60 years old; (d) taken after coronavirus disease 2019 diagnosis; (e) 

depending on country; (f) mean of two models; (g) as nano-curcumin; (h) as standard curcumin with piperine. 
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